
P E B B LE ,B A LL  
and TUBE M ILLS

^ T E RSq
r UNIPOWER

FOR YOUR \

PRODUCTION 
OBJECTIVES

TH AT A U /S T  
i  B E  B E A C H E D

T H /S  YE/

D RIVESMIXER

o n ic a i

b l e n d e r s

KN EAD ERS

1ÜMIE PA TTER SO N  FO U N D R Y  6 > M A C H IN E C O



Porter Agitated W ood Tanks are 

specifically  designed  and  e n g i

n eered  to do a better job more ef- j S |

ficiently under a wide range of mill 

conditions. Although tanks and agi

tators may be obtained separately, 

it is advantageous to the buyer to 

place his order for both together. H E  

In addition to getting a job engi

neered  as a unit, proper installation 

is facilitated by buying both agi-

L tators and tanks from one company. 

Made from the very best g rade of 

lum ber, Porter Agitated W ood Tanks

^ are  available in a variety 

X of woods and shapes up to 

  100,000 gallons capacity

buiUV
Equipment Send for illustrated folder.

PORTER " WHIRLPOOL" 
PORTABLE AGITATOR

installed in wood tank

Established 1866

H. K. PO R T E R  COM PANY, Inc .
PROCESS EQ UIPM EN T D IV ISIO N P IT T S B U R G H , PE N N SY L V A N IA
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How to increase production 
with existing filtration equipment!

J-M Filtration Engineers 
m ay be able to help you  
in four w ays to speed up 
clarification processes 
w ithout m ajor changes 
in p lant or equipment!

IF  your filter sta tion  is a  production 
“ bottleneck” . . .  and  if i t ’s possible 

to  speed up  clarifica tion  processes 
w ith your present equipm ent, i t ’s a l
m ost certain  J-M  F iltra tion  Engineers 
can help you! H ere are four specific 
ways they  m ay be of assistance:

1 . B y  se le ctin g th e  F ilte r A i d  f o r  y o u r  p a r
tic u la r pro ce ss w h ic h  p r o v id e s  th e  d e 
sired c la rity  w it h  th e  h ig h e s t f l o w  ra te .

2 .  B y  d e te r m in in g  e x a c tly  th e  right amount 
o f  F ilte r A i d  to  b e  a d d e d  to  th e  liq u id  to  
b e  filte re d .

Johns-Manville

3 . B y  d e te r m in in g  th e  p ro p e r le n g th  o f  th e  
filte r c y c le  a n d  th e  p r o p e r  a p p lic a tio n  o f  
th e  filte r p o w d e r .

4 .  B y  r e c o m m e n d in g  a  c h a n g e  o r a d ju s tm e n t 
in th e  c o n d itio n s  o f  p H ,  te m p e r a tu r e , c o n 
c e n tr a tio n , v is c o s ity  o r  s o m e  o th e r fa c to r  
w h ic h  m a y  a ffe c t y o u r  filte r in g  c a p a c ity .

T he J-M  F iltra tio n  E ngineering S erv
ice has helped increase p roduction  in  
p lan ts all over th e  coun try . F o r th e  
assistance o f a  J -M  F iltra tio n  E n g i
neer and  for sam ples an d  in fo rm ation  
on Celite F ilte r  A ids, w rite  Johns- 
M anville, 22 E . 40 th  S t., N ew  Y ork.

C E L I T E  is available for 
prompt shipment!

* Filter-Cel . . . Celite No. 505 
Standard Super-Cel. . .  Celite 
No. 5 1 2 . . .  Hyflo Super-Cel 
. . . Celite No. 501 . . .  Celite 
No. 503 . . . Celite No. 535 
. .  . Celite No. 545

GIVE M A XIM U M  FLOW RATES WITH REQUIRED CLARITY 
ON EVERY FILTRATION SERVICE
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► U n i t  P r o c e s s e s  are treated  in a dozen papers on a wide  
variety  o f  reactions form ing a sign ificant sym posium  in  th is issue. 
H ere are d iscussed  th e  effects o f  vary in g  cond itions on  th e  opera
tion o f  a num ber o f p rocesses o f  industrial significance.

► D i r e c t  A l k y l a t i o n  o f  C r e s o l s  b y  th e  b u tan e-b u ten e frac
tions o f  petroleum  refinery gases has been found b y  W einrich  
(page 264) to  proceed in  th e  presence o f  a su lfuric  acid ca ta lyst. 
D i-teri-butylphenols th u s form ed are usefu l antioxidants for 
petroleum  fractions and softeners for sy n th etic  rubbers. B oth  
laboratory and  p ilo t p la n t resu lts are given .

► E th y l b e n z e n e ,  raw  m ateria l for producing styren e, is form ed  
by direct a lk y la tion  o f  benzene w ith  eth y len e under proper con
ditions, according to  P ardee and D o d g e  (page 273). E ffects o f  
varying pressure, tem perature, and ca ta ly st  are described for th is  
im portant a lk y la tion  reaction .

► P h t h a l i c  A n h y d r id e  P r o d u c t i o n  b y  th e  direct ca ta ly tic  
oxidation o f  n ap h th alen e and naphthalene d erivatives has been  
investigated  b y  Shreve and W elborn  (page 279). T w o ty p es o f  
oxidizers w ere used  and th e  effects o f  vary in g  cond itions as well 
as ca ta lyst are described  for naphthalene and four o f  its  d eriva
tives.

► B a g a s s e ,  w aste from  sugar cane, produces on destructive  
distillation  m eth an ol, acetic  acid , and a charcoal w hich can be  
satisfactorily  b riq u etted  for use, according to  O thm er and  
Fernstrom  (page 312). Q uantities o f  b agasse availab le a t sugar 
centrals su ggest th e  p o ss ib ility  o f  th is process for converting it  to  

use.

► P y r o l y s i s  o f  W o o d  in  an atm osphere o f  steam  below  charring 
tem peratures has been  found b y  M erritt and W h ite  (page 297) 
to produce larger y ield s o f  organic acids than  com m ercial pyrolysis  
and an altered w ood o f  usefu l properties. E xperim ents on oak  
are reported.

► L ig n in  a n d  C e l l u l o s e  in  various com binations were su b 
jected to  d estru ctive  d istilla tion  b y  K atzen , M uller, and O thm er 
(page 302) to  d eterm ine th e  probable genesis o f  th e  products. 
Lignin, th e y  conclude, yields m ethanol, and cellu lose (particu
larly h em icellu lose) y ield s acetic acid. Products o f  hydrolysis 
o f wood w ere raw  m ateria ls for pyrolysis.

► T a r  and tar-form ing con stitu en ts in crude pyroligneous acid  
cause serious trouble in th e  eq u ip m en t used  to  recover its values. 
Othm er and K atzen  (page 288) report th a t  su lfuric acid trea tm en t 
rem oves th ese  ob jection ab le con stitu en ts as fluid tar o ils , th ey  
give d ata  on ap p lication  o f  the  m ethod to  p ilo t and full-scale  

operations.

► C h l o r i n o l y s i s  o f  hydrocarbon d erivatives y ields hexachloro- 
ethane and carbon tetrach loride as u ltim ate  products, according  
to  M cB ee, H a ss , and B ordenca (page 317), w ho su ggest this 
process as a p racticab le industria l operation.

► S t r o n t iu m  C a r b o n a t e ,  th e  m ost generally  usefu l com pound  
o f  th is elem ent, can  b e  produced from  th e  su lfa te  b y  m etathesis  
w ith alkali carbonate. K obe and D eiglm eier (page 323) have  
studied  th e  process and g iv e  data  for its  optim um  operation.

► S u l f o n a t i o n  o f  2 - M e t h y l n a p h t h a l e n e  y ield s m o n o su b sti
tu ted  com pounds in teresting  as su rface-active agen ts. Sh reve  
and Lux (page 306) have stud ied  su lfon ation  o f  th is  coa l-tar  
product and find th a t th e  process is read ily  carried o u t  in s ta n d 
ard equipm ent.

► S u l f o n a t i o n  o f  N a p h t h a l e n e ,  using th e  partial-pressure  
m ethod o f  con tinu ou sly  rem oving w ater form ed in  th e  process, 
has been show n b y  O thm er, Jacobs, and  B u sch m an n  (page 326) 
to  proceed readily w ith  a m inim um  excess o f  acid .

► N e o p r e n e ,  originally  developed  to  fill rubber’s p lace in  m e
chanical applications, possesses electrical properties o f  consider
able in terest and value, according to  Y erzley  (page 330), w h o g iv es  
them  in  detail.

► P i g m e n t  D i s p e r s i o n s  such  as th ose  in  inks, p a in ts, and  sim ilar  
m aterials m ay  b e affected ad van tageou sly  b y  th e  ad d ition  o f  a p 
propriate surface-active agents. F ischer and Jerom e (page 336) 
discuss particu larly th e  influence o f  such  add itions to  n on aq ueous  
dispersions and th e  eva lu ation  o f  various su rface-active  agen ts in  
applications o f  th is kind.

► P o l y v i n y l  C h l o r i d e  P l a s t i c s  require n oticeab le tim e  to  re
cover from  deform ation— w h at m a y  be called  “ delayed  e las
t ic ity ” . T his characteristic o f  a num ber o f  p lastics  is ana lyzed  
b y  Leaderm an (page 374) u sin g  p lasticized  p o ly v in y l chloride as 
the  te s t  substance.

► K e t o n e s  can be produced b y  th e  condensation  o f  acid  an 
hydrides w ith  olefins. B yrns and D ou m an i (page 349) h a v e  used  
polym er gasoline as a  source o f  olefins to  be condensed  w ith  acetic  
anhydride. B e su lts  on  p ilo t-p lan t sca le  are reported .

► C o l o r i n g  o f  P l a s t i c s  is an im portan t e lem en t in  the ir  v a lu e  
for m any purposes. E va lu ation  o f  coloring m ateria ls for v in y l  
chloride-acetate p lastics on th e  basis o f  perform ance revea ls 
significant differences from  their b ehavior in  inks and  su rface  
coatings, according to  C lark (page 368).

► A z o t o b a c t e r  (nitrogen-fixing organism s) produced in  q u a n tity  
b y  th e  techn ique described b y  L ee and B urris (page 354) is a 
prolific source o f  several m em bers o f  th e  v itam in  B  com plex.

► C o r r o s i o n  o f  th e  interior o f  p ipe lines carrying refined p e
troleum  products b y  th e  w ater and oxygen  u n a v o id a b ly  p resen t  
is  a  serious problem . P rotection  can  b e  secured , accord ing to  
W achter and S m ith  (page 358), by  th e  in trodu ction  o f  sod iu m  
n itrite in low  concentrations. T h is m eth od  as su cc ess fu lly  a p 
p lied  to  som e 800 m iles o f  p ip e lin e  is described  as w ell as th e  
equ ipm ent em ployed .

► S t a r c h  E s t e r s  h av e  been  exam ined  b y  M u llen  and P acsu  
(page 381) w ith  a v iew  to  their industria l u tiliza tion . T h e y  c o n 
clude th a t  th ese  su b stan ces are m ore lik e ly  to  p rove v a lu a b le  in  
adhesives, sizes, and em ulsifiers th a n  as p lastics.
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Uniform, faster bonding or heat processing of 
any non-conducting material with Thermex!

T h e r m e x  h ig h  f r e q u e n c y  
equipment heats entire mass 
evenly . . . saves hours over 
other m ethods!
T h e  ab o v e  d ia g r a m  sh o w s h o w  
n o n -c o n d u c tin g  m a te r ia ls  m a y  b e  
b onded  o r  h e a t  p r o c e sse d  u n ifo rm ly  
a n d  quickly. In  t h is  e x a m p le , a  s ix  
in ch  s ta c k  o f  n o n -c o n d u c tin g  p ly 
w ood  p a n e ls  i s  h e a te d  to  3 0 0 °  P .  
th r u o u t  in  o n ly  f iv e  m in u te s  w ith  
T h er m ex ! A t  le a s t  te n  h o u rs  is  
req u ired  to  do th e  sa m e  job  b y  a n y  
o th e r  m eth o d  su ch  a s  w ith  h o t  p la te  
co n d u ctiv e  eq u ip m en t.

W ith  T h e r m e x , h e a t in g  i s  abso
lu te ly  u n ifo r m  r e g a r d le s s  o f  th e  
th ic k n e s s  o f  th e  m a ss  or  m a te r ia l .  
H ig h  fr e q u e n c y  h e a t in g  i s  id e a l  fo r  
p r a c t ic a l ly  e v e r y  n o n -c o n d u c t in g  
m a te r ia l . S om e o f  th e  m a n y  a d 
v a n ta g e s  o f  T h e r m e x  in c lu d e :  le s s  
h a n d lin g  o f  p r o d u c t, r e d u c e d  la b o r  
c o s t,, n o  v a r ia t io n  in  b a tc h  p ro d u c
t io n , n o  s u r fa c e  d a m a g e , l e s s  d a n 
g e r  o f  o v e r h e a t in g , h e a t in g  c a n  be  
sto p p ed  in s t a n t ly ,  n o  “h o t  p la t e s ” 
or s te a m  req u ired .

F in d  o u t  h o w  t h is  r e m a r k a b le  n e w  
in d u s tr ia l  h e a t in g  e q u ip m e n t ca n  
h elp  in  y o u r  p r o d u c tio n . S e n d  fo r  
f r e e  i l lu s t r a te d  b o o k le t  to d a y !

G I R D L E R  C O R P O R A T I O N
THERMEX H IG H FREQUENCY ELECTROSTATIC HEATING EQUIPMENT

LOUISVILLE, KENTUCKY
■

I

s '
,*1?
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GENTLE HANDLING . . .  DUST-TIGHT OPERATION
WITH THE

L / N K - B F I T  B u l k j l o

C O N V E Y O R - E L E V A T O R - F E E D E R

F iv e  B u lk -F lo  u n its  w ith  a u to m a t ic  co n tro ls  h an d lin g  g ra n u la te d  su g a r  fro m  tru c k s  to  s to ra g e  b in s  a t  30 
to n s  p e r h o u r  a n d  tra n s fe r r in g  fro m  th e  b in s  to  a  serv ice  h o p p e r  a t 7 M to n s  p e r  h o u r.

SLOW SPEED
O perating a t  s low  sp eed  B u lk -F lo  is  recom 
m ended for m ater ia ls th a t  requ ire careful 
handling . . . m in im izes breakage and  
degradation.

COMPACT DRIVE ----- ►
M otorized  reducer and chain  drive are 
safe, com pact, fu lly  enclosed, easily  accessi
ble. Speed  changes readily m ade b y  chang
ing one sprocket.

SPLIT DISCHARGE
REDUCE DEGRADATION

M ost o f  th e  m ateria l fa lls  forward im m edi
a tely  u pon  reach ing gathering ch u te . T he  
rem aining m ateria l d ischarges rearw ardly  
on to  ch u te  and  flow s forward.

SAVES SPACE  *•
C om pact B u lk -F lo  casing is so  sm all as to  
b e  com parable to  a building colum n. T he  
m ateria l m oving in  a continuous m ass oc
cup ies a lm ost th e  entire cap acity  o f  th e  
enclosure.

VIEW X >

B ulk-F lo  is o u ts tan d in g  in  its  ab ility  to  cu t handling costs 
and  to  conserve critica l m ateria ls  and  save space. I t  m inimizes 
breakage and  deg radation , p rev en ts  leakage and  reduces ex
plosion an d  fire hazards. T h e  necessity  for m ultip le  elevating 
and  conveying u n its  is e lim inated , because th e  sam e u n it con
veys horizontally , vertica lly  or on an  incline.

B ulk-F lo  is self-feeding, self-discharging and  to  a high degree 
self-cleaning. I t  hand les flowable, g ranu lar, crushed, ground or 
pulverized m ateria ls  o f a  non-abrasive, non-corrosive na tu re  
under all conditions of loading. Send for catalog No. 2075.

L I N K - B E L T  C O M P A N Y
C h ic a g o , P h i la d e lp h ia ,  I n d ia n a p o l i s ,  A t la n ta ,  
D allas , S an  F ran c isc o , T o ro n to . O ffices, w a re 

houses a n d  d is tr ib u to rs  in  p r in c ip a l c ities.

DUST-TIGHT casing p revents  
leakage. B u lk -F lo  co n v ey s  and  e le 
v a tes m ateria l in  a d u st-t ig h t ca s
ing, m aking it  su ita b le  for h andling  
d u sty  products. I t  is  successfu lly  
used for h an d lin g  foodstu ffs and  
chem icals w here avo id an ce o f  con 
tam in ation  or exposure is o f  prim e  
im portance. T h ese  illu stration s  
show  th e  con stru ction  o f  casing  
and flights.



6  W A y S *  TO D O  A
b i g g e r  w a r  J ° ®
W IT H  S T A IN L E S S
s t e e l  e q u i p m e n t

#5 INSPECT THE 
w elded  s e a m s

Before " in d u c tin g ” a new  processing  vessel in to  w ar 
w o rk  exam ine its jo in ts and  w elded seams. Fo r the  
life  of your eq u ip m en t depends on  th e  soundness 
o f th e  welds.

Im p ro p er w e ld in g  can often  be recognized w ith  
th e  naked eye. T h e  d iagram s below  m ay gu id e  en g i
neers in  de tecting  p ro p e r  and  im p ro p e r welds.

T h e  m ost practical w ay to  e lim in a te  the danger o f  
im p rop er w e ld in g  is to  se le c t  a fabricator h a v in g  
sp ec ia lized  e x p er ien ce  in w o r k in g  w ith  sta in less  
steel. For years, S. B lickm an, Inc., has d evoted  its 
large  facilities m ain ly  to the  fabrication  o f stain less 
steel eq u ip m en t in  gau ges up to  Vs" th ick. O ur know 
how  assures you  o f p rocessin g  eq u ip m en t w ith  w eld ed  
seams that stand up  under w artim e prod u ction .

P O O R . G a s  P ° c k e ,. i  ' " f  w 'eW .

& o,™ r « r S i b . .  o n * .
weld surface.

P O O R . Im p ' ° ^ n mw à h h «ac9h
P la te s  a re  no t eve n  w  
o th e r

PO O R, f a - -  f

fÆ * " * or*« may
collect.

G O O D .

!ueĈ ;td.d .h«.<s.
e lim in a t in g  a l l  p o .s .b .I. tY  o f  

crevices

P O O R . T h is  se a m  h a s  not been  

i l r m e d  o n  th e  « " d . r  s .d e .
i II I

POOR. Excess gtmdlngdoŵ -  
, h ' , l ' t h l c r e v " c e  has th in n e d  the
p a re n t m e .a l a n d  w e a k .™ - *  "•

rnOD Proper grinding flush 
ShMhe original surface m a -

SS5. surface with the weld
practically invisible

* Fifth in  a series o f adver
tisements written in  the inter
ests o f greater war production.

T hese diagrams appear as part o f  the B lick
man brochure "W h a t to Look for W hen 
y o u  S p e c ify  S ta in le s s  S te e l fo r  Y o u r  
P r o c e s s in g  E q u ip m e n t"  W r i t e  fo r  the 
brochure on your com pany stationery.

S. BLICKMAN, i n c
1 2 0 8  G R E G O R Y  A V E  . W E E H A W K E N  N  J 
TANKS-KETTLES-CONDENSERS-A6I TUTORS-EVA PORATORS-PKNS-V ATS-C HINDER

y  /  i rii spring now  w ell on its w ay, im p ortan t m atters m u st fill 
¥ % y  our pages to  break through th e  grow ing la ssitu d e o f  ad

van cin g  spring fever. A t  least, th a t  seem s to  b e  th e  E d ito r’s 
idea. L eading off th e  A pril issu e is a  p iece on  th a t  v ita l and 
universal m aterial, su lfuric acid . C oncentrating used  acid  is the  
particular su b ject th is tim e, and w e shall learn o f  a new  m ethod  
su ccessfu lly  em ployed  in B rita in . T h e  basic idea is to  use super
h eated  steam  as th e  h ea t transfer agen t for concen tratin g  th e  acid. 
T he nuisance o f  acid m ist is th u s avo id ed , and  sign ificant econo
m ies are also effected . A t  a  t im e w hen  w ar dem ands are forcing  
all acid  p lan t schedules, th is article is  particu larly  tim ely .

H ea t transfer w e h ave a lw ays w ith  us. T h e  design  character
istics o f  h ea t transfer b etw een  fluids and so lid s w ill b e  developed  
in som e detail. A pp lications are w id e ly  d istr ib u ted , b u t for th e  
m om ent perhaps th e  m ost recen tly  prom inent is  th e  so-called  fluid  
c a ta ly st now  w orking w onders in  a v ia tion  fuel. O f course, th e  
fam iliar checkerwOrk exchangers also fit th e  sam e situ a tion  and 
can  be designed on  th e  sam e b asic  data.

D istilla tio n  and th e  design  o f  fraction ation  eq u ip m en t com e  
up for further d iscussion . T h e  problem  tack led  is y ie ld s in  batch  
rectification  as related  to  holdup in  th e  co lum n. B o th  binary  
and m ore com plex m ixtures are stu d ied .

T herm odynam ic properties in  th e  liqu id  s ta te  are used in  gen
eralizations o f  w ide app lication . F rom  a m inim um  o f  d a ta  d i
rectly  determ ined , th e  m ethods described perm it th e  calcu lation  
o f  values o f  other properties o f  liqu ids and vapors w ith  sufficient 
accuracy to  serve as u sefu l approxim ations for m any  purposes o f  
design w here availab le d a ta  are fragm entary  or unreliab le. T his 
ab ility  to  expand and to  check  d ata  in  regions w here d irect deter
m ination  o f  va lu es is d ifficult is proving especia lly  usefu l in these  
d ays w hen design and construction  m u st go forw ard ahead o f  
precision m easurem ents.

From  such obstruse therm odynam ics w e n ex t w ill go to  th e  ap
p arently  hom ely  problem  o f  preserving pow dered  c itru s ju ices. 
C aram elization o f  sugar in preparations w ith  citric  and tartaric  
acids proceeds a t re la tively  low  tem peratures. A p p aren tly  stor
age a t th e  tem peratures com m on ly  encountered  in  th is g lob al war 
m ay lead to  disagreeable changes in  such  m ateria ls. T h e  p iece  
on th is sub ject, w hich com es from  S ou th  A frica, su ggests w ays  
to  p revent or m inim ize th ese  changes.

C ellulose fibers, w e shall learn, seem  to  ow e their sh eet-form in g  
ab ilities to  their hydration  w hich  is con n ected  w ith  th e  h yd roxyl 
groups in their m olecules.

E quilibrium  d ata  sy stem s o f  tw o  liquid  phases have been  deter
m ined as th ey  are affected b y  valuations o f  tem p eratu re. T h e  
im portance o f  system s o f  th e  kind  lies in th e  w iden ing use o f  
liquid  extraction  processes in industria l operations such  as th e  
so lven t refining o f  lubricating oils and a grow ing lis t  o f  others.

Stress-strain  characteristics o f  sy n th e tic  elastom ers are be
com ing increasingly  im p ortan t as their uses expand . D a ta  on 
v in yl polym ers variou sly  p lasticized  w ill b e  g iven .

Vapor com positions obta in ed  from  b inary so lu tion s (vapor- 
liquid equilibrium  d ata ) w ill b e  g iven  for som e tw en ty -fiv e  d if
ferent b inary so lu tion s n o t heretofore reported.

A nd, o f  course, there w ill b e m ore, m uch  m ore.
Y o u r  H u m b l e  S py
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•  S ta n d a rd  fa c to ry -a sse m b le d  
G irbo to l p la n ts  o f fe r  lo w  c o s t  

'p u r i f i c a t i o n  f o r  m a n y  ap p lica 
tio n s  t h a t  m a y  n o t re q u ire  
la rge , in d iv id u a lly  e n g in ee red  
p la n ts . T h e se  co m p act, easily - 
e rec ted  s ta n d a rd  u n i ts  a re  de
s ig n ed  in  s i x  s iz e s .

T h e G i r b o t o l  P ro c e ss  h a s  
p ro v en  t h e  m o s t  e c o n o m ic a l  

m e t h o d  k n o i v n  f o r  re m o v in g  
an d  re c o v e rin g  ac id  g ases , such  
as  h y d ro g e n  su lf id e  a n d  ca rb o n  
dioxide, f ro m  g a se o u s  m ix tu re s  
an d  liq u id  h y d ro c a rb o n s .

T h e  G ird le r  C o rp o ra tio n  also  
o ffe rs  se v e ra l o th e r  p ro cesses  
f o r  p u r ify in g , s e p a ra tin g , r e 
fo rm in g  o r  d e h y d ra tin g  m a n y  
g ases .

P ro c e sse s  f o r  th e  econom ical 
m a n u fa c tu re  of g a se s  such  a s  
h y d ro g e n  a n d  ca rb o n  m onoxide 
a re  av a ilab le .

A n y o n e  w ho h a s  a  p rob lem  in 
v o lv in g  a n y  o f th e  g a se s  l i s t e d  

a t  t h e  r i g h t ,  o r m ix tu re s  of 
th e s e  g ase s , is u rg e d  to  w rite  
fo r  f u r th e r  d e ta ils .

P r o d u c t i o n ,  P u r i f i c a t i o n ,  

S e p a r a t i o n ,  R e f o r m i n g  o r  

D e h y d r a t i o n  o f

H ydrogen  S u l f id e  
Carbon  M on o x id e  
B l u e  W a t e r  Ga s  
Or g a n ic  S u l f u r  
C arbo n  D iox id e  
H ydrocarbons 

H ydrogen  
N itr o g en  

Ox y g en

a n d  v a r i o u s  m i x t u r e s .

Processes for

I f *  G IR D LE R  CORPORATION
S P E C IA L IS T S  IN  B E T T E R  G A S  P R O C E S S E S

GAS PROCESSES DIVISION • LOUISVILLE, KY.



THE JACKET COMPLETELY SUR
ROUNDS THE PORT OPENINGS AS 
WELL AS THE BODY PROPER.

THE TRANSM ISSION OF VISCOUS 
MA T E R I A L S  T H R O U G H  LI NES  A N D  F I T T I N GS

THIS EDGE OF THE DISC REMAINS 
IN CONTACT WITH THE INNER 
BODY WALL, CLEANING THE SEATS 
AND ASSURING TIGHT CLOSURE

THE DISC IS NOT AFFECTED BY EX
PANSION OR CONTRACTION OF 
THE VALVE BODY.

T h e  R e e d  J a c k e te d  s e m i-s te e l V a l v e  h a s  b e e n  
e s p e c ia lly  d e s ig n e d  f o r  th e  h a n d lin g  o f  visco u s 
m a t e r ia ls , a n d  th e  e ffe c tiv e  ja c k e tin g  d e s ig n  
p lu s  th e  e x c lu s iv e  e a s y  o p e r a tin g  a n d  tig h t 
s e a tin g  fe a tu r e s , a ssu re  d e p e n d a b le , tr o u b le - 
fr e e  s e rv ic e . T h e  R e e d  V a l v e  re q u ire s  n o  lu b r i
c a t io n , a n d  m a in te n a n c e  costs a re  a  n e g lig ib le  
f a c t o r .

THE DISC IS LIFTED DIRECTLY AWAY 
FROM THE SEAT BEFORE IT STARTS 
TO MOVE TO THE OPEN POSITION, 
ASSURING EASY OPERATION

No  o n e  m otor can  
serve in ail h az

ardous operations, and  
the  G eneral E lectric  
engineers w ill bring to  
your particular danger  
a v a st  experience and  
an eq u ally  large num 
ber o f  m otors, all d e

signed to  operate sa fely  in varied atm ospheres. E xp losion-p roof 
squirrel-cage m otors up to  600 horsepow er for locations exposed  
to  flam m able vapors, a d ifferent ty p e  for d u sty  sp ots w here th e  
coal or coke flying around m ake th e  w hole p lan t a supercharged  
bom b, and still another construction  for th e  pyrotechn ical 
tv/ins— alum inum  and m agnesium — give us som e idea ab ou t th e  
choice allow ed. N atu ra lly  th e  designing engineer as w ell as the  
“ op’s ” b oys w an t to  know  th is because, as G . E . p o in ts o u t, a 
right selection  can elim inate th e  m assive  fire w alls and the  in tr i
cate arrangem ents for pushing a drive through the  barricade  
w ithou t a b it o f  atm osphere show ing through.

G etting aw ay from  unconfined gases to  th e  job  o f  p ush ing  
them  around pipes in response to  D Vp/n  (and also responsib le  to  
it ) , th e  E llio tt  C om pany has a sm ooth  m essage w hich  w ill tak e a  
few bum ps ou t o f  th e  task  o f  p icking a blow er.

Speaking for m yself, I like to  read th e  ads o f  th e  A lum inum  
C om pany. T h ey  alw ays have a m essage, u su a lly  teach  som e
thing, g ive m e facts. A n  engineer appreciates th a t. E xam p les  
are the  tw o in th is m onth ’s issue. O ne po in ts ou t th a t an a lu m i
num  a lloy  roof w ithstood  n ine years o f  a ttack  b y  sour d istilla te  
on one side, and dirt, soot, and elem ents on th e  other. T h en , too , 
the A lorco D iv ision  poin ts hom e a sto ry  on th e  n ecessity  o f  n o t  
sw eating in the  m ercury-arc rectifier repair room . B y  using  
activated  alum inas, gases m ay  b e dried a t  either a tm ospheric  
pressure or up to  3000 pounds per square inch. M oistu re, to  a 
dew point o f  —1 1 0 ° F ., is com p lete ly  rem oved . Such  ads m ake  
a m an think, g ive  him  th e  sh ove to  sta rt h is m ind soaring and  
“im agineering” .

I f  you  w ant a quick construction  jo b  on  corrosion-proof va ts , 
such as pickling tanks, consider th e  m essage from  th e  P en n sy l
vania Salt C om pany. B y  using their Penchlor acid -proof cem en t, 
a tough, lasting bond is m ade and th e  cem en t se ts q u ick ly— b u t  
good.

T h e M ar ley  C om pany specia lizes in  coo ling  tow ers; ju d g in g  
b y the  m ap th ey  have printed, show ing th e  in sta lla tion s in  certain  
parts o f  th e  w orld for th e  arm ed forces in lib er ty ’s cause, th e  
preparation to  p ut a couple o f  “ h o t-sh o ts” on  ice are enorm ous. 
M arley’s business has increased so  m uch th a t  i f  1941 w as 1 , 
1943 is 6 . Perhaps th a t  ch ill H itler has isn ’t  o n ly  from  a R ussian  
winter.

Telegram  to  the  F airbanks-M orse C om pany: “ P lease  send aig- 
a scale quick. From  the lis t  o f  th in gs you  m ention  in th is m o n th ’s 
ad, it  can do m ore things than  m y  p lan t m anager.”

C algon, to  those o f  our profession w ho are running pulp  and  
paper m ills, is becom ing increasingly  im portan t. L ook  i t  up  in  
this m onth’s ad. T here, you  w ill see th a t 2 - 1 0  p. p. m. o f  C algon  
will inh ib it corrosion o f  iron in th e  feed w ater; 3 0 -4 0  p. p. m. 
will im prove pulp w ashing in th e  p it, 0 .5 -1 .0  per cen t w ill d o  
wonders in dispersing p igm ents in coa tin g  operations, and 1 0 - 2 0  

p. p. m. helps disperse sizes in  th e  b eater. C algon  is th e  trad e  
nam e for g lossy  sodium  phosp h ate products.

P h il  T . P r e s s

R E E D  VALVE D IV IS IO N
of the REED ROLLER BIT COMPANY
P .O . B O X  2119 H O U S T O N , T E X A S
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You need never worry about vibration 
or strain loosening a welded joint.

■*J4

SLAG ACCUMULATION
Butt welds with Tube-Turn fittings 
virtually elim inate danger of slag.

G A S K E T  C H A N G E S
Fewer flanged joints mean less 
gaskets— save materials and time.

WORN THREADS
Threading thins and weak
ens metal— causes failures.

w t o  e l i m i n a t e  

t h e s e  P ip in g  t r o u b l e s  

t l ,a t  t e m p e r  w a r  w o r k :  

'Q etdutO U

T U B E - T U R N

* E 1 0 , N g  F , T t ' N G S

Tube-Turn fittings resist corrosion 
because of better metal structure.

I N E F F I C I E N T  FLO W
Easy sw eeping radius and no off
sets inside mean less pressure loss.

r
10. 3 OF A SERIES

HOW TUBE - TUR N 
WELDING FITTINGS 
BENEFIT WAR 

INDUSTRYI
' F I R S T '

L E A K A G E  R E P A I R S
N o chance of loose connections 
or leaks with Tube-Turn fittings.

F IT T IN G  REPLACEMENT
There’s far less time loss or replacement 
expense with Tube-Turn welding fittings.

The more welding fittings used, the 
fewer bolts there are to tighten.

SLOW INSTALLATION
Tube-Turn fittings line up perfectly; 
allow  fast, sim ple, easy butt welding.

T U B E - T U R N
T R A D E  M A R K

Tube Turns (Inc.) Louisville, Ky- Branch o ffices : New Y ork , C hicago, P h ila d e l
p h ia ,  P ittsb u rg h , C leveland , D ayton , W ash ing ton , D . C ., T u lsa , H o u sto n , Los A ngeles. 

Distributors in  principal cities .

O  £>(Ä>[b ö  (Cd â



A  N E W  F R O N T I E  

I N  A N  O I L  D R O P

B R IS T O L . .
brings to new refining problems the broadest exp e
rience with automatic control of chemical processes

P etro leum  refineries are tak ing  an  increas
ing p a r t in th e  production  of th e  raw  m aterials 
for chemical processing. S yn thetic  rubber, 
av iation  gasoline, plastics, cooling liquids and  
alcohols —  all po in t tow ard  a newer, closer 
cooperation betw een oil refinery and  chemical 
process p lan t.

T his m ay m ean, for executives in b o th  
fields, additional supervisory worries arising 
from  a new com plexity of operating  variables 
affecting cost, quality  and  production  . . . 
w orries which m ay often be solved m ost 
efficiently b y  new applications of au tom atic  
controlling and recording instrum ents.

Bristol engineers have, over th e  years, 
gained wide experience in applying au tom atic  
control instrum ents to  chemical processes. 
Today , Bristol In stru m en ts  are w idely used 
in m any of the  m ost progressive p lan ts  in the  
country .

BRISTO L

M an y  chem ical p lan ts , th a t  have  worked 
w ith  B ristol engineers on processes involving 
tim e, tem p era tu re , liqu id  level, pressure, 
vacuum , p H  value, h u m id ity  and  flow, are 
now  saving precious raw  m ateria ls and  m an
pow er by  insuring th a t  process equipm ent 
will operate  on th e  exact p roduction  schedule 
p lanned  for b est resu lts. In  certa in  cases, 
B risto l’s C oord inated  Process C ontro l has 
been applied to  critical facto rs never before 
controlled, or has au to m atica lly  controlled 
en tire  processes w ith  m ath em atica l precision.

A t th e  sam e tim e, B ris to l’s specific advances 
in ind iv idual in stru m en ts  have often  added 
new control refinem ents to  existing system s.

I f  you an tic ip a te  p lacing a new  product 
in to  p roduction , or are  experiencing control 
difficulties in p resen t operations, a  no te  on 
your le tte rh ead  will b ring  a B risto l engineer 
to  consult w ith  you  w ith o u t cost or obligation.

A U T O M A T I C  C O N T R O L L I N G  A N D  RECCI



BRISTOL S PRESSURE RECORDER CONTROLLER

BRISTOL STEMPERATURERECORDER

TOWER OVERHEAD

O IL  R E F IN IN G
VACUUM RERU N DISTILLATE

3 Reasons for Top Performance of Bristol’s Pyromaster 
in Vacuum Rerun Distillate Unit

The insta lla tion s show n on th is  d iagram  include B risto l con 
trollers and recorders o f  tem perature, pressure and flow, as w ell 
as B ristol’s S yn ch ro-V alve designed  for accurate response to  
Bristol’s Free-V ane C ontrol. B r is to l’s P yrom aster features prom i
nently in th e  success o f  th is  ap p lication , ow ing to  ( 1 ) absence o f  
sparking hazard from  open  co n tacts , ( 2 ) ease o f  ad ju stm en t, 
without rem oving chart or chart d ia l, or in terrupting process, 
and (3 ) low  m ainten an ce co st, since no oiling or greasing is 
necessary, and no parts m o v e  excep t w hen reading changes.

A Bristol Differential Pressure Controller Insures 
Right Steam Input in 30-Plate Separation Still

Of the m any d ifferent ty p e s  o f  au tom atic  control system s  
designed by  B risto l engineers for still operation , one novel ty p e  
is shown to  the  right. T h is  sy stem  has proved  to  be exceedingly  
satisfactory on a 3 0 -p la te  colum n for separating form aldehyde  
solution and a lcohol.

A Free-Vane D ifferentia l-Pressure C ontroller connected  to  th e  
bottom  and top  o f  th e  colum n regu lates th e  steam  input to  the  
still to  m aintain  a  con sta n t ou tle t tem perature. T h e D ifferentia l 
Pressure C ontroller “ fee ls” changes in “ feed ” im m ed iate ly  and  
increases steam  in p u t, m akin g  flooding o f  th e  colum n in  th is  
case much less lik ely .

Bristol’s Instrument Co., Ltd. T H E  B R IS T O L  C O M P A N Y
1 0 9  B ris to l R oad , W a te rb u ry , C onn .

The Bristol Co. of Canada, Ltd. 
Toronto, Ontario
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Red head
Special grades of Eagle Red Lead are available for the 
paint, storage battery, ceramic and varnish Industries. 
Pb3 O4 content accurately maintained to meet exact re
quirements of each industry.

Litharge
Eagle Milled Litharges are exceptionally high standard 
lead oxides. They are finely ground, low In Impurities 
and light brown In color. Available In special grades 
to suit each Industry.

Sublimed Litharge
A fumed, amorphous, light canary yellow monoxide of 
lead (PbO) of low apparent density. Purest and smallest 
particle size type of Lead Oxide on the market.

Orange Mineral
Eagle Orange Mineral has a definite orange tone and 
Is noted for Its strength, fineness, and uniform color. 
95% minimum. Outstanding for paints, colors, Inks.

Zinc Oxide
Eagle Zinc Oxide AAA Is especially designed for use 
wherever a lead-free, American process zinc oxide Is 
required. Exceptionally white and bright pigment, hav
ing excellent tinting strength and opacity. Produced In a 
series of varying paint viscosity ranges.

Leaded Zinc Oxides
A complete line of all types and grades, notably Eagle 
AA 5% Leaded Zinc Oxide; Eagle A 35% Leaded Zinc 
Oxide; Eagle 50% Leaded Zinc Oxide.

White Lead Carbonate
Three types of Eagle Dry White Lead Carbonate are 
produced. Unite chemically with linseed oil to form an 
elastic, deep-anchoring, long-wearing paint film.

Sublimed White Lead
For years, the standard basic sulphate of white lead. For 
the paint or rubber Industries. Exceptionally white and 
bright. Conforms with ASTM and government specif cations.

Lithopone
A precipitated white pigment of normal or regular type. 
Three general grades — A, AA, AAA, signifying low, 
medium and high oil absorption respectively. Has a 
clean, white color.

Titanated Lithopone
Eagle Titanated Lithopone is a precipitated white pig
ment blended with 15% Titanium Dioxide. Available in 
grades to suit Individual requirements.

Lead Silicate
Eagle Lead Silicate is especially designed for the ceramic 
Industry and is outstanding for uniformity, high purity 
and advantageous physical properties. Free from un- 
comblned lead oxide and silica. Granular particle size,- 
remarkably dustless.

* * *
A b o v e  prod ucts  a re  in c lu d e d  in  th e  c o m p re h e n s iv e  lin e  o f  
zinc a n d  le a d  p ig m e n ts  m a n u fa c tu re d  b y  The E a g le -P ic h e r  
Lead C o m p a n y  fo r  th e  p a in t , c h e m ic a l, v a rn is h , s to ra g e  
b a t te r y ,  ru b b e r , c e ra m ic  a n d  o th e r  process  in d u s tr ie s .  
E a g le -P ic h er re s e a rc h  fa c ilit ie s  a r e  a v a i la b le  to  m a n u fa c 
tu re rs  on re q u e s t. W r i t e  f o r  f r e e  s a m p le s  a n d  l i te r a tu r e .

E A G L E - P I C H E R
I n d u s t r i a l  P i g m e n t s

PICHER

THE EAGLE-PICHER LEAD COMPANY
G e n e r a l  O f f i c e s  . C i n c i n n a t i ,  O h i o
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“V itric-10” quick-setting , ac id -p roo f cem ent saves 

days of p recious tim e in  pu tting  ac id -p roof m asonry 
construction in to  use.

N ot only can new ly-built ac id -p roo f m asonry  be 
ready to  use w ith in  the am azingly sh o rt perio d  o f 24 
to 36 hours, but actual construction  tim e itself is 
speeded up im m easurably. W ith  the average air- 
drying cem ent only  a few courses of b rick  can be laid  
per day, lest the slow  dry ing  cem ent be squeezed out 
of the low er courses o f brick. W ith  “V itric-10”, 
however, the num ber o f courses o f b rick  laid  is 
lim ited only by the speed and ability o f the m ason.

“V itric-10” hard en s entirely  by in ternal chem ical 
reaction, tak ing  an in itia l set w ith in  20 to  25 m inutes 
and a final set w ith in  24 to  36 hours. N o  artificial 
heating o r d ry ing  is requ ired . U nlike  the average 
cement w hose surface d ry ing  rate  is m ore  rap id  than 
the in te r io r  ra te , “ V i tr ic -1 0 ” h a rd e n s  u n ifo rm ly  
th roughout the jo in ts  and b eh ind  the b rick , w ith  a 
m inim um  o f sh rinkage.

“V itric-10” b onds tigh tly  to  m ost construction  
m aterials. It is im m une to  all acids, ho t o r cold, in 
any concen tra tion  (hydrofluoric acid excepted) as 
well as to  ho t o r co ld  salt so lu tions o f all streng ths 
(except those p ro n e  to  excessive crystal developm ent). 
“V itric-10” possesses unusual m echanical s treng th

w ith  m inim um  porosity; excellent resistance to  ab ra 
sion; is unaffected by abrup t tem pera tu re  changes; and  
is sim ple to  hand le  and use.

OTHER " U .  S .  A C I D - P R O O F ”  C E M E N T S  F O R  S P E C I A L  U S E S

“ P re-M ix t”— req u ires o n ly  the  a d d itio n  o f  w ater .
“ P o r tite ”— su lp h u r b ase  h ea t-an d -p ou r typ e cem en t.
“ V itr ic ” F ir e -p ro o f C em en t— fo r  a c id  c o n d it io n s  c o n t in u 

ou sly  ab ove 5 0 0  d eg . F.
“D u ra lo n ”— a n ew  sy n th etic  r e s in  cem en t, c o m p le te ly  n o n -  

p o ro u s, w ith  h ig h  c o m p r e ss iv e  and  te n s ile  s tren g th .

W ith  U .S . S to n ew a re ’s “U s s c o ” A c id -B r ic k  an d  o u r  w id e  
ra n g e  o f  a c id -p r o o f  cem en ts su ita b le  c o m b in a t io n s  can  b e  
fo u n d  to  w o r k  sa tisfa cto r ily  u n d er  th e  m o st  sev ere  o p e r a t in g  
c o n d itio n s .

Would you like a sample o f'V itr ic -1 0 ” or other U.S. Stoneware 
acid-proof cements fo r  your own tests? Or additional literature? 
Please fe e l free to write, without obligation, to U.S. Stoneware 
Company, Akron, Ohio. In Canada: Chamberlain Engineering, 
Ltd., Montreal.

E  W A R E
AKRON,  OHI O

T U R E R S  •  E R E C T O R S  O F  C  O R R O S I 0  N - R E S I S TA N T E Q U I P M E N T
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Picture of a 1943-Model
HYPER-RESET in the S ta b ilo g  Con
tro lle r  se ts  new  p r e c e d e n t s  of 
stability in processing con tro l. By 
m e a su r in g  th e  ra te  of change of 
every  disturbance at the very start 
and  instantly reacting to meet the 
maximum, it brings sm oother recov
ery . .  in as little as Vt the usual time 
. . with a s  much as 50% reduction 
in the amount of upset!

P o ly m e r U n it  Control H ouse of a  le a d in g  petro leum  
p rocesser. O ne of m an y  recen t in sta lla tio n s of S tab ilog  
C ontro llers w ith HYPER-RESET.

Controllers with 
HYPER-RESET
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RUBBER “PLANTATION
. . . p roducing  bum per w a rt im e  crops  

throu gh  a id  of m odern Su per-Contro ls!

There's a world of difference between the pre-war 
tropical sources of natural rubber and the wartime 
synthetic rubber "plantations" now coming into pro
duction right within the United States. For, "culti
vation" of syn th etic  rubber is a complex chemical 
process so exacting that every critical step must be 
minutely controlled by instruments of super-accuracy 
and sensitivity.

Since earliest experimental days of synthetic rub
ber development, Foxboro's famous Stabilog Con
troller has played a major part in maintaining the 
delicate balances of temperature, pressure and flow- 
rate required in this process.

At the very time when America's vast synthetic rub
ber program started, Foxboro research made availa
ble an additional unique refinement . . HYPER-RESET 
, . in this orig in al stab iliz in g  controller. Today, 
throughout the country's new synthetic rubber, avia
tion gasoline, and other war chemical plants, Stabilog 
Controllers with HYPER-RESET are providing stability

never even approached before in process operation!
Write for Bulletin A-330 containing detailed infor

mation on Stabilog Controllers with HYPER-RESET . . 
the leading stabilizing controllers in wartime chem
ical processes. The Foxboro Company, 74 Neponset 
Avenue, Foxboro, Massachusetts, U. S. A. Branches 
in principal cities of United S tates and C anada.

T y p ic a l  i n s t a l l a t i o n  6f S tab ilog  C ontro llers a n d  o ther Foxboro 
Instrum ents for com plete, cen tra lized  p la n t control.

tOXBORO



TROUBLE IN PIPING FOR CORROSIVE LIQUIDS FREQUENTLY

STARTS WITH GASKETS

Pipe of / J \ ) i c e / f r i n  is

Quickly Installed . .  • ^ 4 ^ /

We’ve heard all sorts o f tales o f woe about corrosion-free  
piping, jo in ts o f  w hich  could be m ade to seal on ly  w ith  

thick soft gaskets, drawn tigh t. A fundam ental advantage o f Lapp C hem ical 
Porcelain as a m aterial o f  industrial processing is the ease and accuracy w ith  
which it  m ay be m achined and ground. In Lapp Chem ical Porcelain, pipe ends 
are fine ground to  a sm ooth  flat surface. In  insta llation , we recom m end hard 
th in  gaskets; by m in im izing  th e gasket surface exposed to  corrosion, m uch  
possibility o f  trouble is elim inated  a t its  source. For special applications, 
where no gasket m aterial can be tolerated, pipe and valve ends are polished and  
lapped to a perfect m atch ing fit, m aking possible in sta lla tion  without gaskets.

Our ability to grind and polish Lapp Porcelain to  fine precision  
lim its  also accounts for th e remarkable efficiency o f th e Lapp Valve, in  w hich  
porcelain only is exposed to th e corrosive liquids, and w hich m ain ta ins a tig h t  
seal, even under vibration and tem perature change.

For com plete technical data and a surprising story on  delivery 
schedules, write Lapp Insulator Co., Inc., Chem ical Division, LeRoy, N. Y.

Lapp Raschig Rings bring 
to tower packing all the 
advantagesof Lapp Chemi
cal ' Porcelain—iron -free 
purity, high strength, non- 
crunxbling long service. 
Most sizes are available 

from  stock.
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U.S.I. Establishes 
New Department for 

Technical Problems
Will Aid Customers, Explore

Potentialities of Products

A T echnical Sales D evelopm ent D epartm ent 
has been estab lished  by U .S.I. for the  jo in t 
purpose of fu rn ish ing  custom ers w ith  a tech 
nical field service th a t can  aid  them  in the 
solution of th e ir  problem s an d  of providing 
the m eans for a m ore in tensive exp loration  of 
both new  an d  old products. T he h ead q u arte rs  
of the departm en t have been located  in a newly 
constructed  labo ra to ry  bu ild ing .

Dr. D. G. Z ink  will act as d irec to r of the 
new departm en t, A. J . F ish er. J r ., as assistan t 
d irecto r, an d  N orm an  C. S chultze as chief 
chem ist.

Specifically, the  proposed work of the de
partm en t has been ou tlined  as follow s:

1. Investigation  of suggestions for new 
products and  th e ir  app lica tion .

2. D evelopm ent of new uses of existing  
products.

3. F u rn ish in g  techn ica l field service, in 
cluding the  h an d lin g  of custom ers’ problem s.

4. S tudy  of in d u stria l trends.
T he activ ities of th is  d ep artm en t will be 

controlled by a com m ittee com prising  Dr. F. 
J. M etzger, D irec to r of R e search ; W . 0 .  Grif- 
fen, G eneral P ro d u c tio n  M an ag er; L. A. 
K eane, G eneral Sales M an ag er; Dr. Z ink and 
Glenn H askell, p residen t of U .S.I., w ho will 
act as chairm an .

Agar Easily Recovered  
From Culture Media

A sim ple p rocedure  for recovering ag ar 
from cu ltu re  m edia w as described  recently  
which was sa id  to provide as sa tisfacto ry  an 
agar as the  fresh  com m ercial product.

The used m edia is au toclaved for ste riliza
tion purposes and  filtered  th rough  cheese-cloth 
to remove coagula ted  p ro teins. I t is then  
poured in to  trays from  the  freezing com part
m ent of a re fr ig e ra to r  and allow ed to cool. 
The trays a re  re tu rn e d  to the  freezing com 
partm ent and  left overn igh t. T he follow ing 
m orning, the  frozen m ateria l is rap id ly  m elted 
in w arm  alcohol. T he aqueous alcohol, con
tain ing  the  p artic les of ag ar, is filtered with 
cheese-cloth and  the  agar th u s collected 
washed repeated ly  w ith  d istilled  w ater. De
hydration  of the ag ar is p roduced  by w ashing 
with alcohol.

A cetoacetan ilide Used in 
M aking S ynthetic  R esins

P IT T S F IE L D , M ass. —  A cetoacetan ilide , 
widely used as an in te rm ed ia te  in the p ro d u c
tion of yellow pigm ent dyestuffs, has potential 
u tility  also in the m an u fac tu re  of syn thetic  
resins for p lastics and  coatings.

T h is fact is revealed  in a recen t paten t 
g ran ted  to an  inven tor here. In  general, the 
new resins are  p rep ared  as condensation  p ro d 
ucts of ace to ace tan ilid e  and  an aldehyde. 
M odifying reac tan ts  may be inc luded , such as 
urea, acetam ide, o r m elam ine, it is claim ed. 
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Glycerol by Fermentation Made 
Practicable by U.S.I. Research

Commercial Exploitation of New Procedure Will Provide
Additional Supply Sources for This Vitally Needed M aterial

The wide industrial utility of glycerol, as outlined in the first article on this 
series in the February issue of U.S.I. Chemical News, coupled with the heavy 
demand for this material in the manufacture of explosives, serves to indicate the 
urgent need for a source supplementary to the principal one, which is the saponi

fication of na tu ra l oils and fats. O ther th an
G. L. Haskell Is Elected 

To Presidency of U.S.I.
N EW  Y O R K , N . Y. — G lenn L. H askell, 

first v ice-president and  
d irec to r of the  com pany 
fo r  m a n y  y e a r s , w as 
nam ed presiden t of U.S. 
In d u stria l A lcohol Co. 
a t a recen t m eeting  of 
th e  board  of d irecto rs to 
succeed C harles S. M un
son who was appoin ted  
chairm an  of th e  execu
tive com m ittee.

V i c e - p r e s i d e n t  in  
charge of sales since 

Glenn L. Haskell 1 9 2 7 , M r. H askell jo ined  
U .S.I. in 1921, hold ing  successively the  posts 
of W estern  sales m anager a t C hicago and  
general sales m anager at New Y ork. H e was 
born  in  Chicago in 1883 and  began h is bu si
ness career in 1900 w ith  the A m erican  D is
tillin g  Co.

P o rtab le  “ DRY-ICE”  C abinet 
D eveloped fo r  R efrige ra tion

S IL V E R  S P R IN G S , M d. —  A constant tem 
p era tu re  “ d r y -i c e ” * cab in e t has been devel
oped for use w here expensive m echanical r e 
frig era tio n  w ould not be ju stified , w hich is 
sa id  to provide tem pera tu res from  m inus 90° 
F. to 220° F . w ith a  constancy of p lus or m inus 

F.
T he cab in e t is described  as portab le  and 

ready for operation  a fte r packing w ith  “ d r y - 
i c e ”  and  p lugging the  cord  into the  cu rren t 
supply. In  add ition  to the  type described , a 
low -tem peratu re m odel is available w ith  a 
range from  zero to m inus 90° F.

* P u re  C arbonic, In co rp o ra ted , sells 
m an u fac tu re d  by U .S .I .

D R Y -IC E ”

the p roduction  of glycerol by saponification  of 
fats or by chem ical synthesis, the most p rom is
ing source is ferm entation .

U se o f  “ S te e r in g  A g e n ts”
W ith respect to th is, it has been know n for 

m any years th a t the norm al ferm en ta tion  of 
sugar by yeast re su lts  in  the  fo rm ation  of 
glycerol to the  ex ten t of abou t 3%  of th e  
sugar along w ith  the ethano l w hich is the  
m ain p ro d u c t of the  fe rm en ta tive  activ ity . In 
recen t years i t  has been  found possible to 
m odify the ferm en ta tion  in various ways so as 
to increase th e  re la tive  am ount of glycerol. 
The m odifying substances ad ded  have been 
ap propria te ly  ca lled  “ steering  agen ts ,”  and  it 
is a com paratively  sim ple m atte r to increase 
the  glycerol some five or six  fold by add ing  
su itab le  chem icals to th e  ferm en ta tion . T he 
activ ities of the yeast m ay also be  stee red  in  
the d irection  of glycerol fo rm ation  by  certa in  
purely  physical m odifications in  the  fe rm en ta 
tion solution. T h is know ledge w as u tilized  by 
the  G erm ans d u rin g  W orld  W ar I to m an u fac 
tu re  considerab le  am ounts of glycerol by fe r
m entation  for use in  explosives.

Practical D ifficu lties  
T he problem  of p roducing  ferm en ta tion  

glycerol has been s tu d ied  for som e y ears by 
the R esearch  Staff of U .S. In d u str ia l C hem 
icals, Inc. T h is study  has been designed  to find 
m eans of o b ta in ing  glycerol from  m olasses fe r
m entation , since m olasses is th e  p rin c ip a l 
com m ercially  p rac tica l sou rce  of th e  sugar 
necessary fo r  the  process. H ow ever, w hen 
m olasses is used  w ith  ap p ro p ria te  s teering  
agents, the  recovery of the  glycerol p roduced  
becom es difficult, because of th e  fac t th a t a f te r  

( Continued on next page)
G reater P ow er , N o C orrosion  

C laim ed fo r  N ew  A n tisep tic
D A N B U R Y , Conn. —  A p a te n t for an  a n ti

septic  for th e  ste riliza tion  of su rg ica l in s tru 
m ents a t room  tem p era tu re , w hich  is claim ed 
to be non-corrosive in action  an d  several tim es 
s tronger in germ icidal value than  fo rm ald e
hyde com positions previously u tilized , has 
been  assigned to a com pany here. It can  be 
used e ith e r  as a  liq u id  or as a vapor.

T he com position is a stro n g  so lu tion  of 
form aldehyde in com bination  w ith  a relatively  
large am ount of e thyl alcohol, a sm all qu an tity  
of m ethyl alcohol an d  a  very sm all qu an tity  
of a com pound con ta in in g  a red u c in g  anion. 
A sm all q u an tity  of an  a lkaliz ing  agen t m ay 
also be inc luded .

A typ ica l fo rm ula for th is an tise p tic  follow s:
U.S.P. fo rm a ld e h y d e  (40%) ............................ 20%
E th y l a lc o h o l (96%) ..............................................69.5%
S od ium  n i t r i t e ...........................................................0.1%
S od ium  h y d r o x id e .................................................. 0.025%
Ethyl a lc o h o l,  s p e c ia lly  d e n a tu re d , ( fo r 

m u la  N o . 30— 100 p a rts  e th y l a lc o h o l,
10 p a rts  m e th y l a lc o h o l ) ................................ 10%
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removal of alcohol by stan d ard  distilla tion  
procedures, the glycerol has to be separated  
from stillage contain ing  a relatively large 
am ount of solids o ther than  glycerol. These 
solids are m ade up of an assortm ent of chem i
cal en tities of w idely differing natu re  derived 
from  the cane ju ices and  are not easily sep
a ra ted  from  the glycerol.

U .S .I . P rocedure
U.S. In d u stria l C hem icals, Inc., has devel

oped th rough the pilot p lan t stage a process 
for the  m anufacture of glycerol from  molasses. 
A m odification of the ferm entation  procedure 
has been worked out that considerably  in 
creases the am ount of glycerol form ed.

In  addition , U .S.I. has a proven process for 
the recovery of th e  glycerol from  the  o ther 
sugar solids —  and for the final purification 
to p roduce dynam ite or C .P. glycerol. A t the 
present tim e, however, the critical m aterials 
requ ired  for such a project are needed more 
u rgently  for o ther purposes. I t is obvious tha t 
when they are  available, the  com m ercial oper
ation of a process for tu rn ing  out glycerol 
from a source o ther than  fats would remove 
the danger of a shortage by m aking possible 
rap id  expansion of production  of the  ferm en
ta tion  glycerol to m eet necessary w ar and 
civilian dem ands. Ferm entation  glycerol is our 
insurance against shortage of nitroglycerine 
for explosives.

D escribes Preparation  
O f M ultitone Coatings

BR OOKLYN, N. Y. —  The phenom enon of 
“ b lush ing” in lacquers — usually  a condition 
to be  avoided —  can be tu rn ed  to advantage 
in the  p roduction  of m ultitone coatings, it is 
claim ed by an  inventor here.

A ccording to the  paten t issued on the  pro
cess, a coating  com position th a t w ill produce 
a  b lushed film is p repared  and  app lied  to a 
surface. If the  film is treated  w ith an  em boss
ing ro ller, a partia lly  c lear film is produced at 
some points, while the original b lush  rem ains 
elsew here, thus resu lting  in the m ultitoned 
effect.

T he coating may consist of:
Paris b y  w e ig h t

N itro c e llu lo s e  ............................................ 13.8
A ce to n e  ............................................................. 5.0
M e th a n o l (C.P.) .........................................  74.4
W a te r  .................................................................  4.2
G ly c e ro l ...........................................   2.6

ISeiv Federal Specification  
Issued fo r  Lacquer T h in n er

W A SH IN G TO N , D. C.(— A new federal 
specification on laccjuer th inner (E-TT-T- 
266) has been issued to allow the use of a li
phatic hydrocarbons instead  of coal ta r and 
arom atic petroleum  hydrocarbons. In order to 
m ake th is possible, the  ester content has been 
changed from 25-35% to 30-40%, the coal tdf 
and petroleum  hydrocarbons, 40-50% to petro 
leum  hydrocarbons 30-40%.

A suggested form ulation  is butyl acetate  26, 
ethyl ace ta te  8, m ethyl ethyl ketone 15, b u 
tanol 12.5, petroleum  naphtha 38.5.

E thanol Said to  Im prove 
D ehydrated  C astor Oil

CHICA GO, 111. —  The treatm ent of heat 
bodied dehydrated  castor oil w ith low boiling 
alcohols, p referably  ethanol, w ill substantially  
reduce the acid and acetyl value of such oils 
and m ake them  suitab le  for highly w ater-re
sisting varnishes, an inventor here claim s.

T he sm allest ra tio  of e thanol to oil th a t was 
found desirable from a p ractical standpoint 
was four volumes of ethanol to one of oil. 
A ccording to the inventor, the only upper 
lim it of ethanol is th a t d ictated  by considera
tions of cost and of the capacity  of the h an 
dling equipm ent.

Im p ro ved  M ethod D eveloped  
To Clean Slides, Cover slips

N E W  YORK, N . Y. —  A new m ethod for 
cleaning glass slides and  coverslips has been 
developed here w hich is claim ed to give excel
lent results, it was reported  recently  in “The 
C hem ist-A nalyst.”

T he steps to be followed a re : soak the used 
slides and coverslips in  xylol for several d ay s; 
rinse w ith 95%  alcohol for a few m inutes; 
rinse for a few seconds w ith acidified alcohol 
(1%  HC1 in 70%  alcohol) ; and soak in  95%  
alcohol ag a in ; and wipe dry with a clean cloth.

A lkalis in  Glass D eterm ined  
W ith D enatu red  Alcohols

H A R TFO R D , Conn. — Tests conducted 
h ere recently  show that alcohol denatured  
w ith  10%  ether (form ula SD13A) and  alcohol 
denatu red  w ith  10%  acetone (form ula 
SD23A) a re  sa tisfactory  substitu tes for 95%  
alcohol in the determ ination  of sodium  and 
potassium  in  glass.

TECHNICAL DEVELOPMENTS

Further information on these items 
may be obtained by writing to U.S.I.

P ro te c tiv e  c lo th in g  has been d e s ig n e d  to  su p 
p le m e n t the  use o f c ream s a n d  liq u id s  in o p e ra 
tio n s  w h e re  the exp o se d  skin is su b je c t to  a b r a 
sive a c tio n  o r  w h e re  the  p ro te c tio n  o f c lo th in g  
is o f p r im e  im p o rta n c e , it  is sa id . (N o . 670)

U S I
A  new o rg a n ic  a lk y l p e ro x id e , t -b u ty l h y d r o p e r 
o x id e , is a v a ila b le  c o m m e rc ia lly  w h ich  is re 
p o rte d  to  be s u ita b le  to t  use as a c a ta ly t ic  a g e n t 
in one  o r  tw o  phase p o ly m e r iz a tio n s , an  o x id a 
t io n  a g e n t, a d ry in g  a c c e le ra to r ,  a com bustion  
a c c e le ra to r  a n d  a b le a c h in g  a g e n t. (N o . 671)

U S I
An a c id  siphon has been d e v e lo p e d  fo r  d isp e n s 
in g  co rro s iv e  liq u id s  from  ca rb o y s  a n d  drum s. 
M a d e  o f a s e m i- fle x ib le  p la s tic  im p e rv io u s  to  
o rd in a ry  co m m e rc ia l a c id s  an d  a lk a lis ,  the  s iphon 
is sa id  to  p ro d u c e  a c le a n , e a s ily  c o n tro lle d  flow .

(N o . 672)
U S I

A  su b s titu te  fo r  ca rn a u b a  w a x in n o -ru b  po lishe s  
is o ffe re d  w h ich  the  m ake r says can  be used in 
am ounts as h ig h  as 80% w h ile  s t ill re ta in in g  

loss and  o th e r necessary  p ro p e r t ie s  in the  p o lish , 
v a i la b le  in q u a n titie s  w ith o u t p r io r it ie s ,  the  

p ro d u c t is d e s c r ib e d  as a p rocessed  ty p e  r e q u ir 
in g  no fu rth e r p rocess ing . (N o . 673)

U S I
S u rface  a c t iv e  a g e n ts h a v e  been  d e v e lo p e d  w h ich  
a re  d e s c r ib e d  as n o n -e le c tro ly te s , w h ich  a re  
n e ith e r su lfa tes  n o r s u lfo n a te d  p ro d u c ts  a n d  a re  
e s s e n tia lly  fre e  from  so a p , excess fa tty  a c id s  
an d  in o rg a n ic  sa lts. (No. 674)

U S I
A  s y n th e t ic  beesw ax is  n o w  b e in g  p r o d u c e d  
w h ich  is c la im e d  to  be un ifo rm  in q u a lity  a n d  to  
have a l l the  c h a ra c te r is t ic s  o f  th e  g e n u in e  p ro d 
uct. A v a ila b le  w ith o u t p r io r it ie s ,  it  is sa id  to  be 
an e x c e lle n t e m u ls ifie r a n d  to  be  fre e  from  h a rm 
fu l in g re d ie n ts . (N o . 675)

U S I
Five s k in -p ro te c t iv e  c ream s o re  sa id  to  be useful 
fo r  p ro te c tio n  a g a in s t dust, s ticky  com poun ds, 
ir r ita n ts  w ith  lo w  w a te r  co n te n t, s tro n g  a n d  d ilu te  
a c id s  and  a lk a lis ,  c o o la n ts  w ith  m ore  than  10% 
w a te r , u l tra -v io le t  a n d  in fra - re d  rays , an d  as fo r  
g e n e ra l skin c o n d it io n in g . (N o . 676)

U S I
A p la s tic  m o ld ing  m a te r ia l o f  u n u s u a l im p a c t  
s treng th  is sa id  to  have  been d e v e lo p e d  th ro u g h  
the use o f a f ib re  f i l le r  w h ich  p ro v id e s  un ifo rm  
lo a d  d is tr ib u tio n . Im p a c t b re a k in g  s tre n g th  is 
ra te d  a t  3.2 to  4 ft. lb.,- te n s ile  s tre n g th  a t  6,000 
to  7,000 lb . pe r. sq. in . ;  a n d  f le x u ra l s tre n g th  a t 
12,000 to  13,000 pounds. (N o .  677)

U S I
Lacquers f o r  s p ra y  a p p lic a tio n  o n  w o o d ,  m e ta l,  
p la s te r, p la s tic  an a  co m p o s itio n  su rfaces a re  
o tte re d  w h ich  a re  c la im e d  to  p ro d u c e  a fin ish  
th a t resem b les m e ta l p la tin g .  (N o .  678)

U S I
A  s ta t ic  ch a rg e  m e te r has been pu t on the  m arke t 
fo r  te s tin g  the  res is tance  o f  a  w o rk e r  to  g ro u n d  
in p la n ts  w h e re  th e re  is d a n g e r  o f e x p lo s io n  due  
to  s ta tic  sparks. It consists o f  a re s is ta n ce  m ete r 
w ith  its sca le  shad ed  to  show  sa fe  a n d  unsa fe  
zones, a f lo o r  p la te  on w h ich  the  w o rk e r  stands, 
an d  co n n e c tin g  le a d s  be tw e e n  the  p la te  an d  the  
m ete r. (N o .  679)

M  C  I n d u s t r i a l  C h e m i c a l s  ,  I n c .
*  ------------------------------------------------------------^  PH FM IP  11 *  \  /  C n I u c u T c ^ 7 -____________ _____________
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ALCOHOLS
A m y l A lco h o l
B u ta n o l (N o rm a l B u ty l A lc o h o l)  
Fusel O il— R e fined  

Ethanol ( Ethyl A lcohol)
S p e c ia lly  D e n a tu re d — A l l re g u la r 

a n d  a n h yd ro u s  fo rm u la s  
C o m p le te ly  D e n a tu re d — a ll re g u la r 

a n d  a n h yd ro u s  fo rm u la s  
. Pure— 190 p ro o f, C.P. 9 6 % , 

A b s o lu te  
U .S .I. D e n a tu re d  A lco h o l 

A n t i- f re e z e  
#S uper P yro  A n t i- f re e z e  
-S o lo x  P ro p r ie ta ry  S o lven t 
*S o lo x  D - l D e -ic in g  F lu id

"ANSOLS
A nso l M  
A n so l PR

A C ETIC  ESTERS
A m y l A c e ta te  
B u ty l A c e ta te  
E thy l A c e ta te

OTHER ESTERS
- 'D ia to l 

E thy l C a rb o n a te  
E thy l C h lo ro fo rm a te  
E thy l F orm ate

O X A L IC  ESTERS
B u ty l O x a la te  
E thy l O x a la te

P H T H A L IC  ESTERS
A m y l P h th a la te  
B u ty l P h th a la te  
E thy l P h th a la te

INTERM EDIATES
A c e to a c e ta n ilid e  
A c e to a c e t-o r th o -a n is id id e  
A c e to a c e t-o r th o -c h lo ra n il id e  
A c e lo a c e t-o r th o - to lu id id e  
A c e to a c e t-p a ra -c h lo ra n ilid e  
E thy l A c e to a c e ta te  
E thy l B e n zo y la ce ta te  
E thy l Sodium  O x a la c e ta te  

-R e g is te re d  T rade  M a rk

ETHERS
E thy l E ther
E thy l E ther A b s o lu te — A.C.S.

OTHER PRODUCTS
A c e to n e  
C o llo d ion s  

- C u rb a y  B-G 
*C u rb a y  B inders 
- C u rb a y  X  (P ow der) 

E thy lene  
E thy lene  G lyco l 

- In d a lo n e  
N itro c e llu lo s e  S o lu t io n s ” 
P o tash, A g r ic u ltu ra l 
U re th a n  

-V a c a to n e

:':V a rn tn n p
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THERE’S A G-E EXPLOSION-PROOF MOTOR TO MEET IT

N o one ty p e  of m otor is “ b e s t” for all k inds of hazardous 
locations. T h e  r ig h t  selection m ay  elim inate th e  need for 
fire-walls to  isolate th e  m otor, and  for aw kw ard rem ote- 
drive arrangem ents.

O ur engineers offer to  w ork w ith  you to  select th e  
m otor, control, and  o ther auxiliary  equ ipm en t th a t  best 
com bines sim plic ity  w ith  secu rity  on th e  job .

G eneral E lec tric  builds th e  m ost com plete line of 
explosion-proof and  d u s t- tig h t m otors available, tested  
and  listed  b y  U nd erw rite rs’ L abora to ries, Inc ., for 
specific in d u stria l h azards.

M ost of these m otors are as com pact as s tan d ard  open 
types, and  require even less m ain tenance because of the ir 
to ta lly  enclosed construction .

In fo rm ation  on m otorizing equ ipm ent in hazardous 
places is given in  our pub lica tion  N o. GEA-3647. For 
th is  or a n y  o th e r m o to r assistance th a t  can help speed 
w ar p roduction , ju s t  call your G eneral E lec tric  R ep re 
sen ta tiv e . O r w rite  G e n e r a l  E le c t r ic ,  S c h e n e c t a d y , N ,  Y .

Three More G-E “F IRSTS” 

in Motors for Hazardous Places
E X P L O S IO N -P R O O F  T O  600 H P

Totally  enclosed squirrel-cage m otors up  to 
600 hp  are now listed by U nderw rite rs’ 
L aboratories, In c ., for Class I, G roup  D, 
locations, w here  atm ospheres may contain 
gasoline, petro leum  vapors, acetone, a l
cohols, n a tu ra l gas.

T E S T E D  A N D  L IS T E D  F O R  C O M B U S T IB L E  D U S T S

B u ilt in a w ide range o f types and sizes, 
th is  m o to r is U .L .-listed  for Class I I ,  G roup 
F , locations— w here coal dust, coke dust, 
or carbon b lack  m ay be present.

F O R  M E T A L  D U S T S  L IK E  M A G N E S IU M , A L U M IN U M

O rdnance p lan ts find wide application  for 
th is  to ta lly  enclosed m oto r, tested  and 
listed  by U nderw rite rs’ Laboratories for 
Class I I ,  G roup  E , locations.

7

GENERAL m ELECTRIC
750-197-8030
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This R efractory H as 
Alm ost Zero Absorption!

T F  you have a process in  which a refractory of 
very low porosity m ight be valuable, you’ll 

probably be interested in  Corhart* Electrocast. 
Corhart Electrocast Refractories are ultra h igh- 
duty products m ade by m elting refractory oxides 
in  electric furnaces, then  pouring in to  m olds. 
After m any years o f alm ost exclusive use in  the 
glass industry, Corhart refractories are now being 
rapidly adopted by several other industries. Here 
are th e reasons:

H IG H  F U S IO N  P O IN T  (C o n e  37 , w i t h o u t  a n y  a p 
p r e c ia b le  r a n g e  o f  s o f t e n in g  b e lo w  t h a t  p o in t . )

L O W  P O R O S IT Y  (P o r o s ity  le s s  t h a n  0 .5%  —  a b 
s o r p t io n  p r a c t ic a l ly  z e r o .)

E X T R E M E  H A R D N E S S  (8 , M in e r a lo g is t ’s  S c a le . 
H a rd er  t h a n  g la s s .  I d e a lly  r e s is t a n t  to  v ib r a t io n .)

H IG H  S P E C IF IC  G R A V IT Y  (d u e  to  c o m p o s it io n  
a n d  s t r u c t u r e )

If you are looking for a better refractory w e’d like
to  give you th e facts about E lectrocast. Perhaps 
it  is th e product you have been searching for. 
W rite us. No obligation  and no high-pressure  
follow-up. Address: Corhart Refractories Co.,
Incorporated, 16th & Lee Streets, Louisville, 
Kentucky.

E N D U R A N C E

€®Ini[n]ÆilRfiF
UCmOCAST

B3E[FG^€Tr®lRU][S§
* N o t a  p ro d u c t, b u t  a  t ra d e m a rk
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Now—a proved substitute for rubber in

VBkMM RLIII hJbm
and all corrosion-resistant service

CORROSION RESISTANCE 
OF TY G O N

The following list defines the general 
resistance of TYG ON to corrosive at
tach. This list was prepared for tem
peratures up to 150 degrees F.

Inorganic A cids, 
except fum ing N itric  Satisfactory

Inorganic Salts ...........  Satisfactory
M ost O rganic A cids,

except G lacia l A cetic  Satisfactory  
P ick lin g  Solu tions Satisfactory
Alkali So lu tion s ..........  Satisfactory
P lating  So lu tion s Satisfactory
A lcoh o l (P u re and

D enatured) .................  Satisfactory
P etro leu m  O ils Satisfactory
G asoline ............................  Satisfactory
B en zo l ............................... U nsatisfactory
T urpentine ...................... S w ells
L inseed  O il Satisfactory
V egetab le O ils Satisfactory
D isinfectants

(fly  spray) ...................  Satisfactory
Lacquers ..........................  U nsatisfactory
Ether .................................  H ardens
Soaps .................................  Satisfactory
F erric C h loride Satisfactory
F loor W ax and P o lish  Satisfactory
C reosote ............................. U nsatisfactory
C hlorinated  Solvents in

general ..........................  U nsatisfactory
T etrach loride U nsatisfactory
C hloroform  U nsatisfactory
F ood  P roducts ............... Satisfactory*

*Special Tygon compounds are required.

Tyson—T. M. United S tates Stoneware Company

TO all industries employing organic or inorganic acids, 
alkalies and salt solutions, Goodyear now offers a new syn

thetic resinous tank lining which resists these corrosive sub
stances as effectively as rubber.

This new lining is TYGON. It is made for Goodyear by the 
United States Stoneware Company and has a record of eight 
years’ successful application in all types of chemical service.

TYGON can be applied to metals, wood and concrete. It does 
not require vulcanizing, hence there is no restriction on size 
of units in which it can be used. It is not brittle nor subject to 
mechanical shock, does not oxidize or chemically deteriorate 
with age. It can be easily repaired in the field if damaged.

For complete information on this time-tested corrosion-re
sistant, write Goodyear, Akron, Ohio or Los Angeles, California.

G O O D ß Y E A n
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1 • trv  c o n s i s t s  of a
to  th e  chemical m d  Y each Gper-

S w e n s o n  s e t  c o n d i t i o n s  p e c u  cc0mphsh
c a r e f u l  a n a l y s t s  of the e q U i p m e n t  t o  a ^
atio n  and  t h e £(ficient ly and ^ > v ed
th e  necessary resu r e i u c ed co sts

e n g i n e e n n g  y r " “ h o u s a n d s  „ f  s e r v i c e

p ro d u c t q«*1" ?  « s u i ts ,  such sp fo n m l,M and
T o  assure op  d w id e r  th an  em p ience w ith

requires a backgr a i ;  rs , e ;n fo rm a tio n

calculations wh , c h »  “ which new

^ - : ; : i " t a v e t h i s

sas? -w
k n ° t  t n d  'so  com plete nranu-
search— anu

**£r;: ^ 1  _. J i
Swenson V acuum  Crystallizers m ay be rubber- 
lined for use w ith  acid solutions. Swenson 
m akes both m echanical and vacuum  crystal
lizers for continuous or batch operation.

ONLY S W E N S O N  P R O V ID E S  T H IS  F IV E - W A Y  S E R V I C E

iu J f & i - S .ter I

1. Analysis of Requirements 2. Design and Layout 3. Manufacture of Equipment 4. Test Operation 5. Periodic Check-ups



W h e re  conditions re q u ire  a cem ent o f unusual strength  
and  high resistance to a b ras io n , consider these Penn 
Salt resin cem ents: Asplit, fo r conditions a lw ay s  acid  
. . .  Causplit, fo r a lte rn a te  ac id  a n d  a lka lin e  conditions. 
These a re  easy to  h a n d le  a n d  w ill w ithstand a  w ide  
ra n g e  o f corrosive conditions up to  3 5 0  deg rees F.

* ,, * *
At you r service, w ithout o b lig a tio n , is the long e xp erien c e  
o f our eng ineers  in han d ling  acids a n d  a lkalis  in our own 
plants. W r ite  fu lly . O r  i f  you p re fe r , use the coupon.

WARTIME INDUSTRIES
d e p e n d  on Quick-setting  

S e lf -h a rd en in g

PEIKHLOR MID-PROOF IEDIEI1T
REG. U. S. PAT. OFF.

S p e e d y  CONSTRUCTION-unusual durability -  
continued, dependable service...that’s what you want 
in corrosion-resistant equipment. And that’s what you 
get when you build with Penchlor Acid-Proof Cement* 
This tough, long-lasting cement won’t tie up your work 
with the usual delays. It’s quick-setting and self
hardening... it’s easily handled . . .n o  heating required 
. . .  no drying delays . . .  no acid treatment needed to set.

You can be sure Penchlor is dependable. It has been 
proved by years o f  the toughest service in a wide 
variety o f corrosion-resistant installations. Decide now 
to use Penchlor Acid-Proof Cement on your next job 
o f corrosion-resistant construction. You’ll get: Long 
L ife. . .  Minimum Repairs . . .  Permanent Mortar Set 
. . .  Less Shrinkage. . .  Strong Adherence to the usual 
construction materials.

Let us give you the complete story o f this excep
tionally successful acid-proof cement. Return the 
coupon for the new, free, illustrated booklet.

U s e d  b y  t h e s e  i n d u s t r i e s  
a n d  m a n y  o t h e r s

A c id s
A l u m
B le a c h in g  a n d  

D y e in g  
C h e m ic a l 
E le c tro c h e m ic a l 
E le c tro p la tin g  
E x p lo s iv e  
M e ta l P ic k lin g

O i l
P a p e r  a n d  

P a rc h m e n t 
P u lp  
R a y o n  
S m e ltin g  
S p a r k  P lu g s  
Steel 
T e x tile

PENNSYLVANI A SALT
M A N  U / T a A  T U R I N G  C o/Jto P A  N  tu / f ~ a Æ  t u

1 0 0 0  W I D E N E R  B U I L D I N G ,  P H I L A D E L P H I A

N E W  Y O R K  • C H IC A G O  • S T . L O U IS  •  P IT T S B U R G H  
W Y A N D O T T E  • T A C O M A

PENNSYLVANIA SALT MANUFACTURING COMPANY 
D ept. IEC, 1000 W ide ne r B ldg., P h ilade lph ia , Pa.

I would  like  to  have  a fre e  co py  o f  your new  bookle t No, 6 on Penchlor A c id -P roo f Cement.

NAME_

COMPANY.

ADDRESS_

V O L . O U ,  1 W .  O

I
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Dowtherm's success measured

m B .T .U .Í *
Dowtherm has m ade an  extrem ely impressive record of service in 
the chem ical an d  other branches of American industry. This system 
of hea t transm ission w as developed for high tem perature processing, 
especially  w here controlled tem peratures from 400° to 650° are  
required.
You can  m easure Dowtherm's success in B.T.U.'s. The accom pany
ing illustrations indicate the cum ulative capacities of Dowtherm 
vaporizers an d  liquid heaters. The sharp increase expresses millions 
of B.T.U.'s p er hour. Note that rise from about 100 million in 1940 to 
over 700 million in 1942.
The reason for this record rise is industry's realization that Dowtherm 
offers the ad v an tag es of close regulation of tem peratures, high rate 
of hea t transm ission and  minimum danger of localized overheating.
THE DOW CHEMICAL COMPANY,  MIDLAND,  MICHIGAN
N ew  Y ork • Chicago • St. Louis • Houston • San Francisco • Los Angeles • Seattle

C um ulative capacities of vaporizers using 
Dowtherm  as the heat transfer m edium .

’35  ’3 6  '3 7  1 9 3 8  1 9 3 9  1 9 4 0 1941

D O W T H E R M
THE HIGH TEMPERATURE, LOW  PRESSURE, HEAT TRANSFER MEDIUM

1942
3  Z

CHEMICALS INDISPENSABLE 
TO INDUSTRY AND VICTORY
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^ K r i T n t i a n n  ¡s e t
A C I D  P U M P S

The chart above tells a graphic story of production. The black line represents pum ps sold 
to NEW WILFLEY users during the past few years while the red  line shows how these 
same users, having tried  the WILFLEY, ordered additional pum ps. M any of these p lants 
have changed to WILFLEY A cid pum ps exc lu sive ly -o th e rs  are rap id ly  following suit.

Elimination of the stuffing box means elim ination of ALL stuffing-box troub les— 
insures trouble-free production 'round the clock, for either continuous or in term itten t 
pum ping jobs. Made in 10- to 1,000-G .P.M . capacities; 1 5 -to l2 5 -ft. heads and  higher. 
Individual engineering service. Write for com plete details.

A. R. W IL F L E Y  & SONS, Inc., Denver, Colorado, U. S. A.
N EW  YORK OFFICE: 1775 BROADW AY, NEW  YO R K  CITY, N . Y.

A C I D  PUM PS * U N ITA RY • BELT D RIVE • DIRECT D RIVE
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B IG ? L IT T L E ? F A T  OR S L IM ?

LIG H T W E IG H T ?
Which of these

HIGH
PRESSURE
CONTAINERS
do you need?

SH A T T ER P R O O F?

O N E  F O R  E V

Looking for a cylinder tha t’s just right for your 
purpose? Then select it from  the wide range built 
by W alter K idde & Company. You can probably 
find the exact size, shape, weight you need . . .  the 
right valve or release mechanism . . . the correct 
strength. And if your requirem ents are too special 
to be covered by existing equipm ent, Kidde engi
neers will be glad to work w ith you to develop

the right container that exactly fills the need.
Kidde cylinders are used, for storing liquefied 

carbon dioxide and hydraulic fluids, under pres
sure, for oxygen, nitrogen, helium  and other gases.

W rite us today, telling us what your requ ire
ments are. We will send you fu ll inform ation— 
without obligation to you. W alter K idde & Com
pany, Inc., 355 West Street, Bloomfield, N. J.
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Corrosion o f  bright m etal parts  a nd  contam ination  o f  the m ercury  p o o l by  
persp ira tion  a nd  m oisture are prevented by  d ry  a ir  fro m  the Lectrodryer.

'1

pounds per square inch, in small or huge quantities.
Alorco A ctivated Alum inas rem ove every trace 

of m oisture to  dew points below -110° F . And, 
they also remove acids. W hen A ctivated  Aluminas 
become laden w ith m oisture, they  are reactivated  
by heating and are restored to  the ir original high 
efficiency. They provide dependable, economical 
drying in m any v ita l war industries.

H ave you a drying problem ? I t  is qu ite  likely 
th a t Alorco A ctivated  Alum inas m ay offer the 
solution. A lum inum  Com pany o f  A m erica  (S a les  

A g en t f o r  A lum inum  Ore C om pany) 1911 G ulf 
Building, P ittsburgh , Pennsylvania.

The slightest am ount of moisture would play 
havoc w ith  the  m ercury arc rectifiers being 
repaired here. So cool, dry air is kept circulating 
to keep the men from perspiring excessively a t 
th e ir  work, and , m ore im p o rtan t, to  rem ove 
all other moisture from the room. T h a t air is 
dried by a Lectrodryer charged w ith Alorco 
A ctivated Alumina.

D rying jobs being done throughout industry  by 
A ctivated Aluminas are m any and varied. Air is dried 
a t atm ospheric pressure, as here, or conditioned to 
suit specific m anufacturing processes. Gases and 
organic liquids are dried a t pressures up to  3,000
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RESEARCH
has provided m aterials and equipm ent needed  

by our arm ed forces on the fighting front 

and our in d u s tr ie s  on  th e  h o m e  fro n t.

KIMBLE LABORATORY GLASSWARE
fills requirem ents o f today’s essentia l scien 

tific workers in  th e industries and professions.

C onsult leading laboratory supply houses 

throughout th e U nited  States and Canada 

for K im b le  p ro d u c ts  to  m e e t  y o u r  own  

req u irem en ts .

jtet Ü M

15146-ST  B o t t l e ,  W e ig h in g , K im b le  
o  B r a n d ,  w i t h ^  g la s s  s to p p e r  f i t 
te d  o n  o u ts id e  o f  b o d y  (cap  s ty le ) .  
B o d ie s  h a v e  s e r ia l  n u m b e r s .

Inlie
Diameter

MM
Helftt 
el Beir 

MM
3T Approx. Capacity 
?  la Base if Neck 
JeHet ML Eack

15 50 19/10 7 $0.34
15 80 19/10 12 .35
25 40 29/12 12 .42
25 50 29/12 16 .42
30 60 3 4 /12 30 .47
40 50 4 5 /12 45 .64
40 80 4 5 /12 70 .66
40 100 45 /12 92 .68

15146-ST
Y o u r  d e a le r  w ill b e  g la d  
t o  s u p p ly  f u r t h e r  d e 
t a i l s ,  a n d  t o  q u o t e  
q u a n t i t y  p r ic e s .

I E W

LE GLASS COMPANY • • • • v i n e l a n d ,  n .  j .
Y O R K  •  C H I C A G O  •  P H I L A D E L P H I A  •  D E T R O I T  •  D O S T O N  •  I N D I A N A P O L I S  •  S A N  F R A N C I S C O



REASONS W HY  
ALBERENE STONE
is the  l o g i c a l  b u y  t o d a y

A WISW

^  «aib»

N ew  laboratories in th e  W ar industries (su ch  as 
m etal, oil, chem icals, ru b b e r) have been  and  are 
being equipped  w ith  A lberene ta b le  tops, fum e 
hoods, sinks, draw boards, etc. T h e  sam e is tru e  of 
every  b ranch  of th e  G overnm ent. A m ple fab ri
cating facilities and  an  un lim ited  supp ly  of non- 
critical soapstone have enab led  us to  m eet th e  
m ost exacting dem ands as to  q u a n tity  an d  sched
uling. Send us your inquiries or specifications. 
T hey  will receive im m ediate, executive a t te n 
tion. If you prefer we will be glad to  have  one of 
our seasoned Sales Engineers call on you.

The following are typical o f companies for whom installations 

of Alberene Stone Equipment have been made recently:

SALT SPRAY UNITS FOR CORROSION TESTS
The efficiency and d u ra b ility  o f A lb eren e  
Boxes is w id e ly  recognized. W e  furnish stand
a rd  fu lly -e q u ip p e d  Units, also Units to N a vy  
D epartm en t, or your ow n  specifications. Ship
m ents can be m ade prom ptly .

Allegheny Ludlum Steel Monsanto Chemical
Corporation Company

Aluminum Company of Picatinny Arsenal
America Republic Steel

Bakelite Corporation Corporation
Bethlehem Steel Socony-Vacuum Oil

Corporation Co., Inc.
Crucible Steel Company Standard Oil Company

of America of N. J.
Curtiss Wright Corporation The Texas Company
E. 1. Du Pont de Nemours Thompson Aircraft Products

& Company, Inc. Company
Weirfon Steel Company

A L B E R E N E  STO NE
LABORATORY EQUIPMENT

A L B E R E N E  S T O N E  C O R P O R A T I O N  O F  V I R G I N I A ,  4 1 0  F O U R T H  A V E N U E ,  N E W  Y O R K ,  N .  V .

Q uarries and M ills at Schuyler, Virginia ★  Sa les  O ffices in Principal C ities



J L / o t t L CORROSION
RESISTANT

WASTE MAN-HOURS
AND CRITICAL MATERIAL 
Building Special Enclosures

These starters (Type  
8 ) are made in two 
forms— one for cor
rosive atmospheres 
and one for hazard
ous locations. A l l  
th e ir arcing parts 
and terminals (for 
use in hazardous  
locations) are at 
least six inches 
under oil.

GENERAL-
PURPOSE

DUST-TIGHT
The Type 5 enclosure is for use in 
steel mills, cement mills, and 
other locations where the dust 
content of the atmosphere is so 
heavy as to make a dust-tight case 
desirable. The cases are of heavy 
sheet metal, equipped with heavy 
gaskets, clamping bolts, and wing 
nuts.

The Type 1 enclo
sure is suitable for
general-purpose, in
do or ap p lica tio n s
w here atm ospheric  
conditions are nor
mal.

FOR HAZARDOUS LOCATIONS
The Type 7 case for Class 1,
C roup D , locations is made of 
cast, high-strength alloy. These 
starters can withstand internal 
explosions. The flanges, which 
are securely bolted on all sides, 
are ground to tolerances that will 
not permit the escape of hot 
gases.

Order STANDARDS
to save time and material

WATERTIGHTI

The Type 4  case is 
suitable for outdoor 
use, and for installa
tions in damp places 
indoors, such as in 
dairies and brew-
cries.

The N a ry  " E " ,  ta r  Exc» lla n ca , has  
be en  a w a rd e d  to  92,780 G an e r a l  
E lactnc em p loyees **. *** p la n ts  
m a n u fa c tu rin g  n a v a l e q u ip m e n t.

NE V E R  E N O U G H  produ ctio n  tim e— scarce m a
te ria l u rg en tly  needed! B o th  fa r to o  v a luab le  

to  be spen t in  build ing unnecessary  con tro l room s 
and  special enclosures.

B u t delivered-ready-to -install contro l isn ’t  all th a t  
the  G eneral E lec tric  line of s ta n d a rd  com bination  
s ta rte rs  offers you.

T hese s ta rte rs  com bine tw o devices— a fused 
m otor-circu it sw itch  an d  a m agnetic  s ta r te r— in one 
com pact un it. T h is  saves you one com plete m oun ting  
job . T h ey  come to  you  com pletely  w ired and  ready  
to  insta ll— saving all th e  tim e and  m ateria l needed 
to  wire up tw o ind iv idually  m o u n ted  controls.

I f  you w ish, our local sales engineers will help  you  
select th e  p roper s ta r te r  for your jo b  from  th is  
stan d ard  line of G -E  com binations— for a-c m otors 
up to  200 hp. G e n e r a l  E le c t r ic ,  S c h e n e c t a d y , N .  Y .



M ARLEY COOLING TOWERS 
serve United Notions fighters 
and war industries on all fronts.

In addition to the great 
number of M arley  
Cooling T owers now 
speeding American  
war production, this 
map indicates recent 
M arley exports for 
service in the active 
war zones.

Zœ », MARLEY TOWER a

FACILITIES and "KNOW-HOW” 
to do the Job Speedily and Right

A m erica’s ab ility  to  expand its  p roductive  capacity  
so enorm ously and  so quick ly  has saved th e  w orld  from  
disaster . . . .  by  producing th e  right eq u ip m en t to  do 
each job th a t  has to  be done . . . .  an d  ahead o f schedule.

As an exam ple, M arley ’s p roduction  a t th e  s ta r t  of 
1943 is triple  th e  sam e figure for 1942, w hich w as double  
th a t for 1941 . . . .  all on w ar-v ita l contracts.

Because M arley  had  th e  facilities to  swell o u tp u t 
swiftly, p lan ts producing essential w ar supplies have no t 
suffered delay for w an t of w ater cooling equ ipm en t. A nd 
because M arley  had  th e  special know ledge an d  experience 
to  engineer each insta lla tion  specifically  for its  job, these  
p lan ts save m uch in operating  cost an d  m ain tenance  
m an-hours.

These facilities and  th is specialized experience 
have proved to  be a defin ite  na tional asset, and  
M arley  productive capacity  is still ah ead  of dem ands!

COOLING TOW ERS
Lf THE MARLEY CO., INC. —  KANSAS CITY, KANSAS



A V IA T IO N  FUELS
. . . .  by Advanced Processing

CATALYTIC CRACKING  
ETHENE ALKYLATION  

PROPENE ALKYLATION  
BUTENE ALKYLATION  

PENTENE ALKYLATION  
ISOMERIZATION  

POLYMERIZATION  
HYDROGENATION  
AROMATIZATION  

PRECISE FRACTIONATION

C om p lete p la n ts  for su ch  v ita l war 
processes are en gin eered  and c o n 

stru cted  by F oster W heeler.

POSTER WHEELER CORPORATION • 165 BROADWAY, NEW YORK, N. Y.
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No. 8  in a  series o f  adver tisem en ts  a b o u t new  research chem icals .

R e a so n s  F o r  R e s e a r c h
. . . unusual compounds from the laboratories 
of Carbide and Carbon Chemicals Corporation.

CHOH

CH-lhC

h3cch C(CH3)2 

\ { 2

T R I M E T H Y L C Y C L O H E X A N O L

CH2-0-DH2CH2-0CH3

0

CH2-0-CH2CH2-0CCH;

ME T H O X Y T R I G L Y C O L  ACE TATE

ICH-

'H

D I ME THY LF UH AN

TRIMETHYLCYCLOHEXANOL is a high-boiling 
(198°C. at 760 m m .) cyclic alcohol which is solu
ble in  most organic solvents, hydrocarbons, and 
oils. T rim ethylcyclohexanol is an excellent m u
tual solvent and coupling agent for many o ther
wise immiscible liquids. It should have value as 
an antifoam ing agent, and in the m anufacture of 
hydraulic fluids and textile soaps. O ther possible 
applications for the com pound include the p rep 
aration  of plasticizers, xanthates, and wetting 
agents.

M e t h o x y t r ig l y c o l  A c e t a t e  is a colorless, 
high boiling (137°C. at 6 mm.) liqu id  distin
guished by low volatility and excellent solvent 
powers for cellulose esters and synthetic resins.

It is probably  useful in protective coatings and 
p rin ting  inks having a cellulose ester base. The 
absence of reactive groups and its non-hygrosco- 
picity suggest its tria l as an inert reaction m edium  
and as an “anti-dusting” agent for finely pow dered 
m aterials.

D im e t h y l f u r a n  is a w ater-insoluble liqu id  
which boils at 93°C. I t  shows prom ise as a tanning  
agent, as a d iluent for n itrocellu lose form ulations, 
and as a solvent for polyvinyl ace
tate. It has value as a chem ical in te r
m ediate and readily  reacts w ith 
m aleic anhydride in the  D iels-Alder 
reaction to form an anhydride w ith 
possible alkyd resin applications.
Its specific gravity is 0.9018.

A lthough these new aliphatic  chemicals are available now only in 
research quantities for laboratory  investigation, it is p robable  th a t com
m ercial quantities could he made for uses tha t will help win the war.

R eprints of the previous advertisem ents in  this series announcingC
m ore than  30 other research chemicals are available on request. W rite 
for them —th ere  is no obligation.

to r  inform ation concerning the use o f these chem icals, address:

C a r b i d e  a n d  C a r b o n  C h e m i c a l s  C o r p o r a t i o n
Unit of Union Carbide and Carbon Corporation

E ff l
3 0  East 4 2 n d  S treet N e w Y ork , N . Y.

P R O D U C E R S  O F  S Y N T H E T I C  O R G A N I C  C H E M I C A L S
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P U B L I S H E D  B Y  T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y  •  W A L T E R  J .  M U R P H Y ,  E D I T O R

E D I T O R I A L S ---------------------------------------------------------------------------------------------

E d u c a t i o n  G o e s  t o  W a r

T H E R E  is l i t t le  so lace  fo r  th o s e  en g a g e d  in  e ith e r  
p ro d u c tio n  o r  re s e a rc h  in  th e  ch em ica l field , in  th e  

p re s e n t m ili ta r iz e d  college tr a in in g  p ro g ra m s  o f  th e  
A rm y  a n d  N a v y .  O f o n e  th in g  w e c a n  b e  v e ry  c e r
ta in — w h a t  h ig h e r  e d u c a t io n  o u r  a b le -b o d ie d  y o u n g  
m en  g e t w ill b e  o rd e re d  a n d  d ir e c te d  b y  o ffic ia ls o f  th e  
a rm e d  se rv ices , a n d  m o s t  o f  th e  e m p h a s is  w ill b e  
p laced  o n  m i l i ta r y  t r a in in g . T h e  p u r s u i t  o f  sc ien tific  
kn o w led g e  w ill b e  s u b o rd in a te d  to  a  p la n  fo r  t r a in 
ing  th e se  m e n  to  b e  officers w ith in  th e  n e x t  tw o  
years .

U n less  th e  w a r  p ro v e s  to  b e  o f  m u c h  s h o r te r  d u ra t io n  
th a n  m o s t o f  u s  a n tic ip a te ,  th e  m e n  in  m ili ta r iz e d  
cou rses w ill b e  lo s t  to  in d u s try  a n d  to  th e  u n iv e rs it ie s  
a n d  o th e r  in s t i tu t io n s , b o th  p r iv a te  a n d  p u b lic , w h e re  
m u ch  o f  th e  fu n d a m e n ta l  r e s e a rc h  is c a rr ie d  on . P e r -  
sonnehv ise  a ll t h a t  w ill b e  le f t  o f  th e  1 8 -y ea r-o ld  g ro u p  
will b e  m e n  w h o  a re  in  th e  d r a f t  c la s s if ic a tio n  4 F — e n 
tire ly  to o  few  in  n u m b e rs  to  ta k e  c a re  o f  th e  d e m a n d  fo r  
y o u n g  c h e m is ts  a n d  c h e m ic a l e n g in ee rs  t h a t  w ill e x is t 
an d  m u s t  b e  m e t  fo u r  y e a rs  h en ce . Y o u th s  in  th e  18- to  
2 1 -y ea r-o ld  g ro u p  a re  a t  a n  im p re ss io n a b le  ag e  a n d  
m a n y  w ill b e  la b o r in g  u n d e r  a  te r r if ic  m e n ta l  h a n d ic a p  
w hen  b ro u g h t  in to  close a s s o c ia tio n  w ith  th o s e  w e a rin g  
serv ice u n ifo rm s . T h e n , to o , i t  is h ig h ly  p ro b le m a tic a l  
w h e th e r c iv ilia n s  a t te n d in g  co lleges a n d  u n iv e rs it ie s  
w here m ili ta r iz e d  t r a in in g  is  in  fo rce  w ill re ce iv e  s a t is 
fa c to ry  a t te n t io n .  I t  is in e v i ta b le  u n d e r  ex is tin g  co n 
d itio n s t h a t  th e y  w ill n o t  o b ta in  fu ll a n d  su ffic ien t 

tra in in g .
N ec e ssa rily  su c h  m e n  m u s t  go  a lo n g  in  th e i r  s tu d ie s  

w ith  th e  g re a t ly  a c c e le ra te d  c u rr ic u la  a d o p te d  b y  th e  
a rm e d  fo rces. N e i th e r  th e  s tu d e n ts  in  a  c iv i l ia n  s t a tu s  
n o r th e  m e n  in  th e  A rm y  S p e c ia liz e d  T ra in in g  P ro g ra m  
will q u a lify  a t  th e  e n d  o f  th e  t r a in in g  p e r io d  fo r  deg rees , 
e ith e r  in  c h e m is try  o r  c h e m ic a l en g in ee rin g . A c tu a lly  
th e y  w ill b e  te c h n ic ia n s — n o th in g  else.

What the chemical industry needs to carry out the 
work assigned to it in this industrialized war, and cer
tainly in the postwar period, is a steady flow of men 
with sound basic training in chemistry and chemical 
engineering—not merely technicians poorly trained and 
ill fitted to assist in the operation of the expanded pro

g ra m s  in  th e  ch em ica l, s y n th e t ic  ru b b e r ,  p e tro le u m , 
p la s tic , a n d  m e ta l  in d u s tr ie s .

O ne  o th e r  f a c to r  m u s t  b e  c o n s id e re d . W e  a re  
ju s ti f ia b ly  p ro u d  o f  o u r  a c h ie v e m e n ts  in  th e  p a s t  
tw o  y e a rs  in  th e  fie ld  o f  a p p lie d  c h e m is try , b u t  th is  
e n v ia b le  re c o rd  h a s  b e e n  m a d e  p o ss ib le  o n ly  b ecau se  
o f  th e  w o rk  o f a  g re a t  m a n y  s c ie n tis ts  e m p lo y e d  o v e r 
th e  p a s t  d e c a d e  in  fu n d a m e n ta l  re se a rc h . I f  w e c u t  off 
th e  s u p p ly  o f  su ch  h ig h ly  sp ec ia liz ed  in d iv id u a ls  fo r  a 
lo n g  p e rio d , w e a re  b o rro w in g  h e a v ily  o n  th e  f u tu re  a n d  
a re  se rio u sly  th r e a te n in g  th e  su ccess a n d  p ro s p e r ity  o f 
th is  c o u n try . W e  c a n  b e  c e r ta in  t h a t  G e rm a n y , d e 
sp ite  h e r  d e s p e ra te  m a n p o w e r  s i tu a t io n , is n o t  p u rs u in g  
su ch  a  ru in o u s  p o licy . S he  d id  n o t  s q u a n d e r  h e r  b e s t  
te c h n ic a l b ra in s  o n  th e  fie lds o f  F la n d e r s  in  W o rld  W a r  I , 
a n d  i t  is  a  sa fe  b e t  t h a t  sh e  is  n o t  lo s in g  h e r  p o te n t ia l  
sc ie n tis ts  o f  th e  n e x t 20  y e a r s  in  R u s s ia  o r  T u n is ia  t o 

d a y .
U n d e r  p u b lic  p re s su re  th e  A rm y  a n d  N a v y  h a v e  

g iv e n  u s  a  tr a in in g  p ro g ra m  o f  so r ts , b u t  in  t r u t h  i t  is  
n o t  w h a t  th e y  w ere  a sk e d , im p a r t ia l ly  a n d  in  a  s t r ic t ly  
fa c t-f in d in g  m a n n e r , to  p ro v id e . I n  i t s  p re s e n t  fo rm  
i t  is  n e i th e r  “ fish  n o r  fow l” . F o rm u la to r s  o f  th e  p r e s 
e n t  p la n  h a v e  la b o re d  m ig h ti ly  a n d  “ h a v e  b r o u g h t  fo r th  
a  m o u se ” . U n less  th e  w a r  is o v e r  b y  th e  m id d le  of 
n e x t  y e a r , th e  re s u lts  w ill b e  d is a s tr o u s . I f  th e  re 
sp o n s ib le  officia ls in  th e  a rm e d  fo rces  w h o  d ic ta te d  th e  
p a t t e r n  o f  th is  p ro g ra m  a re  th o ro u g h ly  c o n v in c e d  t h a t  
th e  w a r  w ill b e  w o n  in  th e  n e x t  1 2  m o n th s , th e n  i t  
w o u ld  in d e e d  h a v e  b e e n  b e t t e r  to  h a v e  o m i t te d  th e  
te c h n ic a l  e d u c a t io n  a n g le  e n tire ly . I f  n o t— th e n  th e y  
a re  se r io u sly  je o p a rd iz in g  th e  fu tu re  w e lfa re  o f  th is  
c o u n try .

O n ly  t im e  w ill re v e a l , o f  co u rse , th e  fo lly  o f  th e  p re s 
e n t  p la n s , u n le s s  th e  p ro g ra m s  a re  c o m p le te ly  re v is e d  
in  th e  lig h t o f  c u r r e n t  c o n s t ru c t iv e  c r i t i c is m  so  a s  to  
h o ld  q u a lif ie d  s tu d e n ts  in  p h y s ic s , m e d ic in e , c h e m is try , 
a n d  e n g in e e rin g  in  o u r  co lleges a n d  u n iv e r s it ie s  fo r  a  
su ffic ien t p e r io d  to  p ro v id e  th e  sa m e  b a s ic  tr a in in g  
g iv e n  to  su c h  s tu d e n ts  in  th e  p re w a r  p e r io d . A c c e le ra te  
th e  p ro g ra m  b y  a ll m e a n s , b u t  m a k e  i t  c o m p le te  a n d  
th u s  s u p p ly  in d u s tr y  a n d  sc ien tif ic  re s e a rc h  o rg a n iz a 
t io n s  w ith  th e  t r a in e d  p e rs o n n e l r e q u ire d  to  p e r m it  th e m  
to  fu n c t io n  p ro p e r ly  in  th e  n e x t  d e c a d e .



A t t e n d  Y o u r  T e c h n i c a l  M e e t i n g s

I F  B Y  y o u r p resence  a t  te ch n ica l g ro u p  sessions yo u  
c a n  im p a r t  v a lu ab le  in fo rm a tio n  o r know -how  to  

o th e rs  en g ag ed  in  s im ila r lines o f a c t iv i ty , o r if  b y  y  oui 
a tte n d a n c e  y o u  c a n  acq u ire  know ledge w h ich  w ill in 
crease  y o u r  efficiency o r th a t  o f y o u r asso c ia te s  on  th e  
in d u s tr ia l w a r f ro n t, th e n  it  is y o u r d u ty  to  g ive o f y o u r 
t im e  a n d  effo rt, a lth o u g h  such  a c tio n  on  y o u r p a r t  m ay  
re q u ire  co n sid e rab le  p e rso n a l sacrifice. T h e  so ld ier a t  
th e  f ro n t does n o t  m easu re  h is c o n tr ib u tio n  b y  an y  
t im e  y a rd s tic k . W e in  th e  chem ical field  a re  shock  
tro o p s  in  th e  a rm y  o f  p ro d u c tio n .

C e r ta in ly  u n d e r  p re s e n t ad v e rse  co n d itio n s  tra v e lin g  
to  a n d  from  m ee tin g s  held  in  d is ta n t  c ities c a n  no  longer 
b e  d esc rib ed  as  “jo y -rid in g  , n o r c an  m o s t a cco m m o d a
tio n s  be te rm e d  “ b eds o f ro ses’ — or can  th ey ?  T h e  old 
an d , u n ti l a  y e a r  o r m ore  ago, p o p u la r  co n cep tio n  o f 
co n v e n tio n s  a s  a  p lace  o f  refuge  fo r “ tire d  business 
ex ecu tiv es  is  n o t  now  a ccep tab le  to  c a r to o n is ts . \  e t  
w e do  h a v e  a  few  in d iv id u a ls  w ith  a  so m ew h a t “ M ilq u e 
to a s t” v iew p o in t w ho  fea r th a t  th e y  will be su b jec ted  
to  severe  c ritic ism  if  th e y  a t te n d  a  n a tio n a l c o n v en tio n  
o r  d riv e  a  c a r  to  a  local sec tion  te ch n ica l m ee ting , even  
th o u g h  n o  o th e r  m e th o d  o f tr a n s p o r ta tio n  is av a ilab le . 
C h em is ts , ch em ica l engineers, a n d  chem ical execu tives 
sh o u ld  h av e  no  tro u b le  w ith  su p ersen sitiv e  consciences 
in  th is  m a t te r .  I f  b y  y o u r  p resence  y o u  c a n  c o n tr ib u te  
o r rece ive  so m e th in g  o f a  ta n g ib le  n a tu re  re la te d  to  th e  
w a r  effo rt, th e n  b y  all m ean s  m ak e  y o u r p resence  fe lt  in  
g a th e r in g s  o f y o u r  te c h n ic a l societies. M a n y  o f o u r 
n ecessarily  h a rd -b o ile d  ra t io n  b o a rd s  a p p re c ia te  th e  
p ra c t ic a l v a lu e  to  th e  w a r  e ffo rt p ro v id ed  b y  such  te c h 
n ica l sessions a n d  a re  allow ing  spec ia l a llo tm e n ts  o f 
p rec io u s  gaso line  fo r th is  p u rpose .

T h e  A pril m ee tin g  o f th e  A m e r i c a n  C h e m i c a l  S o c i e t y  

in  D e tro i t  w ill b e  co m p le te ly  s tre am lin ed . A ll social 
a sp ec ts  h a v e  b een  e lim in a ted  to  p ro v id e  g re a te r  o p p o r
tu n i ty  fo r in fo rm a l g a th e rin g s  a n d  fo r th e  exchange  o f 
in fo rm a tio n  o f  m u tu a l a d v a n ta g e  to  th e  p a r t ic ip a n ts  
in  a d v a n c in g  A m erica ’s m ig h ty  p ro d u c tio n  effo rt. M u ch  
th o u g h t a n d  e ffo rt h a v e  been  g iven  to  th e  p ro g ra m  a n d  
i ts  re la tio n sh ip  to  th e  w a r  effo rt. O n ly  one exam ple  need  
b e  c ite d  to  il lu s tra te  th is  p o in t. T h e  D iv is io n  o f 
C h em ica l E d u c a tio n  w ill d e p a r t  from  th e  u su a l p a p e rs  on  
ed u c a tio n a l su b je c ts  to  co n d u c t a n  a ll-d ay  S ym posium  
on  C h em ica l A sp ec ts  o f  C iv ilian  D efense. I t  p ro m ises  to  
be one  o f  th e  h ig h lig h ts  o f th e  m ee tin g . T h o se  w ith  
so u n d  ch em ica l tr a in in g  a re  n eed ed  in  c iv ilian  defense 
w o rk  in  a ll p a r t s  o f  th e  c o u n try . H e re  is a  sp len d id  
o p p o r tu n ity  to  o b ta in  th e  n ecessa ry  in fo rm a tio n . I t  
w ill m a k e  sense  to  th e  tr a in e d  ch em is t w ho  in  th is  p a r 
t ic u la r  field  m u s t  ta k e  th e  in i tia tiv e  in  h is local com 
m u n ity .

T h e  w o rd  “ m o ra le ” is o n  e v e ry b o d y ’s lips th e se  d a y s  
a n d  r ig h tfu l ly  so . T e c h n ic a l m en  a re  o p e ra tin g  u n d e r  a  
te r rif ic  m e n ta l  s t r a in  in  o u r  a ll-o u t w a r  p ro g ram . B y  
th e  v e ry  n a tu r e  o f  th e  w o rk  in  w h ich  m a n y  ch em ists  a re
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engaged  th e y  d o  n o t  h a v e  a n  o p p o r tu n ity  fo r c lose a s 
so c ia tio n  w ith  th e i r  co -w o rk ers . A lth o u g h  m o ra le  is a 
r a th e r  in ta n g ib le  th in g , e v e ry o n e  reco g n izes  i t s  im p o r
ta n c e . M e e tin g s , su ch  a s  th e  o n e  in  D e t r o i t  in  A p ril, a re  
v e ry  d e fin ite ly  m o ra le  b u ild e rs  fo r o u r  te c h n ic a l p e r 

sonnel.
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I n d u s t r y  a n d  S e l e c t i v e  S e r v i c e

C E B T A IN  ch em ica l c o m p a n ie s  a re  o p en  to  c ritic ism  
fo r th e ir  la ck  o f  fo re s ig h t in  n o t  a p p o in t in g  a  r e 

sponsib le  official to  ta k e  ch a rg e  o f  c o m p a n y  m a t te r s  
p e r ta in in g  to  th e  S e lec tiv e  S e rv ice  A c t. M o s t  co n ce rn s  
o f a n y  size a re  m a in ta in in g  offices in  W a sh in g to n  fo r th e  
d u ra tio n , a n d  th e i r  re p re s e n ta t iv e s  h a v e  b eco m e  p ro 
fic ien t in  th e  m ech a n ic s  o f  h a n d lin g  n e g o tia tio n s  w ith  
g o v e rn m e n ta l agenc ies  w ith  th e  p o ss ib le  ex c e p tio n  o f 
th e  Selec tive  S erv ice  o rg a n iz a tio n , now  p a r t  a n d  p a rc e l 
o f th e  W a r  M a n p o w e r C o m m iss io n .

U n fo r tu n a te ly , so m e e x e c u tiv e s  in  th e  ch em ica l in 
d u s try  h a v e  fa iled  to  rea lize  th e  p re c a r io u s  p o s itio n  o f 
th e  in d u s try  w ith  re s p e c t to  t r a in e d  p ro fe ss io n a l p e r 
sonnel. M a n y  c o m p a n y  officia ls, a lr e a d y  s tu n g  to  th e  
qu ick  b y  p a r t is a n  a n d  w h o lly  u n fa ir  p u b lic ity  o f  a p u re ly  
p o li tic a l n a tu re ,  h a v e  b eco m e  fe a rfu l o f  p e rs o n a l re p e r
cussions a n d  fu r th e r  u n fa v o ra b le  c o m m e n t o n  th e  e n 
te rp rise s  th e y  d ire c t, if  th e y  sh o u ld  re q u e s t  d e fe rm e n ts  
fo r n ecessa ry  m en . T h is  is a  n a r ro w  v ie w p o in t a n d  
m u s t b e  d isc a rd e d  in  th e  in te r e s t  o f  th e  c o u n tr y ’s w a r 
effort.

M a n y  ex am p les co u ld  b e  c ite d  w h e re  c o m p a n y  offi
c ia ls h a v e  show n  su rp ris in g  ig n o ra n c e  o f  th e  in te n t  a n d  
p u rp o se  o f th e  S e lec tive  S e rv ice  A c t. R e c e n tly  a n  offi
c ia l o f one  o f th e  la rg e r  c o m p a n ie s  in d ic a te d  t h a t  h e  
d id  n o t feel o b lig a te d  to  a sk  fo r  th e  o c c u p a tio n a l d e 
fe rm e n t o f  a  h ig h ly  t r a in e d  sk illed  p ro fe ss io n a l w o rk e r 
because  th e  m a n  w as o n ly  23 y e a rs  o f  ag e  a n d  in  th is  
ex ecu tiv e ’s o p in io n  S e lec tiv e  S e rv ice  w o u ld  h a rd ly  
consider such  a n  in d iv id u a l in d isp e n sa b le . T h is  rea so n 
ing  fails to  co inc ide  w ith  th e  p ro g ra m  fo llow ed  in  
o u r u n iv e rs itie s  a n d  colleges, w h e re  d e fe rm e n ts  fo r 
u n d e rg ra d u a te  s tu d e n ts  a n d  te a c h e rs  in  c h e m is try  a n d  
chem ica l en g in ee rin g  h a v e  b e e n  re q u e s te d  a n d  g r a n t e d ; 
likew ise fo r g ra d u a te  s tu d e n ts  w h e re  i t  c a n  b e  d e fin ite ly  
e s tab lish ed  t h a t  th e y  a re  e n g ag ed  in  te a c h in g  fo r a  c e r
ta in  n u m b e r o f  p re sc rib e d  h o u rs  o r a re  d o in g  re se a rc h  
w ork  on  p ro b lem s d ire c tly  r e la te d  to  th e  w a r  e ffo rt.

Industry has much to learn about the workings of the 
Selective Service Act. Too often little or no attention 
is given to holding necessary workers in industry 
until they are about ready to leave for an induction 
center. This is not fair practice. A definite program 
or plan of action should be adopted in advance.
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T H E  seventh Sym posium  on I. n it Processes was held under 
the  auspices of th e  D ivision of In d u s tria l and  E ngineering 

C hem istry a t th e  Buffalo m eeting of th e  A m e r i c a n  C h e m i c a l  

S o c i e t y .  T he fundam enta l ob jec t of these sym posia is to  
gather sufficient d a ta  to  place a m ore q u an tita tiv e  foundation 
under industria l chem ical procedures. I t  would be desirable 
to  have form ulas in to  which, b y  substitu tion  of th e  proper da ta  
and evaluation  thereof, answ ers would be forthcom ing to  
give an indication  of th e  p roper procedures for th e  m anu
facture of chemicals. I t  is too m uch to  hope for such form u
lation in th e  very  n ear fu tu re , b u t i t  is a t  least th e  goal of 
m any working in  u n it processes.

The un it process conception enables m uch re la ted  knowl
edge to  be classified under its  app rop ria te  head of a lkvlation, 
oxidation, hydrogenation , and  th e  like. Perhaps when 
enough d a ta  have accum ulated , certain  form ulation can be 
a ttem p ted . A t least we can  hope for th is  goal in  th e  k inetics 
and equilibria of th e  basic chem istry  involved.

T he unit  processes d irectly  app ly  to  in d u stry  connecting, 
as th ey  do, basic chem istry  w ith  equ ipm ent and  economics. 
T his chem ical engineering aspect has been well supported  by  
researchers in  a num ber of our un iversity  laboratories, as 
exemplified by  m ost of th e  papers p resen ted  a t  these sym 
posia. T he paper b y  W einrich  (page 264) is particu la rly  
welcome because i t  is a con tribu tion  from  one of our large 
industria l organizations. I t  is to  be hoped th a t  m ore of th e  
chem ical com panies will s tu d y  an d  publish  in  these fields.

C ontribu tions from  in d u s try  m igh t well p resen t th e  
general principles underly ing th e  choice of equipm ent for a 
given un it process, such as design an d  app licab ility  of th e  
a p p a ra tu s for carry ing on  th e  un it process. T h is tie-in  of 
chem ical change w ith  equipm ent needed to  com m ercialize th e  
reaction, brings in  the  o ther m em ber of th e  partnersh ip  be
tw een u n it processes an d  u n it operations, laying emphasis- 
upon hea t transfer, ag ita tion , an d  o ther physical changes.

R .  X o r r i s  S h r e v e
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T H E  search for more efficient antioxidants for petroleum  
fractions has led m any investigators to  consider the 
alkylated phenols. T he general reaction between phe
nols and olefins has been known for a  considerable period. 

M any earlier investigators m ade and identified monoalkyl 
and dialkyl phenols which, in contrast to  m ost of the  tria lky l 
derivatives, are soluble in dilute caustic soda solution. Not, 
however, un til abou t ten  years ago was a system atic study 
sta rted  on the  reactions and reaction conditions leading to  the 
form ation of tria lky lated  phenols. The literature covering 
these developm ents has been adequately reviewed to  1937 (1), 
and the  fundam entals upon which the  process developm ent 
studies reported  here are based are the  subject of a series of 
papers now being prepared by  D . R . Stevens of M ellon In s ti
tu te  and  by  G. H . Stillson of th is laboratory. From  this 
w ork has emerged a new class of organic chemicals, the tr i
alkylated  phenols, which are finding an  ever-widening scope 
of usefulness.

The unique properties of these phenols, of which alkali 
insolubility  is b u t one example, result prim arily from the 
reduced ac tiv ity  of the phenolic hydroxyl group occasioned by 
th e  substituen t alkyl groups. Stevens and  Gruse (S) show 
th e  powerful antiox idant effect of certain of the  trisubstitu ted  
phenols in  petroleum  fractions. M ore recently G arvey and 
Sarback (2) reported  th a t  d ibu ty l m-cresol is one of the best 
softeners for com pounding certain  types of synthetic rubber. 
Phenols of th is class are quite  soluble in petroleum  fractions 
and  in  m ost organic solvents. T he m ajority  of these deriva
tives are colorless crystalline solids when freshly prepared. 
D iscoloration, which takes place on standing, does no t affect

their value as oxidation inhibitors. A 
fu rther d istinction  of th e  tr isu b s titu ted  
phenols from  th e  p a ren t com pounds is a 
complete absence of burn ing  action  on th e  
skin. B reath ing  of th e  vapors, while some
w hat disagreeable, has never resu lted  in  ill 
effects even to  m en who have operated  the 
sem icom mercial p lan t over a  period of 
years.

T rialky lated  phenols m ay  be obtained 
by  trea ting  phenols w ith  an  excess of tert- 
olefins in  th e  presence of strong acid 
catalysts. M ost investigators have de
scribed b a tch  operations using pure olefins 
for these syntheses. Such processes resu lt 
in  good yields, b u t the  highly concentrated 
olefins are  relatively  expensive as com
pared w ith  th e  m ore d ilu te  forms so 
readily  available from  petro leum  cracking • 
operations. Good yields of th e  desired 
products m ay  be obtained  from  these less 
concentrated cuts, despite th e  diluent 
effect of unreactive paraffins and  olefins, 
if th e  reaction is carried o u t in  th e  vapor 
phase under proper conditions of tem 
perature, pressure, and  ca ta ly st con
centration . T he developm ent of these 
conditions for a lkylations w ith  d ilute 

isobutylene stream s constitu tes a  m ajor po rtion  of th e  work 
reported  in th is paper.

Alkylation Reactions
If a refinery bu tane-butene fraction  is su b s titu ted  for pure 

isobutylene, p-cresol reacts selectively w ith  th e  isobutylene of 
the  fraction when the  correct reaction  conditions are  chosen to  
form the  identical alky lated  products. T h e  tw o reversible 
reactions in th is alkylation  are cited below as typ ical exam ples 
of the general reactions of te r tia ry  olefins an d  pheno ls:

H2SO4

C = C H

p-Cresol Isobutylene

CH,
/-c—c h ,
\

CH,

2-iert-Butyl-
4-methylphenol

h , s o 4CH, HaC—C— —C—CH,
C = C H

2-¿er/-Butyl-
4-methylphenol

Iso
butylene

2 ,6-Di-ieri-butyl- 
4-methylphenol
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T he corresponding derivatives for m-cresol are 4-fert-butyl- 
3 -m ethylphenol and  4,6-dibutyl-3-m ethylphenol. O nly one 
m onobutyl derivative is form ed b y  m-cresol and  by  p-cresol, 
and evidence n o t y e t published indicates clearly th e  struc
tu ra l form ulas given above. o-Cresol, on th e  o ther hand, 
forms the  tw o m onobuty l isom ers ind icated  in  T able  I I .

In  practice, th e  m onobu ty la tion  of cresols proceeds alm ost 
quan titively  to  th e  rig h t; only  traces of cresols are left when 
correct a lky lation  conditions are  em ployed. T he equi
librium  betw een m onobuty l and  d ibu ty l p-cresol is approxi
m ately in  th e  m olal ra tio  of 1:9, b u t for m-cresol th e  ratio , 
2:8, is som ew hat less favorable to  d ibu ty la tion . W hen 
proper conditions for a lky lation  are  chosen, these equilibrium s 
m ay be reached e ither w ith  pu re  isobutylene or w ith  a bu tane-

► ► ► Phenols react selectively with the iso
butylene contained in refinery butane-butene frac
tions in the presence of catalytic amounts of con
centrated sulfuric acid to form the corresponding 
tert-butyl derivatives. Conditions have been de
termined for the synthesis of 2,6-di-fert-butyl-4- 
methylphenol and of 4,6-di-tert-butyl-3-methyl- 
phenol from a commercial m-p-cresol cut of coal 
tar acids, and continuous separation of the dibutyl 
cresols by distillation has been accomplished.

Early pilot plant work on this problem is briefly 
sketched and is followed by a more complete 
description of a small commercial plant for the 
manufacture of the tert-butyl derivatives of m- and 
p-cresol. The presence of minor proportions of o- 
cresol and of low-boiling xylenols in the cresol cut 
charged to the process introduces certain purifica
tion problems which are discussed in the light of 
the properties of the alkylated phenols involved.

butene fraction. I t  is in teresting  to  no te  th a t  w hen a m-p- 
cresol fraction of 60 :40  m olal ra tio  is charged to  an  alkylation  
reaction, th e  resulting  m onobuty l cu t contains the  a lky lated  
isomers in th e  m olal ra tio  of approxim ately  85:15.

The paraffins and  n-bu tenes p resen t in  th e  refinery gases 
exert no detec tab le  influence on th e  a lky lation  reac tio n ; b u t 
a very m inor p roportion  of th e  n -bu tenes does reac t w ith  the  
sulfuric acid ca ta ly st to  form  esters, a t  least p a r t of w hich are 
suspected of being m ono- and  di-sec-butyl sulfates. A lthough 
acid m onobutyl esters are quickly  rem oved by  w ashing the

alkylate w ith d ilu te caustic solution, the  n eu tra l alky late- 
soluble diesters such as d ibu ty l sulfate  m ust be hydrolyzed by  
prolonged heating  of the  alky la te  in  the  presence of d ilu te 
caustic solution a t  tem peratures above 100° C. (212° F .). 
If  these neu tra l esters are n o t rem oved prio r to  d is tilla tion  of 
the alkylate, th ey  will decompose to  acidic bodies causing 
rapid  dealkylation of th e  alkylate.

To utilize a  comm ercial m-p-cresol fraction , i t  is necessary 
for economic reasons th a t  some m eans be available to  separate  
the  m onobutyl cresols from  th e  d ibu ty l cresols and  to  separate  
dibu ty l p-cresol from  d ibu ty l m-cresol. Separation  b y  d istil
la tion  of th e  cresols from  th e  m onobutyl cresols and  of th e  
m onobutyl from th e  d ibu ty l isomers is relatively  easy because 
of boiling po in t spreads of 24° C. (43.2° F .) and  20° C. 
(36° F .), respectively. T he cresols them selves, how ever, boil 
less th an  1° C. (1.8° F .) apart, and  th e  m onobutyl isomers boil 
only 3° C. (5.4° F .) ap a rt. T he im portan t discovery, which 
cannot be predicted  from previous knowledge, was m ade by  
Stevens and  Livingstone (4) th a t  th e  d ibu ty l cresol isomers 
boil approxim ately 20° C. (36° F .) a p a rt; th u s  th e y  can also 
be separated  by distillation. T he above investigators appre
ciated as well th a t  th is  process could be applied as a  m eans of 
separating  p-cresol from m-cresol b y  th e  dealky lation  sepa
ra te ly  of d ibu ty l p-cresol and  d ibu ty l m-cresol.

Pilot Plant Investigations

T he present w ork comprises : (a) a  description of th e  equip
m en t used in  early  b a tch  reactions using pu re  isobutylene and  
p-cresol and  in  th e  continuous packed-tow er and  bubble-cap 
reaction system s for contac ting  a  refinery bu tane-bu tene  frac
tion  w ith 3° C. (5.4° F .) comm ercial m-p-cresol charge stock ;
(b) th e  establishm ent of reaction  conditions for b o th  th e  
b a tch  and  th e  continuous operations including th e  w ashing 
procedure necessary to  free th e  a lky late  from  acid-form ing b y 
products th a t  m ust be rem oved prior to  d istilla tion ; and  (c) 
th e  separation  of th e  a lky lated  cresols by d is tilla tion  w ith  a  
discussion of th e  effect on th e  p u rity  of th e  m ain  p roducts by 
o ther phenols p resen t in  sm all quan tities in  th e  com m ercial 
cresylic acids. I t  was during th is period th a t  th e  design of 
the  bubble-cap alky lation  reactors was se t and  th e  arrange
m en t and flow of th e  continuous a lky la te  w ashing an d  dis
tilla tion  system s were determ ined. T he operating  sem icom 
m ercial p lan t is described la te r, w ith  a  p roduc t balance on 
th e  com plete operation. T h is developm ent m akes available 
for th e  first tim e sizable q u an tities  of a lky la ted  cresols. 
A m ong them  are m onobuty l m-cresol and  d ibu ty l m-cresol.

Batch Alkylation Experiments
T he early  p ilo t p lan t studies J? .

involved th e  p repara tion  in  large 
labora to ry  quan tities of 2 ,6 -di- 
tert- b u ty l - 4 - m ethylphenol from  
pure isobutylene and  p-cresol. a ]
T he necessary quan tities of iso-
butylene were m ade by  dehyd ra t-
ing ferf-butanol a t  ab o u t 625° F . W n B »  Jffor
over ac tiva ted  alum ina under U**
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Figure 1. Effect of Pressure on Alkylation of p- 
Cresol in a 1-Inch Packed Tower at Various Oper

ating Temperatures

Figure 2. Effect of Pressure on Alkylation of p- 
Cresol in a 4-Inch Bubble-Cap Tower for Varying 

Rates of p-Cresol Charge

sufficient pressure to  condense both  the w ater and the 
isobutylene formed. Only a trace of alcohol rem ained in 
the  w ater layer. A lkylation was carried out a t atm ospheric 
pressure or slightly above and a t 60-70° C. (140-158° F.) 
by  vaporizing the isobutylene into a rapidly stirred solution 
of 5  per cent by  weight of concentrated sulfuric acid in 
p-cresol. T he tim e of introducing the isobutylene can 
be varied from several hours to  a few m inutes and is 
lim ited only b y  the heat transfer surface available to 
carry  aw ay the  heat of reaction. Polym erization of iso
butylene to  diisobutylene and triisobutylene always accom
panies alkylation as a side reaction, and the am ount of this 
polym er formed is partly  dependent upon the tim e of reaction. 
Excessive tim e m ay yield 10-20 per cent of polymer by  weight 
of the  alkylate, whereas a reaction tim e of 1 0  m inutes m ay 
give as little  as 2-3  per cent of polymer w ith the production 
of b e tte r th an  90 per cent of d ibutyl p-cresol in the alkylate.

A lthough these observations are qualitative, they  show th a t 
the  ra te  of addition  of isobutylene to  phenols is high. W hen 
the  isobutylene is in the  vapor phase, as it  should be for 
m inim um  polym er formation, th e  ra te  of absorption of the  
gas into th e  liquid cresol-catalyst phase is the  controlling 
factor. W hen alkylations were run  under sufficient pressure 
for the  isobutylene to  be added as a liquid, relatively large 
proportions of polym er were formed; th is was probably be
cause the  degree of mixing a t  the  point of contact was no t 
sufficiently violent to  prevent high instantaneous concentra
tions of isobutylene, leading to  excessive polym er form ation. 
A t some fu ture  tim e the  absolute reaction rates of isobutylene 
w ith phenols will be m easured in a flowing system  of proper 
design so th a t  it  will be unnecessary to  consider mixing and 
diffusional effects.

A highly satisfactory  type of batch  alkylator was used in the 
early experim ents; a 150-gallon V -bottom  tan k  contains 
cooling coils, and  to  its bottom  is connected the suction of a 
centrifugal pum p discharging through a tubu lar heat ex
changer back to  the  tank . The full charge of cresol and acid

is added to the tank , and the solution is circulated rap id ly  by 
the pum p while isobutylene vapors are fed to  th e  discharge of 
the pum p ahead of the h ea t exchanger as rap id ly  as h ea t can 
be removed from the system . W hen the  h ea t liberated  by 
the reaction s ta rts  to  drop, the  reaction  is nearly  complete, and 
it is tim e to  transfer the  alky late  to  ano ther vessel for washing 
with ho t dilute caustic soda solution ag ita ted  w ith steam . 
In  practice the  liquid isobutylene from  the  ferf-butanol de
hydration  un it was fed to  a  vaporizer ju s t ahead  of th e  point 
of introduction to  the  alkylator w ithout in term ediate  storage. 
Fam iliarity w ith the  alkylator enabled the  operator to  shu t 
down the alcohol dehydrator when the  alkylation  reaction was 
completed w ithout w asting isobutylene.

Catalysts

The study of various acid cata lysts and  modifiers is in
cluded in the fundam ental w ork m entioned earlier and  is not 
p a rt of the chemical engineering investigations. However, 
concentrated sulfuric acid is one of th e  best and  m ost active of 
all catalysts; for th is reason, together w ith its cheapness and 
ready availability in m ost refineries, the  process studies were 
confined to  this one ca ta lyst w ith excellent results. In  m ost 
of the pilot p lan t work, 96-98 per cent acid was dissolved in 
the cresol charged to  the alky la to r in am ounts equal to  5

Figure 3. Plate-to-Plate Compositions for the A lky la 
tion of p-Cresol in a 4-Inch Bubble-Cap Tower

Figure 4. Plate-to-Plate Compositions and Temperatures 
for the Semicommercial 16-Inch Bubble-Cap Reactor

Charge rate in cresol equivalent is 10 3 8  pounds per day or 34 .2  
pounds per hour per square foot.
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weight per cent of th e  eresol charge. I n  la te r comm ercial 
operations 104 per cent fum ing acid was used, p a rtly  because 
of its  availab ility  an d  p a rtly  to  com pensate for sm all am ounts 
of w ater dissolved in  th e  m onobuty l cresols re tu rned  to  th e  
system  for rea lky lation  along w ith  th e  fresh cresol charge. 
W here recycle m ateria ls are  present, th e  am ount of acid 
cata lyst to  be added  is calculated  on th e  cresol equivalent of 
the  m ixture and  no t upon its  to ta l weight.

Only a narrow  varia tion  in  ca ta ly st concentration  can be 
allowed w ithou t lessening th e  efficiency of th e  operation. 
Experim ent has show n th a t  less th a n  abou t 3 per cent tends 
to  lower th e  degree of alleviation, while m uch  m ore th a n  5 per 
cent tends to  produce excessive side reaction  p roducts such as 
isobutylene polym ers and  th e  form ation  of high-boiling resi
dues. T his is a phase of th e  w ork to  w hich considerably m ore 
study  could be devoted  because th e  loss of cresols due to  
sulfonation and  th e  form ation  of th e  b u ty l esters m u s t be 
closely «Hied w ith  th e  am ount of acid used and  its original 
concentration.

Continuous Studies

E arly  in  th is s tu d y  i t  becam e evident th a t  increasing 
quantities of a lky la ted  cresols would be required. Process 
developm ent was therefore d irected  tow ard  th e  use of a re
finers- bu tane-bu tene  fraction, derived from  th e  therm al 
cracking of petro leum , as a  source of isobutylene and  a  com
mercial cu t of m-p-cresols as a  source of th e  cresol isomers. 
As soon as equipm ent could be installed  in  a  refinery, a com
bination  of sm all-scale p repara tion  and  process developm ent 
m et th e  existing dem ands for th e  p roduct. As dem ands in
creased, new equipm ent was gradually  added to  th e  pilot 
p lan t u n til it grew to  sem icom m ercial size. C ontinuous dis
tillation equipm ent was installed  for separating  m onobutyl 
cresols, d ibu ty l p-cresol, and  d ibu ty l m-cresol.

T he reaction  of pu re  isobutylene and  cresols is singularly  
clean-cut for no substance rem ains to  con tam inate  th e  reaction  
product. H ow ever, when a refinery bu tane-bu tene  fraction 
containing isobutylene is con tac ted  w ith cresols, only the 
isobutvlene reacts and  th e  u-butenes and  bu tanes rem ain as 
an additional phase of th e  reaction  system . I t  is necessary, 
therefore, to  devise a system  w hereby th e  isobutylene-con
taining gases are contac ted  w ith  th e  cresol-acid phase and 
then  are rem oved as rap id ly  as th e  isobutylene is absorbed.

These conditions are readily  m et b y  em ploying a packed 
tube as a contac tor. T he cresol-acid phase is fed as a liquid 
to  the  top , and  th e  vaporous bu tane-bu tene  stream  enters a t 
the bo ttom  in  coun tercu rren t flow. T he first reactor used in 
the laboratory  was m ade of one-inch extra  heavy tubing 
packed w ith  l/ j-lnch stainless steel carding tee th  and  jacketed 
w ith w ater of th e  desired tem pera tu re  for control. Series of 
continuous runs a t  four tem pera tu res were m ade 05 er a pres
sure range b u t a t  constan t flow ra tes of gas and  cresol-acid 
mis. F igure 1 shows th e  results w hen th e  bu tane-bu tene 
contained approxim ately  30 mole pier cent isobu tjlene  and 
about 25 mole per cen t pentane-am ylene hydrocarbons; the  
optim um  pressure was 20 to  30 pounds per square inch gage. 
I t  is im portan t th a t  a t  th e  lower tem peratures, th e  degree of 
alkylation drops off sharp ly  w ith  pressures in  th e  range of 40 
to  90 pounds. R aising th e  tem pera tu re  from  55 to  1 5-83 C-. 
largely nullifies th e  undesirable effects of th e  higher pressures. 
Since the  capacity  of an  a lky la to r is alm ost a  d irec t function 
of th e  operating  pressure, i t  is desirable for th e  pressure to  be 
as high as is consistent w ith  good alkylation.

U nderstanding of th e  phase relations of ca ta lyst, cresols, 
and bu tanes is im p o rtan t in in terp re ting  th e  effects of tem 
perature and  pressure. A lthough concentrated  sulfunc acid 
is miscible in all p roportions w ith  m-p-c resol, only a few per 
cent of dissolved bu tanes will p rec ip ita te  th e  acid as a lower

phase. F u rth e r increases in  bu tanes will even tua lly  cause th e  
separation  of a th ird  phase rich  in  bu tanes. T he concen tra ted  
acid th a t  separates them  reacts w ith  th e  olefins p resen t in  an  
alkylation  system , and  th e  result is th e  fo rm ation  of polym ers, 
sulfuric esters, and  resinous m aterials and  a consequent 
weakening of th e  ca ta lyst ac tiv ity . T his is th e  ch a in  of 
events th a t  occurs in  vary ing  degree w hen th e  pressure in  a  
mixed vapor- and  liquid-phase alky la tion  system  is too  h igh  or 
w hen th e  tem peratu re  is too  low. T he presence of hyd rocar
bons higher in  m olecular w eight th an  bu tanes has th e  sam e 
effect as excessive pressure for th ey  will dissolve preferen
tia lly  in  th e  cresol phase. F o r th e  sam e reasons isobutylene- 
p ropane m ixtures can  be em ployed a t  considerably higher 
pressures because of th e  reduced tendency  for p ropane to  
liquefy.

T he bu tane-bu tene  used in  th e  runs sum m arized in  F igure 
1  was abnorm ally high in  b o th  isobutylene an d  h igher hyd ro 
carbons. W ith  a feed containing abou t 18 per cent isobutvl- 
ene and 6  per cent pentane-am ylene, o ther series of runs were 
m ade in  which op tim um  alky lation  was ob ta ined  a t approxi
m ately  85 pounds for a  tem pera tu re  of 85° C . (185° F .). 
T he increased pressure com pensated for th e  reduced olefin 
content ; and  since a sm all p roportion  of h igher hydrocarbons 
was present, th e  degree of a lky lation  was equal to  th a t  ob
ta in « ! previously a t  equivalent cresol charge ra tes . T he 
change in  composition of a typ ical bu tane-bu tene  frac tion  is 
shown in T able I.

Table I. Change in Composition of a Refinery Butane-Butene Frac
tion on Passage through the A lkylation  Tower

B u ta n e -B u te n e . M o la î ' <
C harged Spent

2 . 8  3 . 3
6 . 9  8.1

18.2 3 8
30.8  36.3
35.6 41 .8

5.7  6.7
1 0 0 . 0  1 0 0 . 0

A few generalizations can be m ade on alky la tion  conditions :

1 . The tem perature of the reaction should be lim ited to  ap
proximately 100° C., particularly in th a t portion of an alkylation 
reactor where high concentrations of dibutvl cresols are present.

2. When sufficient vapor-liquid contact is provided—a con
dition th a t can be met in towers of nominal length—the capacity 
of a tower for any given set of operating conditions and yield is 
limited primarily by the allowable gas rate through the tower.

3. A large excess of isobutylene is advantageous only under 
conditions of poor alkylation. When conditions are correct, 
no advantage is to  be gained from having more th an  3—4 mole 
per cent isobutylene in the spent gas from the reactor, and for 
a charge gas containing 15-20 mole per cent isobutylene, this 
represents a recovery of 80-90 per cent.

Packed tow ers 6  and  10 inches in  d iam eter were b u ilt and  
operated  for a period, b u t ne ither w as en tire ly  sa tisfac to ry  be 
cause of th e  horizontal tem pera tu re  g rad ien t th a t  developed 
across th e  tow er created  b y  th e  
h ea t of bu ty la tio n  of cresol. This 
value was estim ated  to  be  640 
B. t. u. per pound  of isobutvlene 
reacted  w ith  m-p-cresol.

Since i t  is unavoidable th a t 
packed towers develop horizontal 
tem pera tu re  gradients, an  experi
m en tal 4-inch bubble-cap tow er 
was bu ilt and  placed in  continu
ous operation; i t  was fitted  w ith

P ro p an e-p ro p en e
Iso b u ta n e
Iso b u ty le n e
n -B u ten es
n -B u ta n e
P en ta n e -a m y le n e



seven 2 5/ s-inch bubble caps, each supported on a separate 
tray  spaced about a foot apart. Each tray  embodies an 
integral circular passageway through which w ater circu
lated, allowing individual tem perature control. This un it 
was found to  have a capacity alm ost equal to  th a t  of the 
6 -inch packed tower for p-cresol alkylation. A series of 
tests was made a t a  constant tem perature  of 185 F., a t 
pressures varying from 30 to  90 pounds per square inch gage, 
and for flow rates from 13.6 to  54.4 pounds of p-cresol per hour 
per square foot of tower cross-sectional area. The d a ta  from  
these runs (Figure 2) show th a t  a t  less than  the  optim um  
pressure of approxim ately 90 pounds per square inch, the 
flow ra te  m arkedly affects th e  degree of alkylation. For this 
pressure, however, the  degree of alkylation is little affected 
by  flow rates, and the capacity of the tower is determ ined by 
the am oun t of gas th a t will pass through w ithout serious 
priming.

F or a  pressure of 60 pounds per square inch gage and a flow 
ra te  of 29.4 pounds of p-cresol per hour per square foot, 
samples of alkylate were w ithdraw n from each plate and 
analyzed. These analyses are p lo tted  in Figure 3. p-Cresol 
first reacts w ith one mole of isobutylene to  form mono
bu ty l p-cresol. T he concentration of th e  m onobutyl de
rivative passes through a maximum of 50 per cent on about 
the middle tray  of the bubble-cap tower and then  drops off 
sharply a t the  bottom . T he concentration of d ibutyl p-cresol 
rises gradually to  a concentration of about 75 per cent. U n
fortunately for this example the operating pressure was 60 
pounds per square inch. If 90 pounds had been used, the 
degree of d ibutylation  would have been increased to  90 per 
cent or better. The peak of the m onobutyl curve for th e  reac
tion  a t  higher pressure would have occurred nearer the top  of 
the  column, and its rise and fall would have been more abrupt.
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This effect is shown in F igure 4 which represents a  series of 
tests on one of the  sem icom mercial a lky lation  colum ns of 16- 
inch diam eter.

Analytical Methods

A bout 600 cc. of p roduct are draw n in to  a q u a rt b o ttle  con
taining an excess of sodium  carbonate  solution for th e  n eu tra l
ization of the  acid cata lyst. Sodium  carbonate  is preferable 
to  sodium hydroxide because th e  carbonate  does n o t dissolve 
cresols and m onobutyl cresols. A fter shaking well and  allow
ing small am ounts of dissolved bu tanes to  escape, approxi
m ately 350 cc. of the  clear a lkylate are weighed in to  the  500- 
cc. still po t of a Vs-inch glass frac tionating  still, jacketed  in 
the  conventional m anner for adiabatic  operation  and  packed 
w ith Vs-inch stainless steel carding tee th . A few gram s of 
alcoholic potassium  hydroxide solution are added  to  th e  still 
pot to  neutralize soluble sulfuric esters as they  decompose on 
heating. The still is operated  first a t  a tm ospheric pressure to 
remove the  light hydrocarbons, th e  diisobutylene, and  the 
triisobutylene. W hen th e  vapor tem pera tu re  reaches 185° C., 
or approxim ately halfway betw een th e  boiling p o in t of triiso
butylene and  cresol, the  still is cooled sufficiently for th e  dis
tillation to  be resum ed under a  vacuum  of 2 0  m m . m ercury 
absolute. C uts of isobutylene polym ers, m onobuty l cresols, 
and d ibutyl cresols are tak en  in weighed g raduated  cylinders, 
and the results of the  assay are calculated on a  w eight basis. 
L ight hydrocarbons such as bu tanes and  pen tanes are caught 
in  the  solid carbon dioxide-acetone b a th .

Semicommercial Designs for Alkylators

Because of the  m arked  success of th e  4-inch bubble-cap 
alkylator over the  larger and  less efficient packed towers,
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Figure 5. Alkylation and Distillation Systems of the Semicommercial Plant
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fu rther em phasis was placed on the  bubble-cap type  of con
tac to r. One problem , which is uncom m on to  o rd inary  frac
tionating  tow er design b u t is p resen t here, is th e  transfer of 
the  h ea t of a lky lation  from  each tra y . T h is has been accom 
plished by  spacing th e  caps to  allow cooling coils to  be im 
m ersed in  th e  liquid on th e  tray s. Since pressure drop is un
im portan t, and  th e  presence of th e  cooling coils necessitates a 
high liquid level to  be carried  on th e  tray s, th e  bubble caps are 
deeply im m ersed for m axim um  vapor-liquid  contac t. F o r the  
eleven tray s  of th e  16-inch tow er, th e  spacing is 1 2  inches; 
each tra y  holds tw elve pressed-steel b ubb le  caps 2 3/ s inches in 
diam eter. F o r th e  20-inch tow er, th e  tra y  spacing is reduced 
to  8 V 2 inches, allowing a  tow er of the  sam e heigh t to  em body 
fifteen tray s  w ith  tw elve pressed-steel bubble caps of 3-inch 
diam eter. H e a t tran sfe r surface for th e  16-inch tow er con
sists of helical coils of W in c h  pipe of irregular shape spaced 
betw een th e  risers of th e  bubb le  caps. In  th e  20-inch tower, 
heat transfer surface consisted of th ree  parallel lengths of 
stra igh t tub ing  laid parallel to , b u t ju s t clearing the  tray s  be
tween, th e  bubble-cap  risers and  welded th rough  th e  walls of 
the  tow er. B y  connecting th e  tubes b y  flanged headers, 
ready  access m ay  be h ad  for cleaning o u t scale or m ud ac
cum ulating inside th e  tubes. A 6 -inch flanged handhole is 
welded to  th e  side of th e  tow er betw een plates in  order th a t  
the decks m ay  be inspected  an d  repaired . As y e t no such 
ad justm ents have  been found necessary and  no detectable 
corrosion has ta k e n  place afte r several years of operation.

Alkylation

The sem icom m ercial u n it to  be described comprises an 
alkylation system  followed b y  a  d istilla tion  system  for the  
separation  of a  m onobu ty l m-p-cresol recycle stream  for 
realkylation, a  cu t of d ib u ty l p-cresol, and  a d ibu ty l Tri
cresol bo ttom s stream  for subsequent handling.

T he charge to  th e  alky lators is m ade up  in  batches from  
the m onobutyl recycle stream  from  the  d istillation  towers, 
fresh m-p-cresol from  storage, and  5 per cent by  weight of 
104 per cent fum ing sulfuric acid, based on th e  cresol equiva
lent con ten t of th e  m ix ture  and  n o t on th e  to ta l w eight of th e  
charge. I t  is th e n  picked up  and  pum ped separately  to  the  
16-inch and  th e  2 0 -inch bubble-cap a lky lators operated  in 
parallel (F igure 5). A fter tho rough  caustic and  w ater wash
ing of th e  refinery bu tane-bu tene  to  rem ove sulfur com
pounds, th e  gases proceed th rough  flow controllers to  p re
heaters where vaporiza tion  and  preheating  to  abou t 200° F . 
take place, to  th e  b o tto m  sections of th e  alkylators. T he 
alkylated cresols accum ulate  in  th e  b o ttom  sections of the 
towers and  continuously  pass th rough  liquid-level control 
valves to  th e  pressure washing system .

T em peratu re  contro l is m ain ta ined  in th e  tow ers by  circu
lating w ater a t  a  h igh ra te  th rough  th e  h ea t transfer tubes 
located on each tra y . C irculation  is from  th e  top  of the  tow er 
downward. Since b o th  th e  h ea t tran sfer surface available 
and th e  am oun t of w ater circulating are  large in com parison 
to  the  h ea t to  be transferred , only a  sm all tem pera tu re  differ
ence is required betw een th e  w ater circulating and  th e  reac
tion product. T h is is particu la rly  im p o rtan t to  avoid over
cooling th e  lower tray s  in  th e  tow er where the  h ea t load is 
small com pared to  th a t  in  th e  top  of the  tow er. T em perature 
control of th e  circulating  w ater system  is m ain tained  b y  an  
autom atic tem p era tu re  valve w hich allows th e  correct pro
portion of cold w ater to  en te r th e  system  to  m ain ta in  a  con
s ta n t tem perature .

T he bu tane-bu tene  passing th rough  the  tow ers gives up 
from 80 to  90 per cen t of its  isobutylene w ithou t any  detec t
able change in th e  o ther constituen ts (T able I) . Because of 
the  elevated tem pera tu re  a t  th e  top  of a  tow er, th e  spen t 
butane-bu tene picks up  a  sm all am oun t of cresol vapors

20-Inch Bubble-Cap A lkylation Tower in Semicommercial
Unit

which are scrubbed b y  precon tac t w ith  th e  caustic soda solu
tion  required to  neutralize th e  acid alkylate. A ny trace  of 
sulfur dioxide produced by  th e  reduction  of th e  sulfuric acid  
ca ta lyst is th u s  preven ted  from  entering  th e  refinery  gas 
system .

Pressure Washing and Polymer Removal

T he acid alky la te  from  th e  tow ers is in jected  th ro u g h  a 
stainless steel nozzle in to  th e  pressure-w asher c irculating  
system  where an  emulsion of a lky late  and  d ilu te  caustic  is 
m ain tained  a t  ab o u t 260° F . and  50 pounds per square  inch 
for neu tralization  of free acid and  for th e  decom position of 
po ten tia l acid-form ing bodies. C irculation  is several hu n d red  
tim es th e  th ro u g h p u t; th e  average residence tim e  is th u s  
ab o u t 40 m inutes. A recycle from  th e  b o tto m  of th e  em ulsion 
settler, in to  w hich th e  effluent from  th e  w asher goes, is m ain 
ta ined  so th a t  th e  emulsion shall con tain  n o t less th a n  a b o u t 
25 per cent of th e  aqueous phase. T he fresh caustic solution 
alone am ounts to  only ab o u t 5 per 
cent by  volum e of th e  alkylate.
Since an  appreciable am oun t of 
bu tan e  and  o ther lig h t hydrocar
bons is dissolved in  th e  alky late  as 
i t  leaves th e  alkylators, th e  upper 
effluent from  th e  se ttle r is p a rtly  in 
vapor phase and  includes steam  
from  th e  washing operation. T his 
m ix ture  th en  passes th rough  
a  p reheater in to  th e  polym er
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Table II. Physical Properties of Cresols, Xylenols, and Crt-Butyl Derivatives

C om pound

o-Cresol
6-teri-B u ty l-2 -m ethy lpheno l
4-£eri-B utyl-2-m ethylphenol
4 .6 -D i- te r(-b u ty l-2 -m e th y l-  

pheno l

m -Cresol
x -ieri-B u ty l-3 -m ethy lpheno l
4 .6 -D i-ieW -b u ty l-3 -m eth y l-  

pheno l

p-C resol
2-te rf-B u ty l-4 -m ethy lpheno l
2 .6 -D i- te ri-b u ty l-4 -m e th y l-  

phenol

2.4-X ylenol 
6 -ie r/-B uty l-2 ,4 -d im ethy l-

phenol

2 .5-X ylenol 
4-ierf-B uty l-2 ,5 -d im ethy l-

phenol

o -E thy lpheno l
i- ie rf-B u ty l-2 -e thy lpheno l
p-ier<-B utyl-2-ethylphenol
4 .6-D i-terf-buty l-2  - e t h y l -  

phenol

D iisobu ty lene
T riiso b u ty len e

M elting
P oin t,
° C.

30 .0  
27 
27

51

11.5
2 1 .3

62 .1

3 4 .7
51 .7

7 0 .0

2 7 .0

BDiling P o in t, ° C.

- 1 8

30

Solid

1 .048  (20/4)

2 2 .3 0 .917 0.888 0 .8 5 9

7 4 .5 1 .083  (20/4) 0 .965 0 .932 0 .8 9 9

7 1 .2 1.001 (2 6 .7 /4 ) 0 .939 0.911 0.883

1.037 (20/4)

0 .7195  (20 /4 ) 
0 .7590  (20 /4 )

doO00 120° C. 160° C. 20 mm .

0 .994
0 .9 2 4
0 .929

0 .9 6 0
0 .8 9 4
0 .8 9 9

0 .9 2 4  
0 .8 6 4  
0 .869

90
118
132

0 .891 0 .8 6 2 0 .8 3 3 149 .5

0 .986
0 .922

0 .9 5 4
0 .892

0.921
0 .8 6 2

101
129

0 .912 0 .882 0 .8 5 3 167

0 .986
0 .922

0 .9 5 4
0 .892

0 .921
0 .862

101
126 .5

0 .899 0 .8 7 0 0 .841 147

105

131

105

151

101 .5  
129 
141

156 .5  

70

1 2 5 .5  
159 
174

194

138
171

2 1 1
138
167

191

143

174

143

1 9 3 .5

138 .5

4 3 .3
104

1 9 0 .8
231
247

269

202.2
244

282

202.1 
237

265

2 1 0

249

2 1 0
264

207

1 0 1
177

V iscosity , C e n tis to k e s
109 m m . 760 m m . 80° C. 120° C. 160° C .

1 .4 7
1 .6 0
4 .4 0

0 .7 8 4
0 .9 0 6
1 .5 8

0 .5 1 5  
0 .6 1 0  
0 .8 6 5

4 .7 5 1 .9 0 1 .0 8 0

1 .7 62.12 0 .8 9 0
1 .0 3

0 .5 7 0
0 .6 4 2

9 .9 0 2 .8 7 1 .4 2 0

2.00 
2 .5 5

0 .9 9 2
1 .1 7

0 .6 2 0
0 .7 1 3

3 .4 7 1 .5 4 0 .9 2 0

2.10 1 .0 6 0 .6 7 0

1 .61 0 .8 2 5 0 .5 2 8

8 .3 0 2 .2 8 1 .1 3 0

towers where alm ost all the diisobutylene and most of the tr i
isobutylene, together w ith all butanes, pentanes, and steam  
are separated from the alkylate. These lighter constituents 
are usually in large enough proportions to  strip  out the triiso
butylene, b u t in some cases superheated steam  is added to  the 
bo ttom  of the  tower as an additional stripping agent. The 
reflux accum ulator serves also as a w ater separator.

Distillation

The crude alkylate, now essentially free from w ater and the 
light hydrocarbons, is pum ped from storage to  the continuous 
distillation system  which is conventional except for necessary

modifications caused by  the  equipm ent a t  h and  (Figure 5). 
T he three towers are each 10 inches in  d iam eter and are 
packed w ith V 2-inch Berl saddles w hich appear to  give, under 
the conditions of vacuum  operation  em ployed here, H . E . 
T. P. values varying from 12 to  30 inches. T he first tower 
serves to separate the m onobutyl recycle containing abou t 1 0  
per cent of d ibutyl p-cresol. T he d ibu ty l p-cresol fraction  is 
separated from the d ibu ty l m-cresol bo ttom s in tw o tow ers 
instead of one in order to  increase th e  separation  w ithout 
necessitating undue height of tow er and  pressure drop. Bot
tom s from the m onobutyl tow er along w ith  bo ttom s from  the 
dibutyl p-cresol tow er are fed to  th e  top  of the  second tow er. 
Overhead from th is tow er is condensed, goes to  a  disengaging

Bottoms (831 Lb./Day)

Figure 6. Plant Balance on Alkylation and Distillation Units Using 16-Inch A lkylator Only  
(A ll Quantities Expressed as Pounds per Stream Day)
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16-Inch Bubble-Cap A lkylation Tower Reactor

drum  on which vacuum  of 60 mm. m ercury abso lu te  is m ain
tained, and proceeds from  th e  bo tto m  of th is  drum  b y  g rav ity  
through a  revaporizer to  th e  b o tto m  of th e  th ird  tow er. D i
butyl p-cresol p ro d u c t is taken  from  th e  top  of th e  th ird  tower, 
while the  d ibu ty l wi-cresol bo ttom s are  w ithdraw n from  the 
second tow er. T h is gives th e  sam e results as though  the 
third tow er were added  to  th e  second tow er and  operated  as a 
single un it.

Sufficient reboiler capacity  has been provided to  allow 
operation a t  reflux ratios of 3 :1  to  5 :1 . H ea t to  reboilers 
and preheaters is given up by  h o t cracking still ta r  which 
flows from an  external circulating system  m ain tained  a t  con
stan t tem pera tu re  and  pressure by  au to m atic  valves. C ir
culation is accom plished in  th is system  b y  a  typ ical refinery 
hot oil pum p, and  th e  tem pera tu re  is held in the  range 500° to  
550° F. by  allowing ju s t sufficient h o t ta r  from  the  refinery a t 
about 680° F . to  en te r the  circulating system .

Problems of Semicommercial Operation

P r e s s u r e  W a s h i n g .  I t  is absolutely essential th a t  all 
potentially  acid-form ing m ateria l be rem oved from  the  crude 
alkylate in order th a t  dealky lation  will n o t occur in  th e  dis
tillation un it. T he sulfur con ten t should be reduced to  less 
than  0 . 1  per cent b y  w eight or to  a  po in t below which added 
contact tim e in  th e  w asher causes no fu rther reduction.^ A 
contact tim e of a t  least 30 m inutes is desirable a t 260 
The spent caustic should n o t be allowed to  drop m uch below 
2  per cent sodium  hydroxide b y  w eight for the  best results, 
although i t  is believed th a t  w ashing a t  higher pressures and

tem peratures or a t longer contac t tim es m ight reduce the 
allowable m inim um  caustic concentration. T he spen t caustic 
leaves the  un it sa tu ra ted  w ith cresol and m onobutyl cresols 
which m ay be recovered b y  benzene extraction  of the  spen t 
wash w ater. T his loss am ounts to  ab o u t 1 per cent of th e  
cresol equivalent charged. On the  scale of operation  carried 
ou t here, wash w ater recovery was no t justified economically.

P o l y m e r  T o w e r .  T he p rim ary  reason for th e  installa tion  
of the polym er tow er is to  rem ove hydrocarbons th a t  are 
largely vapors a t 60 mm. m ercury  pressure because of the ir 
effect in reducing the  capacity  of the  d istillation  system . 
Analysis of the  polym er reveals th a t  it  contains m ostly  di- and 
triisobutylene, b u t it  also contains sm all quan tities of the  
butyl alcohols which appear in an analy tical d istillation  as the  
diisobutylene azeotrope boiling a t  ab o u t 80° C. D iisobutyl
ene boils a t  102-103° C. T he w ater separating  in th e  polym er 
tow er reflux accum ulator contains abou t 5 per cent bu tanol- 
w ater azeotropes; the  greater p roportion  is ferf-butanol. 
However, a small b u t definite p roportion  of the  azeotrope of 
sec-butanol is alw ays found.

Purity of Distillation Products
The commercial m-p-cresol used (w ith 3° C. boiling range) 

contains from 3  to  5  per cent of o ther phenolic com pounds as 
im purities. These com pounds and  the ir a lky lated  deriva
tives are listed in T able I I . o-Cresol, 2,4-xylenol, and  2,5- 
xylenol were identified either th rough  the ir a lky lated  deriva
tives or b y  dealkylation of certa in  fractions and  identification 
of the p aren t compound. As T able I I  shows, th e  m onobutyl 
derivatives of o-cresol and  of o-ethylphenol boil in abou t the  
same range as the  corresponding m-p-cresol com pounds. T his 
m eans sim ply th a t  a certain  sm all concentration  of m onobutyl 
im purities will circulate. T he m onobuty l derivative of 2,4- 
xylenol boils slightly above the  o ther m onobutyls and, there 
fore, comes out gradually  w ith the  d ibu ty l p-cresol fraction. 
T he m onobutyl derivative of 2,5-xylenol and  th e  d ibu ty l 
derivatives of bo th  o-cresol and o-ethylphenol boil a t  essen
tia lly  the  sam e poin t as does d ibu ty l p-cresol. D ibu ty l Tri
cresol is unique in its boiling po in t which is 10° C. higher th an  
th a t  of any  of the  known im purities. These observations are 
well borne ou t in p ractice for a d ibu ty l m-cresol bo ttom s con
tain ing essentially no lower boiling m ateria l will dealky late  
to  98-99 per cent m-cresol; whereas even a  close-boiling d i
b u ty l p-cresol fraction  will yield on dealkylation  only ab o u t a 
92-95 per cent pure p-cresol. T hus th e  im purities are found 
to  concentrate w ith  the  d ibu ty l p-cresol fraction ; fo rtu n a te ly  
these im purities ac t only as d iluen ts an d  have no adverse 
effect on the desired uses for the  d ibu ty l p-cresol fraction. I t  
is possible, however, to  elim inate all these im purities b y  ex
trem ely sharp  prefractionation  of th e  ra-p-cresol charge.

Material Balance on Plant Operation
T he cata ly tic add ition  of te r tia ry  b u ty l groups to  phenols is 

a m arkedly  efficient process w hen considered in  th e  ligh t of 
m any  organic syntheses. T he reactions are singularly  clean- 
cu t and  are little  beset w ith  ex traneous p roducts. T he loss of 
isobutylene to  the  polym ers di- an d  triisobu ty lene  is of 
small consequence because such 
polym ers m ay  be used d irectly  in  
m otor fuel, th ey  m ay  be depoly
m erized to  produce m ore isobutyl
ene, th ey  m ay  be used d irectly  to 
a lky late  phenols if there  is dem and 
for the  te r tia ry  octy l derivatives, or 
the diisobutylene m ay be hydro
genated  to  isooctane. In  th e  fol
lowing paragraphs a balance has 
been struck  on th e  operation  show-
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Table III. Composition of Streams in and from the Semi
commercial Unit

C rude 
A lky la te , 
C h arge  to  

D is tn . 
U n it

B u ta n es , pen tan es , 
etc.

D iiso b u ty len e  azeo- 
tro p es  w ith  b u 
tano ls  

D iisobu ty lene  ) 
T riiso b u ty len e  ) 
m -p-Cresol 
M o n o b u ty l cresols 
D ib u ty l p-cresol 
D ib u ty l m -cresol 
Residue®

M ono
b u ty l
Cresol

Recycle

13

2 3 .8  
28 .1
37 .9  

4 .0
100.0

5 
4 .5

7 2 .0
1 0 . 0

100.0

P olym er

8 .5

10 .5
(4 6 .0
(3 0 .5

D ib u ty l
P a ra

Cresol
F rac tio n

D ib u ty l
m -Cresol
B o tto m s

4 .5

100.0

7 .0  
9 2 .0

1 . 0

100.0

9 0 .5
9 .5

100.0
« C onsists  of a b o u t half a lk y la ted  p heno l-type  com pounds boiling  above 

d ib u ty l m-cresol an d  half nonvo la tile  com pounds of a resinous or ta r ry  n a 
tu re ; th is  residue also co n ta in s  essen tially  all th e  su lfu r in  th e  a lk y la te .

ing the compositions and am ounts of the stream s in the p lan t 
w ith the  a tten d an t losses.

Table I I I  lists the  analyses of the various stream s in the 
plant, and Figure 6  shows the  relative quantities of each 
stream . A fter being stripped, the first of these stream s (the 
crude alkylate) contains 6 . 2  per cent isobutylene polymers, of 
which the  m ajority  is triisobutylene. M onobutyl cresols 
average 23.8 per cent, w ith 28.1 per cent d ibutyl p-cresol, 
37.9 per cent d ibutyl m-cresol, and 4.0 per cent high-boiling 
residue. T his residue consists of about 50 per cent alkylated 
cresol-type compounds boiling higher than  d ibutyl m-cresol 
and about 50 per cent nonvolatile resinous or ta r ry  m atte r 
formed as a by-product in the alkylation. Included in this 
portion are essentially all products containing sulfur. The 
m onobutyl cresol recycle stream  contains, in addition to  72.0 
per cent m onobutyl cresols, 13.5 per cent isobutylene poly
mers, 4 . 5  per cent unreacted m-p-cresol, and approxim ately 1 0  
per cent d ibutyl p-cresol. The stream  designated as polymer 
is an overhead stream  from the alkylate before it  is fed to  the 
fractionating columns and contains a variety  of products. 
The first product to distill in an analysis of th is stream  is a 
fraction of light hydrocarbons, consisting m ainly of butanes 
and pentanes, followed by  about 1 0  per cent of the butanol 
azeotropes w ith diisobutylene. The rem ainder is isobutylene 
polymers and a  small proportion of partially  alkylated cresols. 
As mentioned previously, the dibutyl p-cresol fraction is the 
stream  in which m ost of the im purities concentrate; 7.0 per 
cent of th is fraction is listed as m onobutyl cresols, b u t this por
tion also contained the  alkylates from certain of the  xylenols. 
Only about 1.0 per cent of higher boiling compounds are pres

en t in this fraction, leaving the  rem ainder of 92.0 per cent as 
d ibutyl p-cresol. T he d ibu ty l m-cresol bottom s contain 
essentially no lower boiling com pounds b u t here is concen
tra ted  all of the  residue formed in th e  crude alky late  charge.

To visualize the in terrelations of the  stream  to  and from  
the various units, F igure 6  shows th e  use of the  16-inch 
alkylator only. Since th e  com pletion of th e  te s t run  from 
which these d a ta  were taken, the  capacity  of the  p lan t has 
been more th an  doubled by  the  add ition  of a  second alkylator, 
20 inches in diam eter, whose capacity  is abou t 1.5 tim es th a t 
of the 16-inch alkylator. In  sum m arizing Figure 6 , it  m ight 
be pointed out th a t  the  yields of the  d ibu ty l p-cresol fraction 
and of the d ibutyl m-cresol bo ttom s are 80 and  1 1 0  per cent, 
respectively, m aking a  to ta l of 190 per cen t as com pared to a 
theoretical yield of 204 per cent for d ibu ty lation . If  it  is 
assumed th a t  the  9.5 per cent of residue in  th e  d ibu ty l m- 
cresol bottom s contains no recoverable cresol equivalent and 
this assum ption is borne ou t in  practice, th e  to ta l rem aining 
dibutyl cresols (Figure 6 ) account for 91.3 per cent of the  m- 
p-cresol charged. A bout a  th ird  of th e  8.7 per cent loss can be 
charged to  the  cresols and  partia lly  a lky lated  cresols lost in 
solution in the wash w ater discarded from  th e  pressure wash
ing system. A second th ird  can be a ttr ib u te d  to  handling loss 
which is inevitable in relatively  sm all-scale operation  of th is 
type, and the rem aining th ird  can be charged against the 
residue.
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CATALYTIC ALKYLATION of 
BENZENE with ETHYLENE

►  ►  ►  The reaction between ethylene and benzene vapors at pressures up to 20 0  pounds ^per 
square inch gage, temperatures of 2 3 0 - 2 7 0 °  C. and space velocities of about 1 1 - 5 0  cc. (gas, 0 C. 
and 760  mm.) per hour per cc. of catalyst have been investigated in a flowing system under the 
influence of eleven different catalysts.

Sodium chloride-aluminum chloride-pum ice and phosphoric acid-kieselguhr were the only 
catalysts giving detectable reactions. M ono- and diethylbenzenes were identified in the liquid 
products. The former catalysts under some conditions converted as much as 95  per cent of the 
ethylene to ethylbenzenes.

A  series of runs was made to determine the effect of time, pressure, and space velocity on the 
reaction when the sodium chloride-aluminum chloride-pum ice was used. The catalyst was found to 
have a very short life, the ethylene conversion decreased from 9 3  to 75  per cent over a period necessary 
for the conversion of 0 to 1 . 1 6  gram mole of ethylene to ethylbenzenes.

Pressure had a surprising influence on the reaction. A t  atmospheric pressure there was no 
detectable conversion, while at 200  pounds gage pressure as much as 9 5  per cent of the ethylene 
was converted to ethylbenzenes.

The effect of space velocity on the conversion was negligible over the range of about 1 1  to 50  cc.

^  ^  P a r d e e 1 per hour per cc. of catalyst.

B. F. Dodge
YALE UNIVERSITY, NEW H A V E N , C O N N.

W IT H  th e  developm ent of th e  uses of sty rene over th e  
p ast few years in  th e  m anufactu re  of resins and  syn
the tic  rubber, processes b y  w hich i t  m ight be syn the
sized have been of in te rest. W hen  dehydrogenated, 

m onoethylbenzene produces sty rene b y  th e  reaction :

CsHsCsHs h0at-->  CsH5C H = C H 2 +  H 2 (1)
catalyst

I t  is believed th a t  th e  m ost im p o rtan t processes in  operation 
a t th is  tim e for th e  m anufactu re  of sty rene involve mono
ethylbenzene as th e  s ta rtin g  m aterial. T he large producers 
of ethylbenzene use an  ag ita ted  liquid phase for contac ting  
benzene w ith  ethy lene in  th e  presence of a  m etal halide ca ta 
lyst, such as alum inum  chloride. R ecently  a  process for th e  
production of ethylbenzene from  e thy l alcohol and  benzene 
has been publicized. A pparen tly , how ever, th is  process is 
not y e t producing com m ercial quan tities of ethylbenzene.

The p resen t investigation  is concerned w ith  th e  reaction  of 
ethylene w ith benzene in  th e  vapor phase, u tilizing an  appara
tu s  in w hich th e  m ixed vapors of e thylene and  benzene pass 
through a ca ta ly st bed  where th e  reaction  takes place. 
Since only one investigato r, K om arew sky (IS) , has reported  
results on th is  vapor-phase flowing system , th e  d a ta  on th e  ef
fect of different opera ting  variables, such as pressure, tem 
perature, an d  ca ta ly st, are  m eager. T he ob ject of th is  
investigation was to  find a  su itab le  ca ta ly st to  prom ote th e  
reaction of e thylene w ith  benzene in  th e  vapor phase to  form 
predom inantly  m onoethylbenzene,

CtKt(g) +  C2H 4(<7) — >  C ja 5C2H 6(ff) (2)

which m ight be dehydrogenated  to  form  styrene as indicated  
in reaction (1). A fter a  su itab le  ca ta ly st for th e  reaction 
was found, th e  nex t ob jec t was to  s tudy  th e  action  of th is
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cata ly st under various conditions of pressure, tem pera tu re , 
and  space velocity.

Previous Work
T he alkylation of benzene w ith olefins has been w idely in

vestigated, b u t m ost of th e  w ork has been confined to  liquid- 
phase b a tch  experim ents. T he only w ork of no te  repo rted  in  
th e  lite ra tu re  in  which a  vapor-phase flow system  w as em 
ployed is th a t  of K om arew sky (18). A dehydrogenation  
cata lyst, nickel-alum ina, w as used in  th is  experim ent, and 
vapors of ethylene and  benzene a t  350° C. and  atm ospheric 
pressure were passed over th is  ca ta ly st. A nalysis of th e  
liquid product led to  th e  conclusion th a t  5 per cen t of th e  ben
zene charged was converted to  toluene. T he rem ainder w as 
unconverted  benzene and  some high-boiling residue, repre
senting abou t 2  per cent of th e  benzene charge and  identified 
as a m ixture of naph thalene and  diphenyl. T he gas produced 
by  th e  reaction  consisted of hydrogen, m ethane, and  e thane . 
W hen benzene alone was passed over th e  ca ta ly st u nder th e  
sam e conditions only a  sm all fraction  of i t  reacted , th e  p rod
ucts being d iphenyl and  hydrogen. U nder th e  sam e condi
tions ethylene alone was com pletely decom posed to  form  car
bon, hydrogen, m ethane, and  e thane . A ccording to  p revious 
resu lts of Ipatieff and  K om arew sky (10), e thy lbenzene in  th e  
presence of th e  nickel-alum ina ca ta ly st a t  350° C. decom posed 
to  to luene and  m ethane.

M uch  work has been done 
on th e  benzene-ethylene reaction  
in  w hich a liquid phase was pres
en t. R esu lts of these investi
gations show th a t  such m ateri
als as m eta l halides, inorganic 
acids, and  acid anhydrides (for 
example, P 20 5) catalyze th e  
reaction  w ith  th e  resulting  for
m ation  of ethylbenzenes, from
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Figure 1. Flow Diagram for Synthesis Apparatus Used in Vapor-Phase Reaction 
between Ethylene and Benzene

the  mono- to  the hexaethylbenzene. Low tem peratures The acid anhydride, phosphorus pentoxide, was used by
favor the form ation of these ethylbenzenes, b u t good con- M alishev {14-, 15) and  by  T ru ffau lt (23) to  effect condensa-
versions have been obtained up to  300-400° C. As would be tion.
expected, greater conversions occur a t high pressures th an  a t  The products resulting from  th e  reaction  of benzene with
low. (Pressures up to  50-60 atm ospheres have been reported ethylene in the  presence of a liquid phase consist essentially
for the  benzene-ethylene reaction.) Since all of the published of mono- to hexaethylbenzenes. T he ca ta lysts m entioned in
d a ta  resulted from investigations carried out in a batch  process the above discussion seem to  exhibit very  little  difference in
where a constant pressure of ethylene was m aintained on the selectivity in the  range of conditions where th e y  are appreci-
reaction m ixture for periods of 1 2  to 60 hours, it  is meaning- ably active.
less to  give definite conversion figures w ithout complete de- . . . _
tails of the experiments; these details are beyond the scope Thermodynamics of the Reaction
of th is paper. However, it m ay be said th a t  benzene con- The best available therm al d a ta  have been used to  calculate
versions to  mono-, di-, and higher alkylbenzenes were as high an equilibrium constant for th e  reaction  betw een ethylene and
as 1 0 0  per cent under certain conditions. benzene in the vapor phase to  form  m onoethylbenzene

I t  has been generally concluded th a t  the m etal halides (vapor),
are the  best catalysts for the aromatic-olefin condensations. C6Ho(i/) +  C2H 4(¡/) CjHsCjHzto) (2 )
M any investigators, dating  back to  Balsohn in 1879 (2), .
have studied the catalytic effect of these m etal halides under The only da ta  which are lacking for th is calculation are the
various conditions of pressure, tem perature, and ratio  of re- specific heat da ta  for ethylbenzene vapor. B y  sub trac ting
actan ts. Some of these recent investigators include Ipatieff sPec*fic Teat equation of m ethanol vapor (19) from the
and Grosse (6, 9), H uber and Reid (7 ), M illigan and Reid equation of ethanol vapor (19), th e  effect of add ing  a — C H 2—
(16, 17), and  Amos, Dreisbach, and YVilliams (1). group to  a carbon chain was evaluated . T hen  by  adding the

Among the inorganic acids which have been tested as cata- equation for th is — C H 2— group to  th e  specific hea t equation
lysts for the  benzene-olefin condensations are sulfuric, o- ° f toluene (19) the following equation  was obtained :
phosphoric, and hydrofluoric. Ipatieff, Corson, and Pines r> = i n a - l  n 0 7 9  7 ’
(8 ) and YVunderly, Sowa, and Nieuwland (24) P
reached the  conclusion th a t  sulfuric acid does
no t catalyze the  benzene-ethylene reaction b u t =
does catalyze the  reaction between benzene Table I. Thermal Data“
and  olefins of three or more carbon atom s. standard
Ipatieff, Pines, and Komarewsky (11) found Vapoíizl- Heat of Ene^reeof
th a t  o-phosphoric acid catalyzed the  benzene- Compound State tion Form ation Fo rm ation  Specific H eat (19)
ethylene reaction. Hydrofluoric acid was tested Benzine6 Lkfuid si™ “ '975 (W  1 5 3 4 0  (is) c„ = 6 + o.oisT-
by  Simons and  Archer, (20, £1) and by Calcott , 5«nz™c Gas . . ,630 (19) . • ^  •• •• .
T inker, and W einm ayr (5), and was found to I & id 9900  - W W  30'64° (iS> = 6 ; 5  + 0  052r 
prom ote the  reaction of benzene with olefins of EthyUicohoV' 8 “  ■ ' • 2 8 ' 4 6 0  U») Cp = -¿ + - 0  03or
three or more carbons, b u t these investigators Toluene Gas —  G> = 4 . 5  + 0 0387’
do no t m ention the use of hydrofluoric acid are% ^!r K lT r f iO m m '^ ^ A r 11 ?raT moles; the reference tem perature and pressure 
with benzene and ethylene.   ' ’ ‘P l y'
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T his equation  should represent th e  specific h ea t of ethylben- 
zene. T he un its for th is  equation  are gram  calories, degrees 
K elvin, and  g ram  moles.

Table I  lists th e  d a ta  from  w hich th e  following equation  for 
the  calculation of th e  equilibrium  constan t, K p, as a function 
of tem pera tu re  m ay  be deriv ed :

logio K p —
5800 +  5.475 X 10-* T  -1 .1 1  logio T  -3 .691  (3)

T able I I  contains equilibrium  constan ts, K p, calculated 
from E qua tion  3 for E q u a tio n  2. C alculations based on a 
1 : 1  molal ra tio  of e thy lene to  benzene, atm ospheric pressure, 
and 327° C. indicate th a t a t equilibrium  more th an  99 per cent 
of the  ethylene should be converted  to  ethylbenzene.

Table II. Equilibrium Constants for Reaction 2
1C« H i to) +  CjHi(ff) — = 7  C«HsCiHs(ff)]

Tem perature

2 9 8 .1
3 5 0 .1
4 0 0 .1
5 80 .1
6 0 0 .1

° C.
25
77

127
227
327

Logio K p
1 3 .2 2  10 28 

8 .1 4  
5 .1 8  
3 .2 2

1 . 6 6
1 .91
1 .3 8
1 .5 1
1 . 6 6

1 0 »»
1 0 “
1 0 »
1 0 »
1 0 »

Catalysts
Eleven different ca ta ly sts were p repared and  tested . In  

these p reparations, outlined briefly in  th e  following para
graphs, th e  following m aterials were used unless otherwise 
specified:

Charcoal, activated, animal, 6—20 mesh, J. T. Baker Chemical 
Company.

Alfrax, 10-16 mesh, Carborundum  Company.
Phosphoric acid, 85 per cent (specific gravity 1.71), J. T. Baker 

Chemical Company.
Boric acid (H3B 0 2), Howe and French, Inc.
Sulfuric acid, 96 per cent reagent.
Zinc sulfate (ZnSCh • 6H20 ) , technical grade, Merck & Com- 

Danv Inc.
Sodium phosphate (X ajH POi ■ 12H20 ), Baker & Adamson.
Strontium  chloride (SrCl2 • 6H20 ) , c. p . granular, J. T. Baker 

Chemical Company. .
Zinc chloride (ZnCl,), c. p . granular, J. T. Baker Chemical

^°Ferric"chloride (FeClj-6H 20 ), c. p . granular, Eim er & Amend.
Aluminum chloride (AlCh), anhydrous, M allm ckrodt Chemical

^  Silver sulfate (AgjSO,), c. p. powder, J. T. Baker Chemical 
Company.

W ater, distilled.

The percentage ca ta ly tic  m aterial referred to  in  each case 
is based on th e  difference betw een th e  to ta l w eight of ca ta lyst 
and  th e  w eight of suppo rt (charcoal, Alfrax, etc.) used. 
Solutions are aqueous unless otherwise specified.

Z -l, P h o s p h o r i c  A c i d - K i e s e l g u h r  T his was th e  regu
lar U niversal Oil P roducts C om pany polym erization cata lyst. 
M inute  details for its  p repara tion  are n o t available, b u t from 
inform ation ob tained , i t  was concluded th a t  a 3:1 weight 
m ixture of phosphoric acid and  kieselguhr was extruded frorri 
a  Vs-inch orifice in to  pellets w hich were baked a t  200-260 C. 
A cata lyst prepared  in  th is  m anner was tested  in  th e  synthesis 
un it and was found to  give resu lts alm ost identical w ith those 
obtained when th e  U . O. P . ca ta ly st was used.

Z-2, P h o s p h o r i c  A c i d - C h a r c o a l .  Phosphoric acid was 
poured over charcoal, and  th e  m ixture (1 .5:1 weight ratio  of 
ac id :charcoal) was heated  a t  250-280° C . for 17 hours and a t 
about 370° C . for 1 hour; a fte r th is  tre a tm en t th e  m aterial 
was d ry  a t  room  tem p era tu re  and  contained abou t 42 per 
cent acid.

Z-3, B o r o n  P h o s p h a t e - P h o s p h o r i c  A c i d —C h a r c o a l .  A  

14.9 per cent boric acid solution was poured over a phosphoric

acid-charcoal m ixture and  heated  with stirring  to  240 C. 
(5.5 hours of heating  tim e). T he w eight ra tio  of boric acid 
solution to  85 per cent phosphoric acid to  charcoal was 
3 :1 :1 .6 . T he resulting ca ta ly st contained approxim ately  
18 per cent ca ta ly tic  m ateria l.

Z-4, P h o s p h o r i c  A c i d - S u l f u r i c  A c i d - C h a r c o a l .  A 
solution of phosphoric acid and  concentrated  sulfuric acid was 
poured over charcoal (11 .1 :1 :9 .3  w eight ra tio ). T h is m ix
tu re  was heated  w ith stirring  a t  200° C. for abou t 30 m inutes. 
T he excess liquid was separated  from  th e  solid b y  filtration  
through glass wool; th en  th e  solid m aterial was heated  a t 
213° C . for 1 . 5  hours. T he resulting m ixture contained ab o u t 
2 1  per cent catalyst.

Z-5, Z i n c  P h o s p h a t e  P e l l e t s .  Zinc phosphate  w as pre
cip itated  from a ho t 56.5 per cent Z n ^ O iO H ^  solution by 
addition  of a ho t 52.5 per cent solution of X a 2H P 0 .r l2 H 20 .  
T he weight ra tio  of sulfate to  phosphate solution was 1.1:1. 
T he precip ita te  was filtered from  th e  m ixture and  washed 
several tim es w ith a to ta l of abou t 0.5 w eight ra tio  of w ater 
(based on phosphate solution) followed by  drying a t  110 C. 
for 11 hours. A bout 3 per cent by  w eight of g raphite  was 
incorporated in th e  powder to  ac t as a b inder; th e n  th e  
m ixture was made in to  pellets 7/ n  inch  in  d iam eter and  
Vs inch long.

Z-6 , S t r o n t i u m  C h l o r i d e - C h a r c o a l .  A h o t 16.7 per 
cent solution of SrCl2-6H20  was poured over charcoal (w eight 
ratio , 2 .8 :1). T h is m ixture was heated , w ith frequent m ix
ing, over a ho t p late  un til practically  dry- and  was th e n  dried 
for 30 m inutes a t 110° C. C ata ly tic  m aterial contained in  th e  
mass was abou t 30 per cent.

Z-7, Z i n c  C h l o r i d e - A l f r a x .  Alfrax was stirred  in to  a 
50 per cent ZnCl2 solution (1.75:1 w eight ra tio ). T he mix
tu re  was stirred, allowed to  stand  for several m inutes, filtered 
over glass wool, and  dried a t  110° C. for abou t 40 hours. T he 
resulting m aterial contained abou t 14.1 per cent ca ta lyst.

Z-8 , F e r r i c  C h l o r i d e - A l f r a x .  T he m ethod  em ployed 
in  the  preparation  of th is catalyrst was sim ilar to  th a t  used in 
Z-7. H ydrogen chloride was evolved during th e  d ry ing  oper
ation, and  th e  result was th e  form ation of iron oxide. F or th is  
reason th e  m aterial was dried for only 1.75 hours a t  103° C . 
T he resulting mass contained abou t 10 per cent ca ta lyst.

Z-9, S o d i u m  C h l o r i d e - A l u m i n u m  C h l o r i d e - P u m i c e .  

T he m ethod employed in th e  p repara tion  of th is  ca ta ly st was 
sim ilar to  th a t  used by  B lunck and  C arm ody U) ■ T he  sodium  
chloride-alum inum  chloride salt consisted of approxim ately  a 
1 : 1  molal complex of a lum inum  chloride and  sodium  chloride. 
T he complex was m ade by  fusing th e  salts (w ith  a sligh t ex
cess of alum inum  chloride to  tak e  care of sublim ation loss in 
th e  early stage of th e  heating  process) in  a  pressure bom b a t  
tem peratures up  to  265° C. A fter cooling to  room  tem p era 
tu re , th e  bom b was opened and  heated  again  to  d rive off th e  
excess alum inum  chloride. T he fused sa lt was th e n  poured 
over an  equal w eight of d ry  pum ice (8 - 1 0  m esh) w ith  tho rough  
mixing. T he final ca ta ly st contained ab o u t 50 per cen t ca ta 
lytic m aterial. T h is  m ateria l was very  hygroscopic and  
necessita ted storage in a gastigh t container u n til i t  w as placed 
in  th e  ca ta ly st cham ber.

T he Z-9 ca ta lysts listed  in  T able  I I I  were all p repared  ac
cording to  th e  above procedure.
T he different le tters (e. g., Z-9a,
Z-9c, etc.) signify different batches 
of cata lyst.

Z-10, S u l f u r i c  A c i d - A l f r a x .

Alfrax was stirred  in to  a  77 per 
cent solution of sulfuric acid; th e  
m ixture was heated  for one hour a t 
100° C. and  was th e n  filtered over 
glass wool. T he solid was heated  
for 4 hours u n til th e  tem pera tu re
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Figure 2. Decrease in Catalyst A c tiv ity  with Amount 
o f Ethylene Converted

reached 300° C. A fter th is  tre a tm en t th e  cata ly tic  content 
was about 26 per cent.

Z - ll ,  S i l v e r  S u l f a t e - S u l f u r i c  A c i d - A l f r a x .  T he 
method for the  p reparation  of th is  ca ta ly st was sim ilar to 
th a t  employed by Stanley, Youell, and  D ym ock {22) and  by  
Bliss and Dodge (S). B y sa tu ra tin g  Alfrax w ith  a  solution 
of silver sulfate and sulfuric acid, filtering, and  dry ing  the  
residue, a m aterial was produced w hich contained abou t 4  
pei cent silver sulfate and abou t 2 1  per cen t sulfuric acid.

Apparatus and Procedure

T he ethylene used in th is  work cam e from U. S. Industria l 
emical, Inc., and was a t  least 99 per cent pure (prepared
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by  dehydration  of e thano l over phosphoric acid). T he ben
zene used w as M erck’s n itra tio n  grade w hich h ad  been fu rther 
fractionally  distilled.

Figure 1 is a flow diagram for the synthesis unit. Ethylene 
passed from cylinder A  through pressure regulating valve W it 
purifier N , trap  M , flowmeter Ti, expansion valve W 2, and into 
benzene dropper H. The ethylene-benzene mixture passed 
from vaporizer V, leaving as vapors, and entering reactor R, from 
which the reaction product was expanded through valve W tl to 
practically atmospheric pressure. The reaction mixture then 
passed into a condenser system from which emerged the gaseous 
product. This flow of gaseous product was noted on flowmeter 
T 2, sampled continuously by gas sampler 0 , and finally meas
ured by displacement of brine solution from gas receiver P. 
The benzene liquid was fed from tank  G by gravity into dropper 
H, where it  mixed w ith the ethylene and then passed through the 
apparatus as noted above.

The flow rates were controlled by 1/ 4-inch, V-point, needle 
valves. The ethylene was th ro ttled  through valve W 2, from a 
pressure usually 50-100 pounds per square inch higher than the 
reactor pressure. The flow rate  was noted by reading a pres
sure differential on manometer T u developed by passage of the 
gas through a short capillary tube. The benzene flow rate was 
regulated by valve TF3, and noted by counting drops falling 
through sight glass and dropper H. The reactor pressure was 
maintained by thro ttling  the reaction vapors through valve W t.

The liquid product was fractionated a t atmospheric pressure 
through a Vr-inch glass, vacuum, silver-jacketed column packed 
with 24 inches of Vir-inch stainless steel rings. The various 
cuts were identified by refractive index measurements as well as 
by their boiling points.

The effluent gases were analyzed by means of a standard U. S. 
Steel gas analysis set.

Each catalyst was tested by passing through the catalyst bed 
a mixture of benzene and ethylene vapors in molal ratio of about 
2 :1 , a t tem peratures of 228° to  245° C., gage pressure of 100 
pounds per square inch, and vapor space velocities of 25 to 40 cc. 
(0° C. and atmospheric pressure) per hour per cc. of catalyst. 
Sixteen runs were made in this prelim inary catalyst study, and

only two of the catalysts were found to  prom ote a detectable reac
tion between the ethylene and benzene (the phosphoric acid- 
kieselguhr and the sodium ehloride-aluminum chloride-pumice 
catalysts).

Following the preliminary catalyst study, the sodium chlo
ride—aluminum chloride-pumice catalyst was investigated in fur
ther detail. The activity of this catalyst was studied over a 
period of time, and the pressure and space velocities were varied 
in a series of runs. In  the investigation of the effect of pressure 
on the reaction, gage pressures of 0, 50, 100, and 200 pounds per 
square inch were employed. The effect of space velocity was 
studied over the range 11.6 to  47.2 cc. per hour per cc. of catalyst 
(contact times of about 20 to  5 minutes).

A sum m ary  of th e  ru n s in  w hich reaction  was no ted  is given 
in  T able I I I .  N o d a ta  are listed  for th e  ca ta ly st te s t  runs 
w here no reaction  occurred, b u t i t  m ay  be assum ed th a t  th e  
operating  d a ta  and  analy tica l procedures were sim ilar to  those 
listed  under ru n s 4 and  12.

Since th e  yields of trie thy lbenzene were only  estim ated  from 
th e  distillation  residue, th ey  are n o t p lo tted  as separa te  curves 
in  F igures 2, 3, and  4. H ow ever, th e y  are  contained in  th e  
‘ ‘to ta l’ ’ conversion curves in  these figures. T h is  explains w hy 
th e  sum  of th e  m ono- an d  di- o rd inates are  n o t alw ays equal 
to  th e  to ta l o rdinates.

Preliminary Catalyst Study

Phosphoric acid  supported  on kieselguhr was th e  first ca ta 
lyst to  be tested . T he resu lts ind icate  th a t  13-15 per cent 
of th e  ethylene w as converted 
to  ethylbenzene, p redom inantly  
m onoethylbenzene w ith  sm all 
am oun ts of d iethylbenzene (about 
10:1 w eight ra tio ). Since pres
sure has been found to  have such 
a  pronounced effect on th e  reac
tio n  when th e  sodium  eh loride- 
alum inum  chloride-pum ice ca ta 
ly s t was used, th is  phosphoric 
acid-kieselguhr ca ta ly st would
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probably  give satisfactory conversions a t pressures of 300-400 
pounds per square inch.

Phosphoric acid in  forms other th an  th a t m entioned above 
(w ith kieselguhr) failed to  prom ote any noticeable reaction. 
T hus, phosphoric acid-charcoal, boron phosphate-phosphoric 
acid-charcoal, and phosphoric acid-sulfuric acid-charcoal 
failed to  cause ethylene and  benzene to  react a t 1 0 0  pounds per 
square inch and about 240° C.

Sulfuric acid supported on Alfrax was inactive as was also 
th e  mixed catalyst, silver sulfate-sulfuric acid-Alfrax. Thus, 
it  stands th a t  sulfuric acid, even though it  is a good catalyst 
for benzene alkylation by olefins of three or more carbon 
atom s in th e  liquid phase, does not prom ote the  reaction 
of ethylene and benzene either in  the vapor phase or liquid 
phase.

S trontium , zinc, and ferric chlorides supported on activated 
charcoal, Alfrax, and Alfrax, respectively, were found to  be 
inactive in the  form employed. Aluminum chloride, in the 
form of a fused equimolar m ixture with sodium chloride sup
ported on pumice, was quite active; ethylene conversion was 
about 69 per cent under the same conditions of test on the 
other catalysts (100 pounds per square inch, 246° C., 26.6 
cc. per hour per cc. catalyst).

Sodium Chloride-Aluminum Chloride-Pumice 
Catalyst

U nder the  conditions of these tests, the  sodium chloride- 
alum inum  chloride was in the liquid state ; therefore, it was 
necessary to  support the m aterial on a carrier. Pumice (8-10 
mesh) was used as the carrier b u t was not satisfactory because 
of its varying properties from one lot to  another. For example, 
two different lots of pumice were used; one gave an active and 
the  other an inactive catalyst. I t  was concluded th a t the 
variation  in activ ity  was due to  the difference in density of the 
two lots. The more active catalyst was prepared from the 
less porous lot (density of about 0.46 gram per cc.), and its 
greater activ ity  m ay be a ttribu ted  to a greater and thicker 
catalytic surface on th is pumice th an  on the more porous 
m aterial (density of about 0.26 gram per cc.). Some “pre
pared” carrier would probably be much better than  the pum 
ice, b u t due to lack of tim e, other carriers were not tested 
except for one tes t w ith activated  alumina. In  th is tes t the 
ratios of m aterials were the same as w ith pumice, bu t this 
cata lyst gave only about 20 per cent conversion. I t  is be
lieved, however, th a t  the only function of these different 
carriers is to  support the  catalyst, and th a t with the same 
area and thickness of catalytic surface the carrier m aterial 
would have no effect on the  reaction. Tests were made to 
show th a t  the  pumice and the alum ina alone had negligible 
cata ly tic effect on the  benzene-ethylene m ixture under the 
conditions used.

In  order to  determ ine the effect of the catalyst on the  indi
vidual reactants, the benzene and ethylene vapors were 
passed separately through the catalyst bed. The benzene 
vapors were unaffected, and the ethylene was decomposed 
slightly, w ith about 2 per cent ethane and 0.5 per cent hydro
gen in th e  effluent gas.

C a t a l y s t  A c t i v i t y . R uns 19 and 31 were made to deter
m ine th e  ac tiv ity  of the cata lyst over a period of tim e a t 1 0 0  
and  200 pounds per square inch, respectively. The data  
used to  p lo t Figure 2 are listed in Table IV, and illustrate the 
decrease in ac tiv ity  of the  cata lyst as a function of moles 
of ethylene converted.

T here was a decrease in to ta l conversion from 93 to  75 per 
cent resulting from  the  conversion of about 0.19 to 1.16 gram 
moles of ethylene to  ethylbenzene. Indications are th a t the 
form ation of higher ethy lated  benzenes is favored with use of 
th e  ca ta lyst over a period of time.

P r e s s u r e  a s  a  V a r i a b l e .  R uns were m ade a t  pressures 
of 0, 50, 100, and 200 pounds per square inch gage. A 300- 
pound run was a ttem pted , b u t th e  capacity  of the  benzene 
vaporizer was not sufficient for operation  a t th is  pressure.

The great effect of pressure on the  reaction  is shown in 
Figure 3. Conversion ranged from 0 a t  atm ospheric pressure 
to  about 90 per cent a t  2 0 0  pounds per square inch gage. 
Since the points in th is p lo t are sca ttered , th e  reliability  of the 
different analyses has been evaluated , and the  points were 
weighed accordingly in draw ing th e  curve to  best represent 
the true conditions.

Table IV . Catalyst A ctiv ity

T o ta l G ram  
M oles E th y l P ressu re , %  E th y le n e  C o n v e rted  to :

R u n  No. ene C o n v erted L b ./S q . In . G age M ono- D i- T ri- T o ta l

9a 0 .131 100 5 4 .4 1 5 .5 0 6 9 .9
9b 0 .3 8 3 100 4 4 .3 1 9 .6 0 63 .9
9c 0 .6 8 3 100 1 9 .7 2 1 .5 2 3 .2 6 4 .4
9d 0 .991 100 2 9 .9 22.2 0 52.1

31a 0.180 200 6 4 .7 2 6 .9 1.6 9 3 .2
31b 0 .521 200 4 4 .6 2 5 .1 14 .1 8 4 .0
31c 0.851 200 3 9 .3 2 3 .4 1 6 .2 7 8 .9
31d 1 .164 200 3 6 .1 2 3 .4 15 .6 7 5 .1

S p a c e  V e l o c i t y  a s  a  V a r i a b l e . T he vapor space velocity 
was varied from 47.2 to  11.6 cc. (vapor, calculated a t  0° C . 
and atm ospheric pressure) per hour per cc. of ca ta lyst. The 
da ta  for these runs are p lo tted  in  F igure 4. I t  is concluded 
th a t  the to ta l conversion of ethylene to  ethylbenzenes was 
independent of the space velocity  in  th e  range studied . How
ever, there are indications th a t  m ore of th e  m ono- and  less 
of the diethylbenzenes are produced a t  th e  h igher th an  a t 
the lower velocities.
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CATALYTIC OXIDATIONS of 
NAPHTHALENE SERIES

► ► ► Vapor-phase catalytic oxidations were 
made on commercial naphthalene, practical Tetra- 
lin, 95 per cent 2-methylnaphthalene and 70 per 
cent 1-methylnaphthalene to yield chiefly phthalic 
anhydride. Quinone by-products were found in 
small amounts. The most successful catalyst con
sists of pure pyrolytic vanadium pentoxide fused on 
glassy silica gel. A  tin-bearing vanadium catalyst 
was tried with but moderate success.

Two complete oxidizers were built and details of 
construction are given. A  small apparatus made en
tirely of Pyrex was used for systematic investiga
tion of space velocity and yield relations. A  
stainless steel Downs-type oxidizer was employed 
for check runs. The maximum yields of phthalic 
anhydride were 76 per cent from naphthalene, 70 
per cent from Tetralin, and 40-50 per cent from 
methylnaphthalenes.

R . N o r r i s  S h re v e  a n d  R u sse ll W .  W e l b o r n 1
ENGINEERING EXPERIMENT STATION, PURDUE UNIVERSITY, LAFAYETTE, IND.

T H E  process variables involved in  ca ta ly tic  vapor-phase 
oxidation of arom atic  com pounds are space velocity, or 
contac t tim e w hich is its  reciprocal function, tem pera
ture , th e  ra tio  of th e  reac tan ts , an d  th e  n a tu re  of the  

catalyst. U n fortunate ly  in  th e  p ast, investigators of these 
reactions have failed to  correlate and, in m any  cases, even to  
record all th e ir findings on these salient d a ta . T he resu lt is 
tha t, a lthough th e  reaction  of a ir on naph thalene  vapor to  
produce phthalic  anhydride  has been used com m ercially for 
a t least tw en ty  years, very  little  detailed and  specific inform a
tion appears in  th e  public p rin t.

This investigation  was un d ertak en  to  supply some of the 
missing inform ation, especially th a t  perta in ing  to  problem s 
involved in carry ing  o u t such reactions successfully, control 
of apparatus, behavior of ca ta lysts, n a tu re  of th e  crude prod
ucts, and  possible rela tions betw een th e  process variables. 
In  addition, inform ation  has been ob tained  ab o u t th e  oxida
tion of su b stitu ted  naph thalenes which have been studied  v ery 
little un til now.

Glass Oxidation System
Figure 1 shows the small Pyrex apparatus used for systematic 

investigation of space velocity and yield relations, th e  vapor
izer was made from a 100-cc. K jeldahl flask and was heated by 
immersion in a ba th  of molten paraffin wax, the tem perature ot 
which was measured by a mercury' thermometer. The preheater 
which had a coil height of 6-7 inches and a length of about 60 
inches, was made of 8-mm. Pviex tubing. The catalyst tube, 
which contained 30-40 cc. of catalyst, was constructed from 25- 
mm. tubing, w ith the central downcomer 8 mm. in outside di
ameter. The annular catalyst bed, the top half inch of which was 
visible above the bath, was supported by a plug of glass wool; 
the catalyst tem perature was measured by' a bare-tipped chromei- 
alumel thermocouple located in the center of the annular catalyst 
layer, 1.5  inches from the top of the four-inch long bed. th e  
annular layer was about V< inch thick. The salt ba th  was a mix
ture of 40 per cent sodium nitrite, 7 per cent sodium nitrate, and 
53 per cent potassium n itra te  (16) contained in a steel pot, gas- 
fired and agitated by a  propeller. The bath  tem perature was 
measured by a chromel-alumel thermocouple, th e  air-cooled 
condenser tubes were 1.5-foot lengths of 25-mm. Pyrex tubing, 
the spare was used in case of plugging of the mam sy'stem. in e

> P re s e n t a d d re ss , S ta n d a rd  O il C o m p a n y  ( In d ia n a ) , W h itin g , In d .

hot ends of these tubes were sealed to the catalyst-tube offtake 
with built-up stoppers of asbestos paper. The cold trap  tube, 
35 mm. in diameter was immersed in a carbon tetrachloride-chlo- 
roform mixture contained in a Dewar bottle and cooled with solid 
carbon dioxide. The Cottrell precipitator vvas made from 25-mm. 
Pvrex and bore a central electrode of Vi6-inch steel rod and an 
outer electrode 1  foot long made from copper window screen.

The air wras passed first through a 1 -gallon “ballast bottle” to 
smooth out flow' irregularities; it was measured by a differential- 
water-column flowmeter and mercury'-fiiled manometer. The 
metered air was introduced directly into the vaporizer. These 
metering and gas handling devices are not show n  in Figure 1.

I t  is unnecessary to  dry  or decarbonate the air for these oxi
dations (7). An auxiliary stream  of measured air W'as used for 
cooling and aerating the catalyst.

All bare unheated parts were insulated w ith asbestos rope. 
The vaporizer outlet tube w-as heated electrically. The reaction 
tube, preheater, and vaporizer were sealed in series with useful 
temporary, tight, heat-resistant joints built up from layers of 
asbestos paper soaked in w'ater glass, alternated w ith windings of 
fine copper wire.

Downs Metal Oxidation System
Figures 2 and 3 show the steel Downs-type reactor used for 

check runs to approximate commercial conditions on a one-tube 
scale. The air was measured and controlled in a manner similar 
to the small oxidizer except th a t two air stream s w'ere required 
in normal operation. The vaporizer and air preheaters were 
heated by immersion in molten paraffin, the tem perature of which 
was measured. The reaction preheater tube of stainless steel 
was heated by a small electric tube furnace constructed by wind
ing 8.5 feet of Vs X 0.0201 inch Nichrome ribbon (about 2 ohms) 
on a cylindrical alundum core, 1 foot long and D/ie inches i. d. 
The element was covered w ith refractory cement, and the unit was 
insulated by packing with Sil-O-Cel.

The reactor was the type using boiling mercury to remove the 
heat of reaction; the boiling tem 
perature was regulated by nitrogen 
pressure on the mercury condenser 
system. The catalyst tube was a 
1-inch stainless-steel pipe welded 
through the center of a steel jacket,
4.5 inches in diameter and 1 foot 
long. The tube and jacket were 
mounted in an electric furnace con
structed similarly to the reaction 
preheater. The alundum core was 
1 foot long and 49/ 16 inches i. d. The 
heater element was a 40-foot length 
of Vs X 0.0126 inch Nichrome V
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ribbon (approximately 20 ohms) with an extra center-tapped lead. 
The unit was constructed in a three-legged pot made from 
10-inch steel pipe. Figure 4 shows the heater circuit.

The catalyst was supported on a small screen a t the level 
of the jacket bottom, held up by prongs on a thermocouple well 
extending into the bottom of the tube. The catalyst temperature 
was measured by chromel-alumel thermocouples buried in the 
entering and exit layers of the catalyst. The entering thermo
couple was bare, the exit sheathed in a thin tubular well. The 
former was introduced through the packed blank-flange joint a t 
the top of the tube. This flange may be used as an inlet for sev
eral thermocouples if desired. The thermocouple circuit is shown 
in Figure 5.

Vaporizer pre

Air Condensers

Catalyst 
heater Tube Cold Trap

Figure 1. Small Glass Oxidizer

The air-cooled condenser was a 2-foot length of l-inch Pyrex 
pipe, followed in the condensing system by an air-cooled trap 
bottle. The Cottrell precipitator (Figure 2) was made from 50- 
mm. Pyrex tubing and the screen electrode was 18 inches long. 
The central electrode consisted of a '/«-inch welding rod upon 
which were mounted discharge rings. Power for the Cottrell pre
cipitator was furnished by a pair of 12 ,000-volt neon-sign trans
formers with primaries in parallel and secondaries in series. The 
primary circuit included a rheostat and voltmeter.

A packed water-scrubbing column (Figure 3) containing a bed, 
18 inches long and 35 mm. in diameter, of 3/ie X ‘A inch glass 
rings was substituted for the Cottrell precipitator in several 
runs. The column was fed from the split discharge of a labora
tory centrifugal pump which drew water from a 1-liter beaker 
into which was dipped the bottom drain tube from the column.

Three flowmeters of differential-liquid-column type having 
maximum capacities of 80, 150, and 600 liters per hour were 
used singly or in pairs in this study. These meters were 
calibrated throughout their entire ranges under 
the usual small superatmospheric operating 
pressure of the system with a Sargent wet-test 
gas meter.

Catalysts

T he elements reported as basic catalysts or 
prom oters include m ost of the  cation-forming 
members of the  Periodic Table. M ore favor
able claims for basic m aterials are narrowed to 
the F ifth  Group elements. M ost of the refer
ences available are in the pa ten t literature, 
which is vague a t best (2, 19). T he oxides of 
vanadium , molybdenum, tungsten, uranium , 
and  manganese are claimed to  give the  highest 
yields of phthalic anhydride from naphthalene
(19), w ith  vanadium  pentoxide seemingly 
the  one preferred. T in  vanadate  has the 
advantage of lower operating tem perature
(20).

N ot only the composition b u t the  m ethod 
of p reparation  and  activation  are said 
to  have significant bearing on the  effec
tiveness of th e  catalyst. T he catalysts 
used commercially are basically vanadium  
pentoxide w ith all details of modification 
closely guarded secrets (12). In  addition, even

w ith identical p reparation  and  p re trea tm en t, one of two 
catalysts of vanadium  pentoxide m ade from  different lots of 
commercial am m onium  m etavanadate  m ay  be highly efficient 
and the other ineffective (7). C onsequently , some experi
m entation was necessary to  secure a ca ta ly st which was 
sufficiently active, adhered well to  th e  support, and  was stable 
during repeated use.

The vanadium  oxides of in terest for cata ly tic  purposes are 
the red-purple to  orange pentoxide, V2Os, the  blue tetroxide, 
V20 4, and the green trioxide, V 20 3 (24). All th ree have been 
identified in catalysts after use (25). F o r ca ta ly st prepara
tion the quinquevalent oxide is available d ry  by  the  pyroly
sis of amm onium m etavanadate  or w et as an  insoluble, orange, 
colloidal, or finely crystalline m aterial by  acidification of 
aqueous solutions or suspensions of th e  m etavanadate .

Acid reduction of vanadium  pentoxide b y  sulfurous or 
oxalic acids results in form ation of th e  m ore soluble blue 
vanadyl salts useful for im pregnating  carriers w ith higher 
vanadium  concentrations by  w et m ethods. T he compounds 
of th is valence stage are blue or reddish brow n (24).

P r e c i p i t a t e d  V a n a d i u m  P e n t o x i d e . F if ty  milliliters 
of distilled w ater were sa tu ra ted  near th e  boiling po in t with 
pure commercial am m onium  m etav an ad a te  (N H 4V 0 3). 
Concentrated sulfuric acid was added  dropw ise to  precipitate 
the hydrated  oxide. E vapora tion  and  grinding gave a fine 
orange powder. Fusion of th e  pow der in  oxygen a t  bright 
red heat produced dark  purplish-red  crystals on th e  crucible 
sides and a  purplish-black glassy m ass in th e  bo ttom . Re
grinding converted th is to  a greenish-yellow powder.

V anadium -T in  T r i a l  C a ta ly s ts .  To ob tain  a low- 
tem perature tin-vanadium  ca ta ly st such as th a t  described by 
M axted (20), a  m ethod based on th e  C raver p a te n t (9), de
pending on reduction of vanada tes  to  vanady l salts w ith 
oxalic acid, was used w ith th e  add ition  of stannous chloride 
d ihydrate in ratio  of th e  form ula S n (V 0 3)2. T his catalyst 
was coated on a very  light, porous re frac to ry  brick which 
contained some easily fusible alkali oxides. Such a  catalyst 
was used for runs T - l M M N , T - l  M N i, T - l  and  T-2 M N 2, 
T -l T , 1 and 2 M N 2, 1 to  3 N , an d  1 to  3 T , all carried  ou t in 
the Downs oxidizer. Considerable troub le  was experienced 
w ith control of the  operating  tem p era tu re  of th is catalyst,
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especially after m uch  use. W hen rem oved from  the  tube  the  
ca ta ly st show ed evidence of intense fusion.

V a n a d i u m  P e n t o x i d e  o n  S i l i c a  G e l . T he m ost success
ful ca ta ly st was prepared  b y  pyrolytically  decom posing am 
m onium  m etavanada te  and  fusing th e  oxide on commercial 
glassy silica gel (8 - 1 0  mesh) u n til th e  carrier was com pletely 
coated w ith  th e  pale purplish-red  oxide. T his ca ta ly st was 
used for all controllable runs in th e  glass reacto r as well as for 
runs 1 and  2 T L , 1 to  3 N L , an d  1 to  5 M N 2L in th e  large 
reactor.

Hydrocarbons1

M i x e d  M e t h y l n a p h t h a l e n e s . R u n  T - l  M M N  was 
made w ith  technical m ixed m ethy lnaphthalenes containing 
about 65-70 per cent 2 -m ethy lnaph thalene  as estim ated  from 
rough freezing-point studies re la ted  to  F igure 6  (18).

2- M e t h y l n a p h t h a l e n e .  T he runs on 2 -m ethylnaphtha
lene (M N 2) were m ade w ith  comm ercial w hite, crystalline m a
terial m elting above 31° C., of p u rity  above 95 per cent 
(Figure 6 ).

I - M e t h y l n a p h t h a l e n e  . A technical-grade synthetic  
p roduct containing ab o u t 70 per cen t 1 -m ethyl and  30 per cent 
2 -m ethylnaphthalenes, based on approxim ate freezing points, 
was used in  runs of th e  M N i series.

T e t r a l i n . Practical-grade T e tra lin  was em ployed in ser
ies T . T he only im purities to  be expected were traces of 
naphthalene and  Decalin.

N a p h t h a l e n e . T he com m ercial p roduct, m elting  a t  
78-9° C., was used in runs of th e  N  series.

Analytical Procedure

B y a series of te s ts  based  upon  previously reported  work 
(21), i t  was decided th a t  b o th  1 ,4 -naphthoquinone and  2 - 
m ethyl- 1 ,4 -naphthoquinone could be determ ined w ith suffi
cient accuracy (w ithin 5  per cen t of the  quinone con ten t of the  
crude oxidation products, which, in  tu rn , was less th a n  5 per

1 I n  ta b le s  a n d  te x t  th e  h y d ro c a rb o n s  a re  f re q u e n tly  a b b re v ia te d  acco rd 
in g  to  th e  in i t ia ls  e. g ., T  fo r  T e tra l in ,  N  fo r n a p h th a le n e , M M N  for m ixed  
m e th y ln a p h th a le n e s , an d  M L* fo r 2-m e th y ln a p h th a le n e , e tc .

F i g u r e  3 .  P h o t o g r a p h  o f  L a b o r a t o r y  D o w n s  O x i d i z e r

Table I. Titration of Q uinone in Presence and A b sen ce  of Phthalic 
A nhydride

(R ea g en ts : 0.2 N  sod ium  th io su lfa te , u n s ta n d a rd iz e d ; 10%  K I  so lu tio n , 
_ _ -------  TT™ , „ — -----------  , 124 .5 -125° C .)c. p . conc. HC1; 1,4-n a p h th o q u in o n e , m . p .

S am ple
N o.

1
2

Q uinone,
G ram

0 .1 0 1 6
0.1010

P h th a l ic
A n h y 
d ride ,
G ram

0 .0000  
0 .6 7 7 8

T h io 
su l

fa te ,
M l.
6 .7 4
6 .6 9

Q u inone, 
M . E .
1 .2 8 6
1 .2 7 8

T h io 
su l
fa te , 

M . E .
1 .3 4 9
1 .3 3 8

D isc re p 
an c y , %

4 .9
4 .7

Table II. lodometric Titration of 1,4-N aphthoquinone and 
2-M ethyl-1,4-naphthoquinone (M . P. 1 0 2 - 3 °  C.)

(R ea g en ts : 0.103 N  sod ium  th io su lfa te , s ta n d a rd iz e d  a g a in s t p u re  io d in e ; 
c . P. conc. HC1; 95%  e th a n o l; p u re  io d a te -free  H I )

T h io -
su l- ‘-'J' _
fa te , B la n k , T im e , tio n , E ” o r '
M l. M l. M in . G ra m  %

S am ple
N o.

Q uinone,
G ram

0 .1 7 7 6  (M e-) 
0 .1 5 7 8  (M e-) 
0 .1 5 1 9  (1,4-) 
0 .2 0 0 7  (1,4-) 
0 .2 0 0 9  (1,4-)

2 3 .2 0
19 .35
2 0 .1 6
16 .5 8
17 .0 0

A ging
Q uinone 

b y  T i t r a 
B la n k , T im e , tio n ,

M l. M in . G ra m

- 3 . 3 0 2 0 .1 7 6 2
- 1 . 8 5 10 0 .1 5 5 0
- 1 . 7 0 10 0 .1 5 0 1
- 0 . 2 4 2 0 .2 0 0 6
- 0 . 2 4 2 0 .2 0 4 3

0 . 8
1 .3  
1 . 2  
0 . 1
3 .4

Table III. Effect of A lk a li Titration on Quinones
(R e a g en ts : 0.176 N  HC1, 0.905 N  N a O H , p h e n o lp h th a le in )

S am ple
N o.

1
2
3

Q uinone,
G ram

0 .1 5 8 9  (1,4-) 
0 .1 4 4 7  (1,4-) 
0 .1 5 8 9  (M e-)

N aO H Q uinone
N aO H , HC1, U sed, W eighed ,

M l. M l. M . E . M . E .

5 .2 5 2 1 .0 5 1 .0 4 1.01
4 .4 1 17 .21 0 .9 6 0 .9 1 5
4 .9 4 2 0 .4 5 0 .8 7 0 .8 9

E rro r ,
%
3
4 
2

cent of the  to ta l crude products) by  iodom etric titra tio n . T he 
d a ta  are shown in  Tables I , I I ,  and  I I I .

In  addition, b o th  quinones acted  as m onobasic acids in  the  
presence of alkali (Table I I I ) .  T his necessitates a  correction 
of any  alkaline determ ination  of tru e  acid constituen ts of 
the  oxidation products. T he acidic behavior of th e  quinones 
to  alkali p robably  depends upon th e  oxidation b y  air of these 
substances to  the  hydroxy-substitu ted  derivatives in  basic 
m edium  (1).

The procedure adopted for use on the oxidation product con
sisted of dissolving a 1 .00-gram sample of the tes t solid in 20 ml., 
of 95 per cent ethanol, adding 20 ml. of concentrated hydro
chloric acid with cooling, and dissolving about 2 grams of iodate- 
free potassium iodide in the resulting solution. The liquid was 
titra ted  immediately w ith standardized sodium thiosulfate solu
tion and starch indicator solution was added near the end point. 
If the solution was badly discolored by ta rry  products, the end 
point was determined by spot test on starch-iodide paper. Ali
quot portions of quinone-bearing aqueous wash liquors were 
titra ted  by the same procedure, omitting the alcohol.

The weight of quinone present was calculated by the formula;

mol. wt. quinone^ 
2 0 0 0 ;

(
W t. quinone =  ml. thiosulfate X norm ality X I

N o 'b lank  corrections were used. By adding the potassium 
iodide last and working rapidly, possible errors from absorbed 
oxygen (26) were minimized; furthermore, liberation of iodine 
by absorbed oxygen in the re
agent mixture on standing fre
quently did not occur when testing 
blank samples.

The procedure for determining 
phthalic anhydride consisted of 
boiling a weighed 1 .00-gram sam
ple of the solid product w ith 30-40 
ml. of distilled water until solution 
occurred. The solution was cooled 
rapidly to room tem perature and 
titra ted  w ith standardized 1.00 N  
sodium hydroxide against phenol
phthalein (for discolored solutions
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indicator paper was used). The weight of phthalic anhydride 
present was calculated by the formula:

[ /m illieq u iv a le n ts  o f \  

(m l. N aO H  X n o rm a l,ty ) -  [ Ś f  Æ om ^aui- )Vsam ple from  qu i- I 
none analysis  /  .

When yellow aqueous wash liquors were being examined, 10- 
ml. aliquot portions were diluted to 30-40 ml. and boiled briefly 
to remove carbon dioxide. The solutions were cooled and titrated 
in the usual manner, making the quinone correction.

The results are reported as phthalic anhydride because at no 
time was an appreciable amount of any other organic acid indi
cated by the alkaline titrations (neutral equivalents) or by 
the appearance of other than the characteristic phthalic anhy
dride needles in the condensate, even when operating on methyl- 
naphthalenes.

A good qualitative test for phthalic anhydride used frequently 
was the formation of fluorescein by fusion of the unknown sam
ples with resorcinol in the presence of sulfuric acid or other con
densing agents (17). When the melt was poured into dilute al
kali, a characteristic yellowish-green fluorescence was formed if 
the unknown contained any phthalic anhydride.

Tin-Vanadium Catalyst in Glass Reactor

Three runs on 2-m ethylnaphthalene were attem pted with 
used tin-bearing vanadium  cata lyst in the small reactor. Air 
and ethanol vapor were used to  try  to  raise the catalyst to 
reacting tem perature on hydrocarbon. The air-hydrocarbon 
m ixture was substitu ted  when the heat effect in the catalyst 
seemed sufficiently vigorous. These two streams of m aterial 
were alternated  whenever necessary. Occasionally the cata
lyst had to  be blown w ith air alone to  cool it. A brief sum 
m ary of the range of conditions tried  follows:

A ir flow, l i te rs /h o u r  
V aporizer te m p e ra tu re , ° C .
B a th  te m p era tu re , ° C.
T e m p era tu re  of ca ta ly s t , reac tio n  going, 0 C.

200-600 
90-125 

390-450 
M in im um  500
M axim um  920

The reaction was no t self-maintaining in the usual catalytic 
range, 300-500° C., either on alcohol or hydrocarbon. High 
space velocities w ith alcohol were necessary to  heat the 
cata lyst to a point where it  would m aintain hydrocarbon 
oxidation. To keep the tube from burning up, the velocity 
had to  be reduced as soon as hydrocarbon oxidation was 
underw ay. This frequently resulted in “ losing” the reaction 
again. T he reaction could be run  only in term ittently .

Table IV . Oxidation of Tetralin and Methylnaphthalenes with 
V 2 O 5  on Silica G e l in Small Glass Reactor

A \ 2 0 0 0 / R un Space T em p ., A ir /H c . H e. W t.,
G ram s

T o ta l P h th a lic  
P ro d u c t, A nhydride ,

N o. V elocity 0 C. b y  W t. G ram s Y ield  %

1 T S 4450 470

T e tra lin

2 5 .0 10 7 .5 67
2 TS 2950 465 1 4 .0 10 7 .1 63
3 TS 3420 460 1 7 .5 15 9 .5 57
4 TS 4330 466 17 .0 20 1 2 .4 54
5 TS 5920 465 1 4 .5 20 1 4 .4 61
6 TS 2010 465 1 5 .5 15 11.6 68
7 TS 2010 465 1 5 .0 10 7 .7 66
8 TS 2010 440 1 5 .5 10 6 .5 56
9 TS 4300 440 1 6 .0 15 11 .7 66

10 TS 6100 440 1 4 .5 20 1 5 .8 60
11 TS 7000 454 1 2 .5 25 13 .0 44
12 TS 7100 440 12.0 20 12.0 51
13 TS 3780 440 1 7 .0 10 8.1 70

14 TS 5970 464 1 6 .0 20 1 5 .5 65
15 TS 4800 465 1 5 .0 15 1 1 .5 65
16 TS 3260 465 16 .5 10 7 .0 60
17 TS 2460 460 15 .5 10 7 .5 65
18
19

TS
TS 5600

B ad  leak  in  a ir  
466 1 7 .0

co n d en ser p lu g s  
15 1 2 .2 68

20 TS 3950 463 1 8 .0 10 8.6 70

21 TS 8130 442 13 .1 20 1 1 .7 50

22 TS 8130 460 1 4 .2 20 13 .8 58
23 TS 10000 492 12.2 25 1 4 .0 47
24 TS 12120 472 13 .1 30 1 5 .9 44

1 M N iS 4540

1 -M e th y ln a p h th a le n e  

468 1 7 .6  15 5 .5 332 M N ,S 5900 473 1 3 .4 20 E r ra t ic  tem p .
3 M N iS 5300 465 1 8 .7 15 5 .5 33
4 M N iS 5280 467 1 5 .5 15 6.0 36
5 M N iS 4520 440 1 6 .3 10 4 .0 35

6 M N 2S 5650
2 -M e th y ln a p lith a le n e  

510 1 8 .0  20 4 .6 22
7 M N 2S 2300 475 1 9 .0 20 5 .5 258 M N 2S 2950 465 1 9 .0 15 4 .3 27
9 M N 2S 3720 460 22.0 15 4 .9 3110 M N ,S 4370 465 19 .7 15 6 .3 4011 M N 2S 5920 464 15 .5 20 7 .4 2912 M N 2S 5050 465 1 6 .5 15 5 .3 31

13 M N 2S 2000 443 1 7 .0 10 4 .0 35
14 M N 2S 4270 440 1 7 .0 20 8 .3 35
15 M N 2S 3070 442 20.0 10 4 .7 40

16 M N ,S 5030 465 18 .0 15 7 .6 43
17 M N 2S 4120 465 1 5 .6 20 9 .5 43
18 M N 2S 6330 462 1 6 .2 20 6.8 33
19 M N 2S 6300 464 1 6 .2 20 8 .9 3520 M N ,S 3000 460 1 9 .8 10 3 .9 3421 M N 2S 8230 477 1 7 .6 20 8 .7 3822 M N ,S 10000 485 1 7 .5 20 8 .5 39

Figure 4. Downs Oxidizer Heater Circuit

T he presence of a t  least one spot in the  ca ta lyst glowing a t 
b righ t red hea t and occupying about one th ird  of the catalyst 
volum e appeared to  be necessary to  m aintain  the oxidation 
even in te rm itten tly  a t  a  partly  controlled self-supporting 
level. In  general, th is cata lyst was uncontrollable after some 
use and gave only small am ounts of ta rry  and oily oxidation 
products.

Vanadium Pentoxide on Silica Gel in Glass Reactor

Since the vanadium  pentoxide ca ta ly st was relatively 
stable and easy to  control, th e  runs of th e  T e tra lin  (TS), 2- 
m ethylnaphthalene (M N 2S), and  1-m ethylnaphthalene 
(MNiS) series were m ade in  an  a tte m p t to  correlate yield 
and space velocity and to  observe th e  n a tu re  of the  p roducts 
and the behavior of the  ca ta ly st w hen operating  w ith  all the 
variables under control. T h irty  m illiliters of th e  cata lyst 
were used, and it  was k ep t h o t and  well aera ted  continuously 
when not in use. T he runs were m ade on hydrocarbon alone.

The air rate, vaporizer tem pera tu re , and  sa lt-ba th  tem 
perature were set ahead of tim e. A weighed q u an tity  of 
hydrocarbon was charged to  th e  vaporizer and  th e  a ir stream  
diverted into it. The reaction was followed by  observing the 
catalyst thermocouple readings. M inor ad ju s tm en ts  of the 
controls were m ade as necessary. T he reaction  was tim ed 
from the s ta rt of a ir flow th rough  the  vaporizer un til the  
hydrocarbon bubbled no m ore and  th e  ca ta ly st tem perature  
e 1 steadily. A t th is po in t the  a ir flow and  sa lt-b a th  tem - 

perature were increased to  sublim e all th e  p roducts from the 
top of the  cata lyst tube  and  its discharge arm  in to  the  air 
condenser tube. An a tte m p t was m ade to  keep th e  air rate, 
ime, and tem perature of sublim ation constan t for all runs
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so th a t  the  q u an tities  of p roduct collected would be tru ly  com
parative.

T he solid p roduct collected in th e  air condenser, which usu
ally consisted of beau tifu lly  form ed w hite or slightly  d is
colored needles, was scraped o u t and  weighed directly . 
Hom ogeneously ground sam ples were analyzed for phthalic 
anhydride, corrected  for quinone con ten t; the  presence of any 
insoluble m a tte r  was no ted  sim ultaneously. All m aterial ad
hering to  the  inside of th e  air condenser was w ashed out 
w ith h o t w ater, as were the  cold tra p  and  C o ttre ll p recip ita tor. 
Any oils in  these com bined washes were separa ted  b y  adsorp
tion  in ac tiva ted  charcoal pow der (N uchar), and  the  filtered 
liquor was analyzed for ph thalic  anhydride, w ith  quinone cor
rections. T he oil was recovered for separate  exam ination. 
In  some special cases where pu re  yellow needles of quinone 
separated  on cooling th e  h o t wash, th ey  were filtered ou t and 
weighed after drying.

E ven  w ith  th is care possible errors crep t in to  several of 
the runs. O ccasionally sm all leaks were discovered around 
the  plugs for th e  a ir condenser. A t higher space velocities the 
C ottrell p rec ip ita to r failed to  rem ove all th e  unreacted  hydro
carbon from  th e  exhaust gas. A t all tim es sm all am ounts of 
products escaped th e  C o ttre ll p rec ip ita to r in tru e  vapor form, 
not subject to  elec trostatic  p recip ita tion . T he aftersublim a
tion procedure was n o t en tire ly  foolproof.

Figure 5. Downs O xidizer 
Thermocouple Circuit

Table IV  gives an  over-all sum m ary  of these runs. The 
space velocity  recorded was calculated  as liters of entering  air 
per liter of ca ta ly st per hour, corrected  to  0° C. and  760 mm ., 
where the  a ir ra te  is th e  a rithm etic  average of m eter readings. 
The ca ta ly st tem p era tu re  listed is th e  arithm etic  average of 
the readings of th e  single therm ocouple buried in th e  ca ta lyst 
when these readings were steady  th rough  th e  run . V henever 
this tem pera tu re  was variable, th e  recorded average was ob
tained b y  p lo tting  tem p era tu re  against tim e and  dividing t e 
area under th e  curve b y  th e  to ta l tim e to  give a graphica \ 
in tegrated” average tem pera tu re . . .

The air-hydrocarbon ra tio  (a ir/h c .) was obtained  by  d iv id
ing the  to ta l w eight of a ir passed th rough  th e  vaporizer during 
actual vaporization  of hydrocarbon  b y  th e  w eight o ro
carbon vaporized. ,

The w eights of p roducts recorded include b o th  the  to ta l 
solid collected d irec tly  and  th e  m ateria l found by  quinone 
and anhydride analyses of th e  aqueous washes. N o reco\ erec 
oils are included in these figures. T he m olecular percentage

2 0

o

i
a: 
u:

-40

Percent l-Melhi/l

Figure 6. Freezing Points o f the System 
1- and 2-Methylnaphthalenes

yield of phthalic anhydride is based on th e  to ta l found by  
titra tio n  of sam ples of the  solids and  washes.

T he m axim um  quinone found in  solid air-condenser prod
ucts was 5 per cent or less for b o th  T e tra lin  and  th e  m ethyl- 
naphthalenes. T his does n o t correspond necessarily to  m axi
m um  form ation of th a t  m aterial, for a t  higher space velocity  
a larger proportion  of it  passed th rough  to  th e  tra p  and  C ot
trell p recip itator. Quinones were p resent to  some ex ten t in  all 
products.

Oily products containing u n a ttacked  hydrocarbon, a  change 
in ca ta lyst color from  the  norm al orange to  a d a rk  greenish 
or blue-black, and erratic tem pera tu re  behavior of th e  ca ta ly st 
all were correlated w ith space velocity  ranges above 6000 .

D uring the  oxidation of m ethy lnaphthalenes th e  air-con
denser solids usually  were quinone yellowish during  th e  early  
p a rt of the  runs, b u t th is was superseded b y  a  p inkish  to  
purple cast w ith  ta r  form ation as th e  runs proceeded. T his 
type  of discoloration was ev iden t in  all these runs a t  some 
point in the  condensing system , o ften  im parting  th a t  hue to  
the  w ash w aters. U pon stand ing  in  air, how ever, th e  pu rp le  
washes usually  tu rn ed  yellow.

F inally , th e  products from  2 -m ethy lnaph thalene  were 
m uch more ta r ry  and  im pure th a n  those  from  T e tra lin  a t  
corresponding space velocities. B u t th e  p u rity  of th e  ph tha lic  
anhydride was seldom below 95 per cent.

B y  cooling of h o t sa tu ra te d  w ash liquors, 1 ,4-naphthoqui- 
none was isolated from  th e  products of oxidation  of T e tra lin  
and  1  -m ethy lnaphthalene, and  was identified b y  sim ple and 
mixed m elting points.

Tin-Vanadium Catalyst in Downs Reactor

A series of tr ia l runs w as m ade on  all th e  hydrocarbons 
to  be investigated , using new tin -vanad ium  ca ta ly s t. T he 
chief purpose was to  te s t th e  operab ility  of th e  ap p ara tu s. 
T he m ercury  jacke t was one th ird  
full.

Significant d a ta  are listed  in  
T able V. These prelim inary  runs 
were m ade w ith  no therm ocouples 
in th e  ca ta lyst, b u t a com pari
son w ith  la te r runs allowed th e  
average tu b e  exit tem pera tu re  to  
be estim ated  -within 25-30° C. 
from  th e  pressure on th e  m ercury  
jacke t. T he condition of th e
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Table V . Summary of Runs in Downs Reactor with Tin-Vanadium Catalyst

Vanadium Pentoxide on Silica Gel in 
Downs Reactor

Ja c k e t E s td .
P ressu re , E x it H e. P ro d u c t P h th a lic

R u n Space L b ./S q . A ir /H c . T em p ., W t., W t., A nhydride
N o. V elocity In . G age by  W t. ° C. G ram s G ram s Y ield , %

T - l M M N 3645 20 66 380 50 26 50
T - l M N i 3530 20 50 370-80 36 12 29
T - l M N 2 3455 20 55 370-80 50 1 3 .5 26
T -2 MN* 3490 20 65 370-80 35 10.2 30
T - l T 3550 0 35 310-20 40 24 54

E x it H e. P ro d u c t, P h th a lic
R u n Space T em p ., A ir /H c ., W t. W t., A nhydride
N o. V elocity ° C. by  W t. G ram s G ram s Y ield, %

1 N U ncon tro lled  and  incom plete
2 N 3170 270 2 7 .7 40 27 3
3 N 3220 390 2 6 .4 30 15 39

1 T 3320 412 37 50 10 17
2 T 3220 420 32 70 22 28
3 T 3200 435 32 50 19 34
4 T 3260 528 3 5 .6 30 19 52

1 M N j 3300 270 34 40 27 3
2 M N 2 3300 310 33 40 36 2
3 M N 2 U ncontro lled
3 M N 2 3200 390 42 30 8 .4 27
4 M N 2 3140 420 2 2 .5 45 4 .0 8 .5
5 M N 2 U ncontro lled

5, 6, 7 MN* D ilu ted  c a ta ly s t , uncon tro lled
1 M N 2A D ilu ted  ca ta ly s t , alcohol a t  s ta r t ,  uncon tro lled

21

cata lyst upon rem oval suggested th a t there had been some 
violent departures from th is average.

The products were no t analyzed; the yields reported are 
the  crude, fairly clean needles from the air condensing system.

In  the  2-m ethylnaphthalene runs a  strong, sharp odor of 
formaldehyde was noticed in the  exhaust gas. Tests on 
brow n aqueous condensates and  by  absorption of some of the 
exhaust in aqueous-alcoholic sodium bisulfite solution, a  tes t 
reagent for lower aldehydes {22), resulted in copious precipi
ta tion  of shiny, white p late crystals.

Estérification of a  m ixture of the solid products from all 
these runs w ith anhydrous ethanol in the presence of a  little 
concentrated sulfuric acid gave an oily product which was 
vacuum-rectified to  yield pure diethyl 
ph thala te  (checked by  density  and index 
of refraction). All losses except column 
holdup in the  rectification were such as 
to  be proportionate for any  m ixture of 
esters possibly present. T he holdup was 
less th an  1 0  per cent of the charge and 
could have contained no esters more vola
tile th an  the m ain product. Since nowhere 
were o ther th an  characteristic phthalic 
anhydride needles observed in  any  solid 
oxidation products from m ethylnaphtha- 
lenes, and since alkaline titra tion  of these 
products usually checked out as phthalic 
anhydride, i t  is extremely unlikely th a t 
the  esters of either 1 - or 2 -naphthoie acids 
were present in the holdup. These are 
the  only possible acid products of the oxi
dation  of m ethylnaphthalenes having ethyl 
esters less volatile than  diethyl phthalate.
Hence, th e  only acidic product formed in 
appreciable am ount from the  oxidation 
of m ethylnaphthalenes is phthalic anhy
dride.

A second series (M N 2) was run  in the 
Downs reactor w ith fresh tin-vanadium  
cata ly st (Table V). Considerable control 
trouble was experienced in la ter runs after 
the  ca ta lyst had been overheated by  poorly 
controlled reactions. T able V I shows the 
na tu re  of th e  p roducts from th is series.

17

15

21

19

n

15

The exit tem pera tu res (T able V II) are  in
tegrated  averages for th e  sheathed  therm o
couple buried in  th e  ex it layer of catalyst. 
The entering tem pera tu res are in teg ra ted  aver
ages of th e  bare  therm ocouple surrounded by 
the  entering layer of ca ta ly st. F igure 7 is an 
example of the  record of these therm ocouples 
used to  ob ta in  in teg ra ted  averages. Space 
velocity and  a ir /hyd rocarbon  ra tio  are  defined 
as before. T he w eights of p roduc t include 
crude solids and  w ash liquor contents. The 
solid products from  runs on m ethy lnaph tha
lenes contained a  deep purp le  discoloration 
which was very  soluble in  w ater. T he m ercury 
jacket was tw o th ird s full in th is  series.

During runs 1 and 2 M N 2L an a tte m p t was 
m ade to  hold the  space velocity  a t  4100-4200. 
T he ca ta lyst tem p era tu re  w en t wild again, 
tem peratures as high as 1100° C. being ob- 

= =  served. T he reaction  was explosive and  pro
duced soot a t  these high tem peratures. The 
c a t a l y s t  w a s  r u i n e d  ( f u s e d  to  a 

blue, glassy m aterial). N o solid oxidation products were ob
tained.

Fresh cata lyst was used in  th e  subsequent runs. Lowering 
th e  vaporizer tem perature from  140° to  130° C. seemed to 
bring the reaction into a  controllable productive range. The 
trouble w ith those first two runs was probab ly  caused b y  in
sufficient air, which placed the  m ix ture in  th e  explosive range 
and failed to  dilute the  hea t effect sufficiently.

The w ater-scrubbing colum n was su b stitu ted  for the C ot
trell precipitator th roughout th is series.

The yellow liquor from  the  colum n and  washing liquors 
from run  2 N L  were ad justed  to  1 liter in volum e and  ex
tracted  continuously for 6  hours w ith  1 0 0  m l. of benzene.

20 40 60 60

3 MN¿L

IOO 120 140 160

Run 1 NL

------- 1

Inb t

—X'

Figure 7.
Typkal f e"orc/s o f the Catalyst Thermocouples in tht 

Laboratory Downs Oxidizer
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Table V I. A ccount of M aterials Based on A n alysis  of 
Tin-Vanadium Runs in Downs Reactor

P h th a l ic Q u inone
H e.

R ec o v ered H e.
R u n A n h y d rid e Y ield , as S uch , L o s t,
N o. Y ield , % % % %

2 N 3 3 58 36
3 N 39 4 8 49

1 T 17 3 80
2 T 28 1 71
3 T 34 1 65
4 T 52 3 i 44

1 M N i 3 2 64 31
2 M N i 2 6 82 10
3 M N ¡ 27 73
4 M N j 8 .5 * * 9 1 .5

The yellow benzene ex trac t was stripped  of so lvent and  dried, 
and th e  residue sublim ed a t  100° C. and  5 mm . pressure to  
give an  orange, sem icrystalline condensate. T he solid was 
recrystallized q u an tita tiv e ly  from  aqueous alcohol to  give 
0.25 gram  of yellow needles w hich m elted a t  124-126° C. 
(corrected). T h is p roduct was 1,4-naphthoquinone.

T he procedure p roved capable of isolating quinone from  
the washes. T he process was repeated  on th e  w ash liquors 
from runs 3, 4, and  5 M N 2L. Sublim ation of th e  combined 
benzene residues gave an  oily, orange, sem iliquid condensate, 
s i m i l a r  to  th a t  from  th e  naph thalene  p roduct except th a t  it  
was more liquid. A ttem p ts  to  recrystallize an  identifiable 
solid failed.

Table V II.

R un
N o.

1 T L
2 T L

1 N L
2 N L
3 N L

Summary of Runs in Downs Reactor with V 2O 5 on Silica G el 
Catalyst

M N 2L
M N 2L
M N 2L
M N 2L
M N 2L

In le t E x i t H e.
S pace T e m p ., T e m p ., A ir /H c . W t.,

V e lo c ity -  0 C . 0 C . b y  W t. G ra m s

4160 456 460 16 80
7030 388 475 30 40

4060 462 480 11 60
6860 370 473 28 40
4180 443 480 13 60

U n co n tro llab le
U n co n tro llab le

4180 402 490 23 60
4160 420 485 21 50
6960 351 530 40 40

P ro d u c t
W t.,

G ram s

58
32

53
33 
43

31
27
2 1

T he crude sublim ates from  th e  naph thalene  and  2 -m ethyl- 
naphthalene quinone processing were com pared. W hile the  
naphthalene p roduc t w as m ostly  1 ,4 -naphthoquinone, w ith 
perhaps a little  ph thalic  anhydride to  lower its  m elting  point, 
the condensate from  th e  2 -m ethylnaphthalene p roduct (m uch 
more liquid in character) ad m itted  th e  possibility  of a chem i
cally and  physically  inseparable m ix ture of 1 ,4 -naphthoqui- 
none and 2 -m eth y l-l ,4 -naphthoquinone as well as traces of 
phthalic anhydride.

Yields

C u r v e s . Figure 8  shows roughly th e  relation  betw een 
molecular percentage yield of ph thalic  anhydride and  space 
velocity for the  tem pera tu res and  a ir/h y d ro carb o n  ratios indi
cated. These curves are  based on runs in  the  glass reactor 
w ith pure vanad ium  pentoxide ca ta ly st. Since errors in  tech 
nique could n o t be en tirely  avoided, only th e  runs having t  e 
highest yield for a  given space-velocity range are p lo tted . 
This selection of po in ts p robab ly  gives a  tru e  p ic tu re  of the 
shape and  tren d  of these curves.

Failure of th e  po in ts to  fall exactly  on a sm ooth  curve m ay 
also be explained p a rtia lly  by  th e  fac t th a t  it  proved im prac-

tical to  m ain ta in  identical a ir/hyd rocarbon  ra tio s and  ca ta ly st 
tem pera tu re  thoughou t a long series of runs where o ther 
variables were n o t to  be held constan t. T he direction  of 
probable yield correction for individual po in ts to  elim inate 
technical errors and  reduce all po in ts to  th e  ind icated  stan d 
ard  tem pera tu re  and  a ir/hyd rocarbon  ra tio  is show n b y  a r
rows originating in some of th e  points.

These corrections are based on th e  following reasonable 
assum ptions: (a) Technical errors were usually  th e  resu lt of 
m aterial loss in  collecting and  handling th e  products. (6 ) 
A ir/hydrocarbon  ra tio  and  tem pera tu re  higher th a n  th e  s tan d 
ard  caused a lowered yield, w ithin sm all ranges of these 
variables, resulting from a  g reater degree of com plete com
bustion. T he reverse of (b) m ay  be tru e  a t  higher space 
velocities where an  increase in these factors m ay resu lt in  an 
increase in  yield, due to  m ore com plete a tta c k  on th e  hydro
carbon which would have rem ained un touched  a t  th e  s tan d 
ard  condition chosen (4,5,12).

These y ield-space velocity  curves show th e  expected form . 
A t low space velocities the  losses are caused b y  com plete com
bustion  of the  p roduct; a t  higher space velocities hydro 
carbon m ay come th rough  unattacked . A m axim um  yield is 
found betw een these extrem es. T his is a general character
istic of cata ly tic  vapor-phase oxidations (19).

M a x i m u m  Y i e l d s . T h a t the  m axim a exhibited  in  th e  yield.- 
space velocity  curves should shift along th e  space velocity  axis 
w ith  changes in  tem pera tu re  is to  be expected, because high 
space velocity (low con tac t tim e) should be necessary to  p ro
duce the  sam e ex ten t of reaction  a t  higher tem pera tu re  where 

reaction velocity  is higher. T he principle of 
increase in  reaction  velocity  w ith  tem pera tu re  
is quite  general, because th e  effect of increased 
tem pera tu re  is the  ac tiva tion  of a  g rea ter p ropor
tion  of th e  partic ipa ting  molecules per u n it tim e 
to  an  adequate  energy level for reaction.

Figure 8  gives evidence of th is  shift, a lthough  
th e  difference betw een th e  tem pera tu res chosen 
appears insufficient to  indicate a  m arked  varia 
tion.

E xam ination  of th e  m axim a (Figure 8  and  
T able V II) shows th a t  naph thalene  and  T e tra lin  
gave com parable yields which, m oreover, were 
1 . 4  to  1 . 7  tim es as high as th e  yields from  m ethy l- 
naphthalenes. Probable pyrolysis of th e  m ethyl- 
naphthalenes m ay  be ind icated  from  th is  fac t 
abou t th e  com parative yields and  from  th e  ap 

paren tly  g reater com plexity of th e  products of th e  m ethyl- 
naphthalenes; also purely  pyro ly tic  studies (3,14,15,23)  show 
th a t , in th e  tem pera tu re  range of th e  p resen t study , b o th  
naphthalene and T etra lin  are rela tively  stab le  to  h ea t w hereas 
th e  m ethy lnaphthalenes are  som ew hat decom posed.

C o m p a r i s o n  w i t h  P r e v i o u s  W o r k . T able  V I I I  sum 
m arizes m ost of th e  m ateria l found in  th e  lite ra tu re  w hich 
gave experim ental d a ta  on yields and  conditions.

Behavior of Catalyst

T his investigation  is th e  first recorded in w hich th e  c a ta 
ly s t has been observed while th e  
reaction  was in  progress. V isual 
evidence th u s  has been added  in 
suppo rt of th e  theo ry  of oxidation- 
reduction  equilibria in  th e  opera
tion  of th e  vanadium  pentoxide 
ca ta ly st. Changes in  th e  surface 
s ta te  of th e  ca ta ly st also were 
obvious (19).

W eiss, Downs, and  B urns (25) 
first established th e  existence of a

P h th a l ic  
A n h y d rid e  
Y ield , %

65
72

76
72
63

50 
52
51
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Table VIII. Comparison of Yields with Previous Work

H y d ro 
ca rbon

P h th a lic  
A n hydride  

Y ield , %
T em p., 0 C.

Space
V elocity C a ta ly s t

Scale of 
O peration Reference

CioHi 80
84
66
61
69“
76

280
370
290

460-80

470

4060

Sn-V
V2O5
Sn-V
V2O5
V2O6

L ab o ra to ry  
L ab o ra to ry  
L a b o ra to ry  
L ab o ra to ry  
Com m ercial 
D ow ns reac to r

{8,  11)  
{20) 
{1 2 )  
te) N

(1 0 , I S )  
T ab le  V II

C10H 12 53
67
70
72

320-60
440

400-75

470
3780
7030

Sn-V
V2O6
V2O5
VjOs

L ab o ra to ry  
L a b o ra to ry  
G lass reac to r 
D owns reac to r

(2 0 )  4 ru n s  
(1 2 )  8 ru n s  
T ab le  IV  
T ab le  V II

M eCioH 7 43
52

465
420-85

4120
4160

V2O5
V2O0

G lass reac to r 
D ow ns reac to r

T ab le  IV  
T ab le V II

80 pounds per 100 pounds.

    Some of the more successful tin-bearing cata
lysts previously reported  were prepared from 
stannic chloride ra th e r  th an  from  stannous 
chloride d ihydrate  as tr ied  here. If  the  la tter 
is the  reason for th e  poor stab ility  of the cata
lyst discussed, i t  cannot be rationalized when 
the  trea tm en t accorded these catalysts in the 
reactor tube  is considered; stannous chloride 
and stannic chloride w ould bo th  be expected to 
yield stannic oxide as th e  resu lt of trea tm en t a t 
high tem perature w ith  air containing some 
w ater vapor.

Estimation of Heat Transfer Coefficients in 
Catalyst Tube

— T he average tem pera tu re  difference between
cata lyst and m ercury  jack e t m ay  be used to 
estim ate th e  m agnitude of th e  effective over-all 

heat-transfer coefficient in  the  ca ta ly st tube.
A simple heat balance can be w ritten  abou t the  tube, as

suming th a t the only hea t losses of th e  tu b e  are to  the  bath  
and in the heat content of the  exit gases above th e  entering 
catalyst tem perature. O ther sm all effects, such as preheat
ing the gases from 250-300° C. to  th e  entering  cata lyst tem 
perature by  the condensation of m ercury  vapor on the  upper 
th ird  of the catalyst tube, and  such as p roportionately  small 
increases in the  num ber of moles of gas leaving over th a t 
entering due to  the  production  of carbon dioxide and  water 
vapor, will be ignored. A ctually, a m ateria l balance shows 
th a t the maximum molal increase of th e  gases possible (by 
complete combustion of m ethy lnaphthalene a t  theoretical 
air ratio) is only about 4.5 per cent. A ctual conditions with 
more than  theoretical air and  large form ation of partia l oxi
dation products minimizes th is error.
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variable V 2O4/V 2O5 ratio  in the norm al catalyst by quanti
ta tive  analysis of the catalyst, both  before and after oxidations 
of benzene a t  varying air/hydrocarbon ratios.

Q ualitative observations of the variation of catalyst color 
in the  present investigation indicated th a t space velocity 
alone, a t  constant tem perature and air/hydrocarbon ratio, 
had a pronounced effect on the composition of the catalyst. 
A t space velocities above 6000 in the glass reactor the catalyst 
was in a reduced sta te  which was undesirable catalytically and 
led to  poor control of the  reaction and incomplete a ttack  on 
the  hydrocarbon. The cata lyst could be returned readily to 
an active s ta te  by brief aeration a t the reaction tem perature.

Furtherm ore, the active catalyst surface was not the origi
nal fused macrocrystalline vanadium  pentoxide which was 
charged in new catalyst. Comparison of the orange color of 
the cata lyst after use w ith the purple-red crystalline nature 
of fresh cata lyst suggested th a t the active m aterial is in either 
a microcrystalline or amorphous finely divided sta te  similar 
to  vanadium  pentoxide prepared by  rapid precipitation of 
fine, orange vanadic acid in aqueous medium. Accompanying 
this change in surface state, there would necessarily be an 
enormous increase in the contact area of the surface. I t  was 
likewise noticed th a t  the  catalyst was inactive after fusion 
in the presence of the reaction m ixture and th a t it  could not 
be reactivated readily from this state.

Observations on the tin-bearing catalyst were limited and 
inconclusive. However, the fact th a t  the initiating tem pera
tu re  range of th is cata lyst for partial oxidation, once it  had 
been fused in the reactor (500-600° C.), was in the range for 
the s ta r t of noncatalytic oxidation suggested th a t, by  fusion or 
reduction or both, the cata lyst had become an inert m aterial 
for practical purposes.

Table IX. Summary of Hydrocarbon Reactions

H ydrocarbon R eac tio n

T h e o re tic a l 
A ir /H c . 
b y  W t.

G ra m -c a l./ 
M ole a t 
450° C.

CioHg C om plete  co m bustion  
T o  p h th a lic  an h y d rid e

1 3 .0 Q c =  1,207,000
4 .8 4 Q p a  =  416,100

C10H 12 C om plete  com bustion  
T o  p n th a lic  an h y d rid e

1 3 .6 Qc =  1,305,000

M 0C10H7 5 .7 5 Q pa  =  501,400
C om plete  com bustion  
T o  p n th a lic  an h y d rid e

13 .1 Qc =  1,357,000
5 .8 3 Q pa  =  555,100

Such a rough heat balance, based on the  law of conserva
tion of energy, for the  steady  s ta te  of b o th  hea t and  m aterial 
flow m ay be expressed as in E q u a tio n  1 .

F is»«  8. Yield e l P h U ie  Anhydride Iren, Teirelin ( le h ) ,n d  I,en, l-M e.hylnepkthelene ( r iSh t)
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Table X. Computation of the Heat Transfer Equation
[V olum e of c a ta ly s t  =  100 cc. ; 

Y ie ld
A =  146 sq . cm .; Cp =  0 .25 c a l . / (g ra m )(° C .) ]

S pace  
R u n  N o. V e loc ity

1 T L
2 T L

1 N L
2 N L
3 N L

4160
7030

4060
6860
4180

— T  e m p e ra tu re , 
E x i t  In le t

°C .-------
B a th

P h th a l ic  
A n h y 

d rid e , %
R a tio

A ir /H c . M Q r
Q r

R M T  e x — T in c p \ T

460 456 398 65 16 132 786,500 373 0 4 1 .0
475 388 400 72 30 132 726,800 16 3 .5 87 2 2 .0

480 462 386 76 11 128 604,000 4 2 9 .0 18 4 .5
473 370 395 72 28 128 641,000 17 6 .5 103 2 5 .8
470 442 404 63 13 128 711,500 4 2 1 .5 27 6 .8

490 402 406 50 23 142 956,000 2 9 9 .0 88 2 2 .0
485 420 406 52 21 142 942,500 310 0 65 16 3
530 351 406 51 40 142 947,700 166 7 179 4 5 .0

3 M N . L 4180
4 M N .L  4160
5 M N .L  6960

* T o  co n v e rt to  B . t .u . / ( s q .  f t . ) ( h r .) ( °  F .) ,  m u ltip ly  b y  2.05.

3 7 2 .0
1 4 1 .5

4 2 4 .5
150 .7
4 1 4 .7

2 7 7 .0
2 9 3 .7
121 .7

U*
G ra m -c a l. 

0 .000887 S V  (S o. C m .) /  
b T c  -  T b  (H r.)  (° C .)

60
31

85
26
53

40
46
35

0 .0 6 1 5
0.201
0 .0 4 2 3  
0 234 
0 .0 7 0

0 .0 9 3
0 .0 8 0 2
0 .1 7 7

2 2 .9
2 8 .5

1 7 .9  
3 5 .2  
2 9 .0

2 5 .8
2 3 .6  
2 1 .5

wcp(Tez -  Tin) +  U A { T C -  T b) =  (1 )

heat in gases leaving- ] Theat lost- ] T total heat liber- 
above entering cata- th ro u g h  = ated by actual

lyst temp. J  Ltube wall J  L reaction

where w =  weight of air, gram s/hr.
cp =  gram-specific heat of air a t 400-500° C.
U =  over-all heat transfer coefficient, gram-cal. (sq.

cm.) (hr.) (° C.) .
.4 =  inside tube-wall area in contact with catalyst, sq.

cm.
R =  air/hydrocarbon ratio by weight 
M  =  mol. weight of hydrocarbon
( Ttx — Tin) = av. temp, difference between ends of 

catalyst mass
( Te — T b) =  arithm etic av. catalyst temp, minus bath  

tem p. [{Ttx — Tb) +  {Tin — T &)] 2 
Qr =  heat liberated per mole hydrocarbon reacted, gram-

cal.

Qr is defined b y  E q u a tio n  2:

where Y  = yield of phthalic anhydride, mol. %
Qva = heat of reaction to  phthalic anhydride 
Qc =  heat of complete combustion

The small h ea t effect in  th e  form ation of sm all am ounts of 
quinones an d  o ther p roducts is neglected.

Solving E q ua tion  1 gives E q ua tion  3:

"  -  ( z a r H s ) [ ( & )  -  ^  -  *>] (3)
I t  is useful to  convert w in to  te rm s of space velocity , S I ',  

which was calculated  a t  s tan d a rd  conditions of tem pera tu re  
and pressure:

_ (29 g./mole) (<ST l./h r ./l. of catalyst) (0.11. of catalyst) 
w ~  22.4 1. /m ole

Inserting th is value and  th e  tube-w all area, A  = 146 sq. cm., 
into E qua tion  3, an d  solving gives th e  final fo rm .

For estim ation  of Qr a  survey  of th e  reactions involved w ith 
their hea t effects a t  450° C. is necessary (rough calculations 
made from  know n or accura te ly  estim ated  heats of reaction a t 
20° C.). T able IX  indicates th is inform ation . Since th e  heat 
effects were n o t based on com plete therm odynam ic da ta , t  eir 
absolute accuracy m ay  be doub tfu l; b u t the ir co m p a ra tn e

values serve adequately  for th is rough stu d y  w hich is designed 
prim arily  to  indicate a possible m ethod  of a tta c k  on th e  prob
lem of hea t tran sfer in  these ca ta lyst tubes.

T he d a ta  and  calculations for solving E q u a tio n  4 are  sum 
m arized in T able X . T he lim ited d a ta  an d  lack of precision 
in control and  m easurem ents here p robably  m ake th e  values 
of U only approxim ate. However, w ith  refined calorim etric 
technique and  m ore extensive da ta , application  of th is 
m ethod  of a tta ck  will lead to  results of b o th  prac tica l and  
theoretical in terest.

Conclusions
1. N aphthalene, T etra lin , and  th e  m ethy lnaph thalenes are 

oxidized cata ly tically  in the  vapor phase to  ph thalic  anhy
dride as th e  chief stable partia l oxidation p roduct.

2. M ethylnaphthalenes produce lower yields of ph thalic  
anhydride th a n  naphthalene and  T e tra lin  under th e  sam e 
conditions.

3. If  yield of ph thalic  anhydride is p lo tted  against space 
velocity  (tem perature an d  a ir/h v d ro ca rb o n  ra tio  constan t), 
th e  curve for 2 -m ethy lnaphthalene shows th e  sam e form  as 
th a t  for T etra lin ; b o th  curves are of th e  ty p e  usually  associ
a ted  w ith  cata ly tic vapor-phase oxidations.

4. A t space velocities h igher th a n  th a t  for m axim um  
yield of phthalic  anhydride, darkening or reduction  of the  
cata lyst, incom plete a tta ck  on th e  hydrocarbon, and  erra tic  
behavior of th e  ca ta ly st tem pera tu re  set in  g radually  and  
become progressively worse, th e  higher th e  space velocity.

5 . T he sim plest p repara tion  of an  effective c a ta ly s t is 
afforded by  fusion of pu re  vanad ium  pentoxide onto  a  su it
able carrier, of which silica gel is a good example.

6 . S tannous chloride m ay  n o t be a  sa tisfac to ry  in te r
m ediate for th e  p repara tion  of th e  tin  van ad a te  ty p e  ca ta lysts.

7. C ata lysts m ay becom e inactiva ted  b y  overheating  or 
excessive reduction  or bo th . I f  th e  conditions of th is d estruc
tion  of ac tiv ity  are n o t too severe, th e  ca ta ly s t can be re
ac tiv a ted  b y  aera tion  a t  th e  reaction  tem pera tu res.

8 . In ac tiv a ted  ca ta lysts  give incom plete a tta c k  a t  exces
sive tem pera tu res to  form  difficultly condensable an d  non- 
uniform  products.

9 . A h ea t balance over th e  ca ta ly st tube , based  on sim ple 
tem pera tu re  and  flow m easure
m ents, serves to  establish  the  
general m agnitude of th e  effec
tive  over-all h ea t tran sfe r co
efficient of th e  ca ta ly st tube ; 
it  is, in  effect, a packed tube  
operating  a t  high tem pera tu re  
under the  influence of a  therm o
chem ical reaction. A m ethod  of 
a tta ck  is ind ica ted  for problem s of 
th is type .
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TAR ELIMINATION in
D o n a ld  F. O th m e r  a n d  R a p h a e l  K a tz e n

POLYTECHNIC INSTITUTE, BROOKLYN, N. Y.

P Y RO LIGN EOU S acid from hardwood distillation has long 
been a source of acetic acid of greater or lesser purity ; 
the  la tte r m ay readily be made as pure as th a t  from any 
synthetic source, directly and continuously.

Pyroligneous liquors contain num erous classes of chemical 
m aterials—for example, aldehydic and phenolic compounds 
which condense to  form m any types of resins or tars. Almost 
anything th a t  m ay be done to  the  liquor, either chemically 
or physically, causes a com bination of some of the  molecules. 
These reactions yield ta rs which separate in one form or an
other, ranging from oils to  hard, firmly adhering, dense 
pitches of alm ost cokelike characteristics. Even the  “green” 
or “settled” or “ insoluble” ta r  which separates from the  con
densed liquor is no t distilled from the  wood in th a t chemical 
form, b u t is the product of the combination of various simpler 
compounds leaving the  wood during carbonization.

I t  is usual to  speak of “soluble ta rs” as those which do not 
settle ou t during th is step. A more correct expression would 
be “soluble tar-form ing m aterials” , since they  are not in ta r 
form th en  or they  would no t be soluble. P a rt of these m ate
rials is separated  by  distilling all of the  liquors away from the 
higher boiling residue which is formed, largely because of the 
increased speed of combination caused by the  higher tem pera
ture . T he residue is also called “boiled ta r” , b u t some of the 
tar-form ing constituents distill over w ith the  “ boiled liquors” 
and are available to  form ta r  a t  subsequent stages. In  fact, 
hard  cokelike scaling occurs on condenser tubes in the  vapor 
spaces of m ultiple-effect evaporators used for th is  “prim ary” 
d istillation as a  result of th e  combination of these m aterials 
im m ediately after having been in  the  vapor state.

R e m o v a l  o f  T a r - F o r m i n g

The classical m ethod is th e  neu tralization  of th e  dilute acid 
with lime to give calcium aceta te  w hich is trea ted , after evap
oration to  dryness, w ith sulfuric acid to  free th e  volatile 
acetic acid. A small am ount of ta r  rem ained in  th e  commer
cial calcium acetate. (“ G ray  aceta te  of lim e” refers to  th a t 
from pyroligneous liquor w hich had  been first distilled and 
distinguishes it from the  older “brow n ace ta te  of lim e” made 
from pyroligneous liquor w hich had  n o t been distilled away 
from the bulk of the  ta r .) N ew er m ethods produce acetic 
acid directly from th e  pyroligneous acid. In  th e  Albin-

►  ►  ►  Hundreds of organic compounds have been iden
tified in pyroligneous acid from wood distillation; many of 
them condense or polym erize to form tars and cokelike pitch 
at every successive stage of each of the various processes 
which have been used to recover methanol, acetic acid, and 
other materials.

It was desired to find a method which would remove 
easily, with minimum adjustment of equipment and proc
essing, substantially all of the tar-forming materials in a single 
step early in the processing stages; the continuous plugging 
of heat transfer and other equipment with tars could then 
be obviated, and pure materials could be more easily made 
as finished products. It was found that treatment of the 
liquors with sulfuric acid for several hours resulted in the
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Loaded buggies at left are ready for retorts. W ood pile shown at right, retort building with five stacks
(ten retorts) in center, still house at left.

PYROLIGNEOUS ACID
C o n s t i t u e n t s  b y  P o l y m e r i z a t i o n  a n d  C o n d e n s a t i o n

Suida process ( / ) ,  a  high-boiling solvent ex trac ts  th e  acetic 
acid from th e  vapors form ed b y  d istilling  th e  liquor, and  th e  
solvent and  acetic  acid  are  th en  separated  b y  vacuum  distilla
tion. T he B rew ster process utilizes a  low-boiling solvent 
which rem oves th e  acetic acid in  a  liquid-liquid extraction  
(10). T he  process of rem oving th e  w ate r b y  an  azeotropic 
d istillation w ith an  ap p ro p ria te  organic com pound was de
scribed previously (8, 9). T ar-form m g m ateria ls  cause diffi
culties in  these and  every  o ther m ethod  of processing pyro- 
ligneous liquors.

easy removal of practically all tar-forming constituents as 

fluid tar oils.
The processing was developed on a laboratory scale to 

determine the optimum conditions of acid concentration 
and time of treating liquors from various steps of the refining 
processes, then on a pilot plant scale, and finally on a plant 
scale in conjunction with an earlier process for removing 
methanol and acetic acid by distillation. In a plant handling 
60 cords of wood daily, only a few pounds of sulfuric acid 
per day and no additional equipment were required. A  
simple plant control method is described; its application 
to other plant methods of processing was considered, and 
flow sheets for incorporating this system of detarring are 

indicated.

Previous Work on Tar Removal
In  add ition  to  clogging up  m achinery  and  equipm ent, ta r s  

raise havoc w ith heat tran sfer (9) and  discolor th e  products 
in  th e  d irect m ethods of m aking acetic acid  as well as in  those 
for ace ta te  of lime (4, 6) or sodium  ace ta te  (13). M any  
m ethods have been suggested to  rem ove m ost or all of th e  
tars, b u t th e ir failure is evidenced b y  th e  fact th a t  only th e  
one m entioned above, th e  expensive p rim ary  d is tilla tion  
m ethod, has been adopted  to  any  g rea t ex ten t. R epresen ta
tive  suggested processes follow:

1 . T ar separators, in which vapors from the hardwood dis
tillation retorts are scrubbed with liquid tar, are described by 
Klar, Bergstrom, and Wesslin (7). B oth Hawley (6) and Bun- 
bury (4) point out th a t ta r  separators have not been widely 
adopted because of various operational difficulties.

A related method of ta r  extraction w ith wood oils was devel
oped by Barbet (2). The vapors from the retorts are partially  
condensed; the condensate (principally ta r oils) is then run 
countercurrent to the incoming vapors to wash them  free of tar.

2. Chlorinated solvents in a cold extraction were used by 
Othmer (11) to remove the tars.

3 . Stone (13) purifies sodium 
acetate formed from pyroligneous 
acid. The tarry  impurities accom
panying the dry crystals are carbon
ized at about 200 0 C.

4 . H eat treatm ent under pres
sure was used by Othmer (12) 
to remove tare by  causing poly
merization or condensation of the 
ta rry  constituents and precipitating 
them  out of solution.

5 . In  the Charles-Lambiotte 
method (5) demethanolized pyro-
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Figure 1. Effect o f Sulfuric Acid Con
centration in Removing Tar-Forming Con
stituents from Settled and Demethanolized 

Pyroligneous Acid

Figure 2. Effect o f Reflux Time in Re
moving Tar-Forming Constituents from 
Settled and Demethanolized Pyroligneous 

Acid

Figure 3. Effect o f Continuous Treatment 
of Settled and Demethanolized Pyroligne
ous Acid with Various Sulfuric Acid Con
centrations W hile Vapors Were Removed 

at the Same Rate as Liquor Was Fed

ligneous vapors are passed through a column in which a solvent 
for the tars is used as a scrubbing liquid.

6. The most usual method is by evaporation of the raw liquor 
away from the higher boiling tars as already indicated. Some tar 
oils are, however, steam-distilled with the liquor; 
and the additional heat cost is excessive.

sired, one th a t  was even m ore general in its 
application was preferable.

Pyroligneous acid from  representative 
northern  and sou thern  p lan ts was used to com
pare results on liquors from  different charac
teristic wood species. T he liquors also came 
from one of three stages in  th e  processing:
(a) raw  liquor w hich had  m erely been settled 
to remove green or settled  ta r  a lready formed; 
(.b) liquor w hich had  been allowed to  settle 
and then  had  been distilled to  rem ove m etha
nol; or (c) pyroligneous acid which had  been 
settled, dem ethanolized, and  distilled away 
from the  insoluble tars.

F rom  a chem ical standpo in t, a  catalyst 
m ight be found which would cause combina
tion  and rem oval of any  po ten tia l tar-form ing 
body to  th e  subsequent benefit of all proc
essing steps.

P r o c e d u r e . Pyroligneous acid from one of 
the points of a process indicated above was 
heated in the presence of a small amount of the 
catalytic agent, either under a reflux condenser, 
during a continuous distillation, or a t a con
stant temperature below the boiling point. Con
trol runs were made w ithout added catalyst. 
The tarry  materials which formed were of three 
types: a light ta r oil floating on top, a heavy 
semiliquid ta r settling to  the bottom, and a solid 
brittle pitch separating from the semiliquid tar 
on cooling. These constituents were separated 
by decantation. The ta r oil on top of the liquor 
adhered to the flask and was weighed with the 
rest of the tarry m aterial and the flask. Treat
ment with strong caustic soda dissolved the tar 
oil and semiliquid tar, leaving behind the brittle 
pitch. The pitch was scraped out and weighed. 
The flask was then weighed empty and its 
weight subtracted from the total weight of tars 

and flask to determine the total residue.
C a t a l y s t . Since the liquors are acidic, an acid catalyst 

seemed desirable to give a lower pH ; a nonvolatile, highly ion
ized acid was indicated. Sulfuric, phosphoric, and oxalic acids

Development of the Method

A m ethod was desired which, a t a minimum 
of cost and  derangem ent of processing, would 
cause th e  com bination of all these tar-forming 
m aterials a t  one tim e into relatively nonvola
tile  and readily rem ovable substances. While a 
m ethod which would fit in to  the steps of a 
process using azeotropic distillation was de-

Table I. Effect of Sulfuric Concentration A c id  in 3-H our Continuous Treatment 
of Demethanolized Settled Pyroligneous A c id  (Pennsylvania)

HsSOr T o ta l
D is tn . (66° B é.), D is t.,

No. Cc. Cc.
1 0 2855
2 10 2680
3 25 2850
4 50 3190
5 75 3140

T o ta l
R esi
due, P itc h , G ./L .  of D is t.

G ram s G ram s R es id u e P itc h
5 0 1 .7 5 0

33 5 1 2 .3 1 .9
45 15 1 5 .8 5 .3
78 30 2 4 .4 9 .4
96 46 3 0 .5 1 4 .7

A p p earan ce  of 
D is t.

D a rk  b row n , col
lo idal ta r  

C lear, colorless 
C lo u d y , yellow  
C lear, lig h t yellow 
S am e
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were compared to determine their relative value in the tar-form
ing reaction. The following results were obtained on demetha- 
nolized settled liquor; 1 0 0 0  cc. of pyroligneous acid were re- 
fluxed for 3 hours in each case w ith 50 grams of acid catalyst:

A cid

S u lfu ric  (66° B é.) 
P h o sp h o ric  (82% ) 
O xalic  (solid)

T o ta l
R esid u e ,
G ra in s

13
8

P itc h ,
G ram s

4
0
0

Since neither m ethanol nor acetic and homologous acids 
(the only valuable materials present) would react under these 
conditions to  give water-insoluble materials, the best catalyst 
appeared to be the one which produced most residue in a given 
experiment; for less tar-forming material is left by the catalyst 
which gives the largest mass of insoluble residue.

The above figures show th a t sulfuric acid is the most efficient 
material of the three catalysts; it is also the cheapest. There
fore, all further experiments were made with sulfuric acid, since 
there was no apparent difference either in the residues produced 
or in the types of tar-forming materials left in the solution.

Sulfuric Acid Concentration
To determ ine th e  effect of sulfuric acid concentration  on 

the form ation of b o th  to ta l residue and  p itch  residue, two 
different tim es of heating  under reflux were used— 2.5 and 
20 hours; th e  liquor (from  a  P ennsylvan ia  source) h ad  been 
settled and dem ethanolized ; th e  resu lts of trea tin g  1000 cc. 
are given in  th e  following tab le  and  in  F igure 1:

HsSOt
added

(66° B é.), 
cc.

0
1 0
25
50
75

-2 .5 -H r. R e flu x -

T o ta l
res idue ,
g ram s

1
5
9

1 0
1 2

P itc h ,

20-
H 2S04
ad d ed

(66° B é .),

-H r. R e f lu x -

T o ta l
res idue , P itc h ,

g ram s cc. g ram s g ram s

0 0 2 0 .0 2
1 5 6 0 .5
2 10 8 3
6 25 11 2 .5
7 50 15 4

T he longer tre a tm en t results in  considerably greater to ta l 
residue. A  higher concentration  did n o t seem desirable for 
commercial operation.

Time of Treatment
Figure 1 shows th a t  th e  am oun t of residue increased with 

tim e a t  a  co nstan t concentration  of sulfuric acid. To find 
a suitable tim e for processing, a  control sam ple of pyrolig
neous acid was tre a ted  w ith sulfuric acid a t  room tem perature  
for 24 hours: 2 gram s of to ta l residue were produced and  no 
pitch. T he resu lts of trea tin g  1000 cc. of dem ethanolized 
settled pyroligneous acid  (Pennsylvania) w ith 25 cc. of 66 
Bé. sulfuric acid  a t  different tim es of reflux are shown in the  
following table and  F igure 2:

R eflux
T im e,

H r.

1
2
4
7 .2 5

T o ta l
R esidue ,
G ram s

6
15

P itc h ,
G ram s

0
2
2
1 .5

From  these and  previous runs, it is ap p a ren t th a t  tim e and 
concentration are in terre la ted , and  th a t  in  any  industria l proc
essing a longer tim e  would allow a  lower concentration  of 
acid (and 5 1 0 0  versa) to  o b ta in  th e  sam e results.

Continuous Treatment
In  m ost industria l processes it  would be an  advantage to 

be able to  operate con tinuously; i t  seem ed th a t  th e  sulfuric 
acid m ight be added to  a  continuously  operated  still to  which 
the pyroligneous acid was constan tly  being fed as a  liquid and 
removed as a  vapor. T he nonvolatile sulfuric acid would 
always rem ain w ith th e  liquid being trea ted  in  th e  still.

T he sam e liquor was added continuously to  a flask w hich 
was evaporating  th e  volatile  m ateria l (w ater, acetic acid, and 
m ethanol). T he volum e in th e  flask was one liter, th e  tim e

Courtesy, Gray Chemical Company

Close-up o f Wood Distillation Plant Showing Loaded 
Buggies on W ay to Retort and Still House in Background

of initial reflux before w ithdraw al of vapors was 3 hours, and  
the  boiling ra te  balanced th e  feed so as to  m ain ta in  an  aver
age tim e in  the  flask of 3 hours. Several runs were m ade w ith  
different concentrations of sulfuric a c id ; th e  results are show n 
in T able I  and  Figure 3.

The distillates from  th e  first and  th ird  operations of th e  last 
run  were trea ted  w ith 25 cc. of 66° Be. sulfuric acid  per 
liter, and  refluxed for 3 'A  hours to  find th e  am o u n t of ta r -  
forming m ateria l w hich h ad  been volatilized. F ro m  th e  fol
lowing results i t  is ev ident th a t  only ab o u t one th ird  as m uch  
tar-form ing m aterial was p resen t in  d is tilla te  3 as in  d istil
late 1 where no sulfuric acid tre a tm e n t had  been given; if 
distillates 4 or 5 h ad  been used, there  would p robab ly  have 
been m uch less res idue :

D is t. 
D ie t. Vol.,
N o . C c.

2855
2850

H 2SO4 
(66° B é.), 

Cc.
71
80

T o ta l
R esidue ,

G ram s

18
7

P itc h ,
G ram s

G . /L  of D is t. 
R es id u e  P itc h

6 .3
2 . 2

1 .7 5
.63

T he conclusion draw n was th a t  if 2.5 per cen t b y  volum e 
of sulfuric acid is added to  th e  p rim ary  (or “ copper” ) still of 
th e  old calcium  ace ta te  process, 
there  would be only one th ird  as 
m uch tar-form ing m ateria l in 
th e  distillate, and  even less if a 
g reater am oun t of sulfuric acid 
was alw ays present in  th e  prim ary 
still.

T he trea ted  d istillates from 
these runs were tes ted  for sulfur 
dioxide w hich would be objection
able in  th e  d istillate. T his
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Figure 4. Effect of Sulfuric Acid Con
centration in Treatment of Evaporated 
and Demethanolized Pyroligneous Acid  
for Removal o f Previously Vaporized Tar- 

Forming Constituents

Figure 5. Effect of Treating Evapo
rated Demethanolized Pyroligneous 
Acid at Constant Temperature for 
19 Hours with Different Concentra

tions o f Sulfuric Acid

sulfuric acid would be made 
during  th is  distillation for 
acid recovery. On the other 
hand , in  some o ther opera
tions such a  distillation 
m i g h t  n o t  fo l lo w  de- 
m e t h a n o l i z a t i o n ,  b u t  
storage of th e  ho t liquor 
m igh t be involved. There
fore, th e  trea tm en t was 
tr ied  w ith  th e  liquor held 
a t  abou t 80 °C . T he results 
for different concentrations 
of sulfuric acid a t a  constant 
tim e of 19 hours are shown 
in  th e  following table and 
Figure 5; here again, no 
p itch  was obtained:

H2SO4 T o ta l
(66° B é .) t R esidue , P itch ,

C c. G ram s  G ram

0 2 0
10 4 0
25 9 0
50 11 0

was done by distilling over a small sample, adding bromine 
w ater and barium  chloride, and inspecting for evidence of 
barium  sulfate. In  some samples traces of barium  sulfate 
appeared; b u t the  am ount was always too small to  be meas
ured.

Treatment of Evaporated Demethanolized 
Pyroligneous Liquor

In  m any plants, after rem oving insoluble ta rs  and before 
demethanolizing, the practice is to  evaporate the  liquor away 
from the  so-called soluble tars. T his distillate would be 
roughly comparable to  the  distillate of the  blank run  under 
“Continuous T rea tm en t” . A 12-hour trea tm en t under reflux, 
w ith different am ounts of sulfuric acid, was made with 1 0 0 0  
cc. of several such samples (from a  Tennessee plant) ; the re
sults follow and are plo tted  in Figure 4:

T o ta l
R esidue , P itc h ,
G ram s G ram s

0 .5  0
3 0

D irect comparison cannot be made with Figure 1  because 
a different tim e was used and, particularly , because the 
liquor came from a  different p lan t. B ut it is interesting to 
note th a t  considerable ta r  m ay be formed even after the  
liquid has been distilled to  remove tar-form ing constituents, 
since only those are removed which have combined to form 
th e  boiled or soluble ta r. There is, however, no p itch; the 
heavier bodies w hich tend  to form pitch are evidently removed 
in the  p rim ary  distillation.

T he last experim ent would be directly  comparable to  p lant 
operations where a distillation unit for acetic acid recovery 
follows a dem ethanolizing operation; the trea tm en t with

H 2SO i 
(66° B é.), 

Cc.
0

1 0
25
50

furic Acid Concentrations

Figure 7, Distribution o f Sulfuric Acid  between 
Aqueous and Tar Layers
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Figure 8. Flow Sheet for 
Producing Acetic Acid  
Direct from Pyroligneous 
Acid by Azeotropic Dis

tilla tion  
Approxim ate amounts of ma
terials at each stage of the 

process are shown.
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Treatment of Raw Settled Liquor
Some of th e  volatile  m aterials w hich are norm ally re

moved in  th e  dem ethanolizing operation  m igh t cause ta r  
form ation; therefore, a  ru n  was m ade on 1 0 0 0  cc. of liquor 
(Tennessee) w hich h ad  been se ttled  for rem oval of insoluble 
tar, b u t n o t dem ethanolized. T he following resu lts are indi
cated in  F igure 6  for d ifferent concentrations of sulfuric
acid after 3-hour reflux :

H iS O i 
(66° B é .) . 

C c.

T o ta l
R esid u e ,
G ram s

P itc h ,
G ram s

0
10
25
50

8
11
16
22

0
6

11
15

H ere again d irect com parison w ith  F igure 1 is n o t possible 
because th e  m ateria ls cam e from  different p lan ts . T he to tal 
residue in  th e  3 -hour ru n  on th is  raw  liquor was, how ever, over 
twice as m uch as th a t  from  a  2 -hour ru n  on th e  dem ethanol- 
ized liquor from  th e  o ther p lan t. I t  appears fa ir to  conclude 
th a t th e  dem ethanolizing  operation  rem oves considerable 
tar-form ing constituen ts (p robably  aldehydes) to  account for 
th is difference.

Distribution of Sulfuric Acid
In  alm ost every  operation  i t  would be desirable to  separate  

the ta r  layer resu lting  from  th e  tre a tm e n t b y  decan ta tion  from 
the aqueous layer. T h e  presence of sulfuric acid in  th e  ta r  
layer would be bad  because of th e  resulting  loss to  th e  tre a t
ing system  of th is  chem ical and  because of th e  d isadvantage 
the strong acid would p resen t to  th e  ta r  in  an y  subsequent 
US6.

A tes t was m ade to  determ ine th e  am oun t of sulfuric acid 
in the ta rs  of ru n  6 . T he  ta r  from  each sam ple was boiled 
w ith 50 to  250 tim es as m uch  w ater; and  th e  w ater was 
titra ted  for acid  con ten t on th e  assum ption  th a t  practically  
all of th e  acid would go in to  th e  w ater. T h e  sam ple w ith no 
sulfuric acid tre a tm e n t w as tak en  as a  b lank , and  its  acid con
ten t, assum ed to  be acetic, was deducted  from  th e  i a  ues 
obtained for th e  o ther sam ples. T h e  following d is tribu tion  o

sulfuric acid betw een th e  w ater and  th e  t a r  layers is p lo tted  
in  F igure 7:

H2SO4 H1SO4
in  Soln., T a r , in  T a r ,
G ra m s '1 G ram s G ram s

0 2 0
17 .1 4 0 .1 4 2
4 2 .8 9 0 .2 4 6
8 5 .5 11 0 .3 4 7

°  1.71 g ram s HjSO* p e r cc. 66° B é. ac id .

Practically  all of th e  sulfuric acid seem s to  rem ain  in  th e  
aqueous layer, and  decan ta tion  of th e  ta r  layer w ill allow a 
substan tially  perfect separation  of th e  ta r , free of sulfuric 
acid.

Application of Tar-Removing Method
T he experim ents show th a t  th e  rem oval of tar-fo rm ing  

constituen ts m ay  be accom plished e ither under reflux, during  
continuous d istillation  or during  heated  storage. I t  was de
sired to  fit th is  m ethod  in to  a  com m ercial opera tion  such as 
th a t  of the  G ray  C hem ical C om pany, using th e  azeotropic 
process previously described (8 , 9). A flow sheet is given in 
Figure 8 . T he techn ique of ta r  rem oval should requ ire  no 
change in  equipm ent by  th e  use of th e  p re-evapora to r as th e  
trea tin g  u n it, since its  size and  th e  am oun t of liquor handled  
indicate an  average tim e  in  th e  pre-evapora to r betw een  2  and  
3 hours.

A sm all u n it was available to  te s t th e  use of a feed ra te  of 
a little  over one lite r per hour an d  a  sulfuric acid concen tra
tion  of abou t 30 cc. of 6 6 ° Bé. acid 
per liter. T h is ru n  w as success
ful, and  distilla te  condensed from 
th e  pre-evaporator was a light 
straw -colored liquid which was 
qu ite  different from  th e  usual da rk  
brow n liquid ob tained  a t  th is  
po in t. Fu rtherm ore , th e  copper 
heating  un it showed no signs of a t
tack  b y  th e  sulfuric acid w hich 
was in  line w ith  know n indus-
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tr ia l experience where sulfuric acid in  even higher concentra
tions is used as a cata lyst in esterification processes w ith acetic 
acid in  copper equipm ent.

P lan t operation was im m ediately tried. Pending the  de
velopm ent of a simple control m ethod, th e  required am ount of 
acid to  give 3  per cent sulfuric was initially  added to  the  pre- 
evaporator, and a 1 2 -quart bucket of 6 6 ° BA sulfuric acid 
was added each day.

The effect was im m ediate; there  was no further plugging 
of the  heating tubes of the  pre-evaporator. T he azeotropic 
column had previously required cleaning from tim e to tim e 
due to  ta r  form ation; the  sulfuric acid trea tm en t eliminated 
the necessity for these cleanings, which had m eant plant 
shutdow n for several days.

Meanwhile a control m ethod was developed to indicate the 
actual am ount of sulfuric acid in the pre-evaporator by  a 
pH  meter. Curve I, Figure 9, shows the pH  of a 6  per cent 
acetic acid solution to  which has been added various percent
ages of sulfuric acid. T he large change in pH  w ith increasing 
am ounts results from the  m uch greater ionization of the 
stronger acid. I t  is evident, however, th a t  th e  concentration 
of acetic acid in th e  liquor in the  pre-evaporator will not al
ways be ju s t 6  per cent (a usual acid strength of pyroligneous 
liquors). C urve I I  therefore shows the  pH  of different con
centrations of acetic acid solutions free of sulfuric acid, and 
indicates th a t  between about 5 and 18 per cent there is no 
im portant change in pH . Thus it  follows th a t  a pH  deter
m ination will indicate on Figure 9 the  strength  of the  sulfuric 
acid in th is process, regardless of variations in acetic acid con
centration due to  operating conditions. A daily determ ina
tion of pH  and the addition of small am ounts of sulfuric acid 
as make-up kept th is concentration a t 3 per cent, which gave 
satisfactory results.

Beside elim inating the  frequent cleaning of the  heating 
units and periodic disassembly and cleaning of the column,

Figure 10. Flow Sheet for Calcium Acetate and Crude 
Methanol by Classical Process, M od ified  by Introducing 

Sulfuric Acid to Remove Tar-Forming Constituents

Figure 11. Flow Sheet for Azeotropic Production of 
Methanol and Acetic Acid, M od ified  by Adding Sulfuric 
Acid for Removal o f Tar-Forming Constituents in a Hot 

Settling Process

Figure 12. Flow Sheet for Azeotropic Production of 
Methanol and Acetic Acid, M od ified  by Adding Sulfuric 
Acid for Removal o f Tar-Forming Materials and Recycling 
the Sulfuric Acid Formed to Prevent Tar Formation in the 

Demethanolizer

the  trea tm en t m ade unnecessary th e  use of a  forced circula
tion pump previously used (8) to  ensure high liquid velocity 
in the heating tubes for p reventing  fouling. A 30-horse
power saving of power resulted.

The ta rs formed in  the  pre-evaporator were always fluid, 
settled to  the bottom , and were w ithdraw n every 8  hours.

Application to Processes for Industrial Treatment of 
Pyrolirjneous Acid

The simple rem oval of tar-form ing m ateria ls m ay be ap
plied to several industrial processes for separating  acetic acid 
and m ethanol. S tudy  of th e  flow sheets of these processes 
indicates the appropriate places for th is step so th a t no new 
equipm ent need be involved; th e  tar-form ing m aterials may 
be eliminated so as to  produce pu rer p roducts and  preven t the 
necessity of frequent cleaning of p iping and  equipm ent (par
ticularly th a t for hea t transfer). T he obnoxious m aterials 
are removed as a fluid “ sulfuric ta r ” , a lthough  th is  term  is not 
to  be construed as m eaning th a t  e ither sulfuric acid or other 
sulfur compound is present.

Figure 10 is th e  classical flow sheet for production  of cal
cium acetate and crude wood alcohol. T h e  sulfuric acid is 
added ju s t prior to  th e  p rim ary  still; i t  m ay  th en  be operated 
continuously ra ther th a n  by  th e  b a tch  operation  previously 
necessary to  remove solid ta r  and  p itch  form ed on bo th  the 
still and condenser hea t transfer surfaces. T he sulfuric ta r 
is continuously w ithdraw n.

Figure 1 1  indicates th e  application  to  th e  azeotropic proc
ess (8, 9) b u t with a p relim inary  h o t storage step using sul
furic acid, which also then  enters th e  pre-evaporator and 
continues its action there. A longer tim e of con tac t (approxi
m ately 24 hours in ho t settling  for sulfuric ta r) is th u s  pro
vided. The ta r  from the  pre-evaporator is returned  to  the 
hot storage tank , where i t  is s tripped  of acetic and sulfuric 
acids by  the large volum e of liquor presen t. A storage tank  
having a constant level is used; and  th e  stripped sulfuric 
ta r  layer in the  bottom  is continuously rem oved by a siphon 
adjusted to  proper level.

A modification (Figure 1 2 ) has also been used to  take  ad
vantage of the solvent power of th e  sulfuric ta r  for o ther ma
terials which m ay tend  to  form  ta r  in  th e  dem ethanolizer. 
Here the sulfuric ta r  layer is cycled to  th e  storage tan k  for 
feeding the dem ethanolizer, and passed w ith th is feed to  and 
through th is column to  keep it  from  fouling.

Figure 13 indicates th e  use of th e  h o t storage process prior 
to  extraction w ith a low-boiling solvent such as ethy l acetate 
or ether. A heat in terchanger cools th e  dem ethanolized and 
detarred liquid before extraction . T he  acetic acid produced
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still contains 30 to  40 per cent w ater which has to  be rem oved 
subsequently.

Experim ents were m ade w hich show th a t  th e  sulfuric ta r  
formed is an excellent solvent for ex tracting  acetic acid ; F ig
ure 14 indicates the  application  of th e  trea tin g  process to  th e  
A lbin-Suida process using a vaporous ex traction  w ith th e  high- 
boiling sulfuric ta r . T he sulfuric ta r  form ed by  a  storage 
process and used as m ake-up for solvent to  th e  system  is fed 
in to  the  middle of th e  second atm ospheric pressure colum n 
a t a  level determ ined b y  its  original acid concentration . T he 
solvent is th en  exhausted of acetic acid in  th e  righ t-hand  or 
vacuum  un it and passed to  th e  head of th e  atm ospheric col
um n for the  extraction . Since more sulfuric ta r  is formed 
th a n  required for m ake-up solvent, some would be w ith
draw n from the  system . T he acetic acid from  a process of 
th is type  still contains abou t 1 0  per cent w ater w hich has 
to  be rem oved subsequently.

Figure 15 is a flow sheet of a process for using th e  sulfuric 
ta r  formed in the  p rim ary  ta r  rem oval as a  solvent for liquid- 
liquid extraction. H ere again excess sulfuric ta r  over th a t  
required for m ake-up solvent would be w ithdraw n. Because 
of the  low solubility of th e  sulfuric ta r  in  w ater and its low 
value, it  is no t necessary to  strip  th e  w ater of th e  dissolved 
solvent, as in usual practice, w ith a tte n d a n t saving of steam  
norm ally used in  th is distillation.

Finally, F igure 16 indicates a  diagram  for those cases where 
the  in itial evaporation  for ta r  rem oval takes place in  m ul- 
tiple-effect evaporators, prior to  subsequent m ethods for t r e a t
m en t of th e  liquor. I n  a forward-feed evapora to r of th ree  
effects, in  which m ake-up sulfuric acid is added  in  th e  in itia l 
feed, a small am ount of th e  liquor is continuously w ithdraw n 
from the  final effect and  recycled to  the  feed end in  order to  
keep the  sulfuric acid d is tribu ted  in all effects. T h e  ta r  is 
w ithdraw n in  th e  s tandard  so-called tar-leg  decan tation .

T he processes referred to  here have been covered by  pa ten t 
application  and g ran ted  paten ts.

Conclusions

Sulfuric acid trea tm en t of pyroligneous acid a t  th e  boiling 
point, either as raw , dem ethanolized, or evapora ted  liquor,

Figure 13. Flow Sheet for Methanol and Acetic Acid  
Production by Extraction with a Low-Boiling Solvent, 
M odified  by Introducing Sulfuric Acid  in a Hot Settling  
> k  J p i  I Process Prior to Extraction

Figure 14. Flow Sheet for Methanol and Acetic Acid  
from Pyroligneous Acid by Albin-Suida Process, M od ified  
by Removing Tar with Sulfuric Acid and Using the Sul- 

(uric Tar Formed as a Solvent in the Process

Figure 15. Flow Sheet of Proposed Process for Separating 
Methanol and Acetic Acid, Using Sulfuric Acid  for Tar 
Removal and the Sulfuric Tar 
Formed as a High-Boiling Sol

vent for Extraction

Figure 16. Flow Sheet of Triple- 
Effect Evaporator for Removing 
Tars in Conjunction with Sulfuric 
Acid,W hereby a Small Amount 
of the Liquor Is Continuously 
Recycled from Final to First 

Effect
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Courtesy, Gray Chemical Company
Photograph above Shows the Top of the Azeotropic Column for De
hydrating Pyroligneous Acid, with Condenser at Right; Lower Picture 
Is the Base o f the Azeotropic Column for Dehydrating Acetic Acid
Heaters in center, controls at right. Treatment of liquor in pre-evaporator (far right) 

has kept tars from this column.

will rem ove the  greater p a rt of tar-form ing m aterial. Al
though  a  higher concentration of sulfuric acid in  pyroligneous 
is m ore effective, 3 to  4 per cent gives satisfactory results. 
Sim ilarly, increased tim e of trea tm en t gives better results; 
b u t th e  actua l tim e allowable depends on p lan t operation and 
m ay v a ry  from 3 to  6  hours. In  a continuous process th is 
tim e would be controlled by  th e  volume of th e  trea ting  ap
paratus.

In  a  continuous run, the  am ount of tars precipitated is 
greater per un it volum e of pyroligneous acid th an  in a  batch 
run , due to  the  additional effect of evaporation of pyrolig
neous, an operation going on sim ultaneously w ith the poly
m erization reaction. T he distillates of treated  pyroligneous

acid th u s  obtained are a  clear light yellow 
liquor which prec ip ita te  no further ap
preciable am ounts of ta rs. These distillates 
con trast w ith th e  d ir ty  brow n distillates 
obtained from  un trea ted  pyroligneous; the 
la tte r d istillates p rec ip ita te  colloidal tars 
th roughou t th e  rem ainder of th e  operations.

T rea tm en t of dem ethanolized pyroligne
ous acid w ith sulfuric acid a t  80° C. was 
also found to  be effective in  ta r  removal, 
b u t th e  tim e required  is abou t 2 0  hours. 
Such a tre a tm en t m ay  be possible in large 
storage tan k s  where th e  pyroligneous acid 
is present for th a t  length  of tim e. The 
optim um  concentration  of sulfuric in  this 
m ethod is abou t 8  per cent of th e  pyro
ligneous present.

The sm all am o u n t of sulfuric acid dis
solved in th e  ta r  m ay  be rem oved during 
the  usual steam ing operation  to  remove dis
solved acetic acid. Sulfuric acid will be 
washed out, n o t vaporized, b y  the  steam 
which condenses; b u t any  losses which 
do occur will be slight from  the  standpoint 
of cost of sulfuric acid. Chemical utiliza
tion  of th e  sulfuric acid during  the  heat 
trea tm en t to  rem ove ta rs  is slight, and no 
sulfur dioxide is carried over in the  distilla
te. T he concentration  of sulfuric acid 
used in  th is  tre a tm en t does n o t appreciably 
corrode copper, th e  m ateria l generally used 
in commercial acetic production. I t  was 
also noticed th a t  th e  ta r  formed flowed 
readily  when h o t and  th u s  obviated one of 
the  usual difficulties in  p lan t operation, 
where a  hard  carbonaceous p itch  frequently 
forms on th e  walls of equipm ent to  a depth 
of over an  inch.

P lan t operation  in  several different proc
esses confirmed th e  labora to ry  and pilot 
p lan t results.
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PARTIAL PYROLYSIS of WOOD
R o b e r t  W .  M e r r i t t  a n d  A l f r e d  A .  W h i t e

UNIVERSITY OF M IC H IG A N . A N N  ARBOR. MICH.

► ► ► When oak wood is heated in an atmos
phere of steam at atmospheric pressure, partial 
pyrolysis commences below 180° C. A t 240° C. 
the modified wood retains its crushing strength and 
shows smaller volume changes than the original 
wood when its moisture content is varied. A t that 
temperature the pentosans have been almost com
pletely decomposed, but two thirds of the cellu
lose remains and the lignin shows an apparent in
crease. Three quarters of the total acid and half 
of the furfural, but no methanol, appear in the con
densate. The temperature range of 240-260° C.

is critical in spite of control of exothermic re
actions. A t 260° C. the pyrolyzed wood has 
a decidedly lower crushing strength and com
mences to show charring. The cellulose has been 
almost completely destroyed and the lignin cannot 
be determined because of the presence of charcoal. 
Only one third of the methanol has been evolved 
at 260° C. Most of it is evolved above 280° C. 
The products at 400° C. show substantially the 
same methanol as in commercial practice and 25 
per cent more acids, the main increase being in 
formic and propionic acids.

N O A C C U R A T E  studies have been m ade of th e  pyrolysis 
of wood a t  tem pera tu res below those necessary for the  
form ation  of charcoal. T h is paper p resen ts th e  results 
of sm all-scale experim ents in  th is  field. I n  1850 Vio- 

lette  W) heated  sm all pieces of alder wood in  an  atm osphere 
of steam  to  various tem pera tu res an d  found th a t  280° C. 
was necessary to  o b ta in  a  residue w hich resem bled charcoal. 
This tem pera tu re  was confirmed b y  C horley and  R am sey 
(2) and  K lason  (S), who also showed th a t  a  pronounced exo
therm ic reaction  took  place w hen wood was heated  in  ab
sence of a ir to  ab o u t 280° C. K lason’s results indicated  th a t 
there was little  decom position of wood b y  h ea t a t  tem pera
tures below 250° C ., b u t in  his experim ents th e  tem pera tu re  
was raised ra th e r  rap id ly . E xperim ents have also been m ade 
on the effect of tem p era tu re  up  to  150° C. in  connection w ith 
the kiln drying of wood. T h e  wood becomes stiffer and  m ore 
brittle, b u t th ere  is no evidence of destructive distillation. 
There is lack of in form ation  on th e  behavior of wood w hen 
heated in  th e  absence of a ir a t  tem pera tu res betw een 2 0 0 ° and  
275° C.

Pyrolysis of Oak
The exothermal reaction was recognized to  be so great th a t 

special precautions would be required to dissipate the heat and 
keep the tem perature uniform. Therefore, heating should be 
slow, and heat should be applied mainly through a vapor; steam 
was chosen. I t  acts partly  as an inert gas bu t also as a reactive 
agent. The wood was heated in a steel retort set in an electrically 
heated jacket. Steam  a t atmospheric pressure was passed 
through a pipe in the jacket space and so was superheated when 
it entered the retort. All runs were made a t atmospheric pres
sure. Two thermocouples were used within the retort; one was 
placed in the vapor space surrounding the blocks and one was 
inserted in a l/is-inch hole bored in the top of one of the blocks. 
The tem perature of the two thermocouples did not vary over 
5° C. from each other except in one test when the tem perature 
difference amounted to 10°. The tem perature of the thermo
couple within the wood is reported as the tem perature of the run 
in these tests. After the desired tem perature was reached, it was 
not allowed to  vary over 5° during the run. The one exception is 
run 14 when the tem perature was purposely raised to 4003 C. as 
the run progressed.

Kiln-dried red oak was the wood tested. In  order to measure 
volume changes during heating, blocks approximately 1 X 1 X 4  
inches in size were used. The nine blocks comprising the change 
were dried a t 105° C., cooled, weighed and measured, and placed

in the cold retort. The retort was heated by the external heat 
from the jacket until the tem perature had risen to  150° C. 
Superheated steam a t atmospheric pressure was then passed in 
and the tem perature raised in 2  hours to  th a t  a t which the  py
rolysis was to  be conducted. This fixed tem perature was m ain
tained for 1 0  hours, superheated steam  a t atmospheric pressure 
being introduced throughout the run. The steam and volatile 
products passed through a condenser and into a receiver where 
the w atery distillate was collected. A t the end of the  period the 
retort was allowed to  cool to 200° C. before it  was opened. The 
only exception to th is method of procedure was run 14 in which 
the tem perature was raised from 270° to  400° C. so as to  deter
mine the yields of products when charcoal was formed. Since 
steam was being employed as a heating agent, the quantity  used 
was large. I ts  weight was always greater th an  th a t of the  wood. 
The duration of the heating period was determined somewhat 
arbitrarily. Pyrolysis is an irreversible reaction, and therefore 
it was not feasible to  run to equilibrium. The most rapid pyroly
sis always occurred a t the  beginning of a run  and was still pro
gressing a t a  d im in ished  rate a t th e  close of the  1 0 -hour period 
a t the  tem perature of the test.

Changes in Properties of Oak

T he shrinkage of bars saw ed tangen tia lly  is show n in 
Figure 1. T here is little  shrinkage parallel to  th e  grain  of th e  
wood, and  a t  th e  lower tem pera tu res there  m ay  be even sligh t 
expansion. F igure 2 indicates th a t  th e  w eight an d  volum e 
decrease ra th e r regularly  betw een 205° an d  240° C ., qu ite  
sharp ly  betw een 240° an d  260°, w ith  a  slower decrem ent to  
280° and  sm all decreases from  280° to  400° C.

T he compressive s tren g th  of th e  wood w as m easured  on 
pieces sawed from  th e  te s t blocks to  be approx im ate  cubes 
w hich were placed in  th e  testing  m achine so th a t  th e  stress 
was applied parallel to  th e  grain.
T he effect of p a rtia l pyrolysis up  
to  240° C. was to  increase th e  
crushing streng th  (Figure 2 ). T he 
s tren g th  dropped rap id ly  afte r 
heating  only 2 0 ° m ore to  260°.
T he color of th e  wood becam e 
progressively darker w ith  each 
increase in  tem pera tu re , and  a t  
280° i t  com m enced to  show a 
charred  appearance.
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Unheated 220° C. 240° C. 260° C. 280° C. 400° C.

Figure 1. Changes in Size and Appearance of Blocks of Oak Wood Due to Partial
Hydrolysis

The volume changes of the partially  pyrolyzed wood on 
exposure to  a  dam p atm osphere are shown in  Figure 3. The 
sample which had been heated to 210° C. gained only half as 
much weight and  expanded only half as m uch as the sample 
which had been dried a t 105°. The graphs for the samples 
heated to  240° and 260° parallel th a t for 210° so closely th a t 
the curves for change in length could scarcely be separated.

Volatile Products

T he initial tem perature of partia l pyrolysis cannot be de
term ined readily. A prelim inary run  a t 180° C. showed th a t 
about one quarter as much acid was evolved in 1 0  hours as 
would be obtained a t 400° in the same time. The da ta  for six 
runs a t  tem peratures varying from 205° to  400° C. are re
ported in Table I, as well as the analysis of a liquor from a 
commercial wood distillation p lan t for comparison. The 
changes in the more im portan t products are shown in Figure
4. A t 205° C. about two thirds of the maximum am ount of 
acetic acid and 40 per cent of the  furfural had been evolved. 
A t 240° C. the liquid products contained 80 per cent of the 
maximum yield of acetic acid w ith considerable additional 
am ounts of formic and propionic acids, b u t no m ethanol. In  
the interval 240-260° C. the exothermic reaction is reported 
to begin. The damping influence of the steam  prevented any 
uncontrolled rise in tem perature in these tests, b u t the run 
a t  260° C. m arked the first appearance of m ethanol in the 
condensate. The am ount of furfural also in
creased sharply and showed a maximum a t this 
tem perature. The run a t 280° showed rather 
small increases in all of the products b u t fur
fural. In  run  14 the tem perature was allowed 
to  rise slowly to 400° C. The acids increased to 
a small extent, and furfural decreased slightly.
Two th irds of the  m ethanol was evolved above 
280° C. T he commercial p lan t (run C, Table I) 
apparen tly  obtained only 80 per cent as much 
acetic acid and only a  small fraction as much 
formic and  propionic acids as our partial py
rolysis w ith steam  yielded. The q uan tity  of 
m ethanol was abou t the  sam e in the  two 
m ethods of trea tm en t. T he analysis of the 
fixed gases showed abou t three tim es as much

carbon dioxide as mon
oxide. H ydrogen and 
hydrocarbons could not 
be detected  in any of 
th e  g a s e s  a n a ly z e d ,  
This would be expected 
from the  large am ount 
of oxygen in the raw 
m ateria l and the low 
tem pera tu re  of the  opera
tions.

Chemical Changes

C h em ica l a n a ly s e s  
were m ade on saw
d u st obtained from 
blocks during some of 
the runs (Table II). 
T he m ethods were those 
developed by  Schorger 
a n d  h is  s u c c e s s o r s  
a t  t h e  F o r e s t  
P roducts L aboratory 
a s  c o m p i l e d  b y  
B ray  (1). T he m aterial 

soluble in cold w ater and th a t  soluble in  ho t w ater were both  
decreased to about 40 per cent of the  original value a t  210° 
and to about 20 per cent a t  240° C. T he m aterial soluble in
one per cent sodium hydroxide, a fte r deduction  of the  am ount
soluble in hot w ater alone, behaved in  the  reverse way. The
quan tity  of m aterial soluble in  one per cent caustic was one 
th ird  greater after trea tm en t a t  2 1 0 ° th a n  i t  was in  the  un
treated  wood; although it  becam e som ew hat less a t  th e  higher 
tem peratures, it was still g reater after tre a tm en t a t 240° C. 
than  in the original wood.

T he pentosans yielded m ost readily  to  h ea t; over 75 per 
cent was eliminated by  heating  to  210° C ., and  the  rem ainder 
disappeared a t a slower ra te  in the  runs m ade a t  successively 
higher tem peratures un til a t 260° C. th e  pentosan content 
was very small. T he acetic acid form ed b y  hydrolysis of the 
treated  wood followed m uch the  sam e course as th e  pentosans. 
Only 25 per cent had  disappeared in th e  p roduct obtained a t 
210° C. and 35 per cent from the  p roduct a t  240° C. However, 
when heated only 2 0 ° ho tte r to  260°, a lm ost all of the cellu
lose was broken down. A fu rther analysis of the  cellulose 
was made on a single sam ple heated  to  210° C. I t  showed 
th a t the pentosans in the  cellulose had  dropped to  abou t one 
sixth of the initial figure (12.4 to  2.0) and  th a t  the  alpha-cellu- 
lose had dropped to  one th ird  (32.1 to  10.5) while the  to tal 
cellulose had decreased only from  55.4 to  43.0.

The lignin showed an  ap p aren t increase of 20 per cent 
in the product th a t  had been heated  to  2 1 0 ° and  stayed  about

R un
No.

1 1
1 0
13 
1 2
14 
C b

Table I. V olatile Products of Partial Pyrolysis
Y ield, as %  b y  W t. of U n p y ro ly zed  W ood  D ried  a t  105° C.

T em p., T o ta l
acids

205 3 .8 2
220 4 .2 5
240 5 .3 0
260 5 .86
280 6 .3 2

270-400 0 .8 2
400-450 4 .7 0

1 Q u a n tity  n o t m easured. 
di^tiUnfinn ^ i l ^ + Un Y-6 com Pu t .ed from  th e  an a ly s is  of th e  liq u o r from  a  com m ercia l wo< 
H llRteî \ ? p e r*t in g *°? oak; T h e  li(ï uor w *s a n a ly zed  in  th e  sam e w ay  as th e  d
one cord of wood w efg h e d 3 M 0 p "u n d Sand  ^  y ‘e ' d W&8 c a lc u la te d  on  th e  a9sum Ptlo n  th

F orm io
acid

A cetic
acid

P ro -
pionio
ac id

M e th a 
no l

F u r 
fu ra l CO CO ,

0 .3 4 3 .4 8 0 .0 0 N o n e 1 .5 4 a a
0 .4 3 3 .3 9 0 .4 3 N one 2 .0 8 0 .6 4 2 .2 5
0 .5 5 4 .1 5 0 .6 0 N one 2 .4 5 a a
0 .7 0 4 .4 6 0 .7 0 0 .6 8 4 .4 4 2 .4 6 .2
0 .6 2 4 .7 6 0 .9 4 0 .9 3 4 .1 2 2 .4 8 .1
0 .7 3 5 .37 0 .7 1 2 .2 5 3 .9 5 a a
0 .1 0 4 .3 6 0 .2 4 2 .2 a a a
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X-RELATIVE CRUSHING STRENGTH O-RELATIVE VOLUME 
^  CROSS AND BEVAN CELLULOSE A-RELATIVE WEIGHT
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TEMPERATURE IN

2 8 0  4 0 0
°C .

Figure 2. Changes in Oak Wood during Partial 
Pyrolysis (on Basis o f Wood Dried at 105° C.)

a t th a t  level in the  products heated  to  220° and  240° C. 
C ontrary  to  analyses on the  o ther substances, the  lignin ap 
paren tly  increased a t  th e  higher tem pera tu re  of 260°. How
ever, th e  m ethod  for lignin determ ination  consists in  tre a t
m ent w ith  72 per cen t sulfuric acid a t  room  tem peratu re  for 
16 hours followed b y  dilu tion  to  3 per cent acid and boiling 
for 2 hours. T he m aterial rem aining undissolved is called 
“ lignin” . I t  is probable th a t  some m ateria l was becoming 
insoluble in th e  acid tre a tm en t and  so was reported  as lignin. 
This becomes m ore ev iden t in  the  p roduct of th e  260° run ; 
it obviously contains some charcoal which, being insoluble 
in acid, is reported  as lignin. T he decom position of the  wood 
was so ev iden t in th e  p roduc t heated  to  260° C. th a t  no a t
tem pt was m ade to  analyze th e  som ew hat charred  residue of 
the 280° run.

An independent check of lignin decom position is given by  
the change in  percentage of m ethoxyl groups in the  wood 
after tre a tm en t to  the  several tem peratures, together w ith 
the am oun t of m ethanol found in the  d istillate. I t  is usually 
held th a t the  m ethanol resulting from pyrolysis of wood comes 
from the  m ethoxyl groups in the  lignin. T he d a ta  for th is 
discussion are found in T able I I I .  T here was a  disappear-

Table II. Chemical A n alysis  of Partially Pyrolyzed W ood
Y ie ld , %  of U n p y ro ly zed  W ood D ried  a t  105° C.

D ried  
105° C .

Loss in  w t. d u e  to  
pyro lysis  

S o lub ility  in  
Cold w ate r 
H o t w a te r 
1%  N aO H  
1%  N aO H , cor. b 
E th e r
A lcohol-benzene

T o ta l p en to sa n s  
A cetic ac id  b y  h y 

drolysis  
Cross & B ev a n  

cellulose 
L ignin

a Q u a n ti ty  n o t m easu red . 
b C o rrec ted  fo r h o t  w a te r  s o lu b il ity ; 

h o t-w ate r-so lu b le  m a te r ia l from  th a t  so lub le  in  1%  a lk a li. 
c In c lu d es  b o th  lign in  a n d  ch a rco a l.

5 .0
8 . 1  

2 4 .8
16 .7  

0 .5  
6 .3

2 0 . 0

4 .0

5 5 .4
2 5 .7

R u n  8, R u n  11, R u n  10, R u n  13,
210° C. 220° C . 240° C. 260° C .

1 8 .6 1 9 .3 2 5 .6 5 0 .7

1 .8 1 .4 1 .0 a

3 .2 3 .0 1 .6 a

2 5 .5 2 2 .5 19 .6 1 0 .3
2 2 .3 1 9 .5 1 8 .0 a

0 .4 0 .3 0 .2 T ra c e
6 .2 5 .8 4 .0 1 .6

4 .5 2 .9 1 .1 0 .2

0 .7 0 .6 0 .2 a

42 4 4 4 .5 3 6 .4 1 .2
3 2 .4 3 1 .1 3 4 .7 4 5 .3 C

v a lu e  o b ta in e d  b y  s u b tra c tin g  %

ance of 2 0  per cent of the  m ethoxyl groups of the  wood a t  
220° C ., and one th ird  d isappeared after heating  to  240° C. 
w ithout the appearance of any  m ethanol in th e  d istilla te  in 
e ither case. A nother th ird  of th e  m ethoxyl groups disap
peared from the  sam ple heated to  260° C ., and  m ethanol cor
responding to  only 1 0  per cent of the  m ethoxyl groups ap 
peared in the  distillate. A fu rther sm all increase in m ethanol 
in the  distillate and decrease in m ethoxyl occurred a t  280°, 
b u t it  is only a t  tem peratures above 280° and  below 400° C. 
th a t  th e  m ain portion  of the  m ethanol is formed.

Table III. Change in M ethoxyl Groups Compared with Y ield  of 
M ethanol from O ak W ood

T e m p ., M eth o x y l M eth a n o l
R u n  N o. ° C. C o n te n t, % ° Y ield , % a

N o t h ea ted 105 5 .8 7 N one
11 220 4 .7 2 N one
10 240 4 .1 9 N one
13 260 2 .3 3 0 .6 8
12 280 1 .9 4 0 .9 3
14 270-400 2 .2 5

a B ased  on u n p y ro ly z ed  wood d rie d  a t  105° C.

Tabic IV . Ultimate A n alyses of O ak and Its Products
,------------------ C om position-

T em p ., O (by
R u n  No. ° C. C  H difference)

W ood  a n d  P ro d u c ts  of P a r t i a l  P y ro ly s is
a N o t h ea ted 50 6 44

10 240 5 6 .2  5 .4 3 8 .4
13 260 6 9 .5  5 .1 2 5 .4
12 280 7 3 .6  4 .0 2 2 .4

C h arc o a l (C ro sse tt C hem . Co.) 8 6 .6  3 .2 10 .2

L ig n in  Is o la te d  w ith  7 2 %  H 2SO4
N o t h e a te d 6 5 .8  5 .0 2 9 .2

10 240 6 8 .2  5 .2 2 6 .6

a A n av e ra g e  co m position  of ha rd w o o d  from  th e  li te ra tu re .

Ultimate Analysis

U ltim ate  analyses (T able IV) were m ade of th e  wood as 
modified by  heating  to  240°, 260°, and  280° C . An analysis 
was also m ade of a  m odern com m ercial charcoal for com 
parison. T he carbon increased and  th e  oxygen decreased 
progressively as th e  tem p era tu re  of pyrolysis rose; th e  largest 
change occurred betw een 240° and  260° C. T he grea test 
change in  th e  hydrogen came, how ever, betw een 260° and
280° C.

T he lignin (T able IV ) from  th e  wood dried  a t  105° C. con
ta ined  considerably m ore carbon  an d  less oxygen th a n  th e  
wood from  which i t  was derived. T he lignin from  th e  wood 
modified by  tre a tm e n t a t  240° C. con ta ined  still m ore carbon 
and  less oxygen, b u t th e  hydrogen was alm ost unchanged.

Products oi Partial Pyrolysis and of Commercial 
Carbonization

In  com m ercial carbonization  th e  wood is hea ted  to  a  final 
tem p era tu re  of 400-450° C. and  steam  is n o t in ten tionally  
in troduced  in to  th e  re to rts . I t  is 
p resen t in  large am oun ts during  
the  early  stages of th e  ru n  while 
th e  wood is being dried  b u t b e
comes m uch  less during th e  la te r 
stages w hen pyrolysis is tak ing  
place. W hen th e  exotherm ic re 
action  s ta rts , th e  tem p era tu re  
rises rap id ly  to  tem pera tu res 
approach ing  400° C. C om 
m ercial carbonization  differs from
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th e  experim ental m ethod reported here in a t  least three 
evident ways— the final tem perature, the  rap id  rise in tem 
pera tu re  due to  the  exothermic reaction, and the  am ount of 
steam  present th roughout the  run.

Figure 3. Changes in Length and Weight in Damp 
Atmosphere

Blocks of wood, 1 X 1 X 4 ,  sawed tangentially and placed in air 
of 9 5 - 10 0  per cent humidity at 2 4 -2 6 °  C. A  =  average of 3 
samples dried at 1 0 5 °  C.,- B =  average of 3 samples after partial 

pyrolysis at 2 10 ° C .

T he effect of increasing the  final tem perature was tested 
in run  14 where the  tem perature was brought to 270° C. in 
2 hours in the  usual way. Instead of holding the wood a t  th a t 
tem perature, it  was raised a t  a uniform ra te  in 6  hours to 
380 ° and  then  to  400° C. in 4 hours more. D ata  of th is run  are 
given in T able I  and Figure 2. The solid product was char
coal. T he yield of to ta l acid was no t much greater, and the 
furfural was slightly less th an  a t 280° C. The methanol was 
more th an  twice as great a t  400° as a t  280° C.

T he results from a  commercial carbonization p lan t oper
ating  on oak wood (Table I, run  C) indicate th a t the com
mercial re to rt gave substantially  the same am ount of m etha
nol as our sm all u n it when the tem perature in the experi
m ental un it was raised gradually to  400° C. However the 
experim ental un it gave nearly 50 per cent more to ta l acids. 
T he analysis of these acids shows th a t  a considerable p a rt of 
the increase was in formic and propionic acids. The actual 
acetic acid was only 2 0  per cent greater than  was found in 
commercial operation; the am ount of propionic acid was three 
times as great and th a t of formic acid was seven tim es as 
g rea t as in commercial operation. A more detailed analysis 
of th is p roduct a t  2 1 0 ° (not given in the table) showed th a t 
the  pentosans in the  Cross and Bevan cellulose decreased 
from  12.4 in  the  dried wood to  2.4 in the  210° C. product; 
the  alpha-cellulose decreased from 32.1 to  10.5 per cent. A 
larger p roportion  of formic and propionic acid was found in 
th e  results w ith the  experim ental u n it a t each tem perature. 
T hey  m ay be due to  the  controlled ra te  of tem perature rise 
or, as seems more probable, to  the hydrolytic action of the 
steam  on aldehydes. The larger yield of acetic acid m ay be ex
plained in the  sam e way.

Progressive Reactions during Partial Pyrolysis

T he experim ental d a ta  reported give a picture of the prod
ucts form ed and  the  changes in  oak wood in the tem pera

ture range 180-280° C. In  these te s ts  th e  wood was held for 
1 0  hours a t  the  tem pera tu re  indicated , in an  atm osphere of 
steam . T he reactions were still continuing a t  a  reduced ra te  
after 1 0  hours, as was to  have been expected from an  irrever
sible reaction.

The chemical changes in th e  wood m ay  be followed in Figure 
1  and  Table I I . T he constituen ts soluble in  cold and in  hot 
w ater dropped to  40 per cent of the ir in itia l value when heated 
to 210° C. The am ount of m aterial soluble in one per cent 
sodium hydroxide increased over 40 per cent, a fte r deduction 
was made for the am ount soluble in  h o t w ater. T he constitu
ents soluble in ether and  in  th e  alcohol-benzene m ixture 
were stable up to  140° C. T he m ost noticeable change a t 
210° C. was in the  pentosans, which had  decreased to  4.5 per 
cent from the  20.0 per cent in th e  dried  wood. T he quan tity  
of acetic acid yielded by  hydrolysis of th e  wood decreased 
in alm ost the sam e proportion  as th e  pentosans. T he cellu
lose showed greater stab ility  th an  th e  pentosans. T he Cross 
and B evan cellulose decreased ab o u t 20 per cen t on heating 
to  210° C. These experim ents confirm th e  conclusions of 
previous investigators th a t  th e  pentosans, b o th  free and 
associated with the cellulose, are th e  first of the  im portan t 
wood constituents to  break  down on pyrolysis.

The lignin was one th ird  greater a t  210° th an  in the  un
heated wood. This also corresponds to  th e  results of other 
investigators. We m ade no studies to  determ ine the  chemical 
nature of this m aterial which is isolated as lignin b y  th e  usual 
m ethod of analysis, except as indicated  by  th e  u ltim ate  analy
sis in Table IV.

There is som ewhat m ore pyrolysis a t  220° C. b u t th e  trends 
noted a t 210° continue. T he modified wood shows little  
change in lignin con ten t and  in  Cross and  B evan  cellulose 
in the modified wood. T he pentosans in  th e  wood decrease 
further and the  to ta l acid in th e  d istilla te  increase moder
ately.

Figure 4. Volatile Products o f Partial Pyrolysis o f Oak 
Wood Compared w ith  Results from Commercial Practice

The results a t 240° C. show fu rther pyrolysis w ithou t any 
m arked change in the character of th e  products. T he quan
tities of acids and of furfural increase an d  so does th e  re
ducing power of the distillate, as evidenced by  its reaction with 
Fehling solution. No m easurable am oun t of m ethanol ap
pears in the condensate. One hundred  pounds of the  original 
wood contained 8 . 1  pounds of m aterial soluble in  h o t water. 
Only 1.6 pounds survived in the  modified wood a t  240° C. 
Similarly, only 36.4 pounds of the  5 5 . 4  pounds of Cross and 
Bevan cellulose survived. T he 25.7 pounds of lignin have, 
however, apparently  increased to  34.7 pounds. T h irty  per 
cent of the m ethoxyl groups of th e  original wood have disap

X -  T O tA L  a c i d  

A  - A C E T IC  A C ID

O -  M E T H A N O L  

□  - FU R FU R A L

2 4 0  2 6 0  2 8 0  4ÖO COMMER-
TE M P E R A TU R E  IN °C . CIAL
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and  a slight decrease 
in the  furfural in the  
c o n d e n s a t e .  T h e  
m ethanol, how ever, 
rose from  0.93 to  2.25 
per cen t of th e  w eight 
of th e  original d ry  
wood.

An Alabama Sawmill in Full

peared, app aren tly  to  form  complex groups in the  d istillate 
since no m easurable am oun t of m ethanol was found. T he 
change in th e  com position of th e  lignin is show n b y  the  u lti
m ate analysis of T able  IV . T he ap p aren t lignin a t  240° has
2 . 8  per cent m ore carbon, 0 . 2  per cen t m ore hydrogen, and 
2 . 6  per cent less oxygen th a n  th e  d ry  lignin isolated from  the  
unheated wood. C alculation  indicates th a t  a modified prod
uct has been form ed whose com position is 75.4 per cent 
carbon, 5.7 hydrogen, and  19.2 oxygen. T here are no indi
cations as to  th e  s tru c tu re  of th is com pound or complex, b u t 
since i t  is insoluble in  72 per cent sulfuric acid, i t  is reported  
as lignin.

The tem pera tu re  range of 240-260° C . is critical in th a t  the 
exothermic reaction  is supposed to  s ta r t  here. T he heating 
in our work was controlled carefully and  th e  volum e of steam  
was large enough so th a t  no rise in tem pera tu re  was shown 
by the  therm ocouple em bedded in  the  wood. T he run  a t 
260° C. showed som ew hat m ore acid in th e  condensate, b u t 
the notew orthy  fea tu re  was th e  appearance of m ethanol to 
the am ount of one th ird  of th e  m axim um  yield obtained by  
carbonization to  400° C. T h e  m ethoxyl groups in  th e  m odi
fied wood from  th e  260° ru n  were little  m ore th a n  half as 
great as th ey  were in  th e  residue from  th e  240 run . The 
Cross and  B evan cellulose dropped from  36.4 per cent in the 
240° p roduct to  1 . 2  in  th a t  from  th e  run  a t  260° C. T he 
physical properties of th e  wood modified b y  heating  to 260 C. 
showed g rea t change. T he wood residue a t  240 h ad  a 
som ewhat h igher com pressive stren g th  th a n  the  original 
wood, b u t th e  residue a t  260° was only 70 per cent as strong. 
A visual exam ination  of th e  260° solid residue showed i t  to  be 
alm ost black. A n analysis for lignin showed an  ap p aren t in
crease of th a t  con stitu en t from  34.7 to  45.3 based on th e  
weight of th e  undried  wood. H ow ever, charcoal, like lignin, 
is insoluble in  72 per cen t sulfuric acid, and  it  is n o t easy to 
separate them . Therefore i t  is im possible to  say  how m uch 
lignin and  how m uch  charcoal were p resen t in  th e  product. 
The run  a t  280° C . showed som ew hat m ore acid and  m etha
nol. T he com pressive s tren g th  of th e  wood residue dropped 
to 41 per cen t of th a t  of th e  original wood.

T he only ru n  a t  a  h igher tem p era tu re  was 14, whose tem 
perature was raised  slowly from  270° to  400 C. W hen com
pared to  th e  280° run , there  was a m inor increase in  the  acid

Commercial 
Possibilities

T he wood d is til
lation in d u s try  has 
t r a d i t i o n a l l y  h a d  
th ree  m ajo r p roducts 
— charcoal, m ethanol, 
and  acetic acid. T he 
work reported  here in
dicates th e  possibili
ties of an  in d u s try  
w ith  tw o m ajo r p rod- 
u c t  s— a c i d  s a n d  
modified wood residue 
— obta inab le  b y  p a r
tia l pyrolysis of wood 
in  an  a tm osphere of

superheated  steam  a t  tem pera tu res below 260° C . T h is 
paper has presented  d a ta  only on oak wood, b u t o ther tes ts  
on m aple, b irch , spruce, and  Georgia pine ind ica te  th a t  the  
sam e general ty p e  of p roducts m ay  be ob tained . T h e  yield 
of acetic acid m ay  be som ew hat larger and  th e  am ounts of 
formic and propionic acid several tim es as large as those now 
obtained  in  comm ercial charcoal p lan ts. D irec t condensation 
of the  vapors would give a d ilu te  liquor, b u t c irculation  of th e  
vapors th rough  a  h o t ta r  oil scrubber, as in  th e  Suida process, 
would perm it th e  rem oval of th e  acids w ithou t condensing 
th e  steam  and allow th e  steam  to  be recircu lated  afte r being 
superheated . T he tim e reported  here— 10 hours a t  th e  tem 
p era tu re  of th e  te s t— was m ade long in  order to  ca rry  the  
reactions reasonably near to  com pletion. O ther experim ents 
have shown th a t  w ith sm aller pieces com parable resu lts m ay  
be obtained  in  1  hour.

A piece of dried  wood cu t w ith  its  long dim ension parallel 
to  th e  grain of th e  wood will n o t change in  leng th  m ateria lly , 
b u t it  will shrink qu ite  uniform ly in  cross section. T he m odi
fied wood from th e  trea tm en t a t  220-240° C. will be stronger 
and  have a higher ap p a ren t elastic lim it b u t will be som ew hat 
m ore b rittle  th a n  th e  original wood. I t  will have  sm aller 
volum e changes w ith  changes in  hum id ity . T h e  modified 
wood is b rittle  enough to  be crushed ra th e r read ily  to  yield 
a  wood flour stab le  a t  240° C., w hich m ay  be incorporated  
in to  molding com pounds.
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DESTRUCTIVE DISTILLATION of

► ► ► Compounds with different cellulose and 
lignin contents, as produced by a wood hydrolysis 
process, were carbonized to determine the source 
of the various products. By varying the ratio of 
lignin and cellulose, a better understanding of the 
mechanism of distillation may be attained and 
applied to the treatment of naturally occurring 
lignocellulose.

Various lignocellulose compounds, pure cotton 
cellulose, soluble lignin, and maple wood were 
destructively distilled in a retort. From the data 
obtained the following conclusions were drawn: 
Acetic acid is derived principally from the cellu
lose while methanol is obtained solely from the 
lignin. Hemicellulose in wood is the chief 
source of acetic acid. Soluble lignin forms larger 
yields of charcoal and noncondensable gases 
and a lower yield of total aqueous distillate than 
does cotton cellulose. The various lignocellulose 
compounds give larger yields of tar than either 
cotton cellulose or soluble lignin.

M A NY  investigators have destructively distilled the 
natu ra l hard- and softwoods, cellulose, lignin, bagasse, 
corncobs, and other agricultural waste m aterials, b u t 
none has destructively distilled other th an  natural 

lignocellulose compounds. The purpose of th is work was to  
observe and compare the  products obtained by  carbonizing 
specially prepared compounds containing “ soluble” lignin, 
“ insoluble” lignin, and cellulose in  various known and con
trolled ratios, so as to  understand better the  mechanism of 
distillation of naturally  occurring lignocellulose.

The reaction of carbonization is exothermic a t about 
275° C., and the  exothermic heat am ounts to  about 6  per cent 
of the  heat of combustion of wood. W ater and carbon dioxide 
gas (3) are first evolved (endotherm ie stage), followed by 
th e  release of illum inants, m ethane, and aliphatic compounds 
(exotherm ic stage) ; and finally the  charcoal and polymerized 
products (tar) are further broken down to  secure larger 
yields of by-products (th ird  stage). I t  has been sta ted  (3) 
th a t  cellulose yields very little  m ethanol b u t considerable 
acetic acid, whereas lignin in general gives greater percentages 
of m ethanol and acetic acid (from the  acetyl or methoxyl 
groups present). The yields of these products are therefore 
largely dependent upon the  relative proportions in which 
cellulose and lignin are present. H urd (2) sta tes th a t  pento
sans give acetic acid and considerable furfural, besides the 
usual gas and  ta r  by-products. K u rth  and R itte r (5) also 
believe th a t carbohydrates are the  source of acetic acid.

Jacobs (#) found th a t  resins from th e  interaction of furfural 
and  phenol are often present. C rude pyroligneous liquors 
alm ost invariab ly  contain  small percentages of nitrogen 
compounds, and frequently  nitrogen occurs in  th e  noncon
densable gases.

LIGNOCELLULOSE
R a p h a e l  K a tz e n ,  R o b e r t  E . M u l l e r ,  

a n d  D o n a ld  F. O t h m e r
POLYTECHNIC INSTITUTE, BROOKLYN, N. Y.

The formula of cellulose is (CJIioOs)*; th e  form ula pro
posed for lignin from m aple wood (1) is C^HjoCMOCHds (OH), 
with two ethylenic double bonds and  a  m inim um  molecular 
weight of 910.

Material Used

S ource . T he lignocellulose com pounds were supplied by 
the N orthwood Chemical C om pany w hich uses a  continuous 
dilute sulfuric acid hydrolysis to  produce lignocellulose resi
dues for plastics. In  a  typical continuous hydrolysis run  (4 ) 
one pound of maple wood flour (24 m esh) is suspended in 10 
pounds of w ater containing 0.3 pound of sulfuric acid. This 
suspension is th en  pum ped a t a ra te  of 0.5 gallon per m inute 
(2-minute hydrolysis a t  300 pounds per square inch) through 
a  steam -heated double-pipe h ea t exchanger; th e  tem perature 
of the  suspension leaving th e  tube  b y  an  au tom atic  valve 
ranges from 1 7 0 ° to l8 0 ° C . A yield of approxim ately  56 per 
cent lignocellulose residue results. T he residue is filtered, 
washed, dried, and ground.

A n a l y s i s . For the  isolation of soluble lignin, th e  d ry  hy
drolyzed substance obtained from  th e  hydrolysis process 
is extracted in a Soxhlet ap p ara tu s  w ith  m ethanol. The 
m ethanol extract is poured in to  several tim es its  own volume 
of water. The soluble lignin w hich p recip ita tes is filtered, 
washed, and dried. T he lignin w hich is n o t extracted  with 
m ethanol is called “ insoluble” lignin.

The insoluble lignin is determ ined by  trea tin g  th e  d ry  ex
tracted  m aterial w ith 72 per cent sulfuric acid a t 20° C. for 
2 hours. T his m ixture is d ilu ted  to  a  3 per cent solution and 
refluxed for 4 hours to  convert th e  cellulose to  sugars. The 
residue is the  insoluble lignin. S ub trac ting  th e  percentage 
of soluble and of insoluble lignin from  1 0 0  gives th e  percentage 
of cellulose rem aining unhydrolyzed afte r th e  original proc
ess. Small am ounts of hemicellulose th u s  are included, al
though most of th is fraction is hydrolyzed in  the  early stages 
of the process.

The percentage compositions of the  lignocellulose compounds 
used follow:

C om pound  No.
Soluble lignin 
Insoluble lignin  
T o ta l lignin  
Cellulose

15/29

15^29%
44%
56%

316

15
36
51
49

345

9
43
52
48

333

33
29
62
38

Carbonization Procedure
R e t o r t . The retort (Figures 1 and 2) was built of a 4-inc 
andard steel pipe with a flange screwed on each end. Two en 

p ates were made of Vi-inch steel and drilled with mating bo 
mod8 t  ,nc bolts. Gaskets of 'A-inch sheet asbestos wei 
, ‘ ,0 , ° (  eac end and were impregnated with a graphite-wat« 
L A  i n !  USj '  j  H /j-inch steel pipe vapor neck, 6 V2 inch« 
point a t h s  upper end, was welded on a t the mic
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Retort, without end plate  
Thermocouple well 
Stand
Furnace setting  
Vopor neck 
Condenser
Wash bottles with water 
Gos meter 
Deflector 
Oven burner

Gos

Pyroligneous 
liquor, incI. tor

Figure 7. Diagram o f Apparatus, Showing End Cross Section of 
Furnace Housing

A I 1/* X l 1/» X 3A inch tee was joined to the vapor neck; its 
*/ 4-inch branch was connected to  a 3/ 4-inch cross by a 3/ 4-inch hori
zontal iron pipe, 9l/2 inches long. This cross connected the conden
ser with the pipe and had two plugs for cleaning. The upper 1V2- 
inch opening of the first tee was bushed to a Vi-inch iron pipe with 
the lower end capped and extending to about 3/4 inch from the 
bottom of the retort. This ‘A-inch well held the 
thermocouple. Pipe fittings were joined with 
graphite-water paste. This retort was mounted 
on two l 1 A-inch pipe stands, 22 inches high.

C o n d e n s e r . This consisted o f  a 3 A-inch copper 
tube, 47 inches long, surrounded by a 1 Vi-inch 
copper-tube cooling jacket 341A inches long. The 
condenser was connected to the horizontal line 
leading from the retort.

F u r n a c e  S e t t i n g . The retort was enclosed 
within a setting built out of V4-inch transite. The 
top was covered w ith two semicylindrical sections 
of 1-inch, 85 per cent magnesia, standard 6-inch 
pipe covering. Even w ith these precautions con
siderable heat was wasted, but this was not re
garded as objectionable.

The combusted gases escaped around the vapor 
neck and kept it  sufficiently hot to prevent clog
ging with condensing tars; the horizontal pipe 
connecting the vapor neck w ith the condenser 
was covered w ith Vi-inch magnesia pipe lagging 
to prevent it  from clogging.

The gas-fired cast-iron oven burner, 13/4 inches 
in diameter, had a double set of Vi6-inch burner 
holes, lA inch ap a rt along its length. This was 
supported P /2 inches below a protecting sheet 
metal plate on the bottom  of the re to rt with 
bricks and m etal straps around the retort. The 
protecting sheet m etal plate, 4 inches wide and 
Vie inch thick, was Ve inch helow the bottom of 
the retort and supported from it by iron wire.

C o l l e c t i o n  o f  C o n d e n s a b l e  P r o d u c t s . The pyroligneous 
liquor was collected in a 2000-ml., side-arm Erlenmeyer flask 
connected a t the bottom  of the condenser. The noncondensable 
gas then passed through three 16-ounce baffle bottles to scrub out 
any entrained liquids still remaining in the gas. The first bottle 
was em pty; in the second and th ird  bottles the gas bubbled 
through water. The third bottle had a thermom eter for obtaining 
the tem perature of the gas going to  the gas meter.

T e m p e r a t u r e  M e a s u r e m e n t . The tem perature of this re
tort was measured by a calibrated chromel-alumel thermocouple 
inserted in the thermocouple well described under “re to rt” . The 
pyrometer used was calibrated every 5° C.

P r o c e d u r e . M aterial to be carbonized was charged from one 
end of the reto rt in such a way th a t a free vapor space remained 
amounting to  20 per cent of the reto rt volume. The reto rt was 
then closed. The reto rt was heated, and the tem perature was con
trolled by adjusting the gas supply. The da ta  were taken every 
half hour. When the exothermic point of the carbonization was

reached, as indicated by the large amounts of products 
given off, the gas supply was throttled so th a t the dis- 
tillation would not be too rapid. The run was com
pleted when the flow of noncondensable gases stopped.

When cooled, the retort was opened a t both ends, 
and the charcoal was pushed from one end into a large 
paper bag a t the other end. The pyroligneous acid was 
poured into a large graduate and allowed to settle. 
After several days the amount of aqueous distillate, 
light tar, and heavy ta r were measured and recorded.

C l e a n i n g  t h e  A p p a r a t u s . The vapor neck, con
necting lines, and condenser were cleaned by running 
a V rinch capped pipe through them  after removing 
the plugs from the cross and tee. Sometimes a swab 
soaked with dilute sodium hydroxide and then with 
water was used. The retort never required cleaning, 
and the charcoal produced was readily removed.

Analyses

A q u eo u s D i s t i l l a t e .  T he aqueous d istillate 
was ti tra te d  using a pH  m eter for to ta l acid ity , re
ported  as acetic acid. C rude m ethanol was d e te r
m ined by  distilling 50 cc. of th e  aqueous d istillate 
w ith  50 cc. of w ater in  a fractionating  colum n with 
ten bubble p lates; 1 0  cc. were distilled over under 
1 0 0 ° C., and th e  specific g rav ity  of th is  sam ple was 
determ ined . T he percentage m ethanol correspond

ing to  th is  specific g rav ity  was determ ined from  tables.
G as. T he noncondensable gases were analyzed in  the  

B ureau of M ines O rsat appara tu s. C arbon dioxide, illum i
nan ts , oxygen, carbon monoxide, m ethane, hydrogen, and 
nitrogen (by difference) were determ ined.

T a b . A fter th e  ta r  ob tained  was weighed, th e  phenolic 
and  acidic ta r s  were determ ined. T en  gram s of ta r  were dis
solved in  e ther, and  a 1 0  per cen t sodium  hydroxide solution 
was added to  ex trac t th e  phenolic 
and  acidic ta rs . T he aqueous 
alkaline layer was decanted  and 
acidified w ith  d ilu te  hydrochloric 
acid, and  m ore e ther was added to  
dissolve th e  phenolic and  acidic 
bodies again form ed by  th e  acidi
fication. T he e ther layer w as sepa
ra ted  and  evapora ted  on a  ho t 
p la te  to  give th e  phenolic and 
acidic ta rs , w hich were weighed.
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H u n  N u m b er

M a te r ia l used
C om pn . (d ry  basis), %

S oluble lignin  
In so lub le  lign in  
T o ta l lignin  
C ellulose 

M o is tu re , %
W eig h t cha rged , g ram s 

W e t basis 
D ry  basis

T o ta l tim e , hou rs
M ax im um  te m p e ra tu re , ° F .

Y ie ld s  (d ry  basis), %
F u lly  ca rbon ized  m a te ria l (ch ar

coal)
P a r tia lly  ca rbon ized  m a te ria l 
T o ta l aqueous d is t. (excluding  

ta rs)
T o ta l ta rs
N oncondensab le  gases (by  differ

ence)

A naly sis  of aqueous d is t., %
A cetic  ac id

O rig inal d ry  m a te ria l basis 
T o ta l aqueous d is t. basis 

M eth an o l
O rig inal d ry  m a te ria l basis 
T o ta l aqueous d is t. basis

P heno lic  an d  ac id ic ta r s  in  to ta l  ta r ,
%

O riginal d ry  m a te ria l basis 
T o ta l ta r  basis

a M ap le  chips. 
b C o tto n  cellulose.

Table I. Summary of Data

7 8 9

1 5 .0 3 3 .0 15 .0
2 9 .0 2 9 .0 3 6 .0
4 4 .0 6 2 .0 5 1 .0
5 6 .0 3 8 .0 4 9 .0

6 .5 4 .5 4 .5

2268 2000 2000
2121 1910 1910

10 5 5>A
714 753 804

3 8 .5
7 .2 3

4 5 .8
2 .4

4 0 .0
0 .0

2 7 .1
8 .0 7

2 1 .0
12 .3

2 9 .4
10 .5

19.1 18 .5 2 0 .1

1 .485
4 .3 7

0 .9 5 6
3 .71

1.413
4 .1 5

0 .9 7 6
2 .8 7

1.074
4 .1 8

1 .038
2 .9 1

3 .7 9
4 7 .0

5 .1 7
4 2 .0

4 .2 1
4 0 .0

10 11 12» 13 b

9 .0 100 .0 0 .0 0 .0
4 3 .0 0 .0 2 3 .9  ' 0 .0
5 2 .0 1 0 0 .0 2 3 . 9 ' 0 .0
4 8 .0 0 .0 7 6 .1 4 1 0 0 .0

4 .5 5 .7 5 6 .3 4 5 .4 9

1269 1000 1100 4 5 3 .6
1212 9 4 2 .5 10 3 0 .3 4 2 8 .7

4 5>/s 4 4 V i
730 823 855 840

3 7 .8 5 5 .8 3 0 .3 2 7 .5 5
0 .0 0 .0 0 .0 0 .0

3 0 .0 1 2 .3 5 4 0 .9 4 7 .1
1 1 .7 7 .1 5 8 .0 5 6 .9 5

2 0 .5 2 4 .7 2 0 .7 5 1 8 .4

2 .1 4 0 .4 7 7 6 .3 1 3 .1 7
6 .1 7 2 .5 9 1 3 .2 5 .9 9

0 .6 9 3 1 .9 2 0 .6 1 2 0 .0
2 .0 0 10 .42 1 .2 8 0 .0

5 .4 4 3 .8 8 3 .3 0 1 .8 8
4 6 .3 5 5 .0 4 1 .0 2 7 .0

c E x trac tiv e -free  b asis  (w ood co n ta in s  5 .65%  ex tra c tiv e s ) . 
d  Inc ludes  ap p rox im ate ly  2 5%  hem icellu lose.

Summary of Experimental Data
In  addition  to  half-hourly tem perature readings, liquor and 

gas analyses were m ade on samples collected during each 
30-m inute period. D uringeachrun  it  was thus possible to  plot 
curves against tim e of tem perature run  as well as both  differ
ential and cum ulative am ounts of gas and liquid obtained and 
of th e  am ounts of each of the  constituents. T his voluminous 
am oun t of d a ta  and the  graphs showing the  moment-by- 
m om ent conditions of each run  are no t presented because of

space lim itation. In  general, th e  conclusions reached were 
based on the over-all results in  T able I . H ow ever th e  periodic 
numerical d a ta  and graphs illu stra ted  th e  exotherm ic reac
tion and its effect in producing volatile products, and aided 
in understanding the  runs.

In  run 7 there was th e  usual exotherm ic reaction  during 
the period from 4 to  6  hours for hydrolyzed lignocellulose 
sample 15/29. T he noncondensable gas analyses during this 
tim e showed a rapid decrease in carbon dioxide and a rapid 

increase in  m ethane and  hydrogen, par
ticularly  after th e  exotherm ic reaction was 
ended.

In  run  8  (hydrolyzed lignocellulose 333) 
the exotherm ic reaction  was somewhat 
b e tte r controlled and  resulted  in  a more 
regular evolution of p roducts. T he gas 
analyses indicated  little  change in carbon di
oxide and  a  slight increase in  m ethane, 
paralleled by  a  decrease in  hydrogen content 
tow ard the  end of th e  exotherm ic reaction.

H ydrolyzed lignocellulose 316 (run 9) was 
also carbonized w ith a  well-controlled exo
therm ic period. In  th is  case, however, both 
the carbon dioxide and  monoxide in  the 
gases decreased rapidly, while m ethane and 
hydrogen increased rapidly.

C arbonization in  ru n  1 0  (hydrolyzed 
lignocellulose 345) w ith  a  low soluble lignin 
content resulted in an  early  exotherm ic re
action, b u t th is  was probably  due to  a more 
rapid in pu t of heat to  th e  re to rt during  the  
first hour. Y ields and  gas concentrations 
indicated the  sam e general trend  as in 
run  9.

R un  1 1  on pure  soluble lignin showed 
a  delayed exotherm ic reaction  for th is 
m aterial. T he unusual gas analyses showed

Figure 3. Yields (Per Cent of Dry 
M ateria l Charged) of Acetic Acid 
and Methanol as a Function of 
Composition o f M ateria l Charged 

(Cellulose and Lignin)

Figure 4. Yields (Per Cent 
of Dry M aterial Charged) oI 
Acetic Acid and Methanol 
as a Function of Soluble Lignin 

Present
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Figure 5. Summary o f Yields (Per Cent o f Dry M ateria l Charged) 
as a Function o f Cellulose and Lignin in M ateria l Charged

large yields of m ethane and  hydrogen in 
the gas th ro u g h o u t th e  run , b u t a  rap id  in
crease in  carbon  monoxide afte r th e  exo
therm ic stage w as a t  th e  expense of these 
com ponents.

T he very  regu lar curves for m aple wood 
(run 12) generally followed th e  d a ta  of O thm er 
and Schurig (6).

For cotton  cellulose (run  13) th e  exotherm ic 
reaction s ta rted  w ithin th e  first hour and  was 
practically  over b y  th e  second hour. D uring 
the  exotherm ic stage th e  carbon m onoxide and  
dioxide concentrations were high, particu 
larly th e  la tte r ; m ethane and  hydrogen in 
creased considerably after th e  exotherm ic 
reaction was over.

Conclusions
Previous experim enters have reported  th a t  

cellulose gives a  large yield of acetic acid and  no 
m ethanol, w hereas lignin gives a  large yield 
of bo th  acetic acid and  m ethanol. T he  re
sults obtained  here by  destructive ly  distilling soluble lignin, 
various lignocellulose com pounds, m aple wood, and  cotton  
cellulose con trad ic t m any  of th e  previous reports w ith 
respect to  th e  source of acetic acid and  m ethanol.

P lo ts of th e  various lignocellulose com pounds against yield 
of acetic acid and  m ethanol (Figure 3) show th a t  m ethanol is 
derived solely from  th e  lignin. N one of th e  hydrolyzed ligno
cellulose com pounds contained any  appreciable am ounts of 
hemicellulose, while th e  m aple chips had  a hemicellulose 
content of ab o u t 25 per cent. Since th e  yield of acetic acid 
was m uch h igher for th e  m aple wood th a n  for any  of th e  hy 
drolyzed lignocellulose com pounds, i t  m ay  be said th a t  hem i
cellulose in  th e  wood is th e  chief source of acetic acid. T his 
also helps to  answ er a  question  raised b y  O thm er and Schurig
(6) because th e  sum m ation  of acetic acid, yields from lignin, 
hemicellulose, and  cellulose did n o t equal th e  yield from  the 
wood itself. T h is  is p robab ly  due to  losses of hemicelluloses 
during isolation of th e  various wood com ponents. T he  low 
yield of acetic acid ob tained  from  the  soluble lignin con tra
dicts o ther reports th a t  large yields of acetic acid are ob
tained from  lignin. T h is  is p robably  due to  th e  fact th a t  
other experim enters did n o t use pu re  lignin b u t m ateria l th a t  
contained hemicellulose. T he soluble lignin used in  th is  re
search was te s ted  and  found to  con tain  no hemicellulose.

F rom  th e  p lo t of percentage soluble lignin against yield of 
acetic acid and  m ethanol (Figure 4) i t  is evident th a t  the  pro
portion of soluble lignin p resen t has some effect upon th e  per
centages of acetic acid and  m ethanol ob tained  from th e  vari
ous lignocellulose com pounds. Since th e  wood itself has no 
soluble lignin, th e  ru n  for m aple is p lo tted  a t  0  per cent.

I t  was observed from  ru n  1 1  on soluble lignin and  run  13 
on cotton  cellulose th a t  ab o u t tw ice as m uch m ethane and 
hydrogen are  ob tained  from  soluble lignin as from  cotton 
cellulose; m ore carbon dioxide, carbon monoxide, and  illum i- 
nan ts are ob tained  from  co tton  cellulose th a n  from  soluble 
lignin. These resu lts are reasonable w hen th e  form ulas of 
cellulose and lignin are com pared.

From  th e  p lo t of th e  sum m ary  of yields (Figure 5), i t  is 
obvious th a t  soluble lignin gives larger yields of charcoal and 
noncondensable gases and  a  lower yield of to ta l aqueous dis
tillate th a n  does co tton  cellulose. T he various lignocellulose 
compounds give larger yields of ta r  th a n  e ither cotton
cellulose or soluble lign in .

H igher yields of acetic acid and  m ethanol from  wood as 
compared w ith  com m ercial yields check O thm er and  Schurig s 
da ta  (6). I t  is ev iden t th a t  accura te ly  controlled carboniza
tion is a  prim e factor in  th is  respect.

T he fully carbonized co tton  cellulose ob tained  in  ru n  13 
retained  its  original fluffy cotton  struc tu re . T h is  m ateria l 
m ight m ake a  suitable filtering m aterial w here m echanical 
streng th  was no t im portan t.

F rom  th e  low yields of acetic acid and  m ethanol, th e  de
structive d istillation  of lignocellulose com pounds ob tained  
by  th e  hydrolysis of p a r t of th e  cellulose, hemicellulose, etc., 
would probably n o t be profitable.

Soluble lignin produces th e  largest am ounts of phenolic 
and acidic ta rs  in  its  to ta l ta r , while co tton  cellulose gives th e  
sm allest. T he lignocellulose com pounds and  m aple wood 
have 40 to  50 per cent phenolic and  acidic ta rs  in  th e ir  to ta l 
tars. T he isolation of phenolic and  acidic ta rs  from  th e  to ta l 
ta rs  would yield an  increase in  profit. T he  ta r  analysis of 
run  1 0  showed a  larger to ta l yield of phenolic and  acidic ta rs  
th a n  any  o ther substance destructively  distilled in  th is  re
search. T his lignocellulose com pound contains a  sm all per
centage of soluble lignin; a  sim ilar com pound is produced as 
a  w aste m aterial w hen soluble lignin is ex trac ted  from  h y 
drolyzed lignocellulose com pounds. Therefore, th e  destruc
tive d istillation  of such a hydrolyzed lignocellulose com pound 
has a  possibility of being profitable w hen its  phenolic and 
acidic ta rs  are considered.
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MONOSULFONATION oí
R . N o r r i s  S h re v e  a n d  J o h n  H .  L u x 1

PURDUE UNIVERSITY, LAFAYETTE, IND.

T H E  purpose of th is investigation was to  discover and  de
velop possible uses for 2-m ethylnaphthalene through sul
fonation and  fu rther reaction products. 2-M ethylnaph- 
thalene is a p roduct of coal ta r  distillation and has re

cently became more available a t higher p u rity  as a result of 
im provem ents in th e  ta r  separation processes. 2-M ethyl- 
naphthalene occurs in  coal ta r  to  the  extent of 1.5 per cent 
{10) and in petroleum  fractions of about the  kerosene range 
to  the  ex tent of 1 .5-2.0 per cent (5).

W endt {12) first sulfonated 2-m ethylnaphthalene in 1892 
and reported th a t  sulfonation occurred even a t  room tem pera
tures; however, he was unable to  identify any products. 
Y ears later in 1925 Dziewonski, Schoewdna, and W aldmann 
{1 ) sulfonated 2-m ethylnaphthalene a t  90° to 100° C.; they 
obtained 2-m ethylnaphthalene-6-sulfonic acid in good yields 
and identified it  by  conversion to  2-m ethyl-6-naphthol. 
Dziewonski and W ulffsohn (2) in 1929 sulfonated 2-m ethyl
naphthalene with chlorosulfonic acid in nitrobenzene a t 30° 
to  40° C. and obtained 2-m ethylnaphthalene-8-sulfonic acid, 
b u t reported no o ther isomer. L ater Vesely and Pac {8) sul
fonated w ith chlorosulfonic acid in carbon tetrachloride a t 
— 5° C. and reported a 25 per cent yield of 2-m ethylnaph- 
thalene-8-sulfonic acid and a 7 per cent yield of 2-methyl- 
naphthalene-l-sulfonic acid. Vesely and Strusa (9) also pre
pared another derivative of 2-m ethylnaphthalene by  treating 
T etra lin  w ith bromine, magnesium, and dim ethyl sulfate 
which gave a  m ixture of 5- and 6-m ethyl-Tetralin. Sulfona
tion of the  la tte r gave 6-m ethyl-Tetralin-7-sulfonic acid 
which was converted to  the  corresponding tetrahydronaph- 
thalene derivatives.

Plan of the Investigation
The raw material for the sulfonation was white, solid 2-methyl

naphthalene (melting point 32.5° C.) of about 98.5 per cent purity 
which is now available commercially. This compound was 
sulfonated in four different ways. Sulfonation a t 40° C. gave 
mainly 2-methylnaphthalene-8-sulfonic acid; a t 90-95° C., 2- 
methylnaphthalene-6-sulfonic acid; and a t 160° C., 2-methyl- 
naphthalene-7-sulfonic acid. As it was desired to make deriva
tives containing functional groups on the same ring as the methyl 
group, the opposite ring was hydrogenated. The ring without 
the methyl group was no longer aromatic, and any sulfonation 
tha t took place was on the ring containing the methyl group to 
give 6-methyl-Tetralin-7-sulfonic acid.

The sulfonation products were isolated by precipitation of the 
barium salts. The use of calcium salts was tried, but they could 
not be obtained in so good a crystal form as the barium salts. 
Also, the advantage of the greater solubility of the calcium salts 
was outweighed by the difficulties of handling their slimy condi
tion.

Three methods for the production of sodium salts from barium 
salts were tried. The first, by means of the reaction

BafSChCHjCioHeL +  Va?>SO.t — >- BaSCh 2\aS(),.C  H3CioH3

was chosen because nearly quantitative yields of the sodium salts 
wrere obtained. Later it was found tha t yields from the reaction

Ba(S0 3CH3CioHi)2 +  NaîCCb — >■ BaCOj 2N aS03CH3CioH3

1 P re s e n t add ress , C a rb id e  C arb o n  C hem ica ls  C o rp o ra tio n , S ou th  
C h a rle s to n . W . Va.

► ► ► The sulfonation of 2-methylnaphthalene 
with a small excess of sulfuric acid has been stud
ied, and the positions of the entering sulfonic acid 
groups were found to be mainly the 8 position at 
40° C., the 6 position at 90 -95° C., and the 7 
position at 160° C. Many derivatives of the 
sulfonic acids were made and their possible uses

were also almost quantitative, and since sodium carbonate is less 
expensive its use was more desirable. The use of the barium 
salts necessitates the handling of large volumes of solutions. 
Much time and heat are also required for the concentration and 
crystallization of these solutions. W ith these in mind and to 
achieve economy, the reaction

CH3C10H 6SO3H +  NaCl — > HC1 +  CH3C,,H6S 0 3Na

was investigated for each of the four sulfonic acids reported. The 
reaction proved valuable for the preparation of the ordinary 
sodium salts but did not seem applicable to the making of sodium 
6-methyl-l,2,3,4-tetrahydronaphthalene-7-sulfonate because of its 
much greater solubility. Another case where it was not advisable 
to prepare the sodium salts direct was th a t of the sulfonic acid 
made at low temperatures—namely, sodium 2-m ethylnaphthal- 
ene-8-sulfonate. Here it was found th a t the other isomer formed 
in the reaction could not be separated by recrystallization of the 
sodium salts. If the presence of another isomer is not a great dis
advantage—i. e., for wetting agents—the direct method may be 
used even for the sodium salt of the 8-sulfonic acid.

The apparatus for the sulfonations consisted of a 500-ml. three- 
neck flask equipped with a mercury-seal motor-driven stirrer, 
360° C. thermometer, and dropping funnel.

Barium 2-MethyInaphthalene-8-sulfonate

To 0.5 mole (71 gram s) of 2-m ethy lnaphthalene were added 
dropwise 71 gram s of concentrated  (93 per cent) sulfuric acid 
with stirring. The reaction was allowed to  proceed for 8 
hours, the  tem perature  being m ain ta ined  a t  40° C. by  a 
water bath . A t the  end of th a t  tim e th e  reaction  m ixture was

/<?0
-----1---------r -

100
/ B a r io iw  J A L T , ¿ - > 7 A C ID
¿ B a r i u m  j a c t ,  2,6 a c iO  
J  B a r i o m  s a l t ,  a c /O -

Q:
ÎH a° 3 /
»j

?  60

X 40

¿ 0 

0 -  Q rr^_-----:— o------------o— / ----- o

t e m p e r a t u r e  ° c .

Figure 1. Variation in Solubility of Barium Salts with 
Temperature



2 -METHyLNAPHTHALENE
studied, since 2-methylnaphthalene is now avail
able commercially.

The most promising of these derivatives appear 
to be the sodium salts which have good wetting 
properties and are easily made. It was found that 
the derivatives could be made in existing industrial 
equipment with little difficulty.

diluted to  a  volum e of ab o u t 0.5 liter by  pouring it  in to  cold 
water. On standing, th e  unsulfonated  2 -m ethylnaphthalene 
collected in  a  cake on  to p  of th e  solution and  was easily re
moved. T here rem ained in  suspension in  th e  solution a small 
am ount of sulfone which was form ed during th e  reaction. 
W hen filtered th e  sulfone was obtained  as a sm all w hite cake. 
(A more accura te  analysis of th e  hydrocarbon and  sulfone was 
obtained b y  trea tin g  th e  m ixture w ith  excess concentrated  sul
furic acid, d iluting, and  filtering.) T he solution was then  
heated to  boiling and neutralized  while h o t with barium  oxide. 
The barium  sulfate formed in th e  reaction  was rem oved by 
filtration and  washed w ith 500-ml. portions of boiling w ater 
until no separation  of th e  barium  2 -m ethy lnaphthalene-8 - 
sulfonate took  place on cooling. T he  w ashings were then  
added to  th e  filtrate, and th e  resulting  solution was m ade 
slightly acidic with acetic acid. T he resu ltan t solution of 
barium  sulfonate was clarified by  absorbent charcoal if i t  was 
dark and then  concentrated  to  2000 ml. On cooling, barium  
salts of the  sulfonic acids crystallized ou t and were filtered from 
the solution. C oncentra tion  of th e  solution yielded a  second

crop of crystals which were recrystallized before being added 
to  the  first crop. Since there  was a difference in  solubility  
betw een the  two fractions of barium  salts, i t  was obvious th a t  
more th an  one isomer was present, and  th e  presence of a  small 
am ount of th e  6  isomer was detected.

In  a sa tu ra ted  solution of th e  2,8 barium  sa lt th e  2,6 barium  
salt was com pletely salted ou t. T h is m eans th a t , in order to  
separate the  two isomers, one need only dissolve th e  sa.lt n u r 
tu re  in  w ater, evaporate  th e  solution to  th e  p o in t a t  w hich i t  is 
sa tu ra ted  w ith respect to  th e  m ore soluble 2 , 8  b arium  salt, 
allow crystals of th e  2 , 6  isomer to  form, an d  filter th is  2 , 6  
isomer from th e  m ixture. Since th e  am ount of th e  2,6 isomer 
a t  40° C. is abou t 13 gram s per 100 gram s of m ixture, th e  
po in t to  which th e  solution m ust be concentrated  is easily 
estim ated.

T he solubility of th e  barium  sa lt of th e  pu re  2 ,8 -sulfonic 
acid is shown in Figure 1 and  T able I .  T h is  barium  salt, 
formed a t  low tem peratures, is th e  m ost soluble of th e  isomers, 
which is an aid in  its purification by  recrystallization . Also 
the  low -tem perature sulfonic acid is hydrolyzed b y  live steam , 
as would be expected for an  a lpha acid.

T he results given for th e  am ounts of salts form ed are 
figured on th e  d ry  basis although  th e  barium  sa lts crystallize 
with w ater a ttached . An exam ple is th e  b arium  sa lt of 2,8- 
sulfonic acid which analyzed BaCSOsCHaCioHs^.SHsO. R e
sults in several low -tem perature sulfonations are  given in 
T able II .

Table I. Effect of Temperature on Solubility of Salts of Sulfonic 
A c id s  in Water

S o lu b ility . G ra m s /L ite r
Isom er

2,8
2,6
2,7

2,8
2,6
2,7

25° C .

12.1
2.01
0 .5 7

4 3 .2
3 1 .0
1 9 .0

45° C. 

B a riu m  S alts

2 8 .0
15.1  

2 .9

S o d iu m  S a lts

8 4 .1  
6 5 .3  
5 2 .9

60° C.

5 6 .9
2 7 .3
4 .8

100 .4
9 2 .1
8 0 .0

90° C.

1 1 7 .2
58
6.6

1 68 .0
1 4 4 .0
1 34 .6

Table II. Sulfonation Runs at 4 0 °  C. Producing Barium 2-M ethylnaphthalene-8-sulfonate'

R un
iNo.

1
2
3
4
5
6
7
8 
9

10
11
12

C ru d e  B a  S a lt
T im e ,
H ours G ram s

%  C o n 
v e r te d

4 47 3 2 .5
4 4 5 .1 3 1 .1
6 91 6 2 .8
6 89 6 1 .5
6 8 9 .5 6 1 .9
6 91 6 2 .8
8 96 6 6 .2
8 102 7 0 .3
8 102 7 0 .3
8 100 6 9 .0
8 1 0 0 .5 6 9 .2

24 90 6 2 .0

U n reac ted
H y d ro c a rb o n

S ulfone
G ram s % G ram s % G ram s v e r te d y ie ld G ram s %

4 6 .1
46

6 5 .1
6 4 .8

24 '
24
24

3 3 .8
3 3 .8
3 3 .8

Ö. 8
0 .7

Ö. 9 
0 .8

73
72

50
50

76
75

i2
16

8*3
1 1 .1

2 0 .2  
1 9 .8  
2 0 .3  

0 .0

2 8 .4
2 8 .0
2 8 .6

0 .0

1 .1
1 .2
1 .1

2 6 .1

1 .3
1 .4  
1 .3

3 6 .7

76 
78
77

54
54
53

75
74
77

18
17
18

1 2 '4  
1 1 .7  
1 2 .4

Barium 2-Methylnaphthalene-6-sulfonate

In  th e  sulfonation appara tu s  71 gram s of 93 per cen t sulfuric 
acid were added dropw ise to  71 gram s of 2 -m e th y ln ap h th a l
ene m ain tained  a t  95° C. by  a steam  cone. A t th e  end  of 8  
hours th e  reaction m ixture w as poured over 1 0 0  g ram s of ice 
and  allowed to  stand  un til th e  unsu lfonated  2 -m ethy lnaph 
thalene collected on th e  surface. T he cake of unsu lfonated  
hydrocarbon was lifted from  th e  surface of th e  solution, and  
th e  solution was filtered to  rem ove th e  sulfone form ed. T he 
solution was heated  to  boiling and  neutralized  h o t w ith  b arium

oxide; th e  separa tion  was 
th en  continued as in  th e  

' 1 ' previous case. O n recry sta l
lization all of th e  fractions 
had  the  sam e solubility  in 
w ater. T he resu lts of several 
runs are given in  T ab le  I I I .

P u re  8 B a riu m  S a lt
%

M iscellaneous 
Iso m ers  &

I  ^ ^ a ^ ^ ^ f a o n w r s ^ o b t a i n e t f  b y 'c /y s ta il iz a ti tm  in ^ e c o v e r i n ^ th e ^ x s i i ^ m o u n t  of p u re  2.8 b a r iu m

3 07
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Barium 2-Methylnaphthalene-7-sulfonate

T his sa lt was prepared in the  same m anner as those pre
viously described, except th a t  the  reaction was carried out 
a t  160° C., and  th e  m ixture was poured into 250 gram s of ice. 
T he barium  salt formed was recrystallized until it  was white 
in  color. I t  was no t very soluble in ho t water, so th a t large

Figure 2. Lecky Distillation 
Column

volumes of solutions had to  be handled. Here again only one 
principal p roduct was formed, as shown by the  fact th a t  a 
sa lt of only one solubility was found.

To ob tain  an  accurate analysis of the am ount of unsulfon- 
a ted  2 -m ethylnaphthalene it  had to be removed 
from  th e  solution by  steam  distillation. Also, 
i t  was advantageous to  ex tract the  sulfone later 
w ith e ther; even then  a  white compound was 
n o t obtained. If  th e  la tte r procedure is 
followed, there is no point in using the  250 
gram s of ice m entioned above. The reaction 
m ixture m ay  m erely be poured into cold water, 
allowed to  stand  un til cool, and then  filtered.
T his rem oves the  sulfone, unsulfonated 2- 
m ethylnaphthalene, and o ther ta rry  by-products 
which are formed. If  the recovery of the un
sulfonated hydrocarbon is no t desired, the  la tte r 
m ethod is th e  m ore desirable. T he results of 
several runs a t  high tem peratures are given in 
T able  IV .

Barium 6-Methyl-1,2,3,4-tetrahydronaphthalene- 
7-sulfonate

H y d r o g e n a t i o n  o f  2 - M e t h y l n a p h t h a l e n e . R ecrystal
lized 2 -m ethylnaphthalene (170 ml.) and  R aney  nickel ca ta
lyst (20 grams) suspended in 50 ml. of 95 per cent alcohol 
were placed in  a  hydrogenation u n it; hydrogen was adm itted  
until a pressure of 1 2 0 0  pounds per square inch was reached 
a t 20° C. T he shaker was s ta rted  and  hea t was applied. 
W hen 150° C. was reached, th e  pressure was 1740 pounds. 
A fter 5 hours the  tem pera tu re  was raised to  185° C., and the 
reaction was allowed to  proceed for an o th er 1 0  hours. Then 
agitation was stopped, th e  pressure released, and  th e  product 
removed. T he reaction m ixture was separa ted  from the 
R aney nickel by filtration.

Purification and  separation  of th e  hydrocarbon m ixture 
was carried out in  the  Lecky colum n show n in  Figure 2. 
Fractions obtained and  th e ir boiling po in ts a t  12 m m . pressure 
were: 2 -m ethyl-D ecalin, 89° C .; 2 -m ethyl-T etralin , 101° C.; 
2 -m ethylnaphthalene, 114° C. R esu lts are shown in 
Table V.

S u l f o n a t i o n  o f  6 - M e t h y l - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p h -  
t h a l e n e .  One-fourth mole ( 3 6 .5  gram s) of th e  te trahydro  
compound was placed in  th e  sulfonation ap p ara tu s w ith 40 
gram s of 9 3  per cent sulfuric acid. T he tem pera tu re  was 
m aintained a t  80° C . for 4 hours, and  th en  increased to 
1 0 0  ° C. for 4 more hours. A fter sulfonation was complete, the 
reaction m ixture was trea ted  as th e  o ther sulfonic acids; the 
only variation was th a t  th e  m ix ture was tre a ted  w ith benzene 
to extract sulfones and unsulfonated  hydrocarbon ra th e r than  
to  allow them  to  settle  ou t. N o sulfone or hydrocarbon was 
found in the extract. R esults are show n in  T ab le  V.

Sodium Salts oi Methylnaphthalene Sulfonic Acids

U s e  o f  S o d i u m  S u l f a t e  o r  C a r b o n a t e . One ten th  mole 
(57.9 grams) of the  barium  sa lt of the  sulfonic acid was placed 
in 2 liters of w ater and  th en  hea ted  to  boiling. To th is was 
added one ten th  mole of sodium  sulfate (14.2 gram s) or so
dium  carbonate ( 1 0 . 6  gram s), an d  th e  m ix ture  was kep t in 
suspension by  stirring. W hen th e  reaction  was completed, 
the barium  sulfate or carbonate form ed was filtered from the 
solution. On concentration of th e  solution, th e  sodium  salt of 
the sulfonic acid separates ou t. H ere th e  reaction m ust be 
Garried out w ith small quan tities of th e  barium  sa lt because 
of its relatively low solubility in  w ater. T he yield w ith  sodium 
sulfate is practically  q u an tita tiv e  (48.8 gram s), and  with 
sodium carbonate is slightly less (47.9 gram s, 98.5 per cent).

D i r e c t  P r o d u c t i o n  o f  S o d i u m  S a l t . T he sulfonation 
m ixture resulting from th e  reaction  of 71 gram s of 2 -m ethyl
naphthalene with 71 gram s of 93 per cent sulfuric acid for 8  
hours was poured into 250 ml. of w ater while stirring. Any 
sulfone or unreacted m ethy lnaphthalene was rem oved a t  th is

13
14
15
16
17
18
19
20 
2 1

Table III. Sulfonation Runs at 90—9 5 °  C. Producing Barium 
2-Methylnaphthalene-6-sulfonatea

U n reac ted
C rude  B a  S a lt H y d ro ca rb o n  P u re  6 B a riu m  S alt

R u n  T im e, %  con-
N o. H ours G ram s v erted

4 94 6 5 .0
5 90 6 2 .2
6 116 8 0 .0
6 115 7 9 .4
6 115 7 9 .4
8 123 8 4 .8
8 124 8 5 .5
8 121 8 3 .5
8 121 8 3 .5
tical barium co n ten t.

R ecovered S ulfone %  con
v e rted

%
GramB % G ram s % G ram s yield
23 32 0 .8 0 .9 94 6 5 .0 9 5 .6
24 34 0 .8 5 1 .0 90 6 2 .2 9 5 .7

8 .6 12 2 .0 2 .3 116 8 0 .0 8 9 .7
8 .9 13 2 .0 2 .3 115 7 9 .4 8 9 .9
8 .5 12 2 .0 2 .3 115 7 9 .4 89 .4
6 .3 8 .8 3 .6 4 .1 123 8 4 .8 83.1
5 .9 8 .3 3 .7 4 .2 124 8 5 .5 9 2 .5
6 .3 8 .8 3 .7 4 .2 121 8 3 .5 9 1 .5
6 .0 8 .4 3 .6 4 .1 121 8 3 .5 9 1 .5

and 2 3 * con ten) . 2 3 .66% ; analysis showed all actual values between 2! 
and 23.9%, no other isomers found in this temperature ran g e .
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influence of sodium  chloride on the
Table IV . Sulfonation Runs at 1 6 0 °  C. Producing Barium 2-Methylnaph»halene-7-*ulfonate-1 solubility of th e  sodium  salts.

R u n
N o.

22
23
24
25
26
27
28
29
30

T im e ,
H o u rs

4
4
4
6
6
6
8
8
8

C ru d e  B a  S a lt 
%  con 
v e r te d

7 9 .9  
7 7 .2
7 8 .0
8 6 .4
8 6 .9
8 6 .9
8 9 .0
8 9 .5  
8 8 .4

U n re a c te d
H y d ro c a rb o n

R ec o v e red
G ra m s

116
112
113
125
126 
126
129
130 
128

G ra m s

8.0
8 .5  
8.0 
2.0
1 .5  
2.0

N o n e
N o n e
N o n e

%
11.2
1 1 .9
11.2
2.8
2.1
2.8

P u re  7 B a riu m S a lt B a riu m
S uifone %  con  % C o n te n t,

G ram s % G ram s v e r te d y ie ld % ‘

4 4 5 .0 116 7 9 .9 7 9 .9 2 4 .5
4 .8 5 .3 112 7 7 .9 8 7 .2 2 4 .5
4 .5 5 .1 113 7 8 .0 8 8 .0 2 4 .5
5 .5 6 .4 125 8 6 .4 8 8 .7 2 5 .0
6 .0 6 .7 126 8 6 .9 8 9 .0 2 4 .9
6 .8 6 .7 126 8 6 .9 8 9 .6 2 5 .0
7 .8 9 .0 129 8 9 .0 8 9 .0 2 5 .1
7 .9 9 .1 130 8 9 .5 8 9 .5 2 5 .2
7 .5 8 .5 128 8 8 .4 8 8 .4 2 4 .2

° N o  o th e r  isom ers  fo u n d  a t  th i s  te m p e ra tu re . 
6 T h e o re tic a l b a r iu m  c o n te n t, 2 3 .6 6 % .

Table V. Results of Preparation of Barium 6-M eth y l-1,2 ,3 ,4 -te tra- 
hydronaphthalene-7-sulfonate

R u n  A R u n  B

H y d ro g e n a tio n  w ith  R a n e y  N ick e l C a ta ly s t  U sing  170 G ram s 
,2-M e th y ln a p h th a le n e

2-M e th y ln a p h th a le n e  re co v e red , g ram s 
2 -M e th y l-T e tra lin  o b ta in e d , g ram s 2-M e th y l-D e c a lin  o b ta in e d , g ram s 
Loss in  in te rm e d ia te  f ra c t io n s , %
C o n v ers io n  to  6 -m e th y l-T e tra l in , %
Y ield  of 6 -m e th y l-T e tra l in , %

S u lfo n a tio n  U sin g  36 .5  G ra m s  6 -m e th y l-T e tra l in  a n d  40 G ram s 
9 3 %  H 2S04 fo r 8 H o u rs

B a riu m  s a l t  o b ta in e d , g ram s 
C o n v ers io n  in  su lfo n a tio n , %

65
63
10
30
36
58

47
86.8

7
29
49
69

6 4 .0
8 7 .1

6 5 .5
8 9 .0

point e ither by  ex trac ting  w ith benzene or by  filtering if the  
tem pera tu re  was kep t low enough to  solidify th e  hydrocarbon. 
T hen th e  solution was poured in to  a sa lt solution of th e  fol
lowing com position: 2 ,8 -sulfonic acid, 2 0 0  gram s sodium
chloride, an d  300 ml. w ater; 2,6- and 2 ,7 -sulfonic acids, 150 
gram s sodium  chloride and  300 ml. w ater. T he resu lting  solu
tions were ag ita ted  for several hours and  filtered. A second 
crop of crystals was ob tained  on th e  add ition  of more sodium  
chloride. "T he tw o fractions were th e n  p u t together and  re
crystallized from  w ater. T h e  yields (based on hydrocarbon  
recovery) w ere 8 8  gram s of th e  2,8 sodium  sa lt (74 per cen t), 
99 gram s of 2,6 sodium  sa lt (84 per cent), and  95 gram s of 2 7 
sodium sa lt (78 p er cen t). F igure 3 and  T able  I  show the 
solubility of th e  sodium  salts, an d  F igure 4 and  T able V I the

Figure 3. Variation in Solubility o f Sodium Salts with 
Temperature

Comparison of Sulfonation Results

Tables I I , H I, and  IV  com pare th e  
effects of different variables during 
sulfonation. F igure 5 is a  p lo t of d a ta  
from these tab les showing th e  vari
ation  w ith  bo th  tim e and  tem pera tu re  
of unsulfonated 2 -m ethy lnaph thalene . 
T he figures for naph thalene  (3) are 
included so th a t  inferences m ay  be 

=^ = = = = = =  draw n as to  th e  effect of th e  m ethyl
group on th e  ease of su b s titu tio n  in  
the  arom atic nucleus. H ere, as w ith 

toluene and  benzene, th e  arom atic com pound w ith  th e  m ethyl 
group is m uch more reactive.

45
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Figure 4. Effect o f Sodium Chloride on Solubility 
of Sodium Salts o f Sulfonic Acids

The suifone form ation should be noted , as these com pounds 
m ay cause th e  loss of a  large am oun t of hydrocarbon . R un  
12, T able I I , shows th a t  36.7 per cen t of th e  hydrocarbon  was 
converted to  suifone.

Derivatives of Sulfonic Acid Salts

Using m ethods described by  Shriner and  Fuson  (6) and 
Groggins (4), sulfonyl chlorides, sulfonam ides, naphtho ls, 
m ethyl ethers, and  am ino com pounds were m ade. T able  
V II show s th e  derivatives and  th e ir m elting  po in ts. All com
pounds except 2,7 derivatives are listed in  th e  lite ra tu re  (I , 
2, 7, 8, 9). [An exception is th e  2-m ethy l-7-naphthy lam ine 
m ade from  th e  corresponding 
n itro  com pound b y  Vesely and 
Pac (8). T hey  gave the  m elting 
po in t as 105° C.)

Identification of Sulfonic Acids

Since th e  m elting po in ts are 
listed in th e  lite ra tu re  (1, 2, 7,
8, 9), no fu rther proof is needed 
for any  com pounds except the
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Table V I. Effect of Sodium Chloride on Solubility of Sodium 
Sulfonates in Water

N aC l, S o lu b ility , G ra m s /L ite r
% 2,8 S a lt 2,6 S a lt 2,7 S alt
0 4 3 .2 3 1 .0 19 .0
5 8 .1 3 .0 2 .0

10 4 .8 0 .9 0 .8
20 2 .3 0 7 0 .5
25 0 .5 0 .2 0 .1

Table VII. M elting Points of Derivatives of 2-Methylnaphthalene 
and 6-Methyl-Tetralin

2 -M e th y ln ap h th a len e
2-M e-6-
2-M e-7-
2-M e-8-

6 -M eth y l-T e tra lin

— SO2CI — SO2N H 2j-rc u v au v e ,
— O H  - -O M e

9 7-8 204 -5 128 79
63 -4 163-4 101-2 78
95 -6 195-6 109 41

155 89

—  N H 2

128
103-4

56-7

2,7 derivatives. Also, there  is no record in the literature of 
any  sulfonation of 2 -m ethylnaphthalene a t  a  tem perature as 
high as 160° C. To prove th e  structu re  of the  2-m ethyl- 
napthalene-7-sulfonic acid, an oxidation procedure was 
followed.

O x i d a t i o n  o p  S u l f o n i c  A c i d . The barium  salt of 2 -  

m ethylnaphthalene-7-sulfonic acid was dissolved in water, 
heated to  boiling, and th en  trea ted  w ith excess sulfuric acid. 
The barium  sulfate formed was filtered out and potassium 
perm anganate was added. A fter the solution was m ain
tained a t  the  boiling point for 24 hours, alcohol was added to 
destroy excess perm anganate and the solution was clarified 
w ith ac tivated  carbon. On concentration 4-sulfophthalic an 
hydride (as later shown) crystallizes out.

F u s i o n  o f  O x i d a t i o n  P r o d u c t . T he oxidation product 
was slowly added to  a  nickel crucible containing potassium  
hydroxide and sodium hydroxide, and the  m ixture was fused 
a t  170-180° C. for one hour. T he fusion mass was dissolved 
in ho t w ater, acidified, and extracted w ith ether. On evapora
tion of the  ether, 4-hydroxyphthalic acid was obtained melt
ing a t  203-204° C. (11).

Fusion in th e  same m anner a t  abou t 300° C. gives m-hy- 
droxybenzoic acid (m elting poin t 201° C.) on acidification. 
This is an expected reaction since m any phthalic acid deriva
tives substitu ted  in the  4 position decarboxylate easily. The 
reactions were:

Figure 5. Effect o f Temperature on Amount o f  
Hydrocarbon Sulfonated

The 2-m ethylnaphthalene-6-sulfonic acid was know n to  be 
absent by comparison of solubilities (2 , 6  barium  salt, 2  gram s 
per liter; 2,7 barium  salt, 0.57 gram  per liter); therefore the 
2-m ethylnaphthalene-7-sulfonic acid was th e  only compound 
which would give the above reactions on oxidation and fusion. 
This establishes the structu re  of the  s ta rtin g  m aterial as 2 - 
methylnaphthalene-7-sulfonic acid.

Industrial Possibilities

W e t t i n g  A g e n t  T e s t s . The sodium  sa lts of the  sulfonic 
acid were found to have w etting  properties, and  an  a ttem p t 
was made to evalulate th e ir possibilities. Surface tension, 
stability, and viscosity m easurem ents were determ ined, and 
attem pts were made to  apply  th e  D raves w etting  te s t to  the 
compounds.

These compounds were found to  be stable to  both  acids and 
bases, even in boiling solutions w ith concentrations as high as

c o 2h
igure 6. Surface Tensions o f Solutions o f Sodium 

Salts o f the Sulfonic Acids
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Table V III. V iscosities and Densities of A q u eou s Solutions of 
Sodium Salts of Sulfonic A c id s  at 2 5 °  C.

C oncn .,
G ra m s /L ite r

2 -M e, 6-SO aN a 2-M e, 7-SO aN a 2-M e, 8-SO aN a 6-M e, 7 -S O aN a '
D e n s i ty “ Viscosity*1 D e n s ity V iscosity D e n s ity V iscosity D e n s ity V iscosity

0 .5 0 0 .9 9 7 1 0 .8 8 6 0 .9 9 8 1 0 .8 7 6 0 .9 9 7 8 0 .8 7 5 0 .9 9 8 2 0 .8 9 7
1 .2 5 0 .9 9 7 3 0 .9 0 5 0 .9 9 8 3 0 .9 0 3 0 .9 9 8 3 0 .8 6 6 0 .9 9 8 4 0 .9 0 6
2 .5 0 0 .9 9 7 8 0 .9 1 3 0 .9 9 8 4 0 .9 2 6 0 .9 9 8 5 0 .9 1 1 0 .9 9 8 5 0 .9 0 7
3 .7 5 0 .9 9 8 0 0 .9 2 3 0 .9 9 8 6 0 .9 3 6 0 .9 9 9 0 0 .9 2 8 0 .9 9 8 0 0 .9 0 8
5 .0 0 0 .9 9 8 3 0 .9 4 4 0 .9 9 9 0 0 .9 4 2 0 .9 9 9 5 0 .9 4 4 0 .9 9 9 6 0 .9 0 9

“ G ra m  p e r cc. & C en tip o ise . c T e tra h y d ro  com p o u n d .

Table IX. Surface Tensions of A q u eou s Solutions of Sodium Salts 
of Sulfonic A c id s

C oncn .,
G ra m s /L ite r

2 .5
5 .0

10.0
1 8 .0

6-M e,7 - 
SO aN a 

( te tr a h y d ro  
com pd .)

6 7 .8
6 4 .9  
68.6 
5 3 .5

-S u rfa c e  T e n sio n , D y n e s /C m .-

2 -M e,7 - 2 -M e,6- 2 -M e ,8-
SO aN a SO aN a SOaNa

6 1 .8 5 5 .1 5 3 .5
5 6 .2 4 7 .9 4 3 .8
5 3 .0 4 3 .5 41 .0
5 1 .1 4 1 .7 3 9 .6

15 per cent, an d  th e  w etting-out power in  these  concentrated  
solutions was increased. In  addition , these com pounds re
sisted p recip ita tion  in  h a rd  w ater. V iscosity and  density  d a ta  
for d ilu te  so lu tions are  given in  T able V III . Surface tension 
m easurem ents, m ade in th e  du  N oiiy tensiom eter, are shown 
in Figure 6 and  T able  IX . T h e  m axim um  surface tension 
lowering is nearly  approached  b y  one per cent solutions. T he

D raves te s t was of little  use in esti
m ating th e  value of these com 
pounds.

P r o d u c t i o n . To determ ine th e  
possibility  of ad ap ting  th e  com pounds 
m ade in  th is  investigation  to  com
m ercial production, runs were carried 
ou t in  large sulfonation and  fusion 
pots (F igures 7 and  8) w hich are 
sim ilar to  those used in sem iworks

Figure 8 . Fusion Pot

industria l p ractice. A series of reactions was ru n  on n aph 
thalene and th en  on 2-m ethylnaphthalene, m aking  sodium  
salts of sulfonic acids and  naph tho ls, so th a t  processes could 
more easily  be com pared. I t  was found th a t  2-m ethylnaph
thalene sulfonic acids and  derivatives could be easily produced 
in  ordinary  equipm ent b y  vary ing  th e  tim e  and  tem p era tu re  
of th e  reactions.

F i g u r e  7 .  S u l f o n a t o r

Conclusions

1. 2-M ethylnaphthalene can be sulfonated  w ith 93 per 
cent sulfuric acid; su lfonation takes place in  th e  8 position 
a t  40° C. (75 per cent yield), in th e  6 position  a t  90-100° C. 
(90 per cent yield), and  in  th e  7 position  a t  tem pera tu res 
above 160° C . (88 per cent yield).

2. 2 -M ethy lnaph thalene  can be hydrogenated  to  6- 
m ethy l-T etralin  w ith hydrogen and  a  R aney  nickel ca ta ly st. 
Sulfonation of th is  com pound gives 6 -m ethyl-T etralin-7- 
sulfonic acid.

3. D erivatives of th e  sulfonic acids, such as salts, sulfonyl 
chlorides, sulfonam ides, naph thols, e thers, and  am ino com
pounds, can be m ade in  th e  usual m anner.

4. T he sulfonic acids and  th e ir derivatives listed above 
can be m ade on a  large scale by
m ethods and ap p ara tu s now in 
comm ercial use.

5. T he sodium  sa lts of the  
sulfonic acids show definite 
w etting-out p roperties. T hey  
have th e  following advantages 
w hich m ay  m ake th em  of 
use com m ercially: low cost, s ta 
b ility  in  d ry  form, resistance 
to  precip ita tion  in hard  w ater,
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stab ility  in solutions of concentrated acids and bases, near 
m axim um  w etting  in  one per cent solutions, and ease of m anu
facture.
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DESTRUCTIVE DISTILLATION of
D o n a ld  F. O th m e r  a n d  G e o r g e  A .  F e rn s tro m
POLYTECHNIC INSTITUTE, BROOKLYN, N. Y.

BAGASSE

Bagasse and Products (India Ink Bottle 
for Size Comparison)

Lower le ft, raw bagasse; lower right, charcoal; 
above le ft, fractured briquet using starch binder; 

above right, briquet using molasses binder.

I N  T H E  m anufacture of sugar from cane, one residual 
p roduct is th e  fiber bagasse, sometimes known in the  
B ritish colonies as “megasse” . The origin of the  name 
“bagasse” was traced  back to  Provence, France, where 

it  was applied to  refuse from olive oil mills—hence, anything 
worthless.

One investigator (2) reports th a t  the  Louisiana varieties 
of sugar cane yield 400 to  580 pounds of wet bagasse per ton 
of cane, or an average of 20 to  30 per cent of the  to ta l am ount 
of cane ground. In  the  case of a sugar central producing 
1000 tons of sugar per day, about 480,000 
pounds of wet bagasse would be produced.

Bagasse is a straw-colored, bulky fibrous 
substance. I t  consists of 25 to  40 per cent 
fiber cellulose, 0.1 to  0.15 per cent unknowns 
(albuminoids, gums, etc.), 6 to  10 per cent 
sugar, and 40 to  55 per cent w ater. I ts  
ultim ate analysis (S) on the  dry  basis is: 
carbon, 43 to  47 per cent; hydrogen, 5.4 to 
6.6; oxygen, 45 to  49; ash, 1.5 to  3 per 
cent.

T he heating value of d ry  bagasse is 8300 
B. t .  u. per pound (2). For bagasse con
tain ing  42.8 per cent m oisture, the heat 
value was found to  be 4800 B. t .  u. per 
pound and for th a t  containing 56.7 per cent 
moisture, i t  was 3620 B. t. u. per pound.
T he ne t heating values are 2200 to  3350 
B. t .  u. per pound. Thus, 1 pound of wet 
bagasse will evaporate 2 to  3.5 pounds of 
w ater from  and  a t  212° F . Assuming coal

1 P re s e n t ad d ress , E . I . du  P o n t  de  N em ours & 
C o m p a n y , In c ., W ilm ing ton , D el.

to have 14,000 B. t. u. per pound, 4 to  6 pounds of bagasse are 
equivalent to  a pound of coal.

T he bagasse from a sugar central producing 1000 tons of 
sugar in 24 hours will generate from  1160 to  1440 boiler 
horsepower during th a t  tim e. A bout 60 tons of coal per day 
would be needed to  do th e  sam e work.

Bagasse is also processed by  cooking and th en  fashioned 
into sheets of building or insulating  board, approxim ately 
V 16 inch th ick  and 4 feet wide, w hich are  cu t in to  lengths 
of 8 X 12 feet. T his m aterial bears th e  trad e  nam e “ Celo-
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tex” . H ow ever, th is  process 
consum es only a  sm all 
fraction of th e  to ta l bagasse 
available.

P aper p u lp  has also 
been m ade w ith  low alpha- 
cellulose con ten t.

In  some regions— for 
example, P uerto  Rico—  
bagasse is re tu rned  to  th e  
soil as a  very  poor ferti
lizer. E xperim en ts to  de
velop bagasse as ensilage, 
as a food itself, or as a 
carrier for m olasses have 
been unsuccessful.

T he trem endous am ounts 
of bagasse available a t 
single po in ts and  th e  fact 
th a t  charcoal is an  im por
ta n t  dom estic fuel in  m ost 
tropical countries m ade 
desirable th e  investigation  
of th e  carbonization  of th is  
waste p lan t fiber.

Carbonization Apparatus
R e t o r t . T h e  h e a t 

ing chamber or retort (Fig
ure 1) consisted of a heavy 
iron can w ith an airtight 
cover. One-gallon white- 
lead paint cans were used, 
since they are made of com
paratively heavy sheet and 
have no soldered seams.
T h e  c o v e r s  o f  t h e s e  
cans have rolled bps, which 
w e r e  m a d e  a i r t i g h t  
by packing the overlapping cover 
ing compound.

Two holes were drilled through the cover. One, w ith s/ 4-inch 
iron pipe bushing, served as an outlet for the distillation products; 
the other, w ith a Vi-inch iron pipe bushing, held a thermocouple

The junction between the bushings and the can cover was made 
airtight by placing large m etal washers on each side of the cover. 
A layer of Vs-inch asbestos paper was placed between the metal 
washers and the cover. A metal n u t was used to  press the 
washers and two asbestos strips against the cover. All joints 
were then given a coating of plumber’s filler and finally a layer 0 1  
asbestos

A V«-inch iron pipe was inserted inside the larger bushing. 
This pipe line was attached to  the condenser by a union, two 
elbows, and three short pieces of pipe.

The thermocouple well was made by placing a y 2-inch capped 
pipe inside of the smaller bushing and projecting into the retort.

The reto rt rested on several sheets of metal, to  protect it  from 
the direct flame. The assembly was supported by a large labora
tory tripod. . . ,

Condenser. The Liebig type condenser (Figure 1) consisted 
of 27.5 inches of copper tubing of Vi-inch iron pipe size, jacketed 
by a lVa-inch-diameter copper tube and having an inlet and an 
outlet for cooling water.

F urnace Setting. An outer shell was m adefrom  a 5-gallon 
iron can container by removing the bottom . Two holes were 
drilled in the top of this container to  correspond to  the condenser 
and thermocouple outlets from the retort. A larger o e Pfo 
vided for the escape of the products of combustion. The outside 
and top were covered with a Vi-inch mesh screening; it served as 
a foundation for an asbestos paste which was forced^ m and 
around the screening to a thickness of 1.5-1.75 inches. A cotto 
net was placed on the outside of this asbestos layer.

Three m etal legs were fastened by  bolts to the shell to support 
it in position over and around the retort.

Temperatures up to 1000° F. were attam ed m the re tort by a 
large M6ker burner. G reater heat economy would have been

3 1 3

► ► ► Bagasse is the wood stem of the sugar 
cane after expressing the juice. Unlike the stalks 
of most other types of plants which are also waste 
cellulosic material, it is readily available in large 
quantities at single points, the sugar centrals. 
Furthermore, most of the countries in the tropics 
where bagasse is produced use charcoal in large 
quantities as a domestic fuel.

Experiments were undertaken to determine 
yields of several products when bagasse is car
bonized in a retort under different conditions of 
temperature and time. Per short ton of dry ba
gasse, approximately 1050 pounds of charcoal, 
11 / 5 gallons of crude methanol, and 53 pounds 
of acetic acid were obtained. The amount of 
charcoal was considerably greater than would be 
produced from an equivalent weight of dry wood; 
while the volatile constituents were in each case 
considerably lower.

The charcoal was formed into experimental 
briquets by the addition of a small amount of 
starch or molasses before compression and drying. 
It appears that the carbonization of bagasse could 
be profitable in those locations where it is available 
in quantity.

.   w ith a plumber’s pack-
A layer of asbestos cement was laid outside of

attained if the bottom  had 
been closed so th a t only 
enough air for combustion 
could enter the furnace.

T emperature M easure
ment. The retort tem pera
ture was measured by a 
Bristol thermocouple in the 
well in the top  of the can 
and an indicating pyrome
ter. They were calibrated, 
and tem peratures could be 
read to 5° F.

Receivers. Three bottles 
were placed in series as 
receivers. The first bottle 
was a side-arm flask cali
brated for rough measure
m ent of volume by  a scale 
pasted on the side and a t
tached to  the bottom  of 
the condenser by a rubber 
stopper. The noncondens- 
able gas passed through the 
flask and left by  means of 
the side arms.

To remove all ta r  before 
allowing the gas to  pass to 
the meter, a second small 
collecting bottle was used 
with a short inlet tube
and an outlet tube which 
extended into the center of 
the bottle. During several 
of the tests i t  became coated 
with tar, indicating the need 
for such a trap.

Finally, the gas bubbled 
through about 100 cc. of
water in an 8-ounce bottle 
and then passed to  the gas 
meter. The solution in the 

—  third receiver became slightly
acid during the run.

I mportance of Cleaning. 
The ta r  driven off had a tend

ency to clog the pipe lines. The condenser and connections were 
cleaned by forcing a m etal bar through the pipe to  break up any
solid pitch clinging to  it. Pieces of cotton waste, either dry  or
soaked in methanol, were pushed through the pipe to  clean off 
fluid tar, which is done more readily immediately after a run, 
since the tars harden to  pitch after several days.

Plan of Distillation

P r o c e d u r e . A  w eighted am oun t of bagasse was added, 
th e  re to rt was sealed, and  th e  ou ter shell was placed around  
the  re to rt. T he condenser, collecting bo ttles, therm ocouple, 
and M 6ker bu rner were arranged. T he b u rn e r was lit; 
and  th e  re to rt tem pera tu re , volum e of d istillate, an d  dis- 
change tem pera tu res were recorded a t  definite tim e in tervals. 
I n  la te r experim ents th e  volum e and  com position of th e  
gas were also determ ined periodicady.

T hree products are ob tained : charcoal, condensable-
liquids, and  noncondensable gases. T he charcoal rem ained 
in  th e  re to r t and  was rem oved an d  w eighed a fte r cooling; 
th e  condensable distillate was collected m ain ly  in  th e  first 
receiver; and  th e  noncondensable gas was m easured, a n a 
lyzed, and  ven ted  to  an  exhaust 
duct.

T he liquid p roduct was la te r dis
tilled aw ay from  th e  accom panying 
ta r , and  th e  volatile p roduc t was 
weighed. T he d istilla tion  was 
usually  continued u n til th e  ta r  
showed signs of decom position.
T he ta r  residue solidified upon 
cooling. T he d is tilla te  was t i 
tra te d  for to ta l ac id ity  w ith
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Figure 1. General Arrangement of Apparatus

sodium hydroxide, using phenolphthalein as both  inside and 
outside indicator. In  later experim ents a  Beckm an pH  meter 
was used to  determ ine the  end point. These titra tions were 
not absolute since all acids present were assumed to be 
acetic acid. Slight errors would also be introduced by  the 
presence of phenols and aldehyde.

A fter th e  solution was m ade strongly alkaline, i t  was 
again distilled un til all of the  m ethanol present was evapo
rated, as indicated by  a boiling tem perature equal to  th a t  of 
water. T his distillate was th en  weighed; and the  specific 
gravities were determ ined to  obtain  the  percentage of alcohol 
by volume from th e  tables.

G as Analyses were made a t  15-minute intervals during 
the carbonization to  study  the  composition of the gas during 
the different stages of carbonization. An O rsat apparatus 
was used to  determ ine carbon dioxide, oxygen, and carbon 
monoxide.

M oisture and A sh . The stock of bagasse to  be used 
was thoroughly air-dried, and the  moisture rem aining was 
determ ined to  be 6.5 per cent.

The ash content of the  finished charcoal was determ ined

for run 6 to  be 9.3 per cent. T he standard  
m ethod of difference was used after all 
com bustible m a tte r has been burned off. 
The ash con ten t of th e  original bagasse was
3.9 on a  d ry  basis.

Experimental Carbonizations
The ra te  of heating , tim e of heating, and 

m axim um  tem peratu re  were investigated. 
Table I  and  F igure 2 show the  data 
obtained.

R un  1. A fter th e  bagasse had  been 
heated  rapidly  for 25 m inutes, the  ra te  of 
heating was reduced slightly. T he run 
continued for a to ta l of 225 m inutes and to 
a final m axim um  tem peratu re  of 840° F. 
These conditions were no t satisfactory; the 
yields of acetic acid  and  ta r  were well 
below those obtained under o ther conditions. 
The yield of charcoal was also low.

R u n  2. R apid  heating  for a short time 
resulted in a  d istillate w hich was high in 
ta r  and  contained an  average yield of 

acetic acid. A lthough th is te s t was com paratively short, 
th e  ra te  of heating  was g rea t enough to  m ake possible 
a maximum tem perature  of 755° F . in  th e  re to rt. T he con
ditions—rapid heating, short tim e, and, m ainly, h igh maxi
mum tem perature— gave a m inim um  yield of charcoal, 
approxim ately 25 per cent below th e  best condition 
(run 8).

R un  3 was no t completed and  was disregarded.
R un  4. H eat was applied a t  th e  sam e ra te  as run  2. 

This was the  shortest te s t m ade (80 m inutes) w ith the  result 
th a t  the m axim um  tem peratu re  a tta in ed  was m uch lower 
th an  in run  2. T he charcoal yield for th is  te s t was ap
proxim ately 16 per cen t g reater th a n  for ru n  2. T he yield 
of to ta l distillate was v irtua lly  th e  sam e for th e  tw o tests, 
b u t there  was a slight decrease (abou t 9 per cent) in the 
acetic acid content of the  d istillate.

R un  5. The charge was slowly heated  to  350° F. Ap
proxim ately 35 m inutes were required to  raise th e  tem perature 
100°, while in run  2, whose tem pera tu re-tim e curve had the 
greatest slope, only 7 m inutes were needed to  effect a similar 
tem perature rise. Above 350° F . the  tem pera tu re  rise was

Table 1. Experimental Data
R u n  num ber 1 2 4 5 6 7 8 9
B agasse charged , gram s 24 3 .0 326 .7 271 .1 26 9 .5 2 8 1 .9 275 7 2 7 6 .4 270 9D ry  bagasse, gram s 
“ C h a rc o a l” residue

227 .2 30 5 .5 25 3 .5 252 .0 2 6 3 .6 2 5 7 .8 2 5 8 .4 2 5 3 .3
W eigh t, gram s 9 2 .4 117 .8 113.5 100.4 111 7 120 88 135.11

5 2 .2 9% ,  d ry  bagasse basis 
T o ta l d is tilla te

40 .6 6 38 .56 44 .77 39 .8 4 42 .3 7 46 ! 89
V olum e, cc.
W t. inc lud ing  ta r ,  g ram s

2 6 .8
2 9 .3

6 3 .7
71 .1 0

5 4 .8  
58 .1

4 1 .0  
45 8

7 6 .5  
81 3

5 5 .4  
6 4 .5 5
2 5 .0 4

6 7 .2
7 2 .5 1
2 8 .0 6

% , d ry  bagasse basis 
N oncondensab le  gaseous p ro d u c t

12 .90 23 .2 7 22 .9 2 18.17 30! 84
W t. (by  difference), g ram s 121 .3 137 .8 9 9 .5 123 3 8 8 .9

33 .7 3
9 0 .2 7
3 5 .0 2

6 8 .7 8
2 6 .6 2

% , d ry  bagasse basis 
D is til la te  a f te r  ta r  rem oval

53 .3 9 45 .11 39 .2 5 48 .9 3
W eigh t, g ram s 
% ,  d ry  bagasse basis  

T a r

2 0 .0
8 .8 0

4 7 .4
15.52

4 5 .9
18.11

3 3 .8
13.41

61 .8 7  
23 .4 6

5 0 .4 0
19 .5 5

6 0 .2 5
2 3 .3 2

W eigh t, g ram s 
% , d ry  bagasse  basis  

A cetic  ac id , %

9 .3
4 .0 9

23 .7
7 .7 6

12.2
4 .81

12 .0
4 .7 6

19 .43
7 .3 7

1 4 .1 5  
5 .4 9

12 .2 6
4 .7 4

D ry  bagasse basis 0 .3 4 4 2 .2 9 2 .095 1.49 2 .4 4 1 .735 2 .6 4T o ta l d is t. basis 2 .6 6 5 9 .7 2 9 13 8 '2 5  
11 .10T o ta l d is t. m inus  ta r  basis 

M e th a n o l, %  b y  w eight
3 .91 14 .59 11 .55

7 .9 0  
10 .39

6 .9 2
8 .8 7

9 .4 3
11 .3 5

D ry  bagasse  basis 0 .3663
2.01
2 .7 3

0 .6 1 6 0 .4 2 2T o ta l d is t. basis
D is t. m inus  ta r  basis 2 .4 5 5 1 .503

T o ta l vol. g as  p ro d u ced , cu. ft. 3 .1 5 1 .81
M ax. te m p , a t ta in e d , ° F . 840 ' ' 7 5 5 ' ' 630 ' 800 785 ' ' 

260

0 . 52 0 .2 0 5 0  ̂34
T o ta l h ea tin g  tim e , m in. 225 115 80 230 750

110
618
120

678
130
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Figure 2. Temperature o f Retort at Progress
ive Times during the Destructive Distillation of 

Bagasse

much m ore rap id— 1 5  m inutes for a  100 rise. In  th is tes t 
the d istillate separated  in to  tw o d is tinc t layers an  oily ta r  
and a clear red w ater layer. T he d istilla tes obtained for 
runs 1, 2, and  4 were pale yellow and  did no t separate by
gravity . . . .

R un 6. T he ra te  of heating  was changed; a  high in itial 
rate was continued for 80 m inutes, followed by  30 m inutes 
a t approxim ately  co nstan t tem pera tu re , 340 F ., and  then
abou t 140 m inu tes of m oderate  heating. T he yields of 
acetic acid and  ta r  were high, b u t only an  average am ount 
of charcoal was produced. T he ta r  was very  oily and  light 
brown in color; th e  ta rs  obtained  from  th e  o ther te s ts  were 
blflick

R un 7. T he tim e an d  final tem pera tu re  were approxi
m ately th e  sam e as those for run  2, b u t th e  ra te  of heating  
was n o t so h igh in itia lly . T he charcoal yield was high, 
being inferior only to  th a t  of ru n  8, while only average 
am ounts of acetic acid an d  ta r  were produced. T he yie d o 
m ethanol w as som ew hat h igher th a n  th a t  obtained for
runs 5 and  8. ,

R un  8. T h is te s t was m ade to  determ ine the  effect of 
applying h ea t a t  a  m oderate  ra te  for a short tim e. Since

the  final tem pera tu re  was only 618° F ., a  high yield of char
coal was obtained. T his yield was approxim ately  10 per 
cent greater th an  in run  7 and  abou t 35 per cen t g rea ter th a n  
run 2, which had  the  poorest yield. T he highest yields of 
acetic acid and ta r  were also obtained. T he yield of m eth a
nol was, however, below th a t  of run  7.

In  Figure 3 th e  to ta l volum e of noncondensable exhaust 
gases and the  volum e of carbon dioxide and  carbon monoxide 
are p lo tted  against tim e during runs 7, 8, and  9. T he m axi
m um  percentages of carbon monoxide ob tained  were 8.1, 
4.5, and 5.3, respectively. T he gas in each case bu rns w ith 
a blue flame, b u t the  hea t con ten t is ev iden tly  low.

Trends Shown by Tests

I t  is difficult to  specify conditions for w hich th e  h ighest 
yields of acetic acid, ta r , charcoal, and  com bustible gas 
m ay be obtained because of th e  m any variables. H ow ever, 
possible trends m ay be deduced.

C harcoal yields are shown, as would be expected, to  be 
lower w ith a higher ra te  of heating  and  w ith a h igher m axi
m um  tem perature  a tta ined  in  th e  re to rt. A h igher ra te  of 
heating probably  causes the  driv ing off of m ore of th e  carbon 
in th e  form of heavier molecules w ith  a h igher ra tio  of carbon 
to  hydrogen and oxygen while a  slower ra te  p robably  allows 
the  cracking or decom position of these molecules to  give a 
correspondingly higher carbon residue. A lower final 
tem perature  sim ply allows more volatile m aterial to  rem ain 
in the charcoal.

T he effect of m axim um  tem peratu re  is best illu stra ted  
by com paring runs 2 and  4, where th e  ra te  of heating  was 
v irtually  the  same, th e  only varia tion  being th e  to ta l tim e 
and m axim um  tem perature . In  run  4 th e  to ta l tim e was 
80 m inutes w ith a m axim um  tem peratu re  of only 630° F .; 
the  m axim um  tem peratu re  in  ru n  2 was 755 F . As a re
sult, th e  q u an tity  of charcoal ob tained  a t  th e  lower tem 
perature  was 14 per cent g reater th a n  th a t  a t  th e  h igher 
tem perature .

T he trend  tow ard  h igher charcoal yields for low ra te s  of 
heating  is dem onstrated  b y  runs 7 and  2; th e  to ta l tim e and  
final tem peratures were v irtua lly  th e  sam e, b u t th e  ra te  
of heating  for ru n  7 was lower th a n  for ru n  2. T he charcoal 
yield for run  7 was approxim ately  18 per cent g rea te r th a n  
th a t  obtained for run  2. T he tren d  tow ard  increased char
coal yields for low ra te s  of heating  is fu rth e r su b s tan tia ted  
by  com parison of ru n  1 w ith  ru n  5, where th e  ra te  of hea ting  
was considerably lower. T he charcoal p roduced for th e  
two tes ts  are p ractically  th e  sam e despite th e  fac t th a t  th e  
charge for ru n  1 was heated  40° h igher. T h u s th e  s ta tem en t 
th a t  the  charcoal yield is im proved by  slow hea tin g  is in 
d irectly  substan tia ted .

T he m axim um  re to rt tem p era tu re  seem s to  have  a  m ore 
im portan t effect on th e  am oun t of charcoal produced  th an  
the  ra te  of heating . T he im portance of m axim um  tem per
a tu re  is illu stra ted  b y  ru n  8 where th e  h ighest charcoal 
yield was ob tained . In  th is  te s t th e  ra te  of hea ting  was 
m oderate, b u t owing to  th e  shortness of th is  ru n  th e  final 
tem pera tu re  a tta in ed  was only 
618° F .

If  th e  above results are classi
fied according to  th e  ra te  of 
applying h ea t— for example, high 
ra te  and  low ra te— and these 
general headings are  subdivided 
according to  th e  tim e required  to  
com plete th e  te s t, analysis of the 
problem  of determ ining th e  best 
operating  conditions is simplified.
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Figure 3. Evolution o f Gases

Classifying the  results in such a m anner, a slight trend tow ard 
increased acetic acid yields were observed for high rates of 
heating; an  exception is run  6. Perhaps th is can be ex
plained, since th e  in itial ra te  of heating for th is tes t was 
h igh—th a t is, for th e  heating period between room tem 
perature  and 250° F .

These results are no t to  be regarded as final or as de
scribing th e  complete sto ry  on the  destructive distillation 
of bagasse. Such factors as size of retort, design of furnace 
and  m ethod of applying heat, m ethod of charging the  retort, 
etc., affect the  tim e, ra te  of heating, and yield relationship. 
However, these results indicate a trend  and show th a t the 
destructive distillation of bagasse gives valuable products, 
the  exact am ounts of which will vary  somewhat w ith the 
design and operation of p lan t units. T he results merely 
prove th a t  th is  process is w orthy of fu rther consideration.

Fuel Briquets from Charcoal

T he charcoal produced was fluffy and bulky and given to 
dusting. I t  had  no m echanical strength. To reduce the 
ap p aren t density , fuel b riquets were made which utilized 
even th e  fine m aterial present in  large am ounts which were 
otherw ise alm ost valueless.

B o th  s ta rch  and  molasses were tried  as binding m aterial 
for th e  briquets in  preference to  o ther m aterials such as tars 
or p itch  or sulfite liquors from pulp  m anufacture. Molasses 
has the  special advantage th a t  it is produced in large quanti
ties a t  th e  sugar central. T he briquets were made of several

different ratios of b inder to  charcoal, and  th e  results com
pared. In  the  first te s t w ater was added un til th e  charcoal 
became m oist. Som ew hat less th a n  5 per cent molasses 
was then  added to  produce a  su itab le  b riquet.

B riquets m ade w ith an  aqueous solution also proved 
satisfactory, using a little  less th a n  5 per cent starch . Suf
ficient w ater was added to  m ake th e  charcoal ju s t fluid 
enough to  be handled. These b riquets, however, were not 
quite equal to  these m ade from  molasses. T he molasses 
produced a  stronger bond betw een th e  charcoal particles; 
and it  is believed th a t  a  lower ra tio  of molasses could be used 
in p lan t equipm ent th a n  was required  in th e  laboratory  ex
periments.

In  m aking briquets from  hardw ood charcoal, th e  lump 
m aterial m ust be pulverized. T h is is n o t necessary with 
the charcoal from bagasse.

A fter the binding agents have been added to  hardwood 
charcoal dust, th e  m ixture in  a  p lan t is sen t to  a  set of rollers 
having recesses to  give the  usual biscuitlike or pillow shape. 
Doubtless th is process would also be used w ith  charcoal 
obtained from bagasse. F o r th e  p resen t tes ts , however, 
the briquets were in  the  form  of cylinders. T hey  were made 
by  ram ming the charcoal in to  a  stan d ard  pipe nipple of 
1-inch iron pipe size, w ith a  fitted  plunger pressed in w ith a 
standard  m achinist’s vise.

A fter the  briquets were form ed and  shaped, th ey  were 
dried in an  electric oven a t  88° to  90° C. T hey  were then 
examined and found to  re ta in  the ir shape and  be capable 
of w ithstanding the  m oderate pressures required  of any 
charcoal briquet.

Destructive Distillation of Bagasse Compared with 
Other Materials

H akdw ood. The carbonization of bagasse is directly 
comparable to  the carbonization of hardw ood as practiced in 
m any parts  of th is country ; and  th e  p roducts (charcoal, acetic 
acid, and methanol) are th e  sam e. T he sam e sequence of 
operations used for working up  th e  liquors in  a  hardwood 
distilling p lan t would serve for th e  handling of th e  distillate 
from bagasse. T he usual com m ercial am ounts of products 
from dry  hardwood (4 ,6) are listed in  T able  I, although much 
higher am ounts have been obtainable (5). Using run  8 as an 
example, the  am ounts of products from  th e  sam e am oun t of 
d ry  bagasse are shown in T able I I .  A lm ost tw ice as much 
charcoal, while less acetic acid and  m uch less m ethanol, are 
produced.

Table II. Comparison of Products from Carbonization of 
Hardwood, Wheat Straw, Corncobs, and Bagasse (Run 8)

W eigh t of m ate ria l, lb. 
Raw  
D ry

C harcoal produced , lb. 
Gas, cu. ft.
T o ta l d is t., gal.
T a r  d ischarged , gal.
85%  crude m ethano l, 

gal.
Acid as 100%  acetic , lb.

°  M oisture content not

W h e a t S tra w . Because of th e  physical sim ilarity  
bagasse to w heat straw , it is in teresting  to  com pare the  prc 
ucts obtained on the basis of 3000 pounds of d ry  m ateri 
“Tn res^ s on .wheat straw  are those of F a ith  (1) who stati 

ie chief objection to  the  u tilization  of straw  is th e  c< 
o collection. W ith th e  present tren d  to  th e  w idespread i

W heat
W ood Straw  (1) Corncobs (7) Bagasse

4000 3000 3360 3210
3000 a 3000 3000
1000 1000 900 1570
7000 1050 lb. 600 lb. 1080

250 104 144 93.5
26 11 14.7 9.74

10 4 .0 1.82
120 '¿6 78 77

given .
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of com bines (for harvesting) instead  of b inders, th e  straw  
is spread around  th e  field in stead  of being stacked. Con
sequently  th e  cost of collection is o u t of proportion  to  th e  
value.”  T he sam e is tru e  of m ost o th er agricu ltu ral cellu- 
losic wastes.

T he charcoal from  w heat straw  (7) was extrem ely light 
and analyzed: 57.8 per cen t fixed carbon, 10.5 volatile m a t
ter, 31.7 ash. T he po tash  con ten t of th e  ash  was 2.25 per 
cent K 20 .

C orncobs. E xperim ental values on destructive distillation 
of corncobs have been reported  (7). A verage values are in
cluded in T able  I I ,  converted  to  th e  sam e basis. T he collec
tion  of corncobs m igh t also be uneconomic.

Conclusion
In  th e  destructive  distillation  of bagasse i t  is possible to  

produce five useful products—nam ely, acetic acid, m ethanol, 
charcoal, com bustible gas, and  ta r . T he yields of acetic 
acid, charcoal, and  m ethanol were g rea t enough to  envision 
the destructive d istilla tion  of bagasse on a commercial 
scale. B agasse is a  w aste p roduc t already  collected a t  the  
sugar central. I f  th e  p roducts form ed by  d istillation  can 
be used nearby , as seems possible, tran sp o rta tio n  costs would 
be a  m inim um .

A lthough th e  regions where bagasse is ob tained  are m ainly 
agricultural, th ere  is usually  some m ark e t for acetic acid 
and m ethanol as well. T he gas produced m ight be used 
for th e  carbonization  operation  o r for fuel a t  th e  sugar

central. F o rtuna te ly , th e  chief p roduct is charcoal which 
fits well in to  th e  econom y of m any  trop ical sugar countries 
where i t  is used as a dom estic fuel. M uch  b e tte r  yields of 
charcoal and  lesser yields of acetic acid and  of m ethanol are 
indicated  from  bagasse th a n  from  hardw oods.

T he charcoal is bu lky  and  comes as a  fine, pu lveren t 
m aterial. I t  is easily m ade in to  b riq u e ts  w ith  a  sm all 
am ount of starch  or of molasses, w hich is ano ther by -p roduct 
of the  sam e industry . T he tex tu re  of th e  charcoal indicates 
th a t  i t  m ight be su itable for ac tiva ted  carbon.

I t  th u s  seems th a t  bagasse m igh t be p rofitably  carbonized 
in  some locations because of th e  products, particu la rly  char
coal, and  th e  fac t th a t  th e  valueless bagasse is available 
a t  a single poin t, th e  sugar central, in  large quan tities. T he 
physical na tu re  of bagasse indicates th a t  th e  advan tages of 
continuous carbonization by  th e  m odification of a  continuous 
re to rt used for wood w aste should be realized.
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CHLORINOLYSIS of 
CHLOROPARAFFINS

► ► ► The chlorinolysis reaction has been ap
plied to chlorinated derivatives of ethane, propane, 
isobutane, butane, hexane, heptane, octane, and 
tetradecane. Carbon tetrachloride and hexa- 
chloroethane are products of the reaction in each 
case. It seems possible that any polycarbon chloro- 
paraffin can be converted to carbon tetrachloride 
and hexachloroethane in good yields by chlorinoly
sis with an excess of elemental chlorine. Hexa
chloroethane may be subsequently converted to 
tetrachloroethylene, a valuable solvent.

B Y  A NA LO GY  to  such  term s as hydrogenolysis, hyro- 
lysis, am m onolysis, and  alcoholysis, ind icating  a  chem 
ical reaction  in  w hich hydrogen, w ater, am m onia, or 
alcohol, respectively , effects a  ru p tu re  of th e  molecule

undergoing these reactions, th e  te rm  “ chlorinolysis has been
suggested (9) to  describe th e  process of chlorinating  an 
organic com pound under conditions which ru p tu re  the 
carbon-carbon bonds to  yield chloro com pounds w ith  fewer 
carbon atom s th a n  th e  s ta rtin g  m aterial.

A survey of th e  lite ra tu re  reveals only a- few exam ples of 
chlorinolysis in  w hich elem ental chlorine was the  chlorinating 
agent. T he  m ost significant reference to  chlorinolysis w ith 
elem ental chlorine is th a t  of G rebe, Reilly, and i ey (4)1

P resen t a d d re ss , V isk ing  C o rp o ra t io n , C h icago , III.

E. T . M c B e e ,  H .  B. H a s s ,  a n d  C arl B o r d e n c a 1
PURDUE UNIVERSITY A N D  PURDUE RESEARCH FO U N D A TIO N , 

LAFAYETTE, IND.

th e ir’s is a  p a ten ted  process for th e  p repara tion  of chloro- 
carbons, p rincipally  carbon te trach lo ride  an d  te trach lo ro 
ethylene, b y  passing p reheated  chlorine and  paraffin  hydro 
carbons th rough  a  b a th  of m olten  m eta l chlorides such  as a 
eu tec tic  m ix ture  of alum inum  ch lo rid e ,,ferric chloride, and  
sodium  chloride. A ccording to  a  p a te n t issued to  I .  G . F a r-  
ben industrie  A .-G. (7), carbon te trach lo ride  m ay  be prepared  
b y  passing a liphatic  hydrocarbons of m ore th a n  one carbon 
a tom  or the ir ch lorinated  p roduc ts w ith  chlorine over ac ti
v a ted  carbon or o ther substances of large surface a rea  a t  400° 
to  650° C . T he  chlorine was 
20-40 per cent in  excess of th e  
q u an tity  theoretically  necessary 
for th e  form ation of carbon 
tetrachloride. T he high-pressure, 
h igh-tem perature chlorinolysis 
of chloropentanes for th e  produc
tion  of carbon te trach lo ride  and  
hexachloroethane w as described 
by  M cBee, H ass, an d  P ier
son (9).
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T here are several references to the chlorinolysis of hydro
carbons and the ir chlorinated derivatives by  chlorinating 
agents o ther th an  elem ental chlorine. E ckert and Steiner 
(1), M erz and W eith(IO) and Gnehm andB anziger (3) obtained 
carbon te trach  loride, hexachloroethane, and hexachlorobenzene 
by  chlorinating a varie ty  of arom atic compounds w ith antim ony 
pentachloride. Hoffm ann (6) reported th a t hexachlorobuta- 
diene was obtained from the  chlorination of trichlorodioxypico- 
line, C6H 4O2NCI3, w ith phosphorus pentachloride. H artm ann 
(.5) chlorinated certain aliphatic compounds with antim ony 
pentachloride, using iodine as a catalyst, and  obtained carbon 
tetrachloride, hexachloroethane, hexachlorobenzene, and 
hexachlorobutadiene. Ruoff (11) and  K rafft and M erz (8) 
chlorinolyzed a num ber of arom atic compounds w ith chlo
rine in the  presence of iodine. The compound C13I was be
lieved to  be one of th e  reactan ts. Shvenberger and Gordon 
(12) obtained carbon tetrachloride and  tetrachloroindene by 
chlorinating naphthalene in  the  presence of chlorides of the 
m etals of groups I I I  and  V III.

T he chlorinolysis reaction has now been applied to  chlo
rinated  derivatives of ethane, propane, isobutane, butane, 
hexane, heptane, octane, and  tetradecane. The chlorinoly
sis of chloroheptanes (C 7H 12CI4) has been studied  extensively, 
and th e  effect of varying the  conditions of tem perature, pres
sure, and ra te  of feed of reactan ts has been determ ined.

Chlorinolysis in Sealed Tubes
In  extending th e  chlorinolysis reaction to  various paraffin 

hydrocarbons, it  seemed desirable to  carry out initial experi
m ents on a  small scale, for it  is well know n th a t  chlorine forms 
explosive m ixtures frith  hydrocarbons and  certain  of the par
tially  chlorinated derivatives. Therefore a series of sealed 
tube experim ents was conducted as a prelim inary study  of 
the  general applicability  of the  chlorinolysis reaction. The

compounds under investigation were sealed in V rin ch  iron- 
pipe-size nickel tubes, 4 feet in length, w ith  elem ental chlo
rine in excess of th a t  theoretically  necessary for th e  replace
m ent of all hydrogen atom s. These nickel tubes were then 
placed in  heavy iron pipe for safety  and  heated  to  a  desired 
reaction tem perature. C hloroheptanes and  chlorooctanes 
were found to  give carbon te trach loride and  hexachloroethane 
when heated a t 250° C. As the  tem pera tu re  is increased, the 
reaction tim e for chlorinolysis is decreased. T he use of iron 
equipm ent instead of nickel was unsatisfactory  because of the 
catalytic reaction of iron and  iron chlorides on th e  decomposi
tion  and polym erization of organic chlorides. In  an  a ttem p t 
to shorten the  period of chlorinolysis, th e  use of catalysts was 
studied briefly. A lum inum  chloride, sulfur dioxide, and 
benzoyl peroxide were found to  be ineffective.

A series of experim ents was m ade to  determ ine the  ap
plicability of the  chlorinolysis reaction  to  com pounds other 
th an  chlorinated hydrocarbons. 1-B utoxybutane and pyri
dine gave hexachloroethane w hen subjected  to  chlorinolysis 
w ith elem ental chlorine. Cyclohexanol yielded hexachloro
benzene when chlorinated a t 265° C.

Apparatus (or Continuous Chlorinolysis
The apparatus (Figures 1 and  2) was essentially th a t  de

scribed in an earlier publication (9). I t  was fabricated  from 
ferrous m etals w ith the  exception of th e  reactor and  th e  prod
uct condenser which were m ade of nickel. A dual proportion
ing pum p was used to  in troduce chlorine and  th e  chloroparaf- 
fins continuously in to  a  '/V m ch iron-pipe-size nickel tube 
having a capacity  of 210 ml. T he nickel tube , w hich was the 
reactor, was surrounded by  a sa lt b a th  heated  b y  immersion 
heaters. The product of th e  reaction  passed from  th e  nickel 
tube reactor through a  w ater-cooled condenser in to  a receiver 
m aintained a t  the  same pressure as th e  reactor. T he desired 
pressure in the  system  was obtained by  filling th e  reactor and 
receiver w ith nitrogen a t  th e  beginning of an  experiment. 
As the product collected in th e  receiver, th e  n itrogen was al
lowed to escape slowly to  m ain ta in  a uniform  pressure. 
Safety disks were m ounted a t  each end  of th e  reactor tube. 
These disks were m ade to  ru p tu re  a t  2000 pounds per square 
inch pressure.

L ittle difficulty was experienced in pum ping liquid chlorine 
a t pressures as high as 1 0 0 0  pounds per square inch according 
to  the procedure described in th e  previous publication. This 
consists essentially of using a cone-type check valve in the 
chlorine line betw een th e  chlorine supply  ta n k  and  th e  reactor 
and m aintaining concentrated sulfuric acid in  th e  line con
necting the check valve and  th e  pum p. B y  th is procedure 
the chlorine did no t come in to  d irect con tac t w ith the  pump, 
and hence the problem  was essentially  one of pum ping sul
furic acid a t high pressure.

Application of Chlorinolysis Reaction
In  order to  determ ine the  general applicab ility  of the chlo

rinolysis reaction it  was studied  w ith a varie ty  of chloro- 
paraffins.

E x p e rim e n t N o. 
T e m p e ra tu re , ° C. 
P ressu re , lb ./sq . in . 
C h lo roparaffin  

M oles 
C h lo rine , m oles 
R a tio  CI2: ch lo roparaffin  
R a te  of feed , m in ./m o le  
P ro d u c t, %  by  w eigh t 

C C h  
C2CI6 
R esidue

Table I. Chlorinolysis of Miscellaneous Chloroparaffin
71 42 65

400 400 400
1000 750 750

C2H 1CI! CaH.CU C3H4CU
0 .7 5 1 .7 0 .9

8 14 21
11:1 8 :1 23 :1

20 30 60

72 16 22
28 84 78

26
400

1000
Iso-CiHaCU

1.6
21

13:1
75

46
54

66 32 38 39 67
400 435 350 400 310

1000 500 500 750 500
IlCla C iH jC U C»H«CU C ,H ,C U C .H .C1.

1 .0 0 .9 0 .8 1 .5 1 .75
18 10 7 18 19

18:1 11:1 9 :1 12:1 11:1
80 72 28 27 20

42 13 5 8 0 .5
58 60 80 66 9 9 .0

27 15 26 0 .5



M a rc h , 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 3 1 9

Figure 2. Chlorinolysis Apparatus

In  th e  chlorinolysis of 1 ,2-dichloroethane, carbon te tra 
chloride an d  hexachloroethane were obtained  as th e  only 
products. P resum ably  it  should be possible to  m ain ta in  con
ditions w hich w ould cause perchlorination  w ithout chlorinoly
sis; b u t a t  th e  conditions given in  experim ent 71, T able I, 
72 per cen t of th e  p ro d u c t was carbon tetrach loride, which 
was probably  form ed from  th e  chlorinolysis of hexachloroeth
ane. Therefore, i t  m ay  be concluded th a t  in  th e  chlorinoly
sis of com pounds w ith  th ree  or m ore carbon atom s, some of the  
hexachloroethane w hich is form ed m ay be fu rther chlorino- 
lyzed.

rial. C arbon tetrach loride and hexachloro
ethane were the  only p roducts of th e  re
action. N o a tte m p t was m ade to  s tu d y  the  
effect of varying conditions on the  relative 
proportions of the  p roducts. E xperim ents 
26 and  66, T able I , show th a t  an  aver
age of 44 per cent of th e  p roduc t was car
bon tetrach loride. T h is relatively  high per
centage of carbon te trach lo ride  should be 
expected from  a consideration  of th e  
branched-chain stru c tu re  of th e  isobutane 
molecule. Two carbon-carbon cleavages are 
necessary for th e  d irec t form ation  of hexa
chloroethane from th e  chlorinolysis of th e  
isobutane molecule.

T he series of experim ents w ith  te tra -  
chlorobutanes is of particu lar in terest. From  
experim ents 67, T able I , i t  appears pos
sible to  ob ta in  hexachloroethane w ith  th e  
alm ost complete exclusion of o ther reaction 
p roducts. H owever, if th e  tem pera tu re  
and  pressure are  increased beyond ap
proxim ately 300° C. and  500 pounds per 
square inch, respectively, th e  yield of 

carbon tetrach lo ride  increases.

Chlorinolysis of Chloroheptanes

Polychloroheptanes were selected for a  m ore in tensive in
vestigation of th e  chlorinolysis reaction  because th ey  are avail
able from  typ ical paraffin hydrocarbons. A m ix ture  of iso
m eric heptanes boiling a t 94-98° C. a t  750 m m . ob tained  by  
fractionation  of com m ercial hep tane was used as th e  s ta rtin g  
m aterial. T he fraction was chlorinated  in  th e  liquid  phase, 
in th e  presence of light a t about room tem peratu re , to  poly-

Table II. Chlorinolysis of Chloroheptanes
E x p e rim en t N o. 47 48  49 50 51 52 53 54 ^59 ^60 J f l  ^62  63

»  I ®  lo f f i  1000 1000 lo S o  1000 1000 1000 1000 1000 1000 750 500
C tH uC L . m oles 1 .0  1 0  0 6 0 8 0 8 0.8 1.0 ^  ^  ^  3Q  _ 27

20 8 3 1 2 6 :1  2 3 :1  2 4 :1  2 4 :1  3 3 :1
65 50 44 50 50 60

roduct, %  oy  weignx. „ ß 39 40 39 31 37 34 6 1  10
C CL 29 2o 26 37 36 59 35 28 13 18
CÆ U 30 29 23 26 2o 5 /  o g2 21 44 41
C.CU 26 2o 34 37 20 ^  jo  ^  n  g „  12 22
R esidue .12 42i  209 23 i  331 341 258 295 370 310 340 450 386

P ro d u c t, g ram s  527

Several experim ents were conducted  w ith  tetrach loropro- 
panes. T he p roducts of chlorinolysis are carbon te trach loride 
and hexachloroethane. A change in pressure from  750 to  
1000 pounds per square inch  h ad  no appreciable effect on the  
relative p roportions of carbon te trach lo ride  and  hexachloro
ethane in  th e  p roduct. H ow ever, th e  ra tio  of these tw o chlo- 
rocarbons was affected b y  vary ing  th e  exposure tim e. As 
would be expected, th e  yield of carbon te trach lo ride  increased 
as the ra te  of feed of te trach lo ropropanes to  th e  reactor was 
decreased. T he average mole ra tio  of hexachloroethane to  
carbon te trach lo ride  for th e  series of experim ents w ith  te tra 
chloropropanes was ab o u t 3:1. Since a satisfacto ry  carbon 
balance wras obtained , i t  m ust be concluded th a t  the  reaction 
is more com plicated th a n  th a t  of simple cleavage of the  car
bon-carbon bonds. P resum ab ly  th ere  are com binations of 
free radicals. O therw ise th e  ra tio  should n o t have been 
greater th a n  one mole of hexachloroethane per mole of car
bon te trach lo ride .

For study ing  th e  chlorinolysis of an  isobutane derivative, 
l,2-dichloro-2-m ethylpropane was used as th e  s ta rtin g  m ate-

chloroheptanes wdth an  average com position of C7CUH i2. 
These polychloroheptanes were th en  sub jected  to  chlorinoly
sis (Table I I ) .

E f f e c t  o f  T e m p e r a t u r e . T he ex ten t and  ra te  of chlorin
olysis are determ ined b y  th e  variables: tem pera tu re , ra te  of 
feed, pressure, and  ra tio  of reac tan ts . Since i t  was de te r
m ined b y  prelim inary  experim ents th a t  th e  mole ra tio  of 
chlorine to  polychloroheptanes h ad  no p ronounced  effect on 
th e  y ield of carbon te trach lo ride  an d  hexachloroethane, so 
long as th e  ra tio  was m aintained 
above 18:1, respectively, no special 
a ttem p t was m ade to  regulate ac
curately  th e  excess of chlorine in  
th e  reaction  m ixture. T he use of 
a large excess of chlorine m erely 
decreases th e  capacity  of th e  re
ac to r and  aids in  th e  discharge of 
th e  p roduct from  th e  receiver.

Using a  ra te  of feed of 50 
m inutes per mole of polychloro-
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heptanes (i. e., 50 m inutes for one mole of polychlorohep- 
tanes to  be pum ped to  the  reactor) a t  a pressure of 1000 
pounds per square inch, a  series of experiments was conducted 
in  w hich the  tem perature was varied from 280° to  450° C. I t  
was found th a t  a t  280° C. a chlorocarbon o ther th an  hexa- 
chloroethane and  carbon tetrachloride constituted 34 per cent 
of th e  p roduct; as th e  tem perature was increased to  425° C., 
th e  yield of th is m aterial decreased to  6 per cent and  a maxi-

and hexachloroethane. H ow ever, as th e  ra te  of feed is in
creased, or the  tim e required to  pum p one mole of polychloro- 
heptanes to the  reactor is decreased, th e  yield of carbon te tra 
chloride and  hexachloroethane decreases. T hus a  tem pera
ture  of 400° C. and a  pressure of 1000 pounds per square inch 
are satisfactory for chlorinolysis if th e  ra te  of feed to  a  reactor 
of 210 ml. capacity  is n o t greater th a n  one mole of polychloro- 
heptanes per hour.

Figure 3. Effect o f Temperature on Chlo
rinolysis o f Chloroheptanes

Figure 4. Effect of Rate o f Feed 
of Reactants on Chlorinolysis of 

Chloroheptanes

Figure 5. Effect o f Pressure on 
Chlorinolysis o f Chloroheptanes

m um  yield, 76 per cent, of carbon tetrachloride and  hexa
chloroethane was obtained (Figure 3). T his additional 
chlorocarbon which m elts a t  39° C. and boils a t 140° a t  10 
mm. was reported (9) to  be hexachlorobutadiene, b u t Fruh- 
w irth  {2) proved ra ther conclusively th a t  i t  is octachloro- 
cyclopentene. No a ttem p t has been made to  identify th is 
m aterial.

As the  tem perature was increased beyond 425° C. a t 1000 
pounds per square inch pressure, the  yield of carbon te tra 
chloride and  hexachloroethane decreased. Since chlorin
olysis presum ably takes place m ost readily when chlorine is in 
the  liquid phase, owing to  an  effective high concentration of 
the  reactan ts and  an  increased contact time, it  is possible th a t 
a t  such high tem peratures the  am ount of chlorine in  the  liquid 
phase has been decreased to  the  extent of lim iting the  reac
tion. As the  tem perature is increased, it  becomes necessary 
to  increase the  pressure substantially  in  the  reactor in order 
to  increase the  solubility of chlorine in the m aterial being 
chlorinated and m aintain  a uniform  concentration of chlorine 
in  the  liquid phase.

E ffect  of C ontact T im e . Because of the complexity of 
th e  reaction, i t  is impossible to  calculate accurately the ex
posure tim e of the  reactan ts in  the  reactor. However, to  ob
ta in  d a ta  on th e  effect of exposure tim e of the  reactants on the 
yields of carbon tetrachloride and hexachloroethane, a series 
of experim ents was performed varying the rate  of feed of 
polychloroheptanes a t  1000 pounds per square inch pressure 
a t  400° C., w ith a ra tio  of chlorine to  polychloroheptanes 
(C7C14H 12) of a t  least 18:1. Figure 4 shows th a t  if the  poly
chloroheptanes are pum ped to  the  reactor a t a ra te  less than  
one mole of polychloroheptanes per hour (i. e., when more 
th an  60 m inutes were required to  pum p a mole of polychloro
hep tanes to  the  reactor having a capacity of 210 ml.), there is 
no substan tia l increase in the  yield of carbon tetrachloride

E ffect of P ressu r e . Since th e  chlorinolysis reaction 
usually proceeds m ost satisfactorily  in  the  liquid phase, high 
pressures are employed. T he effect of pressure was studied  in 
a  series of experim ents conducted  a t  approxim ately  400° C. 
and a ra te  of feed of abou t one mole of polychloroheptanes per 
40 minutes. Figure 5  shows th a t, as th e  pressure is increased 
from 500 to  1000 pounds per square inch, th e  to ta l yield of 
carbon tetrachloride and  hexachloroethane is increased from 
36 to 62 per cent. N o t only is th e  yield of carbon tetrachlo
ride and hexachloroethane increased by  high pressures, bu t 
there is also less black, ta r ry  m aterial in  the  product.

The optim um  conditions, therefore, for obtain ing highest 
yields of carbon te trach loride and  hexachloroethane from 
polychloroheptanes are as follows: a  pressure of 1000 pounds 
per square inch, a  mole ra tio  of chlorine to  chloroheptanes 
greater than  18:1, a tem pera tu re  of 4 2 5 °  C., and  a  ra te  of feed 
not greater than  one mole of polychloroheptanes per hour to  a 
reactor of 210 ml. capacity .
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SULFONATION of ANILINE
^ ► ► The production of sulfanilic acid by a 
partial-pressure evaporation system is shown to be 
feasible on a laboratory scale. The difficulties of 
local overheating and complete conversion of the 
aniline sulfate to sulfanilic acid are overcome so 
that a yield of over 95 per cent sulfanilic acid is 
produced when stoichoimetric amounts of aniline 
and sulfuric acid are used. The small loss of diluent 
(7 per cent) can easily be lowered with a more 
efficient condenser and better sealing of the joints 
than is possible in the experimental work. Larger 
scale operation will tend to minimize the loss of 
diluent.

These results suggest the possibility of producing 
sulfanilic acid by the partial-pressure evaporation 
system continuously on a larger scale. However, 
the problem of the sulfanilic acid caking in larger 
scale operation must be met. By the use of proper 
agitating equipment, it may be possible to prevent 
this caking and thereby make possible a continuous 
process for the sulfanilic acid production.

O N E  of th e  im p o rtan t in term ed ia tes in  the  p roduction  of 
azo dyes is th e  organic acid p-am inosulfonic, generally 
te rm ed  “sulfanilic” , acid. T hese dyes are  prepared  by  
coupling d iazotized am ines w ith  o ther am ines and  w ith 

sulfonic acids. T he U n ited  S ta tes  produces ab o u t 1.5 million 
pounds of sulfanilic acid an n u a lly .

In  m aking sulfanilic acid, w ate r form ed b y  th e  reaction  
between aniline an d  sulfuric acid m ust be rem oved. One 
commercial process does th is b y  bak ing  th e  aniline sulfate 
(the in itia l reac tion  p roduct) in  vacuum  oven;^ ano ther Proc
ess uses 50 per cen t excess concen tra ted  sulfuric acid to  w ith
draw th e  w ater. . ,

T he over-all y ield of pu re  sulfanilic acid on th e  basis of 
aniline charged from  th e  “b a k e ” process is over 80 per cent. 
The yields b y  th e  su lfonation  process (1) are equivalent to  
92 and  93 per cen t on  th e  basis of aniline charged.

A lthough th e  com m ercial m ethods do resu lt in  high yie s 
of sulfanilic acid, b o th  of them  have draw backs. B o th  proc
esses are b a tch  operations; th e  bake process requires con
siderable handling  before th e  final p roduc t is ob ta ined , and 
the sulfonation process uses a  large excess of sulfuric acid
w hich cannot be recovered.

T he form ation  of sulfanilic acid b y  th e  reaction  of sulfuric 
acid and  aniline m ay  be considered to  tak e  p ace in wo 
steps (1):

The sulfuric acid and aniline first react to produce the salt of 
the dibasic ac id :

A
+  h 2s o <

n h 2 h n h 2 h n h 2

A p p l i c a t i o n  o f  

P a r t i a l - P r e s s u r e  D i s t i l l a t i o n

J o s e p h  J .  J a c o b s ,  J r . ,  D o n a ld  F . O t h m e r ,  

a n d  A l l a n  H o k a n s o n
POLYTECHNIC INSTITUTE, BROOKLYN, N. Y.

In  the dehydration stage the sulfonic acid group shifts to the 
para position, and water is removed to form sulfanilic acid:

H S O s

(1)

+  H 20 (2)

H N H 2 h n h 2 n h 2

I t  was felt th a t  the  partia l-pressure m ethod  m igh t fac ilita te  
rem oval of the  w ater of reaction  as i t  has in  p reviously  re
ported  cases (;2, 8). Accordingly, th e  feasibility  of carry ing  
ou t th e  reaction  was investigated , using an  ac id -trea ted  h y 
drocarbon fraction in  th e  kerosene range as an  en tra iner.

Sulfanilic Acid Production

Kerosene fractions of different boiling ranges were used. 
T hey  were always p re trea ted  b y  boiling under reflux while 
ag ita ting  w ith  concentrated  sulfuric acid for several hours. 
A heavy scum  of carbonaceous m a tte r  was rem oved, th e  tw o  
layers were separated , and  th e  kerosene layer was w ashed w ith  
sodium  carbonate  solution and  w ater, an d  finally distilled.

T he appara tu s consisted of a  one-liter three-neck  flask 
fitted  w ith  a m oisture determ ination  tube , a  condenser, an d  a 
therm om eter. (See F igure 1 of th e  paper by  O thm er, Jacobs, 
and B uschm ann, page 326). I n  th e  flask were placed the  
sulfuric acid (commercial 93 per cent) and  th e  d iluen t. T he 
aniline was poured  in slowly over a  period of 2 m inutes. I n  a ll 
runs 40 gram s (39 cc.) were used. Im m ediately  th e  aniline and  
th e  sulfuric acid reacted  to  form  a p inkish-w hite p rec ip ita te , 
aniline sulfate, w ith  th e  evolution of h ea t. T h e  m ass w as 
ag ita ted  v io lently  an d  heated  gently . V apors of d iluen t and  
w ater bubbled  th rough  th e  m olten  m ass of an iline sulfate  and  
passed up  to  th e  condenser where b o th  th e  d iluen t and  th e  
w ater condensed. T he w ater collected a t  th e  b o tto m  of th e  
m oisture determ ination  tube , and  th e  d iluen t refluxed back  
in to  th e  flask.

Effect of Variables on Acid  
Yield

Several variables affect th e  p ro
duction  of sulfanilic acid b y  the  
partia l pressure m ethod  ; th ey  were 
investigated  indiv idually  in  so far 
as i t  was possible to  m ain ta in  th e  
o ther variables constan t.

321
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Figure 7. Effect of Amount of Diluent on Yield of Sulfanilic Acid

Figure 2. Effect of Amount of Sulfuric Acid over That Required Stoichio-
metrically on Yield of Sulfanilic Acid

Figure 3. Effect of Amount of W ater Removed on Yield of Sulfanilic Acid

Figure 4. Effect of Temperature of Reaction on Yield of Sulfanilic Acid

D ilu en t  Volume. In  some of the initial experiments the 
aniline sulfate first formed tended to  cake and char. This 
difficulty was overcome by  adding larger volumes of hydro
carbon diluent (boiling range 155-190° C.). In  order to  test 
quan tita tive ly  the  effect of larger am ounts of diluent, a series 
of runs was m ade in which the  volume of diluent was varied. 
I t  m ight ordinarily be expected th a t the am ount of hydro
carbon present would have little  effect upon yield. B u t in 
this case the caking of the  aniline sulfate and the consequent 
reduction in yield seems to  be influenced by  the quan tity  of 
diluent.

T he effect of increasing the volume of diluent is shown in 
T able I and Figure 1.

E xcess Sulfuric A cid. T he use of the partial pressure 
m ethod is predicated upon the ability of the diluent to remove 
the  w ater of reaction as it  is formed and hence m aintain a high 
concentration of sulfuric acid. If this concentration is m ain
tained, the necessity for using excess sulfuric acid is eliminated 
since its only function in ordinary sulfonations is to  keep the 
desired high acid concentration.

A series of runs was made in which the q uan tity  of excess 
sulfuric acid was varied while the tem perature and am ount 
of w ater removed were kep t substantially  constant. The 
results are shown in Table I I  and p lo tted  in Figure 2; they 
indicate th a t  the sole function of excess acid in a sulfonation 
is to  remove chemically the  w ater formed by  the reaction and

Table 1. Effect of Volum e of Diluent
(T e m p era tu re , 169° C .; excess H jSO i, 1% ; w ate r rem oved , 9.0 cc.)
V olum e Y ield of V olum e Y ield  of 

of D ilu e n t, Co. S ulfanilic A cid , %  of D ilu e n t, Cc. S ulfanilic Acid, %
200 3 4 .4  400 
250 4 0 .3  450 
300 5 0 .5  500 
350 5 1 .9

6 1 .3
5 4 .3
6 4 .3

Table II. Effect of Excess Sulfuric A c id
%  E xcess T e m p e ra -  Cc. W a te r 

IL S O i tu re , ° C . R em oved
%

Y ield
0 169 10 .0  

10 169 9 .8  
20 170 1 0 .4  
30 170 9 .4  
40 170 9 .7

6 4 .0  
64 3 
5 8 .4  
4 5 .7  
6 0 .3

Table III. Effect of Am ount of Water Removed
Cc. W ater T e m p e ra  % %  D ilu e n t
R em oved tu re , ° C . Y ield R ecovered

7 .3 “ 168 4 5 .6 8 0 .0
9 .0 “ 163 5 1 .9 7 7 .3

10.0 170 6 5 .8 8 6 .0
10.4 168 5 7 .0 8 5 .0
10.7 169 6 7 .2 8 4 .0
11.1 170 7 1 .7 8 6 .0

a T hese  ru n s  w ere m ade w ith  less k e ro sene  a n d  th e re fo re  show  a  som ew hat 
low er recovery .

Table IV. Effect of Reaction Temperature (Boiling Point of Diluent) 
on Y ie ld

T em p era  Cc. W a te r % %  D ilu e n t
tu re , 0 C. R em oved Y ield R ecovered

168 1 0 .4 5 7 .0 8 5 .0
169 10 .7 6 7 .2 8 4 .0
169 9 .8 6 4 .3 6 3 .2
170 10 .4 5 8 .4 8 6 .0
170 11.1 7 1 .7 8 6 .0
171 11 .3 7 5 .3 7 7 .3
172 10 .0 6 5 .8 8 6 .0
179 11 .0 8 1 .0 8 5 .0
183 11 .0 9 5 .7 9 3 .0

prevent the sulfonation acid from falling below a  lim iting con
centration.

W ater R emoval. D ifferent am ounts of w ater were with
draw n from the reac tan ts in order to  observe the  effect on 
sulfanilic acid yield. T he conditions were k ep t constan t for 
these runs, including th e  op tim um  am oun t of kerosene 
(500 cc.) and the theoretical am ounts of sulfuric acid for the 
fixed am ount of aniline. T he results are shown in T able II I  
and Figure 3; they  indicate th a t  the  reaction  yields are prac
tically proportional to  the am oun t of w ater rem oved within 
the range studied in th is series.

R eaction T em peratu re . H igher boiling fractions of 
kerosene were tried in order to  find th e  effect of reaction tem 
perature on the yield of sulfanilic acid. In  previous runs a 
simple single-blade ag ita to r operating  a t  low speeds was 
used. However, high-speed ag ita tion  served to  produce a 
more uniform reaction mass and, consequently, allowed the 
sulfonation to  proceed more sm oothly. T he runs shown in 
Table IV were m ade w ith th is im proved procedure. Again 
500 cc. of diluent were used w ith  th e  stoichiom etric am ount 
of sulfuric acid for the aniline. H owever, in stead  of feeding 
aniline into the kerosene and  sulfuric acid m ixture as in pre
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vious runs, the sulfuric acid was poured into the kerosene and 
aniline over a period of 2 minutes. The results are shown in 
Table IV  and Figure 4.

I t  is evident that a combination of the optimum values of 
all the variables causes the production of high yields of sulfa- 
nilic acids. These yields are somewhat better than those ob
tained in industry. The most favorable yields of sulfanilic 
acid were obtained when operating at 183° C., using no excess

sulfuric acid, and removing the theoretical amount of water 
(in this case 11 cc.). These conditions are those of the last 
run in Table IV .
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S T R O N T I U M  C A R B O N A T E

C o n v e r s i o n  f r o m  S t r o n t i u m  S u l f a t e  b y  M e t a t h e s i s  w i t h  

A l k a l i  C a r b o n a t e  S o l u t i o n

K e n n e th  A .  K o b e *  an d  N o rm a n  J .  D e ig lm e ie r
UNIVERSITY O F  W A S H I N G T O N ,  SEATTLE, W A S H .

S T R O N T IU M  carbonate is 
the material from which 
most soluble strontium 
salts are made. The chief 

military use of the latter is in 
tracer bullets and other pyro
technics. Practically all of 
the strontium minerals and 
compounds have been im
ported in the past, but during a national emergency domes
tic sources must be scrutinized and methods developed to 
utilize the materials directly available.

Several of the western states have important deposits of 
celestite (SrS04) which sometimes has been weathered to 
strontianite (SrC03). Arizona has reserves estimated at
200.000 tons. California has the largest known reserve of
600.000 tons. A large area of Texas is underlaid with celestite. 
Washington has a small deposit highly weathered, estimated
as 10,000 tons (7).

Thus, strontium sulfate is available domestically in large 
quantities. The same is true of available imports, the bulk 
of which has been celestite imported from England. The 
conversion of this material to the acid-soluble strontium 
carbonate is an important problem.

Conversion to Carbonate

The standard method of producing a soluble strontium salt 
has been to reduce the celestite with coal breeze in a rever- 
beratory type furnace to produce the soluble sulfide, which is 
then leached from the black ash. The reduction is approxi
mately 60 to 80 per cent complete, and some carbonate and 
oxide are produced. The sulfide solution is filtered to remove 
ash particles and then treated with acid to produce the de
sired salt. Dilute nitric acid can be used, but considerable 
free sulfur is formed by the oxidation of the hydrogen sulfide 
evolved. The more usual process is to precipitate the car
bonate, either by adding soda ash or directly carbonating the 
solution with kiln gases rich in carbon dioxide and removing

1 T h is  is  th e  th i rd  p a p e r  in  a  series on  M e ta th e s is  b e tw e en  Solids an d  
S o lu tions; fo r p rev io u s  p a p e rs , see l i te ra tu re  c i ta t io n s  (8) an d  (9).

2 P re s e n t a d d re ss , U n iv e rs ity  of T e x as , A u stin , T exas.

►  ►  ►  The optimum conditions for the conver- 
sion of strontium sulfate to the carbonate by  the 
action of solutions of alkali carbonates have been 
determined. The operation of a pilot plant for the 
chemical beneficiation of a m ixed strontium sulfate- 

carbonate ore is described.

the hydrogen sulfide thus 
f o r m e d .  O n e  o f  t h e  
objections to this process 
is the hydrogen sulf ide  
evolved.

The metathetical conversion 
of strontium sulfate to the 
carbonate with solutions of al
kali carbonates has been studied 

by a number of workers. Piva (12) reacted a slight excess 
(5 to 10 per cent) of ammonium carbonate solution with celes
tite and precipitated strontium sulfate, transposing 82.85 
per cent of the former and 98.75 per cent of the latter in 3 hours. 
Gallo (6) investigated similar materials and found 90.5 and
98.5 per cent transposed, using the optimum conditions. 
Thomas (18) used about 5 per cent excess of sodium carbon
ate in solutions and ground in a ball mill at 60° C. for one 
hour, filtered, washed, and then repulped and reground for 
another hour to remove soluble sulfates. Elledge and Hirsch
(4) similarly agitated ground celestite with sodium carbonate 
solution, but they added sodium hydroxide in an amount from 
27 to 100 per cent by weight of the strontium sulfate; in
creased conversion is claimed. An interesting medium for the 
reactions is fused sodium chloride used by Booth (7) who 
claims 99.9 per cent conversion with 17 per cent excess 
sodium carbonate.

A t equilibrium, the constant for the metathesis,

SrSO, +  Na2C03 ^  SrCOj +  Na2SO,

can be calculated from the solubility products. The 
solubilities of strontium car
bonate at 25° and 40° C. 
as determined by Townley,
Whitney, and Felsing (14) are 
0.5525 X  10- 4 and 0.7026 X  
10~4 gram mole per 1000 grams 
of water. The corresponding 
values for strontium sulfate as 
determined by Gallo (5) are
0.735 X  10" 3 and 0.772 X  10“ 3 
gram mole.
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K » =  (Sr++) (SO«— ) (SO«— )
K* = (Sr++) (CO,— ) (CO,— ) =  K.

From the solubility products, K\ and K2, calculated from 
the solubility data, the ratio of sulfate to carbonate ions in a 
solution saturated with respect to both solid phases can be 
obtained:

K_i _  (S O  — ) _  (0 .7 3 5  X 1 0 - » ) 2 _  1 7 ,  «
K2 ~ ( C O ,— ) (0 .5 5 2 5  X 1 0 - * ) 2 ~  u o a l  M

C.

At 40° C. a similar calculation shows that the sulfate ion 
concentration is 121 times greater than the carbonate concen
tration. These formulas show qualitatively that the reaction 
can be expected to proceed almost completely to the conver
sion to strontium carbonate. However, the changing ionic 
strength of the solution causes the value of the solubility 
product to increase so that no quantitative value is expected.

Effect of V ariables on Conversion

The major part of this investigation was made on natural 
celestite, ground to pass 200 mesh. It  analyzed 97.9 per cent 
strontium sulfate. Baker’s c. p. grade, precipitated strontium 
sulfate was used in other rims. The sodium and potassium car
bonates were Baker’s c. p . grade, and the ammonium carbonate 
was a commercial product.

In the majority of runs agitation was provided by mount
ing the heater and flask on a mechanical shaker, as shown by 
Doumani and Kobe (3). Some runs were made in a Charlotte 
laboratory-type colloid mill, in which the temperature was 
controlled by the water jacket surrounding the grinding head.

After each run the slurry was filtered and a sulfate determina
tion made using the volumetric barium chromate paste method 
described, by Kolthoff (11). Attempts to use internal indicators, 
such as THQ, were unsuccessful because traces of strontium ion 
interfered with the end point.

E f f e c t  o f  T im e. In  the shaker 1.0 mole of strontium sul
fate as celestite was shaken with 1.15 moles of sodium car
bonate in 1 liter of solution at the boiling point for various 
times. The results are shown in Figure 1 A; the reaction is

quite rapid under these conditions, and equilibrium is at
tained in one hour, which time was used in subsequent runs.

E f f e c t  o f  C o n c e n tr a t io n .  Equivalent amounts of 
strontium sulfate as celestite were shaken with one liter of 
boiling sodium carbonate solution; the concentration of the 
latter was increased each run (Figure 15). This decrease in 
conversion is relatively small and undoubtedly due to the 
decreased concentration of strontium sulfate in solution. 
Gallo (6) recommended at least five parts of water per part of 
celestite, which is a reacting solution about 1 molar in car
bonate. Thomas (13) used a concentrated solution almost
2.5 molar in carbonate, which increases the capacity of a given 
piece of apparatus.

E f f e c t  o f  E x c e s s  R e a c t a n t .  The effect of an excess of 
sodium carbonate in a constant volume of boiling solution was 
studied by treating 1.0 mole of strontium sulfate as celestite 
with 1 liter of sodium carbonate solution containing from 1.0 
to 2.0 moles. Figure 1C shows that the conversion is a maxi
mum at 50 per cent excess sodium carbonate. The helpful 
effect of excess reactant is retarded by the deleterious effect 
of increased concentration shown in Figure 15.

E f f e c t  o f  T e m p e r a tu r e . The effect of temperature of 
reaction was studied by shaking 0.25 mole each of strontium 
sulfate as celestite and of sodium carbonate in 1 liter of solu
tion for 2 hours at various temperatures. I t  is apparent in 
Figure ID that the reaction must be carried out at as high 
a temperature as practicable. Although strontium sulfate 
has an inverted solubility curve (5) above 40° C., the de
crease in solubility due to increased temperature apparently 
is a minor factor in comparison with other factors. No data 
are available for the solubility of strontium carbonate above 
40 C.

E f f e c t  o f  T y p e  o f  S tr o n t iu m  S u l f a t e .  The conversion 
was studied w ith four typ es of strontium  su lfate: natural 
celestite , precipitated and calcined strontium  su lfate; pre
cipitated, dried, and pow dered strontium  su lfate; and 
res i y  precipitated strontium  su lfate  th a t was not allowed

p
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Figure 2. Pilot P lant for Chemical B enefic iaron  o f 
C elestite-Strontianite O re

Table I. Conversions with Ammonium Carbonate
M o le /L ite r  of Soln. T em p ., C o n v e r

S rSO , (N H ,) ,C O , 0 C. sion , %

0 .2 5  0 .2 5 22 2 6 .9
0 .2 5  0 .5 0 22 3 4 .2
0 .2 5  0 .2 5 44 6 2 .7
0 .2 5  0 .2 5 27 5 7 .0
0 .2 5  0 .2 5 45 7 3 .4

T im e ,
H r. M e th o d

2 S h ak e r
2 S h ak e r
2 S h ak e r1 C o llo id  m ill

O ther Carbonates

Although the conversion should be a function of the carbon
ate ion activity only, previous work showed that other factors 
frequently enter to prevent this equality. As shown on Figure 
1 A, somewhat higher conversions are obtained with potas
sium carbonate under similar conditions.

Conversions of 90 to 98 per cent were reported by Gallo 
(i6) and Piva (12), using ammonium carbonate. In  this work 
the best conversion obtained with ammonium carbonate 
under the optimum conditions of Gallo was only 73.4 per 
cent (Table I) . I t  was thought that the low conversion 
might be due to the decomposition and volatilization of am
monium carbonate; however, an ammonia balance after each 
run accounted for at least 0.24.mole from 0.25 mole.

to dry or cake. Equimolar amounts (0.25 mole) of the stron
tium sulfate and sodium carbonate in 1 liter of solution were 
allowed to react for one hour at the boiling temperature. The 
conversions3 differed markedly, as had previously been found 
with barium sulfate (10) :

T y p e

F re sh ly  p re c ip ita te d  
C e ies tite
P re c ip ita te d , d r ie d , p o w d ered  
P re c ip ita te d  a n d  ca lc ined

%  C o n v ers io n

9 6 .2  
9 5 .8  
9 1 .7
9 0 .3

The natural ceiestite was soft and easily crushed, whereas 
the dried precipitate was hard and gritty. A similar result 
had been observed with calcium phosphate by Kobe and 
Doumani (8).

Equilibrium in the System

The equilibrium point in this metathetical reaction should 
be obtained by starting from either side of the equation,

SrSO, +  NacCOj ^  SrCOj +  NajSO,

The forward reaction was studied with 0.25 mole each of stron
tium sulfate and sodium carbonate in 1 liter of solution at 
boiling temperature. The reverse reaction used 0.25 mole of 
precipitated strontium carbonate and sodium sulfate under 
the same conditions. The percentage of total carbonate that 
appeared as sodium carbonate in the final reaction solution 
was 4.2 in the forward reaction and 6.1 in the reverse reaction. 
This small difference in concentration of sodium carbonate 
at equilibrium may be due to a difference in physical struc
ture between the strontium salts used and those formed in 
the reaction.

« T h e  p e rc e n ta g e  co n v e rs io n  m a y  w ell h a v e  b ee n  th e  fu n c tio n  of th e ^ ra te  
of so lu b ility  w h ich  w ould  b e  in fluenced  b y  th e  p h y s ica l co n d itio n  of th e  

s tro n tiu m  su lfa te .

Figure 3. Rate o f Conversion in Rotating M ixer

This corresponds to approximately 54 per cent strontium 
carbonate and 28 per cent strontium sulfate, after allowances 
are made for barium sulfate and calcium carbonate. This 
ground ore has a number of 
uses, such as the removal of iron 
from caustic solution (2). How
ever, if the sulfate is con
verted to carbonate, the ore 
will have the value of stronti- 
anite, whereas without chemi
cal beneficiation it has only the 
value of ceiestite, despite the 
large amount of strontium car
bonate present.

Pilot-Plant O peration

In  the state of Washington a deposit of ceiestite is available 
which is highly weathered with formation of considerable 
strontianite. Analysis of a sample from a 5-ton lot shows:

F e ,0 ,  0 .5 4  S iO , 0 .5 2
C aO  5 .0 3  S O , 1 2 .3 0
SrO 6 0 .0 8  C O , 2 0 .0 8
B aO  0 .4 9  N o t an a ly zed  0 .9 b

o u  *+ u

IN MINUTES
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The equipment for this conversion consisted of a concrete 
mixer, two large wooden tanks, and necessary pump, steam, 
and water lines. I t  was assembled as shown in Figure 2. A 
charge of 200 pounds of ore (ground to 200 mesh), 40 pounds 
of sodium carbonate (a 25 per cent excess), and 15 gallons of 
hot water were placed in the concrete mixer. A temperature 
of about 90° C. was maintained by blowing live steam into 
the slurry in the mixer during operation. The mixer was 
allowed to rotate for one hour, and the course of the reaction 
followed by determining the residue insoluble in dilute hydro
chloric acid (Figure 3).

Further operations were limited to a 30-minute period of 
agitation, after which the charge was dumped into a 350- 
gallon tank. One day’s operation of 1400 to 1600 pounds of 
ore about filled the tank. After standing overnight to settle, 
the clear liquor on top was pumped off, more water added, 
and the slurry pumped to a 400-gallon tank. This was worked 
twice by decantation in 24 hours, and the thick slurry taken 
to a plate dryer. Less than one per cent of water-soluble ma
terial remained in the dried product.
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S U L F O N A T I O N  o f  N A P H T H A L E N E
A p p l i c a t i o n  o f  P a r t i a l - P r c s s u r e  D i s t i l l a t i o n

D o n a ld  F. O th m e r, Jo s e p h  J .  J a c o b s ,  J r . ,  an d  W ilb u r  J .  B usch m an n
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M A N Y  processes in the chemical industry involve the 
removal of water from aqueous solutions or as formed 
during a chemical reaction. In  the former case the 
unit operations of distillation and evaporation are 

usually applied, although in certain special cases the partial 
pressure method—i. e., removal of the water as a constant- 
boiling mixture with an added immiscible liquid—has proved 
desirable (5). In  the latter case, where the water formed 
during a reaction affects the rate, chemical dehydrating 
agents have been used. An example is sulfuric acid in nitra
tion and sulfonation reactions; it has been proposed (/, 6, 7) 
to use the partial-pressure method for the removal of this 
water produced in both the sulfonation and nitration of ben
zene. An immiscible liquid was added in each case to re
move the water as a constant-boiling mixture by distilla
tion.

A logical extension of the sulfonation of benzene is the 
sulfonation of other aromatics. /3-Naphthalene sulfonic 
acid is necessary for the manufacture of /3-naphthol, an 
important dye intermediate; and it was felt that the partial- 
pressure method might be applicable to the sulfonation of 
naphthalene.

Chemistry of Naphthalene Sulfonic A cid s

The number of sulfonic acids of naphthalene, naphthol, 
and naphthylamine is extremely large, and their importance 
is growing. More and more technical applications for the 
acids are being found. The sulfonic acids of naphthalene can 
be converted to a- or /3-naphthol, the most important dye 
intermediates in the production of azo dyes.

When naphthalene, is sulfonated, two isomeric mono- 
sulfonic acids are formed. The temperature of the sulfona
tion determines the relative amount of each obtained. I t

has not been possible to produce one form of the sulfonic acid 
alone. A mixture of the two is always formed. When the 
reaction is performed at 40° C., the a-monosulfonate is the 
predominate form:

H2S 0 4 
60° C.

90%

H2S 0 4 
160° C.

/ \ /
s o 3h

When the sulfonation is carried out at 40° C., the ratio of 
alpha/beta form is close to 96/4. When the sulfonation 
temperature is raised to 160° C., the beta compound repre
sents 85 per cent of the total sulfonic acids formed. A num
ber of isomers may be formed on further sulfonation, and 
their separation is usually difficult. The isolation of the 
individual sulfonic acids have always presented a problem in 
industry.

At present the monosulfonation of naphthalene is usually 
carried out with a 25 to 40 per cent excess of sulfuric acid, of 
93 to 98 per cent strength.

In  the preparation of the alpha compound, the sulfuric 
acid is placed in a reaction container and the naphthalene is 
added, keeping the temperature below 60° C. When the 
beta form is desired, the naphthalene is melted and the acid 
is added to the hydrocarbon, maintained at a temperature 
of 160-165° C. To determine the completion of a reaction, 
samples are taken at intervals and steam-distilled. When no 
naphthalene is steam-distilled, the reaction is complete.

When naphthaleue-2-sulfonic acid is the desired product, 
the alpha form of the acid is decomposed by dry steam and is 
removed with the naphthalene by steam distillation.
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► ► ► In extending the technique of partial-pressure evaporation to the sulfonation of 
naphthalene, several of the process variables have been investigated. Naphthalene was sul- 
fonated with as little as one per cent excess sulfuric acid; high yields were obtained by re
moving the water formed during the reaction in its constant-boiling mixture with kerosene.

The maximum yield was found when exactly the stoichiometric quantity of water was distilled 
from the reaction flask. When a lesser quantity of water was removed, the reaction did not go 
to completion; when more than the theoretical amount of water was removed (as was sometimes 
the case), this was evidently possible only because of decomposition or charring of product, 
with resulting lower yield. The effect of varying the amounts of excess sulfuric acid was 
also investigated. Sulfone formation was found to be a function of the amount of water 
removed in the partial-pressure distillation.

Since naphthalene is soluble in kerosene, the recovery of any unreacted naphthalene is 
very simple in this method.

Because of the reduction in the amount of excess acid required, the excellent heat control 
which is possible, as well as the general simplification in procedure, the use of kerosene in 
a partial-pressure distillation in the sulfonation of naphthalene appears to offer some advantages 
over conventional methods; a continuous process can probably be utilized.

Figure 1. Sulfonation A p p a 
ratus

Flask with liquid-sealed agitator and 
thermometer; condenser for reflux, 
with calibrated moisture determina
tion tube for decanting water in 
condensate (heavy layer) and re

turning oil layer to flask.

A  study of rates 
of sulfonations has 
shown that, as the 
water of reaction 
is formed, the rate 
of sulfonation will 
decelerate. Unless 
this water is re
moved so as to pre
vent excess dilution, 
the reaction will 
stop at a definite 
sulfuric acid concen
tration, different for 
each organic sub
stance. Therefore, 
it is of great eco

nomic importance to remove this water of reaction, either 
mechanically or by chemical combination. arious methods 
have been devised to accomplish this purpose:

1 . U s e  o f  O l e u m .  This method for keeping up the sulfur 
trioxide concentration has been used for some time; the excess 
sulfur trioxide combines with the water of reaction to form sul
furic acid. This method has been proved practical in the di- 
sulfonation of benzene and naphthalene. The oleum and or
ganic compound should be added gradually and concurrently to a 
large volume of the cyclic acid, thus taking up the water of 
reaction as quicklv as it is formed.

2. U s e  o f  V acu u m . Reduced pressure (1, 2), as a means of 
removing the water of reaction, has some technical advantage 
in the sulfonation of phenol and benzene.

E v a l u a t i o n  o f  L o s s e s .  In  the sulfonation processes 
used, the following losses are incurred (3), which are those 
commonly encountered in the case of naphthalene sulfonation 
to form /3-naphthalene sulfonic acid:

T a r  fo rm a tio n  
S u lfone  fo rm a tio n  
U n re a c te d  c ru d e  n a p h th a le n e  
Isom eric  su lfon ic  ac ids 
S o lu b ility  losses in  m o th e r  liq u o rs  
M ech an ica l losses

Less th a n  1%  
0 .5  to  1 .0 %  
L ess th a n  1 .0 %  
15 to  20%
15 to  2 0 %
Less th a n  0 .5 %

Proposed M ethod

The removal of water in this process is essentially a partial- 
pressure evaporation, involving, however, several complica
tions. The water must be formed by the reaction before it 
can be removed. When the water is formed, it dissolves 
the sulfuric acid in the reaction mass. Since sulfunc acid

has a great affinity for water, the vapor pressure of water is 
considerably lowered. In  all cases various hydrocarbon 
fractions were added to the reaction, so that the combined 
vapor pressure of the diluent and the water was greater than 
atmospheric pressure and thus sufficient to boil the water 
out of the sulfuric acid. This was, in effect, the same as the 
use of a vacuum equal to the difference of the atmospheric 
and the partial pressure of the diluent.

To perform the reaction at optimum conditions and to 
produce the maximum amount of naphthalene-2-sulfonic 
acid, the reaction must take place at 160-165° C. The dilu
ent must be chosen, therefore, to boil within a range close to 
this temperature.

S u l f o n a t io n  A p p a r a t u s . The sulfonations were per
formed in a three-neck one-liter flask, fitted with a 15-cc. 
moisture determination tube, a water-cooled reflux condenser, 
and a thermometer (Figure 1). The agitator was fitted into 
the middle neck of the flask and consisted of a glass rod with 
the end bent into a paddle. This simple blade was enough to 
keep the acid layer dispersed throughout the kerosene layer. 
Lubricating oil was used in the seal, which consisted of two 
concentric copper pipes, fitted with corks and a glass tube. 
The heat was supplied by a Bunsen burner.

Separation of Reaction Products

One of the most difficult, problems to be faced in a sul
fonation process is the separation of the reaction products. 
I f  only one sulfonic acid is formed, the simplest method is to 
convert the sulfonic acid to the salt of an alkaline earth. 
When several isomers are formed, as with naphthalene, the 
method is more complex. In  all subsequent discussions, 
it  was assumed that a constant amount of 15 per cent a- 
sulfonic acid was always formed. The analytical scheme was 
concerned only with the total amount of naphthalene sulfonic 
acid formed. Several possible methods of separation were 
tried. Recovery of the pure 
naphthalene sulfonic acids by 
crystallization did not give 
quantitative results despite the 
use of hydrochloric acid for salt
ing out the pure acids. Frac
tional precipitation of the sodium 
salts was attempted but found 
to be inadequate. The method 
of analysis finally adopted fol
lows.



A n a l y s i s .  The sulfonation mass was dissolved in 200 cc. 
of water. The resulting solution was so darkened by tar 
and carbon that clarification was necessary. Because carbon 
and tar pass through ordinary filter paper, the commercial 
filtration method was adopted (1). Decolorizing charcoal 
was added to the solution, it was brought to a boil and then 
filtered, and the process was repeated until the solution was a 
straw color.
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periments

The total volume of solution was measured, and an aliquot 
portion used for analysis. The solution was exactly neu
tralized with calcium hydroxide, the end point being deter
mined by adding phenolphthalein. The solution was then 
evaporated to about half its volume or about seven times the 
weight of the reactants dissolved in the sample, and then fil
tered hot. The gypsum was separated from the calcium salts 
in solution. The solution was cooled in an ice bath, and 
the precipitated salts were filtered. The remaining solution 
was evaporated to dryness to obtain all of the sulfonates. 
Before the sulfonation mass was analyzed, the solution of 
acids and tar was left to stand at least overnight. Some 
of the tar and sulfones settled out of solution and this facili
tated filtration.

To make sure there was no serious error in the method of 
analysis, two blank runs were made. To make these runs, 
some of the free sulfonic acids were needed. The first step, 
therefore, was to prepare some free acid; some of the filtered 
solution from a run made previously was evaporated to about 
half its volume. This point was approximated by a boiling 
point of 115° C. The solution was cooled, and half its volume 
of strong hydrochloric acid was added. The vessel contain
ing the acid was placed in an ice bath. After a few minutes 
white crystals appeared in the liquid until the mass seemed 
almost solid. These crystals were filtered and dried; special 
precautions had to be taken, because the beta form is deli
quescent. Air which had been dried by bubbling through 
concentrated sulfuric acid and passing through a drying tube 
was passed over the acids in a sealed container. The acids 
were then in the dry condition.

D e t e r m i n a t i o n s .  T w o  equal samples of the acid were 
removed from the drying vessel and quickly weighed. To 
duplicate the conditions in this experiment, weighed amounts 
of 93 per cent sulfuric acid were placed in the beakers with the 
sulfonic acids. Each sample was diluted with ten times its 
weight of water. The solutions were heated to boiling and 
passed separately through activated charcoal to see if any 
was absorbed. The charcoal was washed with water, and the 
washings were added to the filtrate.

The solutions were neutralized with hot hydrated lime, and 
the gypsum was filtered off, dried, and weighed. The re
mainder of the solutions were evaporated in casseroles at 
about 95° C. The calcium sulfonic acids were then weighed. 
These determinations checked one another within 2 per cent 
and checked the true figures within 2 per cent. The a- 
sulfonic acid forms a monohydrate; therefore, the deter
mination will be slightly low. This error is not serious be
cause the molecular weights are so high and also because the 
alpha form is only about 15 per cent of the total yield.

E x p e r i m e n t a l  P r o c e d u r e .  The naphthalene was dis
solved in the diluent, and the mixture was heated to boiling 
in the reaction flask. The sulfuric acid (commercial 93 per 
cent acid) was fed in gradually from a dropping funnel dis
charging below the surface of the liquid.

Varsol, a sulfuric-acid-treated kerosene (supplied by 
Colonial ’ Beacon Oil Company) was fractionated and the 
cut of 165-175° C. was collected. This fraction was used as 
the diluent in all runs. The temperature in the reaction 
mass was always 160° C.

Several preliminary runs were made at different ratios of 
kerosene to naphthalene in a given batch; it was found that 
4 parts of kerosene to 1 part of naphthalene provided enough 
liquid to make the batch fluid and easy to handle without 
substantial charring.

Effect of Excess A c id

Excess sulfuric acid is necessary in ordinary sulfonations 
to take up the water formed during the reaction. The use of 
excess acid in a partial-pressure sulfonation also tends to 
increase the dehydrating effect and thus influence the yields. 
Several runs were made with varying amounts of excess acid 
but a constant amount of removed water (Table I,  Figure 2).
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Table I. Effect of Excess Acid on Yields
(9.5 cc. w ate r rem oved ; 50 g ram s n a p h th a le n e  a n d  150 g ram s d ilu en t used)

%
E x 

T o ta l
Y ield %

%
K ero  A naly sis  of R ea c tio n  M ass, %

cess
Acid

S ulfonic
Acids,

%
H 2S 0 4

A cid
U n re 

sene,
C a rb o n  S ulfonic

T a r,
sulfones,

Used % U sed a c ted ized ac id EUSOr etc.

0 6 1 .7 6 2 .3 1 1 .3 9 .3 5 5 4 .0 5 .0 4 1 .0
20 8 4 .0 7 0 .0 1 1 .6 8 .0 0 6 9 .5 5 .5 2 5 .0
30 8 7 .5
40 9 0 .0 6 5 .0 2 8 ’. 2 7 '8 5 7 Ü 5 l 4 ‘. 5 1 Ü 0

While excess sulfuric acid did increase the yield, it is shown 
later that better dehydrating conditions (optimum rates of 
agitation and heating and optimum values for other variables) 
will produce high yields with no excess acid.

Effect of A m ount of W ater Removed

In  the preliminary runs the yields varied considerably with 
the amount of water removed from the reaction mass. The 
theoretical quantity of water produced by the reaction be
tween naphthalene and the stoichiometric quantity of sul
furic acid is 7.04 grams. I f  the water in the sulfuric acid is 
also taken into account, the total amount of water to be re
moved (using 1 per cent excess sulfuric acid) is 9.94 grams. 
However, even more than this amount could be removed 
simply by continuing the dehydration process.

A series of reactions was carried out in which all condi
tions were kept constant except the amount of water re
moved. Fifty grams of naphthalene, 42.1 grams of sulfuric 
acid, and 150 grams of diluent were used in each run. The 
results in Table I I  and Figure 3A show that the optimum 
yield of the naphthalene sulfonic acids is obtained by removing
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Figure 3. E ffect o f A m ount o f W a ter  R em oved on Yields 
o f Sulfonic A c id  and on Formation o f Insoluble M aterials

the theoretical amount of water. Evidently, the removal of 
more water causes side reactions and excessive charring of the 
kerosene entrainer.

Since the reaction producing sulfones involves the loss of an 
additional molecule of water, the amount of water taken off 
should have an effect on sulfone formation. Accordingly, the 
data for water-insoluble materials (tar and sulfones) in Table I I  
were plotted in Figure SB. These insoluble materials are the 
sum of the degradation products from both the naphthalene 
and the kerosene since there is no simple analytical method 
available for differentiating between them. These data are 
not, therefore, directly comparable to those on yields in the 
second column.

A sulfuric acid balance was made for these various runs and 
the percentage of original sulfuric acid which did not react

Table II. Effect of Water Removed on Yields and on Formation of 
Insoluble Materials

(S to ic h io m e tric  a m o u n t of ac id  u sed  in  each  case)

T o ta l
Y ield %

Cc. S u lfon ic A cid
W a ter A cids, U n re 

R em oved % a c te d

8 .9 5 5 .0 1 3 .6
9 .4 5 9 .5 1 2 .2
9 .5 6 1 .7 1 1 .3

10 .0 9 6 .0 0
1 1 .2 8 3 .7 1 0 .5
1 2 .0 4 8 .0 3 .0

%
S ulfon ic

H jS O i

T a r ,
su lfones ,

C a rb o n ized ac id etc .

2 .4 0 8 2 .0 9 .5 8 .5
9 .3 5 8 1 .3 7 .8 1 0 .9
9 .3 5 7 7 .0 7 .0 1 5 .0

< 1 .0 0 9 6 .2 0 3 .7
2 .0 0 7 8 .0 5 .0 1 7 .0

V ery  la rge < 6 0 .0 3 8 .6

was plotted against the amount of water given off in Figure 
3C; D indicates the percentage of sulfonic acid in the reaction 
mass. In  both cases the best results are those obtained by 
the removal of nearly the theoretical amount of water.

Optimum Conditions

The sulfonation of naphthalene involves several dehydrat
ing reactions of which only one is desirable. Therefore, to 
determine optimum conditions, a dehydrating condition must 
be attained which has the least effect on the undesirable reac
tions and the maximum effect on the desirable ones. In  
normal sulfonations and nitrations, this is accomplished by 
varying the quantity of sulfuric acid; in the partial-pressure 
method, it can be done only by varying either the tempera
ture or the rate or amount of water removal.

Thus, a run was carried out with the stoichiometric 
amount of acid under the optimum conditions of correct 
amount of water withdrawal, slightly improved agitation, 
and somewhat higher rate of heating. Fifty grams of naph
thalene were dissolved in 200 grams of kerosene, and 42.1 
grams of 93 per cent sulfuric acid were charged into the reac
tion flask; the mass was then heated with violent agitation. 
A total of 10 cc. of water was removed, and the mass was 
analyzed for total sulfonic acid and sulfone. The yield of 
sulfonic acid, based upon naphthalene, was 96 per cent and 
the sulfone formation was 3.2 per cent. No unreacted sul
furic acid was found in the mass.

The use of a diluent in this type of operation seemed to 
offer an opportunity for the development of continuous 
methods. A small packed glass column was set up in the 
laboratory, and sulfuric acid and a hydrocarbon solution of 
naphthalene were fed simultaneously to the top of the col
umn. Kerosene vapors were passed countercurrently, and 
the water of reaction was continuously distilled out with the 
hydrocarbon. The sulfonation proceeded smoothly; yields 
comparable with batch operation were obtained by with
drawal and analysis of the bottoms product.

Conclusions

While the use of the partial-pressure method in the sul
fonation of naphthalene has not been investigated exhaus
tively, enough of the optimum conditions have been deter
mined to project the sulfonation of naphthalene in the pres
ence of kerosene as having several advantages :

1. The use of excess acid can be eliminated without substan
tial loss of yield.

2. Temperature control can be maintained accurately by 
proper selection of the kerosene entrainer. Sudden surges of 
heat will be merely absorbed as latent heat of the diluent.

3. Unreacted naphthalene can be recycled in the kerosene 
and thus recovery problems are simplified.

4. I t  appears that a continuous process might be developed 
for production use.
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E l e c t r i c a l  P r o p e r t i e s  o f  

N E O P R E N E

FELIX L. YERZLEY1
E. I. du Pont de Nemours & Company, Inc., Wilmington, Del.

T HIS review is based 
upon data selected from 
tests conducted over a 

period of years. Under the 
circumstances it does not 
happen that identical neo
prene was used through
out. Several types are re
ferred to in the compounds.
Each group of tests is con
sistent within itself, but di
rect comparison from group 
to group is not justified.
Neither do exact values within 
a group have individual merit, 
but the trends of electrical 
quantities with controlled 
changes of the variable under 
study are of primary im
portance. In  general, numeri
cal values reported are the 
average of results obtained 
on two samples, but all con
clusions have been confirmed 
by numerous parallel and re
lated tests.

Unless otherwise specified, tests were made at 82° F. 
after the samples had been dried in a desiccator for at least 
16 hours. Conventional methods (1, 2) were used. For 
all tests except those on dielectric strength, tin foil electrodes
0.001 inch thick, adhered to the test slab by a thin film of 
petrolatum, were utilized. The test specimens were usually 
6 X  6 X  0.075 inch except for occasional samples 
which were approximately 0.020 inch thick. In  the case 
of the direct-current resistivity test, the upper electrode 
was a 3-inch-diameter disk of tin foil surrounded by a guard 
ring. The lower electrode was a 6-inch square of tin foil. 
The Leeds & Northrup test set employed consisted of a 
sensitive galvanometer and an Ayrton shunt. An alter
nating-current bridge was used for measurements of con
ducting stocks. For the tests of power factor and dielectric 
constant, the upper electrode was a 3-inch-diameter disk 
of tin foil without a guard ring. The lower electrode was a 
6-inch square of tin foil. General radio equipment was 
utilized, consisting of a type 716A capacitance bridge com
plete with the necessary auxiliaries. A telephone headset 
was used for detection of null points. All tests reported 
here were conducted at frequencies of 1000 cycles per second.

For the determination of dielectric strength, an American 
Transformer Public Utility test set, type TS, having a 
secondary voltage range from 100 to 50,000 volts was used. 
The electrodes were of the standard A. S. T. M . type (2). 
Ordinarily the test specimens were about 0.020 inch thick

1 P re s e n t a d d re ss , W e s te rn  E lec tric  C om pany , K earn y , N . J .

Electrical data on neoprene are reviewed 
w ith respect to both insulating and con
ducting properties. The early development 
of neoprene was directed principally toward 
m echanical applications, and very little  
attention  was given to its electrical proper
ties. However, early types were tested  by 
electrical laboratories using, among others, 
formulas designed for the m echanical field. 
M ost of the results fell far short of the in 
sulating properties of natural rubber.

More recent developments of neoprene, 
both in  types and in compounding tech
nique, have resulted in electrical properties 
that are entirely adequate for a large n u m 
ber of uses, some of which are now in practice. 
It is hoped that this summary of the in 
sulating and conducting values of neoprene 
may be useful in  suggesting solutions to a 
m iscellany of industrial problems.

and 6 inches square. The 
voltage across the electrodes 
was gradually increased until 
breakdown occurred. The  
gage was then measured ad
jacent to the punctured 

'spot, and the voltage and 
dielectric strength were cal
c u l a t e d  b y  d i v i d i n g  
the value of the voltage by 
this gage.

Early Data

Early published informa
tion on the electrical proper
ties of neoprene appeared in 
1936 (7). Results from this 
r e p o r t  a r e  g i v e n  i n  
Table I .

I t  is immediately appar
ent that the resistivities of all 
three compounds were dis
tinctly low in comparison with 
that of rubber insulation, 
which ordinarily has a value ap

proximating 1015 ohm-cm. Also, the dielectric constant 
for all three compounds was high in comparison with that 
for most rubber insulation. Both of these trends were 
distinctly unfavorable from the standpoint of insulation. 
On the other hand, the values for dielectric strength, except 
for uncompounded vulcanízate 750D-1, were roughly com
parable with rubber. The results make it desirable to survey 
the possible methods of improving the electrical properties 
of neoprene which follow:

1 . Compounding with litharge.
2. Purifying the crude neoprene.
3. Including carbon black in the formula as an absorber for

electrolytes.

T a b l e  I .  E a r l y  D a t a  o n  T h r e e  N e o p r e n e  C o m p o u n d s

C om pound  No.

N eoprene  T y p e  E  
E x tra  lig h t calcined m agnesia  
F F  wood rosin  
P heny l-/3 -naph thy lam ine  
S ulfur 
Zinc oxide 
L itharge

C ure  a t  307° F ., m in.

E lec trica l p ro p erties
D . C . res is tiv ity , ohm -cm .
D ielectric  co n s ta n t 
D ie lec tric  s tre n g th , v o l t s /  

m il

750D-1 750D -3 750D-5

100 100 100
10 2
5 10
2 2
1 1

10
. . . ¿Ó

60 20 20

2 .2  X 10» 3 .1  X 10" 9 .0  X 10“
8 .2 7 .3 7 .2

380 860 720

330
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4. Including large amounts of superior insulating substances.
5. Mixing with rubber insulation to provide a compromise be

tween the electrical properties of rubber and the superior 
mechanical and chemical properties of neoprene.

6. Conditioning treatments of vulcanized neoprene to improve
its electrical properties.

7. Adjusting the cure.
8. Modifying the neoprene polymer.

Com pounding w ith  Litharge
Litharge is superior to magnesia and to zinc oxide as a 

curing agent for neoprene insulation. For example, the 
data of Table I  show a pronounced difference in favor of 
litharge. I t  is probable that the reaction between litharge 
and the degradation products of neoprene forms salts having 
lower dissociation constants in the presence of moisture than 
have the corresponding salts of zinc and magnesium. The 
higher resistivity of litharge compounds is attributed pri
marily to this factor. In  addition to the advantage of lith
arge electrically, neoprene compositions containing it are 
definitely less combustible than compositions containing 
zinc oxide.

Purification o f Crude Neoprene
As various tests have shown, the amounts of chlorine- 

bearing electrolytes that might be suspected in normal 
neoprene compounds are difficult to detect by chemical 
means. Yet the possibility remains that they may be present 
in sufficient amount to cause the inferior electrical character
istics of untreated neoprene. W ith this possibility in mind, 
a sample of Neoprene Type E was acetone-extracted and 
then water-washed. This specially purified neoprene was 
compounded and tested for electrical characteristics in the 
following formula:

Compound 1 3 33N -112

P u rified  N eo p ren e  T y p e  E 100
E x tra  lig h t ca lc in ed  m ag n esia 3
F F  w ood ro s in 5
S u lfu r 1
P h e n y l-a -n a p h th y la m in e 2
L ith a rg e 20

D . C . re s is tiv ity , ohm -cm . 2 .8  X 10“
D ie lec tric  c o n s ta n t 7 .8
P ow er fa c to r , % 1 .2 5

The improvement in resistivity as the result of purification 
was substantial; it was also suggested by Kemp (5). Al
though the dielectric constant was not greatly changed, the 
power factor was relatively low in comparison with con
temporary tests of unpurified neoprene specimens. Acetone 
washing, however, is not practical from a production stand
point, and at the time of these tests it could only be hoped 
that advances in the technique of neoprene production would 
result in improved electrical properties.

Inclusion  o f Carbon Black
The practice with certain types of rubber insulation is to 

include moderate amounts of carbon black in the formula 
as an absorber for impurities 
and electrolytes (9). The 
possibility of following a 
similar procedure for neo
prene was investigated in 
the stocks shown in Table I I .

Although the improvement 
in power factor and resistivity 
is slight for the compound 
containing 3 parts of carbon 
black, the trend appears to be 
favorable. On the other hand, 
the dielectric constant in
creased and as a consequence

the loss factor increased by the inclusion of even this small 
amount of carbon black. For ordinary applications of insula
tion the loss factor is not of prime importance. I t  may be pref
erable in many cases to make a sacrifice with respect to 
loss factor in order to increase the value of the resistivity. 
However, as the quantity of black is increased, the loss 
factor increases out of all proportion to the gain in resistivity. 
As a consequence it appears advisable to limit the carbon 
black content of insulating compounds to about 5 parts of 
carbon black.

Inclusion  o f Insulating M aterial
The effect of various materials is shown in Table I I I ,  

based upon Neoprene Type E compounded with magnesia 
and zinc oxide. Although higher values for the resistivity 
would have resulted from compounding with litharge, it 
was thought that the effects of the fillers would be demon
strated at least as well in the zinc oxide formulation. The 
inorganic fillers were compared on an equal basis of 40 
volumes per 100 volumes of neoprene. The organic fillers 
were used in amounts approaching the maximum permissible 
in a practical formulation.

Control formula 1333N-200 is inferior in all insulating 
properties with the exception of one value for resistivity, 
three for dielectric constant, and one for power factor. 
In  a general way it is interesting to note that the d. c. re
sistivity is increased by compounding with inert, inorganic 
fillers but that these increase the dielectric constant. All 
other materials except cottonseed oil increase the d. c. re
sistivity, decrease the dielectric constant and power factor. 
I t  is possible that the cottonseed oil used in this test was 
of an inferior grade electrically and that the results are not 
necessarily typical of this processing material. I t  is also 
obvious that, with the exception of the stock containing 
cottonseed oil, the loss factor for all compounds is lower 
than that of the control stock.

Inclusion o f N atural Rubber
Rubber itself is a possible compounding ingredient for 

neoprene, and the following two compositions were blended 
by weight in the amounts indicated in Table IV  to determine 
its possibilities. Slabs were press-cured 40 minutes at 
287° F.:

Compound 1 333N -210

N eoprene  T y p e  G W  100
C a ta lp o  c lay  100
B lan c  fixe 100
M ed ium -p rocess  oil 5
C o tto n se e d  oil 5
S em ire in fo rc ing  b la ck  5
P a ra ffin  # 5
P h en y l-/3 -n ap h th y lam in e  2
L ith a rg e  20

° 9 0 %  zinc s a l t  of m e rcap to b e n zo th iazo le  a n d  10%  d i-o -to ly lg u a n id in e .

The results indicate a progressive improvement in in
sulating properties as the percentage of rubber is increased.

T a b l e  I I .  E f f e c t  o f  C a r b o n  B l a c k  o n  F o r m u l a  1333N ( C u r e d  40 M i n u t e s  a t  307° F . )

F o rm u la  1333 N  -

N eo p ren e  T y p e  E  
E x t r a  lig h t ca lc ined  m ag n esia  
F F  w ood ro s in  
S em ire in fo rc in g  b la ck  
P h en y l-/S -n a p h th y la m in e

E le c tr ic a l p ro p e rt ie s  of d ry  s lab s
D . C . re s is tiv ity , ohm -cm . 4 .9  X  10
D ie lec tric  c o n s ta n t o T
P o w e r fa c to r , %  J
L oss fa c to r  0 .1 b

88 89 90 91

100 100 100 100
3 3 3 3
5 5 5 5
3 10 20  30
2 2 2 2
1 1 1 1  

20 20 20 20

5 .2  X 10“  6 .3  X 10“  6 . 4  X 10“  6 .5  X 10“
8 .43  9.72 13.28 17.33
2 . 0  2 .1  2 .8  4 .1
0 .17  0 .20  0 .39  0 .71

Compound 1333-50
S m o k ed  sh ee ts 100
Zinc oxide 78
G ild e r’s w h itin g 115
P h e n y l-a -n a p h th y la m in e 2
P ara ffin 5
L ith a rg e 10
A ccelerator® 0 .4
S u lfu r 3
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T a b l e  III.
F o rm u la  1333N -
N eoprene  T y p e  E
E x tra  lig h t ca lcined  m agnesia
F F  wood rosin
W hitin g
B ary te s
C row n clay
C o tto n seed  oil
M in era l ru b b e r
M inera l oil
P araffin
P h en y l-fl-n ap h th y lam in e  
N eophax  B a 
Z inc oxide

E lec trica l p ro p e rtie s  a f te r  13 days  
in  desicca to r a t  25° C.

D . C . re s is tiv ity , ohm -cm . 
D ielectric  c o n s ta n t b 
Pow er fac to r *>, %
Loss fac to r b

^  tv it ™  a -m iN  (Press-Cured 40 M inutes a t  307° F.)E ffect of Insulating Materials on L ormula !•:>.«-n wu
200

100
10

5

201
100

10
5

202

100
10

5

203

100
10

5
118

204

100
10

5

i9 4

205

100
10

5

206

100
10

5

207

100
10

5

208

100
10

5

' 2 ' 2

113 

’ 2 ' *2 2

20

" 2

50 

‘ 2

’¿Ö 

' 2
iö

2

' i ö
100

10 ' i ö ' i o ‘ iö 10 10 10 10

X 10“  
7 .8 8  
3 .8  
0 .3 0

8 .2  X 10“  
6 .6 2  
2 .6  
0 .1 7

3 .1  X 10“  
8 .4 0  
3 .4  
0 .2 8

6 .3  X 1011 
8 .6 7  
3 .0  
0 .2 6

4 .7  X 10“  
8 .5 6  
2 .4  
0 .2 0

9 .3  X  10“  
7 .1 0  
4 .4  
0 .3 1

1 .1  X 10“  
5 .8 8  
2 .4  
0 .1 4

2 .8  X  10“  
6 .6 2  
3 .0  
0 .1 9

7 .5  X 10“  
7 .2 0  
3 .5  
0 .2 5

a A special g rade of fac tice  (vu lcan ized  oil). 
b A t 1000 centipoises.

On the other hand, the improvement is most rapid for rubber 
contents of more than 50 per cent. There may be many 
possibilities in the future for insulating mixtures of neoprene 
and rubber, where greater resistance is required to heat, 
sunlight, oil, and flame than is possible with rubber alone. 
The advantages of neoprene are gradually lost, however, 
as the percentage of rubber is increased, and the present

mixtures with rubber appear to be an impractical way of 
improving the electrical properties of neoprene.

Conditioning T reatm ents

Three practical compounding approaches to the insulation 
problem are offered by the foregoing. They are inclusion 
of carbon black, activation with litharge, and inclusion of 
proper insulating materials. The combination of these 
principles in a practical formula for wire insulation is ex
emplified by the following composition:

Compound 1 3 3 3N -209

N eoprene  T y p e  G W  
B lanc fixe 
C a ta lp o  clay  
P araffin
M ed ium -process oil 
S em irein fo rcing  b lack  
P h en y l-0 -n a p h th y la m in e  
L ith a rg e

100
100
100

3
5
5
2

20

Compound 1333N-209 was extruded as 3/64-inch wall 
insulation No. 14, solid AWG tinned copper wire; the 
following history of resistance per 1000 feet of wire indicates 
possibilities in conditioning treatments for neoprene-in
sulated wire:

Step T e m p ., M egohm s
No. T re a tm e n t ° C. 1000 F t.

1 O riginal im m ersed  in  w a te r 29 1 3 .5
2 A fter 24-hr. im m ersion 29 2 .8
3 P lus 30 m in. a t  1500 v o lts 29 9 .2
4 T o ta l im m ersion  44 hrs. 29 3 .8
5 44-hr. im m ersion  3.5 h r. a t  1500 v o lts 29 10 .4
6 17-hr. d ry ing  in 70° C. oven 24 4 4 .0
7 P lus 4.5 hr. a t  1500 v o lts  a f te r  oven  d r y 

ing 24 3 2 .9

F i g u r e  1. C o m p a r i s o n  o f  S t o c k s , C o m p o u n d e d  (S o l id  C u r v e s ) 
a n d  U n c o m p o u n d e d  ( D o t t e d  C u r v e s )

I t  is recognized that rubber insulation, which is slight! 
low in resistivity, can be improved by subjecting it to hig 
voltage for a time without detracting from the other d1 
sirable insulating properties. The preceding data on nei 
prene insulation show that extensive exposure to hig 
voltage likewise increases its resistance. I t  is also significai 
that the initial period of immersion caused a severe drc 
in the resistance per thousand feet of wire while the trer 
after continued immersion and extensive exposure to hig 
voltage was to restore the d. c. resistivity almost to i 
initial value. The highest value attained after 17 hours 
drying in the 70° C. oven was probably the combined resu 
of reduction in moisture content and of tighter cure. A 
though these results would not be considered typical of ai 
normal test procedure, they indicate gradual improveme:
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F igure 2. R esistivity  Spectrum for Insulating M aterials

of electrical properties under severe conditions and are 
reassuring from a service standpoint.

A d ju stm ent o f Cure

A further possibility with respect to electrical properties 
is the adjustment of cure. The following data illustrate 
the idea that more extensive knowledge of compounding 
principles for neoprene may result in superior electrical prop
erties even with the present types of neoprene. The data 
also indicate the stability of the electrical properties of 
neoprene under severe aging conditions. The compounds 
compared (cured 30 minutes at 40 pounds) are as follows:

C o m pound  N o . 1333N —216 1333N —217

N eoprene  T y p e  G N  100 100
H ex am eth y ie n e  a m m o n iu m  h ex a m e th y len e

d ith io c a rb a m a te  . . .  0 .2 5
P araffin  5
P h en y l-/3 -n ap h th y lam in e  2
S em ire in fo rc ing  b la c k  5
C ata lp o  c lay  100
B lanc fixe 100
M ed ium -p rocess  oil 10
L ith a rg e  20

Measurements were made of d. c. resistivity, dielectric 
constant, and power factor after aging for various intervals 
in a 141° C. oven. The trends of these various quantities 
for the two compounds are shown in Figure 1. Comparison 
of the resistivity curves for the compounded and uncom
pounded stocks indicates conclusively that neither was cured 
to its maximum effectiveness electrically as originally pre
pared. The maximum attained by the compounded sample 
after 48 hours was 5.7 X  1013 ohm-cm., while that attained 
by the uncompounded specimen after 120 hours was 3.2 
X 1013 ohm-cm. The discrepancy between the two may be 
the result either of the difference in state of cure or of the 
presence of insulating extenders in the compounded stock. 
Also, the dielectric constant for the uncompounded material 
is lower at all points than that of the compounded material. 
In per cent power factor, the compounded stock is definitely 
superior at all aging intervals to that of the uncompounded 
stock although it appears possible that a longer exposure 
at 141° C. might bring these two values together. On the 
other hand, the uncompounded material had become hard 
and brittle by the end of 121 hours, and more extensive 
exposure would not have been practical.

M odification o f the Polym er

The history of neoprene is a series of eventful improvements 
in physical properties. Thus, as a further possibility it 
can be expected that future modifications of neoprene will 
have electrical properties vastly superior to those displayed 
by current types. Neoprene Type FR, the latest addition, 
shows interesting possibilities:

C o m p o u n d  N o.
N eo p ren e  T y p e  F R  
N eo p ren e  T y p e  G N  
P ip e rid in e  p e n ta m e th y le n e  d ith io c a r

b a m a te  
P h e n y l-a -n a p h th y la m in e  
B lan c  fixe 
C lay
Sem ire in fo rc ing  b lack  
P rocess oil 
P araffin  
L ith a rg e

C u re  a t  287° F ., m in .

S tress  a t  3 00% , lb ./ s q . in.
S tress  a t  500% , lb . / s q .  in.
T ensile  s tre n g th , lb ./sq . in. 
E lo n g a tio n  a t  b reak , %
H ard n ess

E lec trica l p ro p e rtie s
D . C. re s is tiv ity , ohm -cm .
P ow er fac to r, %
D ie lec tric  c o n s ta n t 
L oss fac to r

Effect o f Tem perature on R esistivity

The effect of temperature upon the resistivity of neoprene 
is indicated by the following compound and data:

C o m po u n d  1 3 3 3N -220

13 3 3N -218 1 3 33N -219

100 iôô
0 .1"2 2

100 100
100 100

5 5
10 10

5 5
20 20

40 30

275 550
425 650
700 1125
950 810

44 67

1 .2  X 1013 4 .2  X  1012
0 .9 1 .6
7 .3 8 .3
0 .0 6 6 0 .1 2

N eo p ren e  T y p e  G N 100
P ip e rid in e  p e n ta m e th y le n e d ith io c a rb a m a te 0 .2 5
P h en y l-/3 -n ap h th y lam in e 2
G a s te x  (ca rb o n  b lack) 5
G ro u b d  m ica 150
P ara ffin 5
Shellac 15
M ed iu m -p ro cess  oil 10
L ith a rg e 20

C u re  a t  287° F ., m in . 30

T e m p e ra  R e s is tiv ity ,
tu re , 0 C . O hm -C m .

25 5 .4 6  X 1012
40 1 .1 3  X IO12
60 1 .6 2  X IO“
80 6 .0 1  X 10i°

100 1 .8 9  X  10i°
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T a b l e  IV .
F o rm u la  1 3 33N -
N eo p ren e  (1333N —210) 
R u b b e r  (1333-50)

E le c tric a l p ro p ertie s
D . C . re s is tiv ity , ohm -cm . 
D ie lec tric  co n s ta n t 
P ow er fac to r, %
Loss fac to r

1333N -210

100

6 .6  X 1012 
8.2 
1 .3  
0 .1 0 6

1333N -211 1333N -212 1333N -213

95
5

8 .0  X 10‘2 
8 .1 4  
1.2 
0 .0 9 8

75
25

.0  X 10»* 
7 .3 6  
1 .3  
0 .0 9 5

50
30

2 .9  X  10“  
6 .4 1  
1.2 
0 .0 7 7

1333N —214 1333N -215 1333-50
25 5
75 95 100

2 .4  X 10» 9 .4  X  1 0» 9 .4  X 10»
5 .9 4 5 .0 5 5 .0 3
0 .9 0 .5 0 .5
0 .0 5 3 0 .0 2 5 0 .0 2 5

There are electrical conditions under which the decrease 
of resistivity with rising temperature even up to 100 C. 
could be permitted, and there are more severe conditions 
under which high-temperature applications would invite 
failure. I t  is not easy to state in a general way what the 
allowable limits are, and it would be beyond the scope of 
this paper to attempt to do so. The limits depend upon 
many factors, and careful analysis of high-temperature ap
plications should be made to determine their practicability.

Conducting Neoprene
The insulating qualities of neoprene do not cover the 

entire range of electrical properties that are of technical 
interest today. Electrical conductivity in neoprene is also 
important, and is attainable by the same means and to the 
same extent as for rubber. The following data are based 
upon established commercial products and do not indicate 
the possibilities of new blacks which have recently been 
offered and may soon be developed. The data illustrate 
the range of values attainable with several types of carbon 
black. Litharge was not used in these formulas since its 
effect on insulating qualities was not required.

Base Compound

N eoprene  T y p e  G N
H exam ethy lene  am m on ium  hexam ethy lene  

d ith io c a rb a m a te  
S tea ric  ac id
P h en y l-a -n a p h th y la m in e  
E x tr a  lig h t calcined m agnesia 
L igh t-p rocess  oil 
Z inc oxide 
C arb o n  b lack

100
0 .2 5
0 .5
2
4 
8
5

C u re  a t  287° F ., m in.

T y p e  of B lack
A cety lene  
S oft ca rbon  
Sem ireinforcing  
C h an n e l

As ind ica ted  

30

A. C. R esis tiv ity , O hm -C m . 
50 p a r ts  100 p a r ts

2 .7  X 102 
1 .6  X 108 
1 .0  X 10« 
8 .5  X 10*

1 .2  X 102
2 .0  X 107
6 .7  X 10«
1 .7  X 10«

As a further illustration of the conductivity obtainable, 
the following data show the trend in A. C. resistivity values 
with increasing amounts of acetylene black:

Base Compound

N eoprene  T y p e  G N  100
H ex am eth y len e  am m on ium  hexam ethy lene

d ith io c a rb a m a te  0 .3
P h e n y l-a -n a p h th y la m in e  i
E x tr a  lig h t ca lcined  m agnesia 4
A ce ty lene  b lack  As ind ica ted
Light-proceBS oil 1
Z inc oxide 5

C u re  a t  287° F .,  m in.

P a r ts  of A cet
y len e  B lack

0
10
20
30
40
50
75

30
A. C. R esis tiv ity , 

O hm -C m .

1 X 1 0 '2
2 X 10«
9 X 10»
3 X  10*

6 .4  X 102
1 .4  X 102
1 .4  X 102

I t  is not intended to  go extensively into the phenomena 
of conducting neoprene compositions, but the effects appear

F igure 3. Superior R esistance to Heat Shown by  Neoprene 
over R ubber

similar to those for rubber which are covered extensively 
elsewhere (for example, by Juve, 4).

The fact should be kept in mind that whether a material 
is a resistor or a conductor is relative. Rubber is an in
sulator in comparison with most metals, but it is a conductor 
in comparison with fused quartz and purified ceresin wax. 
Neoprene likewise is an insulator in comparison with most 
metallic elements, but whether it is an insulator or conductor 
with respect to rubber depends upon the particular com
pounds compared. Figure 2 illustrates what might be 
called the “resistivity spectrum” for electrical materials. 
The horizontal axis shows the range of resistivity which has 
been measured, plotted logarithmically to provide a practical 
spread of values on the chart. A t the various vertical 
levels the horizontal lines show the range of resistivity 
values which have been published in various reference 
works (3) in comparison with neoprene and rubber for which 
values have been assumed in this paper. The range for 
rubber is taken to be 50-5 X  1015 ohm-cm. although higher 
values have been reported for purified rubber (6). The 
range for neoprene is taken to be 50-5 X  1013. The range 
for metallic elements begins with silver at 1.47 X  10~6 and 
may be extended to the value for the metalloid boron at 
8 X 104. Both neoprene and rubber overlap this range. 
At the other end of the range, neoprene overlaps published 
values for such insulating materials as slate, phenolic resins, 
fiber, Lavite, glass, porcelain, and dry wood. I t  does not 
quite attain the published value for enamel, and is distinctly 
inferior to the high values attained by various waxes, mica, 
rosin, and sulfur. This would seem to indicate rather con
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clusively that, since slate, fiber, Lavite, phenolic resins, glass, 
and porcelain are useful as insulation for low-voltage service, 
neoprene may have parallel utility in combination with its 
other desirable properties.

An aspect of the superior resistance of neoprene to heat 
is shown by Figure 3. A length of No. 14 AWG copper 
ware was covered with 3/ 62-inch neoprene insulation, and 
another length was similarly insulated with heat-resistant 
rubber. After 15 months in a 70° C. air oven, both samples 
were wound on a half-inch mandrel. The rubber was 
brittle enough to crack badly, while the neoprene showed 
no signs of failure.

Code specifications based upon the characteristics of a 
given material are not necessarily proper criteria for other 
materials. For example, a code wire specification of 1500 
megohms per thousand feet (8) for rubber-insulated wire 
is not based upon the electrical demands made upon this 
insulation but upon a characteristic value of rubber as a 
quality control. Specifications for neoprene-insulated wire 
based upon its electrical properties would be adequate to 
ensure satisfactory performance of the wire under many 
conditions of low-voltage service. The dielectric strength 
test specified for code wire, on the contrary, is not indicative 
of the electrical properties of rubber, but is set up as a means 
of detecting pinholes and other flaws in the extruding coating. 
The test applied to 3/ M-inch wall insulation at 1500 volts 
works out to 32 volts per mil. This is obviously a trivial 
exposure for a solid film of either rubber or neoprene, which

can be made to have a dielectric strength of at least 800 volts 
per mil.
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O F TH E  large number of reagents now marketed as 
surface-active agents, many are of distinct utility 
in the dispersion of pigments in the nonaqueous media 

used as vehicles in the paint and printing ink industries. 
Industrial uses for these compounds in aqueous systems are 
extraordinarily varied (1, 7, 10, 16, 23, 27). That extensive 
application is possible for surface-active agents in nonaqueous 
systems is becoming apparent from a growing number of 
patents relating to specific products and processes as well as 
papers describing experiments (2, 3).

The addition of small quantities of reagents to provide 
desirable working properties for paints and printing inks is 
not an innovation, for the practice extends back to the 
origins of the industry. Commonly used materials include 
soaps, tallow, stearin pitches, waxes, gilsonite, etc. (28). 
While the function of these substances is neither entirely 
clear nor simple, one important result of their addition is 
the change in flow properties of the composition, rendering 
it either more fluid or contributing to an increase in con
sistency or body. The synthetic compounds now commercially 
available greatly extend the number of reagents available for 
incorporation in pigment dispersions. The object of this work 
was to make a systematic survey of the surface-active agents 
on the market with reference to the manner in which they 
affected the dispersion of pigments and to obtain data from 
which fairly general deductions could be drawn.

Representative surface-active agents were selected from 
each of the several classes of commercial species available. 
The effect of these compounds on typical pigment vehicle 
combinations was studied in relation to the pigment and 
vehicle types, concentration, and method of addition. The 
rate of dispersion and final tinting strength of the mixtures 
were measured since these factors are important. However, 
it  was the change in rheological properties of the dispersion 
that was taken as the primary physical criterion of the effect 
of a given surface-active agent. The results obtained have 
been an aid in selecting surface-active agents for specific 
formulations of analogous systems.

The theoretical basis for the use of surface-active agents 
has been extensively discussed in the literature. The 
assumption usually made is that a monomolecular film, ad
sorbed and oriented at the interface of the solid and the 
liquid, produces a marked transition in the properties at 
the interface (J), 9, 15, 18, 20, 29).

D efinitions
The term “surface-active agent” has come into use as a 

general designation for compounds which in small quantities 
modify the properties of a system by adsorption at an inter
face. The terms “wetting agent” and “dispersing agent” 
are frequently used synonomously, and although some 
writers attempt a distinction there is no general agreement 
on special meanings. The terms used in this paper follow 
the general usage in paint and printing ink technology as 
noted below (8, 11, 13, 21, 22).

Pigment powders are considered as aggregates or masses 
of homogeneous particles which require an appreciable 
amount of mechanical work to separate the component 
particles. “Aggregates” are to be distinguished from 
“floccules” and the state of “flocculation” where the com
bination of pigment particles is disrupted by weak mechanical 
forces or by a change in the interfacial chemical forces. “De
flocculation” represents the state in which the pigment 
particles are independent or unclustered. The “ultimate 
working unit” may be an individual pigment particle or 
group of particles so firmly held together that they remain 
intact during a commercial application. “Grinding” is the 
process by which pigment aggregates are reduced to the 
size of ultimate pigment particles, with an implied reference 
to some device for the application of mechanical work. 
“Dispersion”, a generic term, refers to any process, procedure, 
or state relating to heterogeneous systems of solids and 
immiscible liquids.

In  the paint and printing ink industries a pigment-vehicle 
system in which the pigment is finely divided and defloccu
lated is considered without exception a good dispersion.

336
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Where aggregates are present in the disperse phase, even 
though the particles are deflocculated, the material is usually 
considered a poor dispersion. There is less agreement in 
nomenclature, however, where the disperse phase is finely
divided but highly flocculated. I t  is in this last case that
surface-active agents are of greatest possible utility.

F locculation  and Y ield Value

The flocculation and wettability of pigments in low- 
viscosity suspensions were studied in detail by Ryan, Harkins, 
and Gans (18). Solids which are deflocculated settle slowly 
to small final volumes; flocculation is shown by rapid settling

to high final 
volumes. Where 
th e  disperse  
phase is present 
in higher con
centration, the 
flocculated struc
ture leads to 
plastic flow and 
measurements of 
this property 
provide data di
rectly useful for 
the evaluation 
of surface-active

Deflocculated

F i g u r e  1 . D i s p e r 
s i o n  o f  T i t a n i u m  
D i o x i d e  i n  L i n 
s e e d  V a r n i s h

(X  1450)

Flocculated 
— >

agents. The connection between flocculation and plastic 
flow, as measured by plastic viscosity and yield value, has 
been shown by Green and others (6, 13,19, 25). The photo
micrographs of Figure 1 illustrate a deflocculated and floccu
lated dispersion of titanium dioxide in linseed varnish. The 
yield value of the deflocculated dispersion is low, 300 dynes 
per sq. cm.; that of the flocculated dispersion, identical in 
formula except for the addition of a trace of flocculating 
agent, is of the order of 35,000 dynes per sq. cm. The former 
is fluid, the latter is a semisolid.

In  the evaluation of surface-active agents for pigment 
dispersion, the change in flow properties of the dispersed 
system thus may be taken as the primary criterion for the 
effectiveness of the reagent, measurable as the magnitude 
of the change of plastic viscosity and yield value. The 
control of flow properties or consistency is essential both in 
the manufacturing and use of many products. For many 
purposes it is desirable to decrease the yield value of a dis
persion, resulting in a fluid composition from a combination 
initially highly plastic. Deflocculation also permits an 
increase in the quantity of the disperse phase with retention 
of useful flow properties. On the other hand, it  is sometimes 
desirable to increase the yield value of a pigment dispersion, 
and this result may sometimes be obtained by the proper 
selection of surface-active agents.

Plan of Experim ent

Because of the countless combinations of pigments, 
vehicles, and surface-active agents, a complete survey was 
neither feasible nor necessary. Instead, experiments were 
limited to representative types of dispersions, selected on 
the basis of wetting characteristics.

For this purpose pigments considered as hydrophobic, 
neutral, and hydrophilic were chosen. Vehicles included 
glycerol, a Litho varnish, mineral oil, and a varnish composed 
of a phenolic resin in mineral oil solvent. Surface-active 
agents were selected to include at least one of each of the 
major classes; preference was shown for compounds of 
fairly well characterized chemical identity and uniformity 
rather than for proprietary compounds of unknown or un
disclosed composition.

Data in this paper are taken from a large compilation of 
experimental results obtained during the last six years. 
In  addition, information from experiments on other aspects 
of the subject of pigment dispersion— for example, the

T he effect o f surface-active agents on p ig 
m en t d ispersions has been  stud ied  to  aid 
in  form u la tin g  general principles for com 
m ercially  im p ortan t products such  as 
p rin ting  inks and p ain ts.

B ecause o f th e  num ber o f com binations  
p ossib le, th e  experim ents were lim ited  to  
m ajor types o f p igm en t-veh icle  system s as 
d eterm ined  by basic w ettin g  character
istics . W ell characterized surface-active  
agen ts w'ere selected , each representative 
o f a class o f com pounds. A dditional vari
ables included  dispersion procedures, con 
centration s, p igm en t-veh icle  ratios, and  
m eth ods o f addition . D ata are given on  th e

rate o f stren gth  developm ent as a m easure  
o f dispersion rate and th e  rheological prop
erties o f th e com positions.

W hile a degree o f specific action  is asso
ciated  w ith  each  reagent, several criteria  
have been established  to  aid in  th e  selection  
of surface-active agents for special pur
poses. The degree o f floccu lation , in d i
cated by m easurem en ts o f p lastic  viscosity  
and yield  value, can be m ateria lly  affected  
by surface-active agen ts. T he rate o f p ig 
m en t stren gth  developm ent appears to  be 
a secondary effect related  to  th e  change in  
p lastic  v iscosity . T he u tility  o f surface- 
active agents in  th is  field is ind icated .
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by the combustion of natural gas, is considered hydro- 
phobic or organophilic (5), but this pigment exhibits vari
able wetting characteristics depending on previous treatment 
and adsorbed moisture.

Because the moisture content of pigments is variable and 
depends on storage conditions, all pigments were heated for 
24 hours in an oven at the following temperatures immedi
ately before use:

Toluidine toner, barium lithol toner 65° C.
I ro n  b lue . . . . .  , , ,  t ,£ 9
U ltra m arin e  b lue , t i ta n iu m  d iox ide , c a rb o n  b lack  105

The purpose of this drying schedule was to reduce va ria 
tions in pigment properties without modifying the pigment 
character from its normal condition; pigments, especially 
carbon black, are often stored in a hot room before use.

The vehicles used were as follows: Linseed or Litho 
varnish, obtained by the heat polymerization of linseed oil, 
was a dark-colored type with an acid number of 13, bodied 
to a viscosity of 5.9 poises, at 30° C. Glycerol was the 
c. p. product. The mineral oil was a  refined ink oil with a 
viscosity of 5.8 poises at 30° C. The resin varnish contained 
40 per cent modified phenolic resin in a mineral solvent; 
the viscosity was 14 poises at 30° C.

The dispersions were prepared, except where otherwise noted, 
by hand mixing the ingredients, and grinding (five tight passes) 
on a three-roll laboratory mill. A sequence of operations was es
tablished so that all dispersions were prepared in the same way, 
including time elapsed between milling and examination, mill 
setting, and mill temperatures.

Plastic viscosity measurements were made on rotational vis
cometers. In the first experiments two commercial viscometers 
were used. One was a Stormer equipped with a cylindrical bob 
and cup; the other was a MacMichael viscometer equipped with 
a continuously variable speed transmission and lever counter. 
While both of these instruments were satisfactory for low-vis- 
cosi ty oils and pigment dispersions, they failed seriously on dis
persions exhibiting highly thixotropic and plastic flow. The val
ues obtained for printing inks were completely discordant, since 
plastic-viscosity and yield value are a function of the shearing 
stress and the attainment of constant thixotropic breakdown 
levels (12, H ). The Stormer, operated by weights, necessarily

F igure  2. G e n er a l  V iew  of th e  V iscom eter

T a b l e  I. S u r f a c e - A c t i v e  A g e n t s  U s e d

Trade Name 

Aerosol OT 

Aresket 300

Benzidine

Copper oleate 
Daxad 23

Duponol ME  

Gilsonite (Selects)

Ink Lengthener 
EE 

Lecithin 
Nacconol NR

Santomerse D

Sapamine KW

Tergitol 7 

Zinc naphthenate

Type

Dioctyl ester of sodium 
sulfosuccinie acid 

Monobutyl diphenyl 
sodium monosulfo
nate 

Organic amine

Soap
Polymerized sodium 

salt of alkyl aryl sul
fonic acid 

Sodium salt of lauryl 
sulfate 

Bitumen

Petroleum residue 
Plant phosphatide 
Sodium alkyl aryl sul

fonate 
Alkyl aryl sulfonate

Diethyl aminoethyl 
stearylamide hydro
acetate 

Sodium salt of sec-alco- 
hol sulfate 

Soap

Supplier'1
American Cyanamid & 

Chemical Corp.

Monsanto Chemical 
Co.

National Aniline & 
Chemical Co., Inc.

Shepherd Chemical Co.

Dewey and Almy 
Chemical Co.

E. I. du Pont de Ne
mours & Co., Inc.

Allied Asphalt & Min
eral Corp.

Sun Oil Co.
W. A. Cleary Corp.
National Aniline & 

Chemical Co., Inc.
Monsanto Chemical 

Co.

Ciba Co., Inc.
Carbide & Carbon 

Chemicals Corp. 
Nuodex Products Co., 

Inc.

° Compounds similar to those fisted are available from other sup
pliers under different trade names. The substances used were con
sidered as examples and are but a small part of the total number tested. 
Inclusion of a given substance in the fist should not be construed as 
a specific recommendation for that product.

direct transfer of aqueous pigment pulps to oil dispersion 
(flushed colors)—have contributed to an understanding of 
the role of surface-active agents, but space limitations 
prevent the inclusion of all relevant data.

The surface-active agents tested are identi
fied as completely as possible in Table I.
Some of the compounds are suitable only 
for dark-colored products; for carbon black 
a number have become well known—e. g., 
benzidine and copper oleate (24, 26).

The pigments were typical commercial 
products. Toluidine red is an azo dyestuff 
prepared by coupling diazotized m-nitro-p- 
toluidine with /3-naphthol. Barium lithol 
toner is the barium salt of the compound 
formed by coupling diazotized /3-naphthyl- 
amine-a-sulfonic acid (Tobias acid) with 
/3-naphthol. Representative of the larger 
class of organic colors, toluidine toner and 
barium lithol toner may be considered hy
drophobic pigments. Iron blue, of the 
type known commonly as Milori blue, is 
prepared by the oxidation of ferrous ferro- 
cyanide, and for simplicity may be con
sidered as ferric ferrocyanide. Iron blue is 
considered neutral in wetting properties (5), 
but some commercial species are definitely 
hydrophilic. Ultramarine, considered hy
drophilic, is the synthetic pigment ob
tained by the reaction of sulfur, carbon, 
sodium carbonate, and clay. The titanium 
dioxide used was a typical commercial 
material of anatase crystalline type. Car
bon black or channel black, manufactured
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imposes a variable maximum shearing stress, since the greatest 
weight, rather than the highest rotational speed of the bob, is 
constant. The MacMichael viscometer was capable of higher 
shearing stresses at speeds to 240 r. p. m., but the maximum 
speed of the cup in this instrument was not even approximately 
reproducible for highly plastic dispersions. Variable shear, 
together with inadequate temperature control, made the values so 
obtained of relative significance only.

The data of this paper were obtained on the viscometer de
scribed by Green (12) as constructed in these laboratories, which 
overcame the operational difficulties enumerated above. This 
instrument (Figure 2) embodies the essentials of precise ma
chining and alignment, rugged construction, temperature con
trol of ±0.1 ° C., and accurately reproducible speed control.

With this viscometer a measurement includes the following 
steps: The pigment dispersion is placed in a cup, and after tem
perature equihbrium is reached, the cup is started rotating at a 
low speed. Readings are taken at increasing speeds to a maxi
mum of 200 r. p. m. The cup is operated at this speed until 
equilibrium in thixotropic breakdown is attained (2 to 10 min
utes) as indicated by an unchanging deflection on the torsion 
dial. Readings are then taken at decreasing speeds for eight to 
fifteen speed settings. A curve is obtained from the data by plot
ting revolutions per minute as the ordinate and degrees of de
flection as the abscissa. The slope of the straight line part of the 
curve is a function of the plastic viscosity, and the intercept is a 
function of the yield value (Figure 3).

The instrumental data were converted to poises and dynes per 
sq. cm. by the following equations (12, 17):

U =  9.55 (71 -  T2)S/t. p. m.
/  =  T2C

where U = plastic viscosity, poises
f = yield value, dynes per sq. cm.
S = ( l /RZ -  l /K D / 4 rh
C . S/ln(Rc/Rb)
T = torque
T2 - intercept on torque axis
Rb = radius of bob, cm.
Rc = radius of cup, cm.
h = height of cup, cm.

All measurements were made at 30° ±  0.1 C. The instru
mental constants were determined both by direct calibration 
with torque measurements and calibration with viscosity refer
ence standard oils obtained from the National Bureau of Stand-

For the determination of tinting strengths, white bleaching 
inks were prepared bv grinding zinc oxide in each of the vehicles 
used in the tests. The pigment dispersions were reduced with 
the appropriate white ink, and the deviation from standaid 
strength, taken as 100 per cent, was observed visually and cal
culated from the relative proportions of white and tinting ma
terial.

C oncentration o f Surface-Active Agents

A quantity of reagent estimated to form a monomolecular 
film on the pigment particle may be considered the minimum 
to register a change in properties of a dispersion. Calcula-

F igure 3. Viscometer Curves for Ultramarine B lue in 
M ineral Oil

A, co n tro l, no re a g e n t; B, p lu s  A erosol O T ; C, p lu s  A resk e t 300. Solid  
circles re p re se n t read in g s  a t  in c reas in g  sh earin g  s tre sse s  (up  c u rv e ) ; 
open circles, a t  dec reasin g  sh ea rin g  s tresses  (dow n cu rv e ) , lo r q u e  

co n v e rs io n : 1° =  96.2 dy n e-cm .)

tions of this quantity for commercial pigments on the basis 
of a number of arbitrary assumptions were reported (2); 
while these figures are only estimates, they serve as a rough 
guide. For many pigments 1 per cent by weight is sufficient; 
for pigments of small particle size, such as organic toners and 
carbon black, 2-3 per cent is required.

In  one series of experiments the effect of concentration 
of different surface-active agents was determined. An 
observable change in yield value was obtained in most cases 
at 0.5 to 1.0 per cent, with the maximum result at approxi
mately 3 per cent. For commercial applications the mini
mum useful quantity should be known; for the purposes 
of these tests, however, 3 per cent was used for all pigment- 
vehicle systems except carbon black where 5 per cent was 
employed. Large excesses of surface-active agents are of

T a b l e  II. E f f e c t  o f  S u r f a c e - A c t i v e  A g e n t s  o n  F l o w  P r o p e r t i e s  o f  U l t r a m a r i n e  B l u e  a n d  I r o n  B l u e

3 9 .7 %  b y  v o l. in  
g lycero l

U a / o

41 0
20 0
41 0
32 0
51 0
65 7700
37 0

42 4500
30 0
60 1970

R ea g en t

N one (con tro l)
A erosol O T  
A resket 300 
D ax ad  23 
D upono l M E  
L ecith in  
N accono l N R  
S an to m erse  D  
S ap am in e  K W  
T e rg ito l 7 
Zinc n a p h th e n a te  
W a te r

° P la s tic  v isc o s ity  in  poises.
*> Y ie ld  v a lu e  in  d y n e s  p e r  sq . cm . .
« C a lc u la te d  a t  r . p . m . < 1 0 0 ; d i la ta n t  a t  h ig h e r speeds. 
d T oo  h ig h  to  m easu re .

J ltr a m a r in e  B lue------
3 2 .0 %  b y  v o l. in 43 %  b y  vo l. in 2 9 .8%  b y  vo l. in 2 0 %  b y  vo l. in 2 8 %  b y  vo l. in

lin seed  v a rn ish glyerco l m in e ra l oil lin se ed  v a rn s h

U f U f U f U f U /
46
28
46

1900 100 580 8 .3 37 106 6900 90 2600
530 160 890 8 .3 260 32 5500 78 2200

6700 130 890 8 .6 830 81 6350 98 2200
131 880 14 c 0 61 9000 92 2400

50
23

7200 130 2300 8 .8 130 38 2700 83 2300
74 110 3500 57 1400 23 410 85 2400

161 1370 8 .8 130 74 6600 84 1800
9 .9 350 69 5200 81 1700

i i
90
35
d

110 1200 70 8000 77 4400 81 2300
110 960 7 .3 300 89 9300 114 1700

180
d

145
d

590
d

d d 47
d

4400
d

78d 2200d
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T a b l e  I I I .  E f f e c t  o f  S u r f a c e - A c t i v e  A g e n t s  o n  F l o w  P r o p e r t i e s  o f  B a r iu m  L i t h o l  T o n e r  a n d  C a r b o n  B l a c k

R ea g en t

N o n e  (contro l) 
A erosol O T 
A resk e t 300 
B enz id ine  
C opper o lea te  
D ax ad  23 
D u pono l M E  
G ilson ite
In k  L en g th en er E E  
L ec ith in  
N accono l N R  
S an tom erse  D  
S apam ine K W  
T e rg ito l 7 
Z inc n a p h th e n a te  
W a te r

19 .8%  b y  vo l. in  
g lycerol

17»
31
38
13

27
7 .3

44
22
6.1

69
43
95

1120
6050
4380

865
220

8260
4380

0
12,700

7120
19,100

—B ariu m  L ith o l T o n e r-  
34 .2%  b y  vol. in  
linseed  v a rn ish

90 3080
110 6800
120 5310

105
110

79
116
127

63

6¿.S
168

7080
7520

2690
5020
2060
4370

8400
7360

20 .8%  b y  vol. in  
m in era l oil

40
39
37

42
43

35
42
41
45
41
48
56

2100
1680
2640

2880
2600

1100
2840
2450
2550
1780
2260
6540

9 .7%  b y  vo l. in  
g lycerol

U
3 .0
3 .1
8 .4

1 7 .0
4 .8
6.2 
5 .6

1 4 'o
12.0 
6.1
6 .9  
7 .8
4 .4  

21.0

3800
2000
1550
5870
2600
1780
1200
3080
6640
1390
1250
2600

820
4100

-C a rb o n  B la c k -  
11.6 %  b y  v o l .in  

m in e ra l oil
15 .3%  b y  vol. in  

lin seed  v a rn ish

45 
48 
44 
47
41
37 
44
46 
43 
34 
40
42
38 
40 
38

7300
6000
7100
7700
4230
6300
8650
3760
6060
6250
7500
7020
6250
7100
5960

57
55 
69 
53
64
56 
75 
63 
55 
68 
66 
53
57
65
69
70

/
10,400

8.650 
8,260

770
2,500

10,900
9,880
7,300
7,930
6,000
7,200
9,620
8.650 

10,700
8,060
8,850

» P la s tic  v iscosity  in  poises. 
b Y ie ld  va lu e  in  d y n es  p e r sq . cm .

little advantage since insoluble reagents act as an addition 
to the disperse phase while fluid and soluble materials merely 
extend the vehicle.

Change in Flow Properties o f Dispersions
The data in Tables I I  and I I I  show the viscosity and yield 

value changes produced by the addition of surface-active 
agents on dispersions of pigments in different vehicles. 
Where the yield value of a dispersion is high initially, as in 
the case of toluidine toner in glycerol, a number of reagents 
decrease this value. The magnitude of the change is large. 
In  the glycerol system, compounds with some solubility are 
most effective. Somewhat similar results can be noted for 
carbon black. Iron blue and ultramarine, however, show 
high initial fluidity without surface-active agents, and the 
addition of these reagents merely serves to increase the yield 
value in the majority of cases.

In  linseed varnish, considered a good wetting vehicle in the 
trade, all pigments appear to show comparatively high 
fluidity, and added reagents act rather to increase yield value 
and thus reduce fluidity. When mineral oil is used as 
vehicle, however, the dispersions are of lower fluidity than 
similar dispersions in linseed varnish, and surface-active 
agents show reduction in yield value. In  some cases the 
reduction is marked—for example, lecithin and iron blue. 
Ultramarine in, mineral oil shows a striking reduction in 
yield value with the addition of lecithin and zinc naphthenate.

The change in flow characteristics as measured is apparent 
even on casual examination. A reduction in yield value, 
such as that shown by the addition of lecithin to iron blue 
in mineral oil, represents the difference between a heavy 
nonfluid paste and a product which will pour readily from 
the container.

Several advantages can accrue from the use of surface- 
active agents; some have already been noted. Not only 
is it possible in some cases to increase the pigment content 
of a dispersion while retaining necessary flow properties, 
but also to decrease the flocculation to a point where a 
composition changes to a fluid from a condition initially 
highly plastic. Such an application is found in printing 
inks which must show maximum obscuring power at low 
film thickness and yet be sufficiently fluid to follow the 
fountain rollers on the press at high speeds. The opposite 
result may also be obtained, for should an increase in yield 
value be desired, a suitable surface-active agent may be 
added. Thus zinc naphthenate added to iron blue dispersed 
in glycerol increases the yield value from 37 dynes per sq.

cm. to a value exceeding the practical limit of measurement 
on the viscometer.

Some pigments when dispersed in vehicles are water 
sensitive and form stiff, pasty masses on chance contamination 
with water. Surface-active agents serve to prevent this 
large increase in yield value, and a spectacular example 
is that of dispersions of titanium dioxide (Table IV ). In  
mineral oil a trace of moisture added to the dispersion in
creases the yield value to such an extent that a stiff, semi
solid results which cannot be measured. If , however, zinc 
naphthenate, lecithin, or Aerosol OT (as examples of possible 
reagents) are added during grinding, the subsequent addition 
of water, while increasing the yield value in most cases, does 
not convert the dispersion into a semisolid.

T a b l e  I V .  C h a n g e  i n  F l o w  P r o p e r t i e s  o f  T i t a n i u m  D i 
o x i d e  D i s p e r s i o n s  o n  A d d i t i o n  o f  W a t e r

B efore  W a te r  A fte r  W a te r
A d d itio n  A d d itio n

Reagent® Ub f c  U 

25 .8%  TÍO2 b y  V olum e in  M in e ra l O il

/

N one (control) d d d d
Zinc n ap h th e n a te 35 2900 53 4400
L ecith in 22 1300 18 1500
A erosol OT 40 3600 31 3200

31.3%  TÍO2 b y  V olum e in  L inseed  V arn ish
N one (contro l) 58 740 d d
Zinc n ap h th e n a te 44 780 60 1440
L ecith in 68 8200 50 10000
A erosol OT 61 3400 55 6400

a 3%  b y  w eight on p igm en t. 
b P la s tic  v iscosity  in  poises. 
c Y ield value  in  dynes per sq . cm. 
d Stiff p aste ; could n o t be m easu red .

In  pigment dispersions of comparatively low pigment 
volume, the rheological effect of surface-active agents is 
much less marked. This result is readily understood, for 
where the particles are widely spaced, flocculation (when 
present) shows microscopically as a loose reticulum of clust
ered particles which can be disturbed at low shearing stresses. 
If, on the other hand, the particles are crowded, the force 
of flocculation produces a structure which on shearing in the 
viscometer is reflected in a yield value of appreciable magni
tude.

Settling of the dispersed phase on dilution, however, is 
a more sensitive test. Where a surface-active agent has 
effectively deflocculated the pigment particles, the settling
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W h i t e  P i g m e n t  D i s p e r s i o n  o n  P r o d u c t i o n  T h r e e - R o l x  M i l l

volume is small and the cake of settled 
pigment difficult to redisperse. This hard 
settling in paints is a recurrent difficulty 
and can be largely prevented by addition 
of surface-active agents which promote 
flocculation.

In  formulation problems the selection 
of surface-active agents can be facilitated 
by the use of compounds indicated for 
analogous systems. This procedure is not 
infallible, but it has the advantage of re
ducing the empirical testing necessary.
Tor example, reagents effective for ultra- 
marine blue can be tested with lithopone, 
titanium dioxide, and most types of 
chrome yellow.

Rate o f D ispersion and P igm ent 
T inting  Strength

The rate at which aggregates of a dry 
pigment disperse in a vehicle to the maxi
mum fineness is of primary importance 
in manufacturing operations. That sur
face-active agents increase the rate of dis
persion is a frequent claim, but the com
plexity of the process excludes any 
simple generalization; the evaluation 
must be based, in addition to specific 
pigment and vehicle factors, on (a) type of milling operation,
(6) rate of mill output as compared with a control dispersion, 
and (c) rheological properties of the dispersion.

For roll mill dispersion, as typified by the three-roll mill, 
disintegration of aggregates is accomplished first by an 
actual crushing of particles, 10 microns and larger in size, 
at the start of a batch grinding operation, and finally by 
shearing within the plastic mixture; the latter reduces 
the aggregate size to the dimensions of ultimate pigment 
particles less than 1 micron in diameter. Internal friction 
resulting from flocculation of the pigment particles is of 
small comparative magnitude and may be considered neg
ligible.

The output of a roll mill is directly proportional to the 
viscosity of the mix when roll clearance and operating speeds 
remain constant. Surface-active agents which increase the 
plastic viscosity, act to increase mill output rates, and the 
addition of these reagents is a useful production device. 
Essentially the same result may be obtained, however, by 
formulation with higher viscosity oils, by increase in the 
pigment content, or both, using preferably a defloeculating 
combination of vehicles and reagents. When the dispersion 
is satisfactory, the product can be extended with additional 
vehicle to give the desired pigment-vehicle ratio.

Somewhat different considerations apply to colloid mill 
and to ball and pebble mill operation. The mixture fed 
into a colloid mill should be fluid, since any appreciable 
yield value will markedly reduce the rate at which the dis
persion will flow into the mill. In  ball and pebble mills the 
mixture should allow cascading of the grinding medium, and 
if the yield value is excessively high the balls or pebbles will 
pack, especially in small mills, with consequent reduction
in attrition (8).

I t  is evident that an improved dispersion rate resulting 
from an increase in mill efficiency by the addition of surface- 
active agents is a secondary effect of such reagents. Fina 
pigment tinting strength appears to be directly related to 
the change in plastic viscosity of the mixture produced by 
the addition of surface-active agents. This is shown by the 
statistical data in Table V. The strength differences were 
in  the range of 2 to 10 per cent, sufficiently large to be outside

the errors of the measurement. Although no direct ex
perimental evidence has been obtained to show that surface- 
active agents facilitate the breakdown of pigment aggregates, 
such a result is not unlikely. The data for carbon black 
suggest that with this pigment at least a favorable effect 
is found.

T a b l e  V . R e l a t i o n  o f  P i g m e n t  S t r e n g t h  t o  P l a s t i c  
V i s c o s i t y  ( T h r e e - R o l l  M i l l  D i s p e r s i o n s )

_______ N o . of_E x p e r im e n ts _______
C o lo rs“ C a rb o n  b la c k  &

In c rea se  in  p la s tic  v isco s ity  76  64
In c rea se  in  s tr e n g th  74  104
D ecreased  o r u n ch a n g ed  p la s tic  _

v isco s ity  87 lo -
D ecrease  o r no  ch an g e  in

s tre n g th  89 112
° In c lu d es  to lu id in e  to n e r , iro n  b lu e , u l t r a m a rin e  b lue . 
b In c lu d es  “ lo n g ” a n d  “ s h o r t”  c a rb o n  b lack s .

M ethods o f A ddition
Of considerable practical interest are the several ways 

in which surface-active agents may be incorporated in a 
dispersion. Except where noted, the experiments were 
performed by mixing all ingredients of the formulation and 
then grinding. This procedure, designated A, follows 
manufacturing operations where a premix of all ingredients 
is made in a Pony mixer or dough mixer. Alternate methods 
included: B, solution or dispersion of reagent in vehicle; 
C, addition of reagent to pigment dispersion already pre
pared; D, treatment of dry pigment by mixing with a solu
tion of surface-active agent in a volatile solvent to form a 
paste, followed by evaporation of solvent at low tempera
tures. Each of these methods has an analog in commercial 
practice.

Experimental results are shown in Table V I. Of the four 
methods of adding surface-active agents, the chief differences 
noted were in the degree rather than the direction of change 
in flow properties. Coating the pigment prior to incorpora
tion in a dispersion is effective and practical from the stand-
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P ig m e n t

U ltra m a rin e  
U ltra m a rin e  
T o lu id in e  to n e r  
T o lu id in e  to n e r  
I ro n  b lue  
C a rb o n  b la ck  

S h o rt
L ong  or flow 
S h o rt
Long  or flow

T a b l e  V I.
P ig m e n t C oncn.,

%  by Vol.

20.8
37.0
22.0
27.3
24.3

13.7 
9.0  
9 .8

13.7

M e t h o d  o f  I n c o r p o r a t in g  S u b f a c e - A c t i v e  A g e n t s

-Y ie ld  V alue in  D y n e s /S q . C m .*

Vehicle 

M in era l oil
P henolic  res in  v arn ish  
G lycerol 
M inera l oil 
M inera l oil

L inseed  v arn ish  
Phenolic resin  v a rn ish  
M inera l oil 
L inseed  varn ish

R ea g en t

Zinc n a p h th e n a te  & 
Santomerse*> 
Santom erse&  
L ecith in  b 
L ecith in  b

B enzid ine c 
L ecith in  c 
G ilson ite  c 
Zinc n a p h th e n a te  c

C o n tro l M e th o d  A  M e th o d  B  M eth o d  C M e th o d  D

3000 120 90 100 0
3800 120 0 240 710
620 0 0 0 0

1150 550 660 560 220
10,000 2580 1770 2600 770

1100 330 260 400 430
620 160 160 140 500
970 660 430 770 970
350 290 290 260 660

a A , a ll in g re d ien ts  m ixed an d  g round ; 
b 3 %  on p ig m en t by  w eight. 
e 5 %  on p ig m en t b y  w eight.

B, reag e n t in  veh icle: C, reag en t ad d ed  to  d ispersion  a f te r  g rin d in g ; D, co a tin g  p ig m en t.

T a k e - o f f  A p r o n  o f  F i v e - R o l l  P r o d u c t io n  M i l l

point of the color m anufacturer, but essentially equivalent 
results are obtained if the reagent is added at the tim e the  
prelim inary m ixture of pigm ents, vehicles, and other com
ponents is m ade. T he latter m ethod is preferred in m any  
m anufacturing operations.

Conclusions
1. Surface-active agents may be evaluated by observing their 

effect on the flow properties of pigments dispersed in nonaqueous 
media. The change in plastic viscosity and yield value, as cor
related with the extent of flocculation of the dispersed phase, 
can be measured most conveniently on a rotational viscometer.

2. The greatest reduction in yield value has been observed in 
dispersions in which the pigment and vehicle are of differing 
wetting characteristics. Where the dispersed phase is defloc
culated, the addition of surface-active agents sometimes causes 
an increase of yield value.

3. The rate of pigment dispersion and the final strength 
of a pigment are indirectly related to the action of surface-active 
agents. Inasmuch as dispersion on a roller mill is accomplished 
primarily by internal shearing of the mixture of pigment and 
vehicle, an increase in viscosity results in greater shearing stresses 
and more rapid disintegration of pigment aggregates. When the

viscosity is decreased, less shear results, and both the rate of dis
persion and final strength are lower. For soft grinding pigments, 
surface-active agents have no appreciable effect on the rate of 
dispersion. In  the ball mill and colloid mill the influence of sur
face-active agents on over-all mill efficiency is of consequence, 
since the operation of these mills requires materials sufficiently 
fluid to permit ball mobility in the case of the ball mill and proper 
feeding of the mix in the case of the colloid mill.

4. While the breakdown of pigment aggregates may be facili
tated by the addition of surface-active agents, no conclusive 
evidence has been obtained to demonstrate this effect, partly 
because it is intimately connected with the efficiency of the 
grinding operation.

5. In  many formulations a decrease in yield value, resulting 
in greater mobility, is desirable; it is then possible to obtain fluid 
compositions from dispersions initially highly plastic. Alter
nately, it is possible to increase the pigment content, maintaining 
the yield value within practical limits.

6. Any useful effect shown by surface-active agents will, ex
cluding exceptional cases, be obtained with relatively small 
quantities as calculated on the dispersed phase. While the 
amount necessary depends on the result desired, a quantity of 
the order of 3 per cent or less is ample. Larger quantities, if 
soluble or fluid, act as vehicle components; if insoluble, as addi
tions to the dispersed phase.

7. Of the four methods of addition, the chief differences noted 
were in the magnitude rather than the direction of change of 
flow properties.

8. Because there is a measure of specific action associated 
with the use of surface-active agents, the procedure suggested 
for routine testing is to select different types of compounds for a 
quick experimental survey, and then to test more thoroughly 
related species of the compounds giving the most effective re
sults.
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By oxidation in  three stages, b itum in ou s  
coal is transform ed in to  furfural-soluble  
substance w ith  a yield o f 90 per cent or b et
ter o f th e coal proper. The furfural so lu 
tions m ay be considered as system s o f two 
com pletely m iscib le substances. M ethods 
for th e separation o f furfural and ash-free 
carbonaceous m aterial are pointed out, and  
possible uses are listed .

AS D ESC RIBED  in a patent ( I) , bituminous coal in a
/ \  properly oxidized condition is readily soluble in fur- 

fural. The solution of the carbonaceous material in 
the organic solvent is easily prepared and separated from 
mineral matter and fusain, and the recovery of both solvent 
and solute offers no serious problem. The ash-free carbon
aceous material thus obtainable appears to lend itself readily 
to numerous uses in the production of heat, power, and chemi
cal commodities.

In  the original work preceding the patent (2, J), excess 
nitric acid was used to accomplish the required oxidation 
within the short period of one hour. For economic reasons it 
appeared desirable to accomplish a considerable part and 
perhaps all of the oxidation work by the use of air.

Air oxidation of coal in a “gas-solid” system, resulting in 
transformation of the coal proper into humic acids, has been 
reported in the literature as a tedious and time-consuming 
process. Wheeler and his associates (7) treated pyridine- 
extracted bituminous coal at 150° C. for several weeks with a 
current of moist air, and obtained transformation into so- 
called ulmic acids. Morgan and Jones (5) and Yohe and 
Harman (8) accomplished essentially the same conversion of 
coal proper into hydroxycarboxylic acids by exposing, for 
several weeks, finely ground coal to air in a drying oven kept 
at 150° C.

We have established that acid groupings may be introduced 
into the coal proper in reasonably short time by the use of air 
at elevated temperatures in the presence of small amounts of

promoting substances such as vanadates or nitrates. The 
percentage of acid groupings is further increased by a second 
step of air oxidation at a lower temperature. Finally, a 
treatment with a greatly diminished amount of nitric acid is 
used to give a product which is easily soluble in cold furfural. 
Furfural-soluble substance is obtained after the air-oxidized 
preparation has been treated with 1-2 parts of nitric acid. 
In  former work 8-10 parts of nitric acid were necessary to 
oxidize raw coal to a stage where the product was furfural 
soluble.

Apparatus and M ethods

Oxidations were carried out either in an ordinary electric 
drying oven or in an electrically heated rotary furnace. The 
rotary furnace was equipped with an automatic feeding device 
and a temperature control unit. Auxiliary apparatus to 
regulate the composition, the moisture content, and the rate 
of flow of the oxidizing gas were also provided. The setup is 
shown in Figure 1.

To ascertain the effect of oxidation, three analytical 
methods were used:

1. Alkali D igestion. A 0.5-gram sample was placed into a 
250-cc. Erlenmeyer flask equipped with reflux condenser, and 1 cc. 
alcohol and 25 cc. 0.1 A  sodium hydroxide solution were added. 
The mixture was boiled for 30 minutes and filtered and the filtrate 
was titrated with 0.1 N hydrochloric acid solution, phenol- 
phthalein being used as indicator.

2. M odified Alkali D igestion. In  cases of extensive 
oxidation, the alkaline filtrates became too dark for convenient 
titration. In these cases 25 cc. of a 0.1 N  calcium chloride solution 
were added just before filtration. This reagent causes precipi
tation of insoluble Ca humate according to the equation:

Hum. Na2„ +  nCaCl2 =  Hum. Ca, +  2nNaCl

The other conditions of procedure 1 remain unchanged.
3. Calcium A cetate D ecomposition. A 0.5-gram sample 

and 25 cc. of a 0.1 N calcium acetate solution were placed into a 
250-cc. Erlenmeyer flask equipped with reflux condenser; the mix
ture was refluxed for 30 minutes, cooled, and filtered. The residue 
was carefully washed with water, and the filtrate containing 
acetic acid was titrated with 0.1 N sodium hydroxide solution, 
phenolphthalein being the indicator. The reaction as indicated 
in the equation,

1 P re s e n t a d d re ss , 420 C e n tra l  P a rk  W e st , N ew  Y o rk , N . Y . Hum. H 2, +  nCa(CH3COO)2 = Hum. Ca, +  2nCH3COOH
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proceeds to an equilibrium which depends upon the acid strength 
of the particular hydroxycarboxylic acid used in the test. Thus, 
while procedures 1 and 2 provide estimates of the percentage 
acid groupings that have been introduced by oxidation, method 
3 is indicative of acid strength. Under the conditions of these 
determinations, furfural-soluble preparations were found to 
combine with 40 cc. or more of 0.1 N  sodium hydroxide solution 
per gram and to decompose 30 cc. or more of the acetate solution.

approximately 5-7 minutes; simultaneously a counter- 
current of air (or of an air-oxygen mixture) was sent through 
the oven. In these experiments temperatures between 150° 
and 350° C., air and air-oxygen mixtures of varying moisture 
content and at various rates of flow, and a number of potential 
catalysts or promoters (various vanadates, sulfates, and 
nitrates) were tested. On the basis of these tests ammonium

F i g u r e  1. R o t a r y  
F u r n a c e  w i t h  

A u x i l i a r y  E q u i p m e n t

#>

Oxidation Procedures
P rocedure 1. Twenty-gram samples of powdered coal 

were placed in shallow pans and kept in the drying oven at 
150° C. for a number of weeks. The progress of oxidation is 
illustrated in Table I .  The coal used in these experiments 
was a Central Pennsylvania coal, Upper Freeport seam, 0.9 
per cent moisture, 30.1 per cent volatile matter, 6.1 per cent 
ash, 62.9 per cent fixed carbon. The coal was ground to 
pass a 50-mesh sieve.

T a b l e  I .  O x i d a t i o n  o f  C o a l  i n  a  D r y i n g  O v e n  a t  150° C .

O x ida tion  period , w eeks 0 1 2 3 4 5 6
0.1 N  N aO H , cc ./g . 1 .0  8 .7  1 1 .4  19 .0  2 2 .3  4 4 .0  4 4 .6
0.1 N  C a(A c)2, cc ./g .   3 .7  5 .8  8 .0  1 1 .2  14 .4

nitrate was found to be the most effective and convenient. 
I t  was established in the early phases of this work that air at 
350° C. was just as effective an oxidizing agent as an air- 
oxygen mixture at lower temperatures. In  most experiments 
the coal was passed through the oven repeatedly because the 
length of the oven permitted only a short period of contact. 
After each pass the progress of oxidation was ascertained. 
Results are presented in Table I I ;  the rate of air flow was 
1500 cc. per minute, and the yield 160 grams per hour.

The smaller the particle size, the more quickly the effect of 
air oxidation is noted. In  large scale operations the use of a 
Raymond bowl mill or similar equipment would make it 
possible to introduce coal sprayed with suitable substances at 
temperatures up to 350° C. and to obtain a —200 mesh 
oxidized product at some suitable lower temperature—e. g., 
100° C.

By ascribing definite equivalent weights to the various 
intermediate products of the oxidation, the figures of Table I  
assume a clearer meaning. Computation shows that the 
equivalent weights of the various hypothetical coal acids 
dropped from 10,000 to 225 during 6 weeks. Weathered coals 
and coal samples that had received a brief oxidizing treatment 
in the rotary furnace attained an equivalent weight of 250 
or less in 3 to 4 weeks. In  experiments extended to 10 weeks, 
no further essential decrease of equivalent weight was noted, 
but the acetate figures improved to 20 cc. per gram or better. 
In  these cases furfural-soluble substance was shown to be 
present by the following procedure: The oxidized prepa
rations were extracted with alkali, the alkaline solutions were 
precipitated with acid, and the precipitate was treated with 
furfural.

P rocedure 2. In  a considerable number of experiments 
powdered coal was passed through the rotary furnace at a 
rate of 160 grams per hour, corresponding to a contact time of

T a b l e  I I .  A i r  O x i d a t i o n  o f  C o a l  i n  a  R o t a r y  F u r n a c e  a t  
350° C.

P ass  N o. 1 2 3 4 5

0.1 N  N aO H , cc ./g ram
T e s t 1 3 .3  4 .8  5 .9  1 0 .8 a 1 2 .0 a
T e s t 2 6 . 4 “ 1 0 .2 “ 1 1 .8

“ 5 g ram s am m on ium  n it r a te  p e r 1000 g ram s of coal added .

By increasing the number of passes, preparations of an 
equivalent weight of 500 or less were obtained. A t this stage 
they were easily further oxidized at a lower temperature, 
giving rise to products of the desired percentage of acid group
ings though not of the desired acid strength.

P r o c e d u r e  3. This second stage of air oxidation was 
carried out as follows: 500 grams of coal preoxidized at 
350° C. were placed in a porcelain dish, 100 cc. of a 25 per cent 
ammonium nitrate solution were added, and with constant 
stirring the mixture was brought to dryness by heating
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gradually on an electric hot plate to about 150° C. Agita
tion at this temperature was continued until white fumes were 
no longer visible. The time to complete the operation varied 
from 30 to 75 minutes. The results of a number of runs are 
compiled in Table I I I .

Table III. Oxidation of Coal P reparations at 150° C. in 
P resence  of 5 Pe r  Cent Ammonium N itrate

E x p e rim e n t N o . 1 2 3 4 5

0.1 N  N aO H , cc.
B efore t r e a tm e n t  1 .8  1 0 .2  2 0 .5  2 0 .5  2 0 .5
A fte r tr e a tm e n t  1 1 .6  2 5 .0  3 8 .6  3 7 .4  3 9 .2

Experiment 1 refers to original coal. The results were 
essentially the same when 10 per cent of ammonium nitrate 
had been added. During the operation, ammonia combined 
with the hydroxycarboxylic acids, while a considerable 
quantity of nitrogen oxides, together with excess ammonium 
salt, escaped.

P r o c e d u r e  4. Preparations that had been passed five to 
ten times through the rotary furnace at 350° C. and subse
quently were treated with 5 per cent ammonium nitrate, as 
indicated in section 3, showed an alkali consumption of 
30-40 cc. 0.1 N  sodium hydroxide and an acetate number of 
3-7. In  order to increase the acid strength to the point 
where acetate numbers of 25 or better are obtained, a treat
ment with nitric acid still offers the most convenient and 
quickest procedure.

In  order to ascertain the minimum amount of nitric acid 
necessary to give, in each case, the maximum yield of furfural- 
soluble substance, 50-gram samples of the air-oxidized prepa
rations were treated for 1-2 hours with increasing amounts of 
nitric acid, and the yield of furfural-soluble substance was 
determined. The alkali number of the samples was 24.0 cc. 
0.1 A  sodium hydroxide per gram; the acetate number was 
2.7 cc. 0.1 N calcium acetate per gram. The following table 
is illustrative of the results:

Cc. conc. H N O a 50 75 100 125 150
F urfu ra l-so l. su b s ta n c e , %  < 4 0  60 80 > 9 0  > 9 0

Other wet oxidation experiments with this same sample of 
preoxidized coal, but conducted with dilute nitric acid, indi
cated that the same results may be achieved if the time is 
materially increased. Experiments of this type established 
the fact that the higher the alkali and acetate numbers, the 
less nitric acid is needed to accomplish the desired results. 
Two examples of procedure are added: One hundred grams of 
a preparation with an alkali value of 39 and an acetate value 
of 7 were placed in an Erlenmeyer flask immersed in cold 
water, and 100 cc. of concentrated nitric acid were added in 
four portions. After the first violent reaction subsided, the 
mixture was heated in a boiling water bath for 1-2 hours, 
diluted with water, filtered through a Büchner funnel, washed 
free from nitric acid, and air-dried. In  another case 100 
grams of a preparation with an alkali value of 29 and acetate 
number of 3 were placed in a 2-liter round-bottom flask and 
cooled with ice, and 250 cc. of concentrated nitric acid were 
added. The remaining procedure was essentially the same as 
described above. In  either case, 100 grams of oxidized coal 
gave approximately 120 grams of washed air-dried product. 
In  addition, a certain amount of soluble substance appeared 
in the dark colored filtrates and wash water. In  both cases 
the isolated product was soluble in furfural to 90 per cent or 
better. Fusain and mineral matter are insoluble.

Preparation and Properties o f Furfural Solutions
One thousand cubic centimeters of furfural were placed in a 

2-liter beaker equipped with a stirrer, and 250 grams of

product were gradually introduced. Stirring was continued 
for 30 minutes, the whole operation taking approximately 
one hour. The mixture was then centrifuged, and the result
ing solution of approximately 22 per cent strength was poured 
through a paper filter.

The filtered solutions were concentrated under vacuum to 
approximately 40 per cent strength. To separate furfural 
and coal substance, several methods were found to be efficient; 
precipitation with isopropyl ether, precipitation by pouring 
into excess water, or steam distillation and, undoubtedly, 
spray evaporation or the use of drum dryers would serve the 
same purpose on a plant scale. I t  was noted that a small 
fraction of the product is soluble in water and isopropyl ether.

As previously shown (4), the solutions of oxidized coal in 
furfural do not exhibit the Tyndall phenomenon and cannot 
be classified as colloidal systems. In  the present investi
gation we have established that the solubility of the oxidized 
coal substance (hydroxycarboxylic acids) has no limiting 
value. By mixing the components at room temperature and 
atmospheric pressure, solutions up to 30 per cent strength 
have been prepared. These solutions were easily filterable 
in the absence of suspended particles; their specific gravities 
were measured and found to be represented by the expression

(1 .1 5 4 a ; +  1 .6 0 0 y ) /1 0 0

where x = percentage furfural
y = percentage oxidized coal

By concentration in vacuo, solutions of much greater strength 
were prepared. Finally it was observed that the addition of a 
small amount of furfural to an excess of the oxidized coal 
gave a system that assumed the consistency of an asphalt on 
standing. In  view of these facts any system composed of 
coal, oxidized to the proper stage, and furfural may be classi
fied as a binary system comprising two completely miscible 
liquids. I t  has been recognized that amorphous, nonuniform 
substances may be considered as liquids (9).

Past experiences and tentative experimental work have 
disclosed the following possible uses of this new material. 
The ash-free carbonaceous substance recovered from the 
furfural solution may be used as an ash-free powdered fuel, 
either as such or in the possible preparation of a colloidal fuel; 
as a starting material for the production of active carbon, 
carbon black, various plastics, paints and varnishes, tanning 
agents, and insecticides (6). I t  may be used in the staining 
of wood and in the purification of water (3). I t  may be of 
value in soil beneficiation, it is amenable to hydrogenation, 
and finally, in mixture with strongly swelling coals, it  will give 
blends of greatly diminished coking pressure and coke of im
proved quality and smaller ash content.
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I N A D D IT IO N  to the usual 
proximate and ultimate 
analyses, several special 

laboratory tests have been de
veloped for determining the 
characteristics and behavior of 
coals under different condi
tions. In  general, these special 
tests measure over-all charac
teristics under specified condi
tions rather than specific 
properties or constituents such 
as those measured in the proxi
mate and ultimate analyses.
Some of these special tests are the C. R. L. reactivity test 
(6, 7), British Standards swelling test (S, 4), agglutinating 
value test ( I) , and various means for determining plastic 
properties and swelling characteristics of coal when heated.

The fact that Illinois coals are distinctly banded makes it 
possible to study the characteristics not only of the whole 
coal but also of the constituent bands vitrain, clarain, durain, 
and fusain. This report deals with the effect of oxidation of 
whole coal and constituent bands on ignition temperatures as 
measured by the C. R. L. reactivity test and swelling as 
measured by the British swelling index test.
The agglutinating value test was used to
indicate oxidation of samples during exposure. = =

The effect of oxidation o f laboratory sam ples 
on reactivity and British swelling index 
num bers has been studied. Samples were 
exposed up to 8—9 m onths and tests were 
made at various intervals. A gglutinating  
values were determined occasionally to  
dem onstrate that oxidation did take place. 
Three sets of whole coal and banded in 
gredients representing high-volatile b i
tum inous ranks A and C were studied.

Samples and Procedure
Three sets of samples, including whole 

coal and banded constituents, from Henry, 
Macoupin, and Gallatin Counties were used 
for this work. These samples represented 
coals with approximate moisture levels of 19, 
13, and 5 per cent and high-volatile bitumi
nous ranks C, C, and A, respectively. The 
whole coals were about 2-inch channel samples 
cut down, crushed to pass a 4 mesh sieve, 
and sealed in friction-top cans in the mines. 
The banded ingredient samples were hand- 
picked, crushed to —4 mesh size, and sealed 
in friction-top cans in the mines. All samples 
were further crushed to desired sizes in the 
laboratory.

The samples were air-dried and crushed in 
a Braun type 6 CP pulverizer to —20 mesh 
and to finer sizes in a ball mill. The —40 
+ 6 0  mesh samples were used for reactivity 
determinations, —60 mesh samples for British 
swelling index (B. S. I.) tests and —200 mesh 
samples for the agglutinating value tests. 
Proximate constituents, total sulfur, and 
calorific values were determined on —60 mesh

L ab . N o.

C-2425

C-2427

C-2428

C-2429

C-2405

C-2406

C-2407

C-2408

C-2409

C-2416

C-2417

C-2418

C-2419

a A. R.

samples according to standard 
A. S. T . M . procedures (2). 
The various special tests were 
made on the samples soon after 
receipt from the mines and 
again after various intervals 
of exposure. All samples were 
kept in stoppered bottles for 2 
to 4 weeks following the first 
determination, and were then 
exposed to the laboratory at
mosphere in shallow dishes with 
frequent stirring for the dura
tion of the studies. The mesh 

size of exposed samples was that used in each particular 
test—that is, —40 +60  mesh for ignition temperature samples, 
— 60 mesh for B. S. I. test samples, and —200 mesh for 
agglutinating test samples. U. S. Standard sieves were 
used for sizing all samples.

The C. R. L. reactivity test was that described by Sebastian 
and Mayers (6) and by Sherman, Pilchgr, and Ostborg (7). 
The equipment used was almost a duplicate of that described 
by Sherman and coauthors with the exception that split, 
hinged type refractories were provided to permit more rapid

T a b l e  I. A n a l y s e s  o f  C o a l  S a m p l e s

D escrip tion B asis0

M ois
tu re ,

%
A sh,

%

V ola
tile ,

%
F ix ed
C , %

T o ta l 
S. % B. T . U.

W hole coal A. R.

H en ry  C o u n ty  

1 9 .3  8 .9 3 1 .6 4 0 .2 3 .8 5 10,332
D ry 1 1 .0 3 9 .2 4 9 .8 4 .7 7 12,802

C lara in A. R. 1 8 .2 9 .0 3 2 .7 4 0 .1 3 .5 3 10,453
D rv 1 1 .0 4 0 .0 4 9 .0 4 .3 2 12,772

D u ra in A. R. 16 .2 6 .3 3 3 .8 4 3 .7 3 .2 3 11,252

F usa in
D ry 7 .5 4 0 .3 5 2 .2 3 .8 5 13,426
A. R. 25'. 2 1 0 .5 17 .3 4 7 .0 7 .8 2 9,161
D ry 14. 1 2 3 .1 6 2 .8 10 46 12,255

W hole coal A. R.

M acoupin  C o u n ty  

1 4 .0  10 .2 3 4 .1 4 1 .7 4 .5 0 10,624

V itra in
D ry 1 1 .9 3 9 .7 4 8 .4 5 .2 3 12,354
A. R . 1 5 .3 2 .9 3 5 .4 4 6 .4 2 .81 11,503

C lara in
D ry 3 .4 4 1 .8 5 4 .8 3 .3 2 13,579
A. R. 1 3 .4 3 .7 3 9 .0 4 3 .9 3 .6 0 11,696

D u ra in
D ry 4 .3 4 5 .0 5 0 .7 4 .1 6 13,502
A. R. 13 .3 1 1 .9 3 4 .5 4 0 .3 2 .8 8 10,514

F usa in
D ry 13 .7 3 9 .8 4 6 .5 3 .3 3 12,130
A. R. 2 0 .3 8 .0 1 4 .0 5 7 .7 4 .9 5 10,379
D ry 1 0 .0 1 7 .6 7 2 .4 6 .2 0 13,017

W hole coal A. R .

G a lla tin

5 .1

C o u n ty

9 .4 3 6 .8 4 8 .7 3 .0 3 12,584

V itra in
D ry 10 .0 3 8 .8 5 1 .2 3 .1 9 13,267
A. R. 4 .4 7 .7 3 7 .6 5 0 .3 2 .3 1 13,109

C lara in
D ry 8 .1 3 9 .3 5 2 .6 2 .4 2 13,706
A. R. 3'. 6 9 .9 3 5 .6 5 0 .9 2 .6 5 12,749

F usa in
D ry 10 .3 3 6 .9 5 2 .8 2 .7 4 13,221
A. R. 17 .8 1 5 .G 1 9 .0 4 7 .6 3 .5 0 9,693
D ry 18 .9 2 3 .2 5 7 .9 4 .2 6 11,789

as received . b P ro b ab ly  du ll c la ra in .
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cooling of the furnaces between runs. Determinations were 
made in both oxygen and air and these results are indicated
as Tu and Tlf>, respectively.

The B. S. I .  test was essentially that of the British Stand
ards Institution ( 8 ) ,  the principal modification being the sub
stitution of a Fisher high-temperature burner for the Teclu 
burner specified in the British standard method.

Agglutinating value determinations were made according 
to the “Proposed Method of Test for Agglutinating Value of 
Coal” as published by the American Society for Testing M a
terials ( I) . Silicon carbide was the inert material used in 
these tests, the ratio being 15 silicon carbide to 1 coal. The 
apparatus for crushing test buttons was designed and built 
in this laboratory.
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D iscussion o f Results
Analyses of the coals are given in Table I. The results of 

special tests and the effects of oxidation on the characteristics 
measured by these tests for samples from Henry, Macoupin, 
and Gallatin Counties are listed in Table I I .  Table I I I  pre
sents data on a Franklin County whole coal in which exposure 
was made on —40 +60  mesh coal for both reactivity and 
agglutinating tests. The main purpose of this study was to 
determine the effect of oxidation of laboratory samples during 
storage on the characteristic ignition temperatures and B. S. I. 
values. Although the agglutinating value data are not com
plete, they serve their purpose of demonstrating that oxida
tion did take place. This test was used because it has been 
found quite sensitive to oxidation of samples.

The sample from Macoupin County designated as durain 
(Table I I )  appeared to be durain when picked in the mine, but 
later examination in the laboratory indicated that it was 
mainly a dull clarain. The other hand-picked banded in
gredients were probably not pure ingredients but, it is be
lieved, were concentrates of sufficient purity to show the pre
dominating characteristics.

T able III. Data for F ranklin  County Whole-Coal 
Sample C-2445

Ig n itio n  T e m p e ra tu re  A g g lu tin a ting V alue
Tit, ° C . Tn, 0 C . D ay s  s to re d  K g. D ay s  s to red

184 230 m  . . .  • • •
182 228 135 2 . 0 “ 132

a B ased  on average  of e leven  b u tto n s .

A considerable amount of data is presented for comparison 
of the characteristics of different rank coals and banded in
gredients. However, only the effect of oxidation on these 
characteristics is considered here. Comparisons based on 
these data and other information not included in this paper 
will be considered in another report.

In  order to judge whether the rather small differences in 
characteristic ignition temperatures as related to various 
times of laboratory exposure were significant, it was necessary 
to have some basis of interpretation. For this purpose stand
ard deviations for duplicate and triplicate values of T 15 and 
Tn were calculated. Values three times these standard de
viations were used as limits. They were found to be 12° and
11.5° C., respectively. I t  was considered that, if variations 
exceeding these limits were found, they would indicate a sig
nificant trend. Table I I  shows that the differences in char
acteristic ignition temperatures, determined after various 
times of exposure compared to the original values are, in 
general, considerably smaller than these limiting values. In  
some cases higher values are reported for samples exposed for 
longer times. This is more noticeable for the lower rank coals 
from Henry and Macoupin Counties than for the higher rank 
coal from Gallatin County. However, it is not possible to 
estimate the significance of these small increases on the basis 
of the limited data included in this report. I t  is concluded 
that laboratory exposure up to 8 or 9 months does not affect 
significantly the characteristic ignition temperatures of the 
samples studied. At the same time the agglutinating value 
data indicate that oxidation of samples did take place. This is 
evidenced by the decreasing values as exposure time increases.

I t  was mentioned earlier that exposure of samples was made 
in the size used for the various tests. Exposure of reactivity 
samples was in —40 + 6 0  mesh size and of agglutinating value 
samples in —200 mesh size. The question arose as to whether 
oxidation of - 4 0  + 6 0  mesh coal might be negligible even

though quite appreciable for -2 0 0  mesh samples. To answer 
this question a whole coal from Franklin County, 111., was 
exposed in -4 0  + 60  mesh size for both ignition temperature 
and agglutinating value tests. For the agglutinating value 
tests the - 4 0  +60  mesh material was ground to -200 mesh 
at the time of the tests. The results obtained (Table I I I )  
indicate that oxidation did take place in the - 4 0  + 6 0  mesh 
size as evidenced by the decreasing agglutinating values with 
increased time of exposure. At the same time characteristic 
ignition temperatures remained practically the same.

In  the interpretation of the effect of oxidation on the 
British swelling index, a value three times the standard devia
tion was taken as a limit. This limit was found to be 0.9. 
A difference of one unit, therefore, was considered signifi
cant. The data in Table I I ,  in general agreement with pre
vious experience (5), indicate that the B. S. I. numbers de
crease with increased exposure time of samples. The values 
for the higher rank Gallatin County samples show a smaller 
decrease than those for the lower rank coals from Henry and 
Macoupin Counties. Values for clarain from Henry and 
Gallatin Counties show the smallest decrease of the banded 
ingredients from these two sources. Fusain does not swell, 
and the values greater than 1 in Table I I  indicate the pres
ence of other swelling coal material in these samples.

Attention is called to the fact that original B. S. I. numbers 
for whole coals are higher than those for individual petro- 
graphic constituents. Although no definite reason can be 
given for this at present, the authors have recently noted that 
the addition of small amounts of fusain to clarain and vitrain 
results in small increases in B. S. I .  numbers for these two con
stituents. Additional studies are being made.

Conclusions

1. Exposure of —40 + 6 0  mesh samples of whole coal and 
banded ingredients up to 8 or 9 months to the laboratory at
mosphere does not appear to influence significantly the char
acteristic ignition temperatures of these samples.

2. B. S. I. numbers decrease with increased time of ex
posure of samples.

3. B. S. I. numbers of the higher rank Gallatin County 
coal show less decrease with increased time of exposure than 
do the lower rank coals.
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P o s s i b l e  N e w  U s e s  f o r  C o a l — C o r r e c t i o n

An unfortunate error has been found in the article by H. C. 
Howard (February issue of Industrial and E ngineering 
C h e m i s t r y ) .  At the bottom of the second column, page 156, 
the structural formulas of brazan and fluorenone, as well as their 
respective carbon-hydrogen ratios, were interchanged.



K e t o n e  S y n t h e s i s

THE CONDENSATION OF ACID 
A NH YD R ID ES W ITH  OLEFINS

A. C. BYRNS AND T. F. DOUMANI
Union Oil Company of California, Wilmington, Calif.

T H E  past two decades have witnessed rapid 
strides in the production of chemical derivatives 
from petroleum, particularly those derived 

from cracking-plant gases. Outstanding have been 
methods for the production of ketones; as production 
has increased and cost decreased, whole new proc
esses have been developed, based on the unique 
properties of various ketones. In  general, the 
methods employed for synthesis of the lower mem
bers involve dehydrogenation or oxidation of second
ary alcohols (2), but these have not been com
mercially applied to higher molecular weight ketones 
because of the difficulty in procuring the necessary 
alcohols. I t  is known, however, that olefins will 
combine directly with acyl halides, as acetyl chloride, in the 
presence of such catalysts as zinc chloride, aluminum 
bromide, or aluminum chloride to form chloro ketones. 
These compounds lose hydrogen chloride rather readily under 
some conditions to give unsaturated ketones. Normally 
the products obtained in moderate yields are mixtures

of saturated ketones, unsaturated ketones, and chlorinated 
hydrocarbons U, 5). Saturated hydrocarbons, such as hexane, 
have also been reacted with acetyl chloride and aluminum 
chloride to give a saturated ketone (6). There has been only 
one report on the reaction of an olefin with an acid anhydride. 
This is the reaction of isobutene with acetic anhydride and 
zinc chloride to give mesityl oxide (4).

The general equation involved in the reaction of acid anhy
drides with olefins may be represented as:

A synthesis o f unsaturated  m ethyl ke
tones by reaction o f branched-chain  olefins 
w ith  acetic anhydride is given. Zinc ch lo
ride and su lfuric acid have been found to be 
effective condensing agents; op tim um  
yields o f ketones are obtained w ith  less than  
one m ole o f condensing agent per m ole of 
reactants. The m eth yl octenyl ketone ob
tained  as th e principal product from  d iiso
butylene has been show n by ozonolysis to  
he 4 ,6 ,6-trim ethyl-3-heptene-2-one.

Polym er gasoline, obtained from  crack
in g-p lan t gases by polym erization  w ith  
solid phosphoric acid, has been show n to  be 
a su itab le source o f olefins. P ilot p lant ex
perim ents are reported.

C„H2„ +  (RC0)20  — >- C„H2„_!OOR +  RCOOH

Although various types of olefins and acid anhydrides may be 
employed in this reaction, the present paper deals exclusively 
with the reaction of branched-chain olefins of seven or more 
carbon atoms with acetic anhydride in the presence of 
various condensing agents.

Apparatus and M aterials

The preparation of the ketones on a laboratory scale was 
carried out with standard chemical apparatus. The equip
ment employed on a pilot plant scale is illustrated in Figure 1:

The reactions were performed in a 265-liter (70-gallon) stain
less-steel drum, A, with tapered bottom and outlet valve. The 
heat of mixing and heat of reaction were removed by tap water 
which was passed through 30.5 meters (100 feet) of copper coil, B,
1.59 cm. (6/8 inch) o. d., placed securely about the inner circum
ference of the drum. A Lightnin mixer, C, was used, turning a 
shaft 30.5 cm. (3 feet) long and 1.91 cm. (3/4 inch) in diameter. 
The blades were 7.63 cm. (3 inches) long and about 5.1 cm. 
(2 inches) wide.
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F i g u r e  1 . P i l o t  P l a n t  

f o r  S y n t h e s i s  o f  K e t o n e s  

f r o m  O l e f i n s  a n d  A c e t i c  

A n h y d r i d e

All chemicals employed in the manufacture of the ketones on 
a pilot plant scale were of technical grade; in the laboratory both 
technical and reagent quality chemicals were used. The technical 
acetic anhydride was from Carbide & Carbon Chemicals Corp
oration; the technical zinc chloride (granular, 94 per cent) from 
E. I. du Pont de Nemours & Company, Inc., and the boron 
trifluoride and technical antimony trichloride from Harshaw 
Chemical Company. Olefins were obtained from the follow
ing sources: Polymer gasoline manufactured by Union Oil Com
pany of California; diisobutylene from ierf-butyl alcohol by 
polymerization with sulfuric acid (7) and also from Shell 
Chemical Company and Standard Oil Company of New Jersey; 
diamylenes from Sharpies Solvents Corp., cyclohexene from 
Eastman Kodak Company; and mixed octylenes from Shell 
Chemical Company.

M ethyl Octenyl Ketones from Diisobutylene
Typical of the reaction of branched-chain olefins with 

acetic anhydride is the reaction of diisobutylene in the pres
ence of suitable condensing agents to give methyl octenyl 
ketones:

C , H 16 +  ( C H 8C 0 ) 20  — >  C g H is C O C H j +  C H - .C O O H

The following conditions are typical of those employed for the 
preparation of these compounds from diisobutylene on a pilot 
plant scale, using the equipment represented in Figure 1.

Into the 265-liter stainless-steel drum are charged 74.0 kg. 
(163 pounds or 1.52 pound moles) of 95 per cent acetic anhy
dride and 77.2 kg. (170 pounds or 1.52 pound moles) of diiso
butylene. While stirring there is added to the mixture a 
total of 52.6 kg. (116 pounds or 0.80 pound moles) of 94 per 
cent anhydrous zinc chloride at such a rate that the tempera
ture is maintained below 45° C. by the cooling water. In i
tially the reactants form two phases, but the addition of 
approximately one pound of zinc chloride is sufficient to cause 
them to become miscible. Data for a typical pilot plant ex
periment in Table I  show that three hours time was required 
for the addition of the zinc chloride. Granular zinc chloride 
was employed throughout this work since it dissolves more 
rapidly than the fused product. However, it must be added 
carefully so as to prevent accumulation of appreciable

amounts at localized points and consequent formation of a 
sticky mass. When this occurs, the mechanical stirrer is in
adequate to remove the mass from the walls of the reaction 
vessel. After the addition of all the zinc chloride, stirring is 
continued for about 3 hours to permit the last traces of zinc 
chloride to dissolve and to allow the reaction mixture to cool 
to nearly atmospheric temperature before it is transferred to 
the settling tank, D; if transferred when the final reaction 
period has been only 2.5 hours, there will be sufficient heat 
evolved in the settling tank to raise the temperature above 
50° C. During the reaction period a complex forms between 
zinc chloride and a diketone, and crystallizes from solution to 
give small, well-defined crystals.

The reaction mass is allowed to remain in the crystallizing 
and settling tank for about 24 hours, after which time the 
supernatant liquid may be decanted from the crystalline 
sludge which has settled to the bottom of the tank. The 
sludge is then withdrawn and filtered to recover about 24.1 
kg. (53 pounds or 0.16 pound mole) of zinc chloride complex 
and a further quantity of liquid product. The supernatant 
liquor and the filtrate are pumped into the washing tank, E, 
and washed with 178 liters (47 gallons) of water in three equal 
portions. The last traces of acetic acid are neutralized with a 
dilute solution of caustic. The crude washed ketone is first 
topped to remove unreacted diisobutylene (9.55 kg. or 21 
pounds) and then fractionated to obtain a narrow-boiling 
ketone fraction (53.1 kg. or 1 1 7  pounds). The fractionation 
of the methyl octenyl ketone may be carried out at atmos
pheric pressure, F; however, it is more desirable to employ 
steam or reduced pressure as given in Table I I .  The steam or 
vacuum distilled product has the following typical properties:

Specific g rav ity , d ) | '  £ 
R e frac tiv e  index,
E n g le r d is ti lla tio n  (50 m l.), ° C . 

In it ia l 
10%  over 
20%
50%
90%
D ry

0.850
1.4537

186.5
189.0
189.5
190.0
191.0
193.5
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P ilot P lant D ata for P reparation  of M ethyl 
Octenyl K etone

T a b l e  I.

(R e a c ta n ts :  170 lb . d iiso b u ty len e , 163 lb . 9 5 %  ac e tic  an h y d rid e , 116 lb.
94%  zinc ch lo rid e ; coo ling  w a te r  r a te ,  13.3 lb . /m in . ;  a ir  te m p e ra tu re , 31° C.)

.------ T e m p e ra tu re , ° C .— . •------ T e m p e ra tu re , ° C .------ ,
T im e, In le t O u tle t T im e , In le t O u tle t

M in . R ea c tio n w a te r w a te r M in . R ea c tio n w a te r w a te r

0 “ 21.0 115 41.6 32.8 39.6
5 24.4 120 41.0 32.8 39.2

10 28.0 125 41.2 32.8 39.0
15 33.8 130 41.4 32.8 39.4
20 38.0 135 41 .8 32 8 39.6
25 ‘ 41 .0 140 42 .8 32 8 40.0
30 42.2 36 .0 42 .3 145 42 .8 32 8 40.2
35 4 2 .8 34.0 41.2 150 43 .6 32 8 40.6
40 43 .0 32.8 41 .2 155 43.6 32.8 40.6
45 42.8 32.8 4 1 .0 160 43 6 32.8 40.4
50 42.6 32.8 40 .6 165 42.6 32 8 39.8
55 42.8 32 8 40.8 170 42 .0 32.8 39.2
60 42 .0 32.8 40.4 175 41.0 32.8 38 4
65 42.4 32 8 4 1 .0 180c 40.4 32.8 38.2
70 42.6 32.8 40.8 195 38 6 32 8 36 8
75 42.8 32.8 41.2 210 37.2 32 8 35.8
80 42.8 32.8 41.0 225 36 2 32.8 35.0
85 43.0 32.8 40.4 240 35 .8 32 8 34 «
90 43.0 32.8 40.2 255 35.0 32.0 33.8
95 42 .8 32.8 40.4 270 34 6 31.8 33.4

100 42.0 32.8 40.0 285 34.0 31 4 33.2
105 41.6 32.8 39.6 300 33 8 31.2 33.2
110 42.0 32.8 40 .0 4804

a A n h y d ro u s  zinc ch lo rid e  slow ly  ad d e d  d u rin g  e n tire  re ac tio n  period . 
b C ooling  w a te r  passed  th ro u g h  co p p e r cooling  coils. 
c A ll zinc ch lo rid e  ad d e d .
d R ea c tio n  p r o d u c t  tra n s fe r re d  to  c ry s ta lliz in g  a n d  s e ttlin g  ta n k .

K etones from  Polym er G asoline

Polymer gasoline, prepared commercially by eopolymerizing 
propene-butene mixtures using solid phosphoric acid as 
catalyst, was found to be an excellent source of branched- 
chain olefins. A 113.6-liter (30-gallon) portion of commer
cial polymer gasoline was fractionated in a sixtv-plate column 
(thirty theoretical plates) using a reflux ratio of 10 to 1. The 
four cuts corresponding to the most well-defined plateaus of 
the distillation curve (Figure 2) are indicated as A, B, C, and 
D, respectively. The properties of these fractions and the 
yields of ketone obtained by reaction with acetic anhydride 
in the presence of sulfuric acid and zinc chloride are given in 
Table I I I .  When zinc chloride was used as the condensing 
agent, the reactions were carried out by first dissolv
ing the zinc chloride (0.5 mole) in the acetic anhy
dride (1.0 mole), cooling, adding the hydrocarbon 
(1.0 mole) at 4fF50° C. with vigorous shaking in 
a glass-stoppered bottle at frequent intervals, and then 
keeping at room temperature for 18 hours. When sul
furic acid was used as the condensing agent, the re
actions were carried out by first mixing the 98 per cent 
sulfuric acid (10 ml.) with the acetic anhydride (1 
mole), cooling, adding the hydrocarbon (1.0 mole) at 
30-35° C. and allowing to stand at room temperature 
for 18 hours. By inspection of the yields of ketones 
in Table III, it is apparent that the lower boiling 
olefins gave the highest yields of ketones. Fractiona
tion data and physical properties of the ketone from 
cut B are given in Table IV .

Polymer gasoline prepared commercially by the co
polymerization of a feed gas containing butenes and 
propene in the ratio of 0.402 mole of butenes per mole 
of propene, using solid phosphoric acid as catalyst, 
was fractionated to obtain two broad cuts which rep
resented 68 per cent of the stabilized gasoline. The 
lower boiling fraction, 90-100° C., gave a 53 per cent 
yield of ketone; and the higher boiling fraction, 100-  
110° C., gave a 51 per cent yield of ketone using zinc 
chloride as the condensing agent. This represents 
the conversion of over 50 per cent of the olefins con
tained in the polymer gasoline to ketones.

C onstitution  o f U nsaturated M ethyl K etones

In  all cases where the constitution of the ketones obtained 
by reaction of olefins with acetic anhydride was determined, 
they were found to be unsaturated aliphatic methyl ketones. 
Only certain olefins are reactive— in general, those olefins 
which have a branched chain not far removed from the double 
bond. The point of attachment of the acetyl group to the 
olefin is not always closest to the double bond, as might be 
expected.

The general method for determining the constitution of the 
unsaturated methyl ketones consisted of the following: The 
ketones were purified by fractionation and then converted to 
a solid derivative, usually the semicarbazone whose ultimate 
analysis was determined. Since most of the branched-chain 
olefins used were mixtures of isomers, each of which is capable

T able II. F ractionation of M ethyl Octenyl K etones 
from D iisobutylene

(10 th e o re tic a l p la te s ; reflux  ra t io  8 :1 )

C u t
S till

Tem p.'* ,
V apor

T e m p .“ , P ressure® , 
M m . H g

V olum e,
No. 0 C . 0 C. M l. » D ^15.' 1

1 1 2 3 .3 108 .9 50 88 1 .4 4 7 2 0 .8 4 1
2 121 .1 111 .1 50 107 1 .4 5 2 5 0 .8 5 0
3 12 1 .7 1 11 .7 50 101 1 .4 5 3 4 0 .8 5 0
4 12 2 .8 1 11 .7 50 103 1 .4541 0 .8 5 0
5 1 2 3 .9 1 1 1 .7 50 103 1 .4 5 4 2 0 .8 5 0

6 1 2 5 .0 1 1 1 .7 50 104 1 .4 5 4 2 0 .8 5 0
7 12 6 .7 1 1 1 .7 50 102 1 .4541 0 .8 5 0
8 131 .7 1 1 2 .2 50 97 1 .4 5 4 2 0 .8 5 0
9 1 3 2 .8 1 1 2 .2 45 100 1 .4 5 4 3 0 .8 4 8

10 1 3 4 .4 1 1 0 .0 37 99 1 .4 5 4 1 0 .8 4 6

11 141 .1 1 0 7 .8 30 94 1 .4 5 4 1 0 .8 4 4
12 141 .1 1 2 7 .8 20 104 1 .4 5 2 2 0 .8 1 6
13 138 .9 1 2 7 .8 20 96 1 .4 5 0 5 0 .8 0 4
14 13 8 .9 12 8 .9 20 107 1 .4 5 0 1 0 .8 0 2
15 13 8 .9 1 2 8 .9 20 103 1 .4 5 0 0 0 .8 0 1

16 14 3 .3 12 8 .9 20 96 1 .4 4 9 5 0 .8 0 0
17 14 8 .9 1 2 9 .5 20 100 1 .4 4 9 5 0 .8 0 0
18 1 7 5 .6 12 8 .9 20 93 1 .4 4 9 7 0 .8 0 2

B o tto m s 135
Loss 68
C h arg e 2000

a U n co rrec ted .

Per Cent Distilled 
F igure 2. F ractionation o f  C ommercial P olymer G asoline
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T a b l e I I I .  K e t o n e s  f r o m P o l y m e r G a s o l i n e U s i n g  Z in c

C h l o r i d e  a n d  S u l f u r i c A c id  a s  C o n d e n s i n g  A g e n t s

K eto n e  Y ield  b,
B. P .a , Sp. G r. M ole %

N o. F o rm u la 0 C .
,1 1 5 .  5 

1 5 - 5 H 2S 0 4 Z n C h c

A C v H u 9 3 . 3 0 . 7 0 2 3 6 4 5

B C - H h 9 7 . 2 0 .6 9 8 4 1 6 2

C 1 1 1 - 1 1 3 0 .681 3 5 3 9

D C 9H 18 1 5 1 - 1 5 5 0 . 6 3 4 2 6 2 5

a U nco rrec ted . 
b B ased  on assum ed  fo rm ula . 
c C ondensing  ag e n t used.

F r a c t i o n a t i o n '  o f  K e t o n e  f r o m  C u t  B o f  
P o l y m e r  G a s o l i n e

T a b l e  I V .

(20 th e o re tica l p la te s , reflux ra t io  1 0 :1 , p ressu re  40 m m . Hg)

C u t
S till • 

T em p .,
V apor

T em p ., Vol.,
M l.

J 1 5 .  s
N o. 0 C. 0 C . n 2D7 “ 1 5 . 5

1 94 7 0 .0 -8 1 .0 35 1.4347 0 .8 5 5
2 94 8 1 .0 - 8 2 .0 30 1.4362 0 .8 5 4
3 94 8 2 .0 - 8 2 .5 37 1.4367 0 .8 5 4
4 94 8 2 .5 -8 3 .0 57 1 .4368 0 .8 5 4
5 96 8 3 .0 -8 3 .5 51 1 .4368 0 .8 5 3
6 97 8 3 .5 -8 4 .0 55 1 .4368 0 .8 5 3
7 98 8 4 .0 -8 4 .0 67 1 .4370 0 .8 5 3
8 102 8 4 .0 -8 4 .5 78 1.4372 0 .8 5 3
9 108 8 4 .5 -8 5 .0 22

B o tto m s A bove 8 5 .0 37

of existing in cis and trans forms, it was generally not possible 
to obtain solid derivatives of constant melting point. The 
existence of the acetyl group in the methyl ketones was 
ascertained by the haloform reaction. The method of Fuson 
and Tullock (S), which employs dioxane as a solvent with the 
sodium hypoiodite in water, was found to be effective; in the 
absence of dioxane, negative results were obtained due to the 
insolubility of the ketones in water. The presence of a double 
bond in the ketones was indicated by bromine absorption in 
carbon tetrachloride or glacial acetic acid solution and by 
bromide-bromate titration; some of the unsaturated ketones 
exhibit appreciable substitution of halogen as well as addition. 
The position of the double bond in the unsaturated ketones 
was determined by ozonolysis in pentane solution at about 
—40° C. The ozonides were usually decomposed by water 
alone or with water and zinc dust as described by Whitmore 
and Church (8). Identification of one of the products from 
the decomposition of the ozonide was usually sufficient addi
tional information to establish conclusively the constitution 
of the ketone. This was accomplished by the preparation of a 
solid derivative of the ozonolysis product, ultimate analysis 
thereof, and finally a mixed melting point with an authentic 
specimen of the expected compound.

The considerable amount of work done in the present in
vestigation on the problem of structure of unsaturated ketones 
and olefins resulted in a rapid and safe procedure for their 
ozonolysis. This will be described in some detail elsewhere.

The principal ketone obtained from diisobutylene, which is 
an isomeric mixture of 2,4,4-trimethyl-l-pentene with some 
2,4,4-trimethyl-2-pentene, is 4,6,6-trimethyl-3-heptene-2-one. 
This is the ketone which would normally be expected to pre
dominate, since it is known that 2,4,4-trimethyl-l-pentene is 
the principal isomer in diisobutylene (7).

Simultaneously with the formation of the methyl ketones, 
diketones are formed by the reaction of certain olefins with 
two molecules of acetic anhydride—viz., the methyl ketone 
reacts with additional acetic anhydride to give what probably 
is a 1 ,3-diketone. In  the presence of zinc chloride as a con
densing agent, these diketones are found as zinc chloride com
plexes, often as well-defined crystals which separate from the 
reaction mass. Work is being carried on to determine the 
structure of these zinc chloride complexes, a problem which is

complicated by their stability and the difficulty involved in 
removing zinc chloride.

Effect o f Som e Condensing Agents

Various condensing agents were tried in the reaction of 
acetic anhydride with branched-chain olefins. Many were 
without effect; others, although effective for condensation, 
caused undesirable reactions such as polymerization of the 
olefin and ester formation. Zinc chloride was found to be 
most effective with practically all the olefins tried. Some 
data on the effect of the amount of zinc chloride used in the 
reaction of acetic anhydride with diisobutylene are given in 
Table V. Aluminum chloride caused considerable polymer
ization of olefins and, consequently, low yields of ketone. 
When used with diisobutylene, the yield of ketone was 
especially low, producing a liquid product of very wide boiling 
range. Boron trifluoride was found to be effective, provided 
it was used in low concentrations. Acetic anhydride absorbs 
one mole of boron trifluoride, forming a crystalline compound 
(1). T his crystalline addition compound was treated with 
equal moles of diisobutylene at room temperature to yield 
only polymers of diisobutylene and no ketone. By first mix
ing the acetic anhydride and the diisobutylene and then pass
ing in the boron trifluoride at 0- 10° C. until no more was ab
sorbed, a 65 per cent yield of methyl octenyl ketones was ob
tained; the unreacted diisobutylene was polymerized. 
Sulfuric acid was found quite effective as a condensing agent; 
however, there was usually considerable evidence for reaction

T a b l e  V . R e a c t i o n  o f  D i i s o b u t y l e n e  w i t h  A c e t i c  A n h y 
d r i d e  i n  t h e  P r e s e n c e  o f  Z i n c  C h l o r i d e

(R eaction  tem p . 40° C . d u rin g  a d d itio n  of d iiso b u ty len e , th e n  room  te m p .; 
reac tio n  tim e  18 h ou rs ; r e a c ta n ts  1.0 m ole d iiso b u ty len e , 1 .0  m ole acetic  

an h y d rid e , v a r ia b le  a m o u n ts  of Z nC h)

R u n  Z nC h,  R ecovered , ml._____ B o tto m s  &, Y ield,
M oles D iiso b u ty len e  D iketone*1 M l. M ole %No.

G810-A
G 810-B
G813-A
G809
G 813-B

0 .1 3
0 .2 5
0 .4 0
0 .5 0
0 .6 0

80
60
51
35
29

5
10
18
19
20

39
44

57
60

a As reac tio n  p ro d u c t w ith  NHUOH.
b R esidue a fte r  d is tilla tio n  of k e to n e  a t  a tm o sp h e ric  p ressu re .

T a b l e  V I .  R e a c t i o n  o f  D i i s o b u t y l e n e  w i t h  A c e t i c  A n h y 
d r i d e  i n  t h e  P r e s e n c e  o f  S u l f u r i c  A c id

(R ea c tan ts , 2 m oles d iiso b u ty len e , 2 m oles a c e tic  a n h y d rid e ; re ac tio n  tim e
18 hours)

98% D iiso b u ty le n e K e to n e
R u n h 2s o 4, T em p ., R eco v ered , B o tto m s 0, Y ield ,
N o. M l. 0 C. M l. M l. M ole %

F6897-A 15 25 135 11 35
-B 20 25 102 22 41
-C 25 25 83 25 39
-D 30 25 82 56 34
-E 35 25 89 51 31

F6898-A 14 25 159 8 25 i>
-B 16 25 145 8 30 &
-C 18 25 125 8 34 &
-D 20 25 112 10 38 *
-E 15 113c 105 29 41
-F 20 9 5 ' 104 30 38

F6900-A 15 9 0 ' 143 5 31
-B 20 9 5 ' 110 10 39
-C 25 9 5 ' 91 18 41

F6883-C 50 1 0 4 ' 54 30 254
F6886-A 3 B. p . 240 6 8 '

-B 10 B. p . 159 9 36«
-C 15 B. p . 81 28 47«

F6888-A 16 1 0 4 ' 73 34 39«
-B 50 1 0 4 ' 50 25 284
-C 20 1 0 4 ' 135 10 304

n R esidue a fte r  d is ti lla tio n  of k e to n e  a t  a tm o sp h e ric  p ressu re . 
L nisobu ty lene ad d ed  m ore ra p id ly  th a n  in  p rev io u s  ru n s . 
D uring  ad d itio n  of d iiso b u ty len e .

4 R eac tio n  tim e  3 hours.
« R eac tion  tim e  1 hour.
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between the olefins and sulfuric acid, and the resulting ke
tones were more difficult to purify. Some data dealing with 
the reaction of acetic anhydride with diisobutylene using 
sulfuric acid as a condensing agent are given in Table V I.

M ild catalysts such as antimony trichloride are effective 
condensing agents with some branched-chain olefins.

Heat o f R eaction and Coefficient o f H eat Transfer 
from  Pilot P lant Data

The heat of reaction when one mole of diisobutylene is 
reacted with one mole of acetic anhydride in the presence of
0.5 mole of zinc chloride at 36-37° C. was determined in a 
calorimeter to be 8800 calories. These mole ratios are the 
same as that used in the pilot plant, the data of which are in 
Table I. From the latter data the coefficient of heat transfer 
between the copper coil and the reaction mixture was calcu
lated during the 1-hour period following the initial 40-minute 
period (i.e., from 40 to 100, inclusive). The following well- 
known equation was used:

Q /Q  =  H A  A T

From the amount of cooling water and the increase in tem
perature, Q/O = 11,350 B . t . u .  The 5A-inch copper coil of 
100-foot length has an area of 16.3 square feet. The tem
perature difference at the entrance from cooling coil to reac
tion mixture is 17.8° F.; at the exit it is 3.6° F. This gives a 
log mean temperature difference of 8.9° F. The value of H, 
the coefficient of heat transfer hence is 78.3 B. t. u. per (hour) 
(square foot) (° F .). These data are important in the design 
of plant equipment.

D iscussion
The reaction of olefins with acetic anhydride, as previously 

described, appears to be a special case of the Friedel-Crafts 
type of condensation. In  two important respects, however, 
it differs from the usual synthesis of ketones from aromatic 
hydrocarbons and acetic anhydride or acetyl chloride. 
From the data in Tables V  and V I, it will be noted that no 
advantage is gained when more than about 0.5 mole of con
densing agent is used per mole of reactants; by contrast, 1 
mole or more has always been used when aluminum chloride is 
employed in Friedel-Crafts condensations. In  various 
laboratory-scale experiments with diisobutylene it has been 
found that as much as 10 moles of ketone have been produced 
per mole of zinc chloride. Similarly, sulfuric acid has an 
efficiency approximately equal to that of zinc chloride. This 
appears to be the first instance in which sulfuric acid has been 
shown to bring about condensations of acid anhydrides to gi\ e 
ketones. Although acetic acid is formed as a reaction prod
uct, no appreciable amount of esters was formed, provided 
the amount of sulfuric acid used was small.

The reaction is simple to execute; the major precaution 
which must be taken is to remove the heat of reaction in 
order to prevent the mixture from reaching temperatures 
which give high-boiling polymers from the olefins and, conse
quently, a lower yield of ketone. The method of catalyst 
addition employed in the pilot plant was different from that 
used in most of the laboratory experiments, without substan
tial variation in yield, and was primarily a matter of con
venience. Preliminary addition of zinc chloride to the acetic 
anhydride as carried out in the laboratory produces a rather 
viscous fluid with liberation of considerable heat. V  hen the 
olefin is added, further heat is liberated, and the rate of reac
tion can be partially controlled by the vigor of shaking or 
stirring. In  attempting to use the same procedure on a pilot 
plant scale, it was found that the viscosity of the zinc chloride- 
acetic anhydride solution was so great that the mechanical 
stirrer was inadequate to dissolve all the zinc chloride. Con

trol of temperature during addition of olefin was also more 
difficult.

The data in Table I I  are included partly to illustrate an 
undesirable type of side reaction, polymerization of the ole
fins. In  this experiment the zinc chloride was suspended in 
the diisobutylene with vigorous stirring while acetic anhy
dride was added slowly. Inspection of Table I I  shows that 
there is a sharp rise in the temperature distillation data, fol
lowing removal of the ketone, and a large proportion of a 
higher boiling fraction is obtained. This product appears to 
be tetraisobutylene from polymerization of diisobutylene 
under these conditions. Similarly, it will be noted that under 
some conditions boron trifluoride gave only polymers, whereas 
a good yield of ketone was obtained when the boron fluoride 
was introduced gradually.

An additional side reaction occurs with zinc chloride as a 
condensing agent to give a diketone—zinc chloride addition 
product as a crystalline compound which separates readily 
from the reaction mixture. Attempts to free this diketone 
complex of zinc chloride with liberation of the zinc chloride 
residue have been unsuccessful. Reaction of the complex 
in water solution with ammonium hydroxide yields a nitrogen 
base which was used to determine the amount of diketone 
formed, as given in Table V.

Polymer gasoline has been emphasized in the present in
vestigation because it represents a cheap source of branched- 
chain olefins in large volume. The data obtained indicate 
that the number of isomers present in any given boiling point 
range is not great and that ketone fractions suitable for many 
industrial uses may readily be obtained by simple fractiona
tion. I t  is possible that the method may be extended to a 
determination of the structures of the original olefins through 
a study of their ketone derivatives. Other olefins which have 
been studied less extensively include mixed amylenes, mixed 
octylenes from copolymerization of 1 -butene and 2-butene 
with isobutylene, diamylenes, and cyclohexene.

The utilization of new derivatives of this type cannot 
readily be estimated. However, a number of interesting 
possibilities have been developed. Because of their pleasant 
odor they may be of utility in the production of the cheaper 
grades of perfumes, particularly those used in industrial prod
ucts. They are also of interest as high-boiling solvents. 
A number of derivatives have been prepared by standard 
procedures, such as the corresponding methyl octyl ketone, 
methyl octyl carbinol, and esters of the carbinol. These have 
characteristic odors which are also of interest in perfumes. 
Reduction of the methyl octenyl ketone to the methyl octenyl 
carbinol has been carried out in good yield with aluminum 
isopropoxide. Details of many of these preparations will be 
published elsewhere.
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L a r g e - S c a l e  P r o d u c t i o n  o f  

A z o t o b a c t e r

SYLVAN B. LEE1 AND R. H. BURRIS
University of Wisconsin, Madison, Wis.

T he production of azotobacter by a large- 
scale technique is described. The final fer
m entation  is carried out in  a 200-gallon 
p ilot-p lant yeast ferm enter. Yields were 
obtained of 10-11 pounds of cell paste (85 
per cent m oisture) in 300 liters o f m edium  
in  32 hours. The efficiency of the conver
sion o f sugar to cells was 15 per cent. The 
total nitrogen fixed was 32 mg. per 100 m l., 
equal to about 96 grams in  the fermenter.

Assays o f the cells for several members of 
the vitam in B complex show that azotobac
ter cells grown in  a nitrogen-free sucrose- 
mineral salts m edium  have a vitam in con
ten t equal or superior to that found in  
yeast. When grown in  a molasses m edium , 
the cells are higher in b iotin, thiam ine, and 
pantothenic acid than when grown in a 
sucrose m edium , and are slightly lower in 
nicotin ic acid and riboflavin.

A num ber o f cell-free enzym es have been  
prepared from cells grown by this m ethod. 
The results are diseussed as to possibilities 
of improving the yields when growing the  
organism s on a large scale. Several uses 
are suggested.

T HE availability of an abundant supply of azotobacter 
would greatly facilitate many researches. Recent con
tributions in the field of biological nitrogen fixation 

have supplied evidence for the similarity of the nitrogen- 
fixing reaction in the symbiotic system (nitrogen fixation 
through association of root nodule bacteria and leguminous 
plants) and the free-living nonsymbiotic system of the organ
isms of the family Azotobacteriaceae. The nonsymbiotic 
system of azotobacter offers certain advantages for studies 
on the mechanism of the nitrogen-fixing reaction, especially 
those which deal with the enzyme systems concerned directly 
or indirectly in the fixation reaction. A study of the cell-free 
enzymes of azotobacter may give valuable leads to the mech
anism of the reaction. Large quantities of cells are a pre
requisite for such studies.

Various microorganisms have proved to be excellent sources 
of vitamins and a variety of other biological products. Since 
azotobacter possesses the highest respiration rate of any 
known organism, it might be expected to contain a high level 
of respiratory enzymes and vitamins; this point was investi-

1 P re se n t ad d ress , G enera l M ills, In c ., M inneapo lis , M inn.

gated in connection with the development of a technique for 
growing azotobacter on a large scale.

Ferm entation  M ethods
Azotobacter vinelandii is grown in Burk’s (1) mineral salts solu

tion plus 2.0 per cent sucrose, sodium molybdate (0.1 p. p. m. 
molybdenum), and ferrous sulfate (3 p. p. m. iron). In  certain 
experiments high-test Cuban molasses replace sucrose as the car
bohydrate source. The temperature for growth is 30° C., the 
pH 7.2.

First-generation cultures are grown in twelve 6-ounce bottles 
containing 15 ml. of medium per bottle. After 24 hours 12 Roux 
bottles, each containing 100 ml. of medium, are inoculated with 
these cultures. After a second incubation period of 24 hours, 
each of six 10-liter bottles containing 6 liters of medium are inocu
lated with two Roux bottle cultures. As shown in Figure 1, 
the bottles are closed with sterile units consisting of rubber stop
pers fitted with necessary glass and rubber tubing connections. 
A porous stone diffuser connected to the inlet glass tubing is 
suspended in the medium. The medium is aerated rapidly 
through the porous stone diffusers with air sterilized by passage 
through a large cotton filter. Smaller cotton filters are attached 
to each bottle. After 24 hours the final culture is inoculated with 
the bottle (third-generation) cultures. The apparatus for growing 
the final culture (Figure 2) is a 200-gallon copper fermenter used 
for the pilot-scale production of yeast. Its fittings are steam and 
cold water lines, a line furnishing air filtered through cotton, and 
a supplementary air line from a motor-driven blower. This air, 
which is not filtered, is used only w'hen large volumes of air are

I ig u r e  1. T e n - L i t e r  B o t t l e s  f o r  S e c o n d -  
G e n e r a t i o n  C u l t u r e s
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needed and danger from contamination is at a minimum. The 
steam for heating or water for cooling is supplied through an in
terior coil; the air line is fitted inside the fermentation tank 
with large porous stone diffusers.

The medium (250-300 liters) is placed in the fermenter and 
sterilized for 2 hours at 10 pounds steam pressure. The medium 
is cooled bv passing cold water through the inner copper coil and 
is then inoculated with 36 liters of the 24-hour third-generation 
culture. The medium in the fermenter is aerated rapidly for 
30-34 hours, during which time periodic samples are removed 
from a jet at the bottom of the fermenter for microscopic exam
ination and for determinations of total sugar, total nitro
gen, soluble nitrogen, pH, dry weight of cells, and Qo, (cu. mm. 
oxygen uptake per mg. dry weight of cells per hour). Q0, (N) 
values (cu. mm. oxygen uptake per mg. cell nitrogen per hour) are 
calculated from the Qo, values and the percentage nitrogen in the 
cell.

during this run which was stopped after 33.5 hours. After
19.5 hours, 6.25 mg. of nitrogen had been fixed per 100 ml. 
of medium; the final fixation was 12.2 mg. per 100 ml. Sub
sequent experiments indicate that the fixation in this experi
ment may have been limited by diminished carbohydrate 
supply (2 per cent sucrose furnished). The total yield of cell 
paste was 1675 grams with a moisture content of 85.2 per cent. 
This is equivalent to 248 grams of dry cells. Microscopic 
examinations showed no contamination during the period of 
growth.

E x p e r i m e n t  2 .  Sucrose was again used as the carbohydrate 
source, and aeration was by cotton-filtered air from the 30- 
pound pressure line. Periodic analyses were made for total

T able I. Summary of Analytical R esults

T im e, M g. N itro g e n /1 0 0  M l. D ry  w t.. S u g ar, O xygen U p ta k e T o ta l N ,
U A p Y l  1U1UUI. XJ

D ry  w t.; S ugar,
p HH o u rs T o ta l  N Sol. N m g ./1 0 0  m l. m g ./1 0 0  ml. C u . m m ./h r . /m l. Q01 Qci (N ) pH m g ./1 0 0  m l. m g ./1 0 0  ml. m g . /100 m l.

0
8

1 .1 9
3 .7 8 0! 36

1 0 .8
3 3 .5

1306
1132 550 1640 16,200

7 .2
7 .3

2 .1 9
4 .3 5

5 0 .9
6 7 .3

1950
1750

7 .2
7 .2 2

14 9 .9 9 0 .7 9 7 7 .7 ( 834 1 
t 1330“ Î 1700 2185 18,500 7 .0 12 .0 0 12 4 .2 1388 7 .0 5

20
26
32

14 .6 0
1 7 .1 5
19 .1 3

1 .0 8
1 .1 7
1 .2 3

1 1 8 .4
1 4 7 .5  
15 6 .0

( 1036 1 
( 1570» 1 

1404 
1271

2205
1970
1675

1865
1330
1070

16.300
12.300 

9,400

7 .0
6 .8
6 .6

2 4 .2 8
2 9 .3 2
3 3 .4 0

2 2 3 .1
2 7 3 .1  
3 1 4 .8

698
396
144

7 .0 4
7 .0 7
7 .7 2

a S ucrose  ad d e d  to  f e rm e n ta t io n .

Nitrogen determinations are made by the semimicro-Kjeldahl 
method of Umbreit and Bond (9). Soluble nitrogen is determined 
in the same manner on an aliquot of the supernatant obtained in 
making the dry weight determination. Total dry weights are 
obtained by centrifuging 100-ml. aliquots in celluloid cups at 
4500 r. p. m. for 15 minutes; the cells are resuspended in distilled 
water and centrifuged for 10 minutes at 3500 r. p. m. in tared glass 
centrifuge cups. The cells are then dried at 95° C. and weighed.

Total sugars are run by the method of Stiles, Peterson, and 
Fred (7). Qo, values are measured by making the proper dilution 
of the cells, placing them in the Warburg microrespirometer, and 
observing the rate of oxygen uptake for 30 minutes at 32° C. pH 
determinations are made with the Beckman pH meter.

At the end of the fermentation the cells are concentrated in 
a power-driven separator of the type used in the manufacture of 
yeast. Two passages of the final ferment through the separator 
reduce the final volume from 300 to approximately 50 liters, or a 
sixfold concentration of the bacterial cells. The cell cream is 
then concentrated to a paste in a Sharpies supercentrifuge at a 
speed of 35,000 r. p. m. A yeast press was not available, but it 
would perhaps be equally suitable for recovering the cells.

F erm entation  Efficiency

E x p e r i m e n t  1 . This preliminary experiment was made to 
test the methods and become familiar with the operation of 
the equipment. Cotton-filtered air from a 30-pound pressure 
line was used throughout. No extensive analyses were made

T able  I I .  E fficien cy  of Ce ll  P roduction and N itrogen 
F ixation

M g. p e r  100 M l. N  F ixed ,
S u g a r C o n 

v e r te d  to
T im e,
H o u rs N  fixed D ry  w t.

S u g ar
used

M g ./g .
S ugar

D ry  Cells,
%

E x p e r im e n t 2

0 -8
8 -1 4

14-20
2 0 -2 6
26 -32

2 .5 6
6 .2 4
4 .6 3
2 .5 3
1 .9 8

2 2 .7  
3 4 .3
4 0 .7  
2 9 .0

8 .8

174
298
298
166
133

1 4 .7
2 0 .9  
1 5 .5  
15 .3
14 .9

13 .1
1 1 .5  
1 3 .7
17 .5  

6 .6

E x p e r im e n t 3

0 -8
8 -1 4

14-20
20 -2 6
26 -3 2

2 .1 6
7 .6 5

1 2 .2 8
5 .0 4
4 .0 8

16 .1 4
5 6 .9
9 8 .9  
5 0 .0  
4 1 .7

200
362
690
302
252

1 0 .8
2 1 .2
1 7 .8
1 6 .7
1 6 .2

8 .2  
15 .7  
14 .3 3  
1 6 .5 5  
16 .1 9

F igure 2. 200-Gallon Copper F erm enter  
for F inal Cultures

nitrogen, soluble nitrogen in the supernatant after cells were 
removed, dry weight of cells, total sugar, Q02, and pH. M i
croscopic examinations were also made at each harvest.

The analytical results of experiment 2 are given in Table I  
and a graph of the data in Figure 3. The efficiency of produc
tion during various periods is summarized in Table I I .  The 
total yield of cell paste (Figure 4) was 2350 grams. The cell 
paste contained 79.6 per cent moisture, corresponding to a 
yield of 480 grams of dry cells. The dried cells contained
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11.98 per cent nitrogen; thus 57.5 grams of nitrogen were 
fixed.

Figure 3 shows that the logarithmic growth phase was at
tained quickly (as would be expected with the large inoculum) 
and continued through the first 14 hours. Table I I  indicates 
that the greatest efficiency of production was attained in the 
log phase during the 8-14 hour period. During this time 
20.9 mg. nitrogen were fixed per gram of sucrose utilized, as 
compared to 14.7 mg. fixed in the previous 8-hour period 
(the first 8 hours of the run) and 15.5 mg. during the subse
quent 6-hour period. However, the dry weight of cells ob
tained per unit of sucrose utilized was somewhat lower during 
this period. In  other experiments the efficiency in converting 
sugar to cells was also higher during the log phase.

DRY WEIGHT

F igure 3. Graph of Data for E xperiment 2

The over-all efficiency (0-32 hours) was 16.8 mg. nitrogen 
fixed per gram of sucrose utilized, an excellent result for this 
reaction. Cellular material represented 13.5 per cent of the 
sugar utilized. The rate of respiration was highest during the 
log phase when the Qo2 was 2185 and the Qo2 (N) was 18,500.

E x p e r i m e n t  3. Since molasses furnishes carbon more eco
nomically than commercial sucrose, high-test Cuban molasses 
was tried as the source of carbohydrate. The culture was 
aerated with cotton-filtered air from the 30-pound laboratory 
air pressure line during the first 14 hours, and then aerated 
more rapidly with unfiltered air from the motor-driven blower 
during the remainder of the fermentation.

Samples were removed periodically for analysis. The re
sults are given in Tables I  and I I  and Figure 5. The growth 
curve is typical. The lag phase continued about 6-8 hours, 
followed by the log phase which lasted through the 20-hour 
period; at that time the phase of negative acceleration 
was reached. In  experiment 2 the log phase lasted only 
until the 14-16 hour period and had reached the phase of 
negative acceleration at 20 hours. The difference can be 
explained largely by the fact that in experiment 3 a greater 
rate of aeration (use of motor-driven blower) was started at

the 14-hour point and continued throughout. The analytical 
data (Table I I )  show clearly the effect of additional aeration 
during the 14-20 hour period. The comparable results of 
experiments 2 and 3 during this period are as follows:

T o ta l In c rea se  d u rin g  14-20  H r. P e rio d  over 
P reced in g  14 H r., %

E x p t. 2 E x p t . 3

Total nitrogen fixed 46.0 102.0
Total cell yield 52.8 79.5
Total sugar utilized 60.2 119.5

« S m aller pe rcen tag e  inc reases in  cell y ie ld  in  E x p t . 3 can  be  exp la ined  by 
th e  h igh 0-hour d ry  w eigh t d ue  to  th e  h ig h e r so lid s  c o n te n t of th e  m olasses 
m edium .

The effect of additional aeration is further emphasized by 
comparing the two experiments during the 8-14 hour period 
when the rates of aeration were identical:

T o ta l In c rea se  d u rin g  8 -1 4  H r. P erio d  over 
P reced in g  8 H r., %

T o ta l n itrogen  fixed 
T o ta l cell yield 
T o ta l sugar u tilized

E x p t . 2
162.0
132.0
171.0

E x p t. 3

176.0
85.0

181.2

The latter table shows that, during a period in which the 
rate of aeration was identical in both experiments, the rate of 
nitrogen fixation, increase in cell yields, and sugar utilization 
were nearly the same. I t  is impossible to say definitely what 
the effect of still greater rates of aeration would be; owing to 
the highly aerobic nature of azotobacter, one would expect 
further increasing rates of fixation with increasing rates of 
aeration although the degree of increase per unit increase in 
aeration would become less. This has proved to be true in the 
production of commercial yeast in grain and molasses media.

In experiment 3, 31.2 mg. nitrogen were fixed per 100 ml. 
of medium in 32 hours which is excellent for large-scale pro
cedures. This represents a total for the 300 liters of 93.6 
grams nitrogen fixed. The net cell yield was 263.9 mg. per 
100 ml. or a total of 792 grams of dried cells, corresponding

Figure 4. T o ta l Y ie ld , 2350 Grams, o f  C e l l  Paste  (1 0 0 -M l . 
Graduate Shown f o r  Comparison)

T a b l e  I I I .

R iboflav in
V i t a m i n s  o f  B  C o m p l e x  i n  C e l l s  o f  A zo tobacter  t in e la n d i i

N ico tin ic  acid B io tin

Sucrose as ca rb o h y d ra te  source 
M olasses as ca rb o h y d ra te  source 
B re w e r’s y ea st, av .

Cells«
350
304
50

M edium  b 
(cells 

rem oved)
1.0

Cells
590
480
550

M edium
(cells

rem oved)
3.0

Cells
H y d ro 

lyzed

2.56
4.23
2.0

U n h y d ro 
lyzed

0.039
0.44
0.8

« V alues for cells expressed  in  m icrog ram s per g ram  d ry  cells. 
b V alues for m ed ium  (cells rem oved) expressed  in  m icrogram s per ml.

T h iam in e
M edium

(cells
rem oved)

0.0098
Cells

33.0
96.0 
40

P a n to th e n ic  A cid
M ed ium

(cells
rem oved)

0.0

Cells
H y d ro 
lyzed

152
184
150

U n h y d ro 
lyzed

59
70
50

M edium
(cells

rem oved)

0 .7 7
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to 5270 grams (11.6 pounds) of cell paste with a moisture con
tent of 85 per cent.

Table II shows that the greatest efficiency in nitrogen fixa
tion was again evident during the log growth phase (8-14 
hour period) when 21.2 mg. nitrogen were fixed per gram su
crose used. As regards cell yield from sugar utilized, the 
greatest efficiency was unexpectedly attained during the 
latter part of the fermentation. This may be explained in 
part by the more rapid rate of aeration during this part of the 
fermentation. The differences in efficiency are small, how
ever, and may not be significant. The over-all efficiency 
(0-32 hours) was 17.3 mg. nitrogen fixed per gram of sugar 
used; 14.6 per cent of the sugar utilized was converted to 
cells.

Bacteria in  Preparation o f Cell-Free Enzym es
Many of the cells obtained in the foregoing experiments 

have been used in the preparation of cell-free enzymes. The 
techniques for obtaining the cell-free preparations and the 
results were reported by Lee, Burris, and Wilson (3). Oxal- 
acetic acid and a-ketoglutaric acid decarboxylases, hy- 
drogenase, cytochrome oxidase, and dehydrogenases for suc
cinic, malic, and lactic acids have been demonstrated in cell- 
free preparations of azotobacter.

V itam ins in  Azotobacter
Current interest in microorganisms as sources of vitamins 

led to an examination of azotobacter for various members of 
the B complex. The results are given in Table I I I .  Assays 
have been run on the cells grown on a medium containing 
pure sucrose (experiment 2) and molasses (experiment 3) as 
the carbon sources. Average values for the amount of these 
vitamins in brewer’s yeast are included for comparative pur
poses. Microbiological assay methods were used for biotin (4), 
pantothenic acid (8), riboflavin (5), and nicotinic acid (6). 
The thiochrome method was used in the thiamine determina
tions (£). Results of experiment 2 show that Azotobacter 
vinelandii, growing in a nitrogen-free mineral salts medium, 
synthesizes various members of the B complex to such an ex
tent that its cells are at least equal to brewer’s yeast in all 
vitamins for which assays were made and are superior in 
their contents of biotin and riboflavin. When grown in 
molasses medium (experiment 3) azotobacter cells again 
exceed brewer’s yeast in contents of riboflavin and biotin 
and, in addition, are higher in thiamine. The organism when 
grown in molasses contains more biotin, thiamine, and panto
thenic acid than when grown in sucrose medium. On the 
other hand, molasses-grown cells appeared to be slightly lower 
in riboflavin and nicotinic acid.

Advantages o f th e M ethod
Although azotobacter is a rapidly growing, highly aerobic 

organism, about 15 per cent of the total sugar consumed in 
these experiments was recovered in dry weight of cells. This 
is a good yield when one considers that this organism has a 
very high rate of respiration and would be expected to convert 
most of an available carbon source to carbon dioxide and 
water. One must also consider that, as the organism was 
grown in a nitrogen-free medium, its nitrogen supply was ob
tained through the fixation of atmospheric nitrogen. Energy 
for this fixation process is furnished by the carbon source in 
the medium which would further reduce the efficiency of the 
organism in converting a carbon source to cellular material.

Yeast grown under optimum conditions in grain wort me
dium with rapid aeration commonly give yields of 30 per cent 
dry yeast from the sugar utilized. This is superior to that ob
tained with azotobacter. However, the excellent results with 
azotobacter thus far indicate that studies to determine the

SUGAR CONSUMED 
, LOG mq/IOO ml ,

NITROGEN
FIXED DRY WEIGHT

LOG mq/IOO ml LOG mq/100 ml

F igure 5. Graph op D ata from E xperim ent 3

optimum conditions of aeration, sugar concentration, salt 
mixture, age of inoculum, conditions for growing inoculum, 
and other factors may aid not only in increasing the efficiency 
of the process but also in cutting down the time of fermen
tation and increasing the yield of cells per unit volume of 
medium.

The organism grows rapidly in an inexpensive mineral 
salt-sugar medium. Molasses is perhaps the cheapest source 
of sugar for the medium during peacetime, and it is an ex
cellent carbohydrate source for the growth and fixation of 
nitrogen by azotobacter in this process. Further studies 
may show that the mineral salts contributed to the medium 
by the molasses may allow reduction in the quantities of salts 
which must be added.

Several points favor the growth of azotobacter on a large 
scale: (1) The organism grows rapidly in an inexpensive
nitrogen-free medium with acceptable yields. The use of 
such a medium would greatly reduce troubles from contami
nation. (2) Azotobacter can synthesize vitamins to such an 
extent that the cells are equal or superior to yeast in vitamin 
content. Thus it has potential use as a food supplement com
parable to the present day use of yeast. (3) The interesting 
biochemical nature of the organism—namely, high rate of 
respiration— makes it a potential source for study, isolation, 
and manufacture of new biochemical compounds.
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P r e v e n t i n g  I n t e r n a l  C o r r o s i o n

um nitrite is especially suitable ior the 
of internal corrosion by water and 

steel pipe lines for refined petroleum 
It is effective in low concentrations in 
corrosion on clean mill-scale-covered

S O D I U M  N I T R I T E  T R E A T M E N T  

F O R  G A S O L I N E  L I N E S

» » » Sodi 
prevention 
oxygen  in 
products. I 
preventing
and on rusted steel surfaces under gasoline pipe 
line conditions; it tends to aid in the removal of 
pre-existing rust scale and blisters; and no adverse 
effects have been found on the quality of refined 
products moved through a pipe line.

Sodium nitrite has been successfully used for the 
inhibition of internal corrosion in more than 800 
miles of pipe lines for refined oil products. The 
use of mechanical scraping measures for the re
moval of old rust scale while injecting sodium 
nitrite continuously into a pipe line has been 
shown to achieve a clean nonrusting pipe line 
with a flow factor significantly higher than the 
design value usually taken for new pipe.

P R AC TICA LLY every long pipe line has had to contend 
with internal corrosion which produces scale and blisters 

of corrosion products, extending in some degree of severity 
through the entire length of the steel line. The important 
practical results have been decrease of throughput capacity 
and increase of operating costs for a line (11). Other, 
usually less important, results are deterioration or contamina
tion of the refined products and loss in thickness of pipe wall. 
The steps taken to counteract these adverse effects have been

chiefly palliative, although some attempts have been made to 
apply preventive measures (16). None of the preventive 
measures thus far proposed appear to have had success.

A study of this problem was undertaken at the Emeryville 
Laboratories of Shell Development Company in cooperation 
with the Products Pipe Line Department of Shell Oil Com
pany, Inc. The most attractive possibilities were offered 
by sodium nitrite as a corrosion inhibitor. I t  was tested in 
part of a Shell products line with encouraging results. Ex
tension of the treatment was gradually made until it was being 
applied to all of the products lines operated by Shell Oil 
Company. After over two years of use, the inhibitor and its 
method of application have provided a complete and economi
cal solution of the problem of internal corrosion of products 
pipe lines (21).

The Corrosion Problem

Steel will rust when exposed to water and oxygen; both 
are usually present in a gasoline line. Gasoline from the 
refinery enters a line saturated with water from the refinery 
chemical treaters at temperatures higher than atmospheric.

Pumping Station on a Products Pipe Line
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Reduction of its temperature to the lower 
underground temperature precipitates part of 
its water content as a separate water phase. 
I f  the gasoline has not been in prolonged 
storage in tanks, entrainment of the final wash 
water and sometimes of the chemical treating 
solution may carry these liquids into the line. 
The quantity of water carried into a line may 
be small in comparison with the volume of 
gasoline handled; but it is adequate in most 
cases to cause rusting over the entire inner sur
face of a line.

The solubility of water in gasoline varies 
with the chemical composition of the gasoline. 
A fairly representative solubility table for a 
regular-grade gasoline may be taken as fol
lows:

Inhibitor Injector at a Pumping Station

T em p ., °F .

40
50
60
70

G al. W a te r /  
1000 B b l. G aso line

1.8
2.1
2 .4
2 .7

T e m p ., °F .

80
90

100
110

G al. W a te r /  
1000 B b l. G aso line

3 .0  
3 .3  
3 .6
4 .0

Therefore, carrying 20,000 barrels per day from storage tanks 
at 100° F. through underground pipe at 60° F. would give 
about 24 gallons of water per day as a separate water phase. 
The volume of entrained water may be taken in a first approxi
mation as likely to be about as large. This estimate agrees 
roughly with observations on operating lines. Since the largest 
temperature drop occurs in the first few miles of line, the 
greatest water dropout is also found in the first section of line.

Moreover, a new-laid line is often tested for soundness and 
absence of leaks at welded joints by pumping water in and 
permitting it to remain there under pressure for as long as 
several days. In  one known instance, sea water was used for 
this purpose. Further, it is occasionally necessary to intro
duce slugs of water into a line during certain maintenance 
operations or when making construction changes.

One gallon of water amply supplied with oxygen is capable 
of reacting with 26 pounds of iron according to the equation 
for rust corrosion:

2 F e  +  2 H 20  +  0 2 =  2 F e ( O H ) 2

I t  may be calculated, then, that 24 gallons of water daily 
would be capable of corroding 100 miles of 8-inch pipe at an 
average rate of about 5 mils per year (1 mil =  0.001 inch). 
If, as appears reasonable, we assume that a given volume of 
iron will give twenty to thirty times its volume of rust 
{6,10), this corrosion rate will result in the formation of about

Vs inch of rust scale uniform ly distributed over th e  inner pipe  
wall each year.

N eutral water is relatively  noncorrosive in  th e  absence of 
oxygen. T he corrosion rate of steel is  app roxim ately  pro
portional to  th e  concentration of oxygen  in  water up to  about 
saturation b y  air a t one atm osphere (4). U su a lly  an  am ple  
q u an tity  of oxygen  is transferred b y  th e  gasoline to  th e  w ater  
in a pipe line, because oxygen is about six tim es as soluble  
in  gasoline as in  water, and th e  vo lum e of gasoline m a y  be  
m any thousand tim es greater th a n  th e  vo lum e o f w ater in  a 
line. T he gasoline acquires its  oxygen  from  co n tact w ith  air 
in refinery fractionating colum n accum ulators, trea tin g  sys
tem s, and storage tank s, and its  air con ten t ten d s to  be  
replenished a t interm ediate tankage on long pipe lines and  
perhaps through packing gland leakage a t pum ps.

An example of the rapid development of rust scale and 
blisters in gasoline pipelines was shown by a short length of 
pipe cut from a new 8-inch line which had been operating for 
about 4 months. The pipe sample was taken about 300 feet from 
the first pumping station. Inspection showed that the interior 
surface of the sample was badly rusted. I t  was almost 
entirely covered with small rust blisters about V 64 to V 32 inch 
high, roughly Vs inch apart; shallow pits were found under 
the blisters, and the surface between the blisters was covered 
with mill scale.

Analysis of the rust scale (which was exposed to the air for 
many days after sampling and before analysis) gave the 
following results:

F e  as Fe20a 
S i a s  S1O2 
P b  as P b O

7 6 .4 %
1 .5
5 .7

S ( to ta l)
C
Ig n it io n  loss

1.1%
2.0

11.0
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This scale apparently consists chiefly of hydrated iron oxide. 
The lead and sulfur probably came from entrained plumbite 
solution from the refinery treating plant. The silicon may 
have come from soil clay inadvertently introduced in laying 
the line or in removing the sample. Subsequent analysis 
of sediment samples from a long line, which were protected 
from contact with air in transit, showed 3.9 per cent ferrous 
oxide in a sample taken 115 miles from the origin, 9.7 per cent 
in one taken 223 miles, and about 6 per cent in one taken 410 
miles from the origin of the line.

Table I. Composition of Water Samples from a Pipe Line
M iles from  orig in  of line 
pH
C o n ce n tra tio n , m g ./ lite r  

T o ta l solids
D ried  a t  130° C.
Ig n ite d  a t  500° C .

O rgan ic ca rbon  
FejO»
A ljO i
SiOj
A lkalies as N a20 
C aO  
M gO  
P bO  els '-
SO* —
H C O j "  (inc ludes w eak acids) 
C O i-

115 115 223 352
9.9 10.0 9.3 8.9

7410 26,400 4570 5250
2560 17,900 500 650
1275 2620 1600

105 6800 9 12
235 238 1 8

67 312 10 23
990 2000 173 270

25 0 15 20
19 47 4 11

0 5000 0 0
43 228 11 43

0 0
105 666 38 120
860 268 350
130 1300 144 0

An additional example is given by the reported loss (19) 
of about 11 per cent of a gasoline line’s original throughput 
capacity after one year of operation without mechanical 
cleaning. Occasional scraping was only slightly effective in 
preventing further decline, the total loss in capacity in the 
first 2.5 years amounting to about 23 per cent of the original 
capacity.

Corrosion Factors in G asoline Lines

Some discussion has already been given on two important 
corrosion factors in gasoline fines—namely, the presence of a 
separate water phase and the presence of oxygen. The follow
ing consideration of these and additional factors shows that 
complexities exist which may considerably modify the ob
servable corrosion effects.

The presence of water is required to obtain any rusting at 
all. Moreover, on clean steel the water must be present as 
a separate liquid phase in contact with the steel to cause 
appreciable rusting. This has been demonstrated in simple 
experiments; gasoline containing water in solution caused no 
visible corrosion on polished steel specimens after several 
weeks when the temperature was maintained sufficiently 
high so that there could be no condensation of moisture on the 
steel surface. I t  is reported (20) that a rusted steel surface 
is hygroscopic and will take up moisture from a humid atmos
phere (about 65 per cent relative humidity), causing further 
rusting of the steel. Although this may be due to the presence 
of traces of inorganic salts (23) on the air-rusted surface, it 
can be taken that this effect may occur in a rusted gasoline 
pipe fine. The corrosion rates, however, are likely to be much 
lower than when liquid water is present, perhaps less than 
one tenth as great according to inconclusive experiments 
made in the course of this investigation.

The form in which the liquid water is present may exert 
a large influence on the corrosion effects. A  layer of water 
in the bottom of the pipe, resulting from flow velocities too 
low to maintain all the water in suspension, will tend to 
localize the formation of scale mainly to the bottom segment 
of the pipe, filling it ultimately with a solid cake of rust. 
The rust blisters formed initially under these conditions tend

to be rather broad and later appear more like a thick scale 
than like well-defined individual blisters.

Droplets of water on the steel surrounded by gasoline are 
especially conducive to rapid corrosion and to the formation 
of blisters (5). The rust blister once formed acts as a porous 
retainer, preventing the water drop from being swept away 
by the flow of gasoline, and the greater accessibility of the 
edge of the water drop to oxygen carried by the gasoline is 
favorable to differential aeration conditions which cause 
corrosion.

The quantity of water in a pipe fine affects chiefly the dis
tribution and total quantity of rust and has only minor in
fluence on the rate of corrosion. As already indicated, more 
water is found in the first section of fine than in succeeding 
lengths. Correspondingly, a greater total quantity of rust 
is found near the origin of a fine (H).

The composition of the water may exert a large influence 
on the intensity of corrosive attack. This is shown by the 
corrosion rate values (Table V I) obtained under identical 
laboratory test conditions with different water samples from 
a Shell pipe fine. An example of the range of compositions 
encountered in pipe fine water is given in Table I;  because 
of the adventitious nature of the water in a pipe line, no 
correlation between corrosion rate and composition was 
attempted.

However, tests in which distilled water was used as the 
aqueous phase (Table I I )  gave corrosion rates of roughly the 
same magnitude as those obtained in identical tests with 
pipe line water.

In  general, everything else being equal, the higher the 
gasoline flow velocity in a pipe fine, the greater the corrosion 
rate. This follows because, if rust is present, part of the steel 
surface is screened by the rust from oxygen carried by the 
gasoline, and the supply of oxygen to the unscreened part of 
the surface promotes attack in accordance with the principles 
of differential aeration (IS).

I t  would be expected that refined hydrocarbon products 
would make no important direct chemical contribution to 
increase the rate of rusting by water. This is confirmed by 
the results of corrosion experiments in Tables I I  and X . 
The corrosion rate with ordinary regular-grade gasoline 
present was not significantly different from the rate with the 
same gasoline which had been previously water-washed; 
with fuel oil present, somewhat lower corrosion rates were 
obtained. I t  is more likely that the minor effects with 
different refined petroleum products are ascribable to the in
fluence of physical and interfacial property differences.

Table II. Influence of Water and Gasoline Composition on 
Corrosion

(R o ta tin g  b o ttle  te s t s w i th  po lished  s tee l ro d ; 20 m l. of w a te r  a n d  70 ml. 
gasoline in  each  b o tt le ;  d u ra t io n , 14 days)

C o rro sio n
•Corrosive M ed ium

G asoline 

B lend of 5 p ipe  line sam ples 

Sam e
B lend w ashed w ith  excess 

d is td . w ater

R egu lar-g rade  gasoline

R egular-g rade  gasoline

Sam e

W a te r
B lend  of 4 

line sam p les  
D is td . w a te r 
D is td . w a te r

upe

T a p  w a te r

0 .05%  N a C l 
(d is td . w a te r)  

0 .10%  N aC l 
(d is td . w a te r)

R a te , 
M ils /Y e a r

4 .6 , 4.3

6.5
4.2

2.0
3.6

4.3

A p pearance  
of S tee l

R u s te d  a ll ov<

R u s te d  a ll ovt

R u s te d  a ll ovt

Temperature is known to be an important factor in cori 
sion, the rate of rusting increasing about in proportion 
increase of temperature (17) in the operating range of pi 
lines. The practical result would be to enhance the corrosi 
rate near the origin of the fine where the temperature of t
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gasoline is generally somewhat higher than in more distant 
parts of a line. The increase in corrosion rate from this 
cause is probably never greater than about 50 per cent.

The mill scale which normally covers the surfaces of new 
pipe probably acts as a corrosion accelerating factor (9). 
The intensity of attack tends to be increased at breaks in the 
scale because the mill scale is cathodic with respect to steel, 
and during the early life of a line the cathodic scale-covered 
area is large compared to the anodic scale-free areas.

The importance of oxygen as a factor in the rusting of steel 
pipe lines is illustrated by the results of simple experiments 
given in Table I I I .

Table Oxygen as a Corrosion Factor
(R o ta t in g  b o tt le  te s ts  w ith  po lish ed  s tee l ro d ; 20  m l. of w a te r  a n d  70 m l. of 

g aso line  in  e a ch  b o tt le ;  d u ra t io n , 14 d ay s)
C o rro s io n  A p p ea ran c e  

R a te ,  of
C o n d itio n s  M ils /Y e a r  S tee l

G aso line  a n d  w a te r  as rece iv ed  fro m  p ip e  line , a ir  in  4 .5  R u s te d  all
gas sp ace  rep len ish ed  6 tim e s  over

S am e gaso line  a n d  w a te r  a f te r  b e in g  d e -o x y g en a ted  0 .5 A b o u t 50%
k b y  b u b b lin g  Ns th ro u g h  th e m , N* in  gas sp ace , s l i g h t l y

b o tt le  sea led  ta rn is h e d

M echanical Scraping of P ipe Lines

To overcome the steady decline in throughput capacity, 
most long pipe lines are scraped regularly to clean off excessive 
rust (13). This is a palliative measure to prevent eventual 
complete blocking of a line with rust scale. Use of scrapers 
involves additional operating costs and difficulties and, 
generally, is only partly effective in removing rust.

I t  seems reasonable to expect that mechanical cleaning of 
rusting steel will tend to increase the rate at which the 
corrosive action proceeds. Removal of scale would permit 
easier access of oxygen to the steel. Also it is known (1) 
that the corrosion rate of clean, bright steel in water is rapid 
at first, then declines as the surface becomes covered with a 
heavy layer of rust. Thus even partial cleaning of the rusted 
steel would be expected to give corrosion rates which tend to 
approach the initial rates in magnitude; it probably augments 
pitting rates in already well-developed pits.

Some experimental evidence has been obtained which 
indicates that, under rusting conditions, a more thoroughly 
cleaned, rusted steel produces rust more rapidly than one 
less vigorously cleaned. Four strips, '/< X  6 inches in size, 
were cut from a length of 8-inch pipe which had been rusted 
in gasoline line service. Two were cleaned on the rusted 
surface by brushing gently with a small bristle brush, and two 
were cleaned with a steel brush. They were then exposed to 
a flowing mixture of gasoline and tap water. After 10 days 
the strips were removed, washed in acetone, and dried, and 
the rust was removed and weighed from that surface which 
had been exposed inside the pipe. Rust was again removed 
by the same method used on each strip before the test. The 
strips were replaced in the apparatus, and the test was con
tinued for another 10 days. After five such cycles the follow
ing results were obtained:

S u rface  T re a tm e n t

B r is tle -b ru a h e d
S te e l-b ru sh e d

T o ta l  R u s t  R em o v ed , 
G r a m s /F t .  of 8 - In . P ip e /Y e a r

20 , 23 
59 , 145

The rate of rust formation on the steel-brushed strips was 
¡everal times greater than that on the bristle-brushed pieces. 
IIso, larger and more numerous rust blisters formed between 
¡leanings on the steel-brushed pieces.

Observations (11)) on a gasoline pipe line have led to the 
[ualitative conclusion that scraping increases the average 
ate of corrosion. Conclusions have also been reached (22)

that water mains which have been mechanically cleaned 
develop throughput-reducing rust at a much faster rate than 
those which have not been cleaned, and that rust blisters can 
re-form after mechanical cleaning with incredible rapidity. 
Verification of the great speed with which rust is formed on 
clean steel under flow and moisture conditions, as in gasoline 
lines, is found in the experiments with uninhibited water 
summarized in Table X I I .

M ethods of Corrosion Prevention

R e m o v a l  o f  W a t e r .  Since water is the controlling 
factor in gasoline pipe fine corrosion, it seems logical to con
sider means of preventing water from entering a line in the 
first place. Water might be removed from the refined prod
ucts entering the line by such procedures as distillation, 
refrigeration, and adsorption or absorption by chemicals. 
Each method would involve additional costly plant equipment 
and operating costs, with the possible exception of the ad
sorption method. The gasoline entering one short pipe line 
has been dehydrated (16) for several years, apparently to the 
satisfaction of the operators. Fluorite, a commercial bauxite, 
is used as adsorbent, and the entering gasoline, freed as far 
as possible from entrained water, is reported to lose 40 to 50 
per cent of its moisture content. Although it is claimed that 
the original flow factor has been maintained consistently, 
this method is subject to one fundamental disadvantage. 
I t  makes no provision for water which may inadvertently get 
into the line. The effects of water are cumulative; therefore, 
although not so evident during the first few years of opera
tion, they are likely to grow to serious proportions in time. 
In  addition to the possibility of temporary failure of the 
dehydrators permitting entry of water, occasionally it  be
comes necessary to introduce slugs of water into a line during 
certain maintenance operations or when making construction 
changes. These tend to increase in frequency with the 
age of the line. Also, on a long line the gasoline may absorb 
moisture in intermediate line tankage.

R e m o v a l  o f  O x y g e n .  Corrosion in gasoline lines also 
could be prevented if no free oxygen were permitted to enter 
the fines. So-called mechanical means of deaeration (dis
tillation, evacuation, or blowing with inert gas) are not 
feasible for a number of practical reasons. Chemical agents 
which react with oxygen might be employed in either of two 
ways: They might be used in additional plant installation for 
pretreating the gasoline entering a line or they might be in
jected in aqueous solution with the gasoline into the fine. 
The former procedure would be subject to the disadvantage 
that it makes no provision for inadvertent admissions of 
oxygen. Only one chemical, sodium sulfite, has been pro
posed for the latter procedure. I t  has been tested on two 
pipe fines (16) with no evidence of material benefit. Further 
discussion of this treating agent is given later.

C o r r o s i o n  I n h i b i t o r s .  For gasoline pipe fines this 
method of preventing internal corrosion is attractive because 
the volume of corrosive medium (water) is small, costly plant 
equipment would not be required and inhibiting procedures 
can usually be varied easily to meet different operating 
requirements.

Before any inhibitor could be accepted as a general solution 
to the problem of internal corrosion of gasoline pipe fines, it 
must meet several important requirements:

1. It  must be effective in preventing rust corrosion on clean, 
on mill-scale-covered, and on already-rusted steel surfaces under 
gasoline pipe line conditions.

2. It should not tend to harden and perpetuate rust scale and 
blisters once they are formed on the pipe wall.

3. Its use must result in no adverse effects upon the quality 
of the refined products which may be transported through the 
line.

4. The cost of applying the inhibitor must be low.
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Figure 1 .  Bottle Rotating M achine for Laboratory Corrosion Tests

As will be shown, sodium nitrite is the only one of a num
ber of inhibitors which was found to meet all these require
ments.

A p p licab ility  of Certain Inhibitors

There are several useful rust inhibitors which are soluble in 
water and low in cost. They were tested for applicability to 
gasoline pipe lines.

Sodium chromate is a powerful inhibitor of rusting which 
has been successfully used in many aqueous systems, notably 
in refrigerating brines and air-conditioning waters. Corro
sion tests (Table IV ) showed that it was almost as effective as 
sodium nitrite in preventing rusting of cleaned steel surfaces 
by samples of pipe line water; however, several of its prop
erties are serious obstacles to its use in gasoline lines.

Sodium chromate acts as an oxidizing agent even in alkaline 
solution. I t  reacts with many organic compounds, such as 
alcohols, aldehydes, and unsaturated hydrocarbons, and is 
reduced to chromic ion which has no corrosion inhibiting 
properties. Thus also it would tend to deplete a finished 
gasoline of its gum inhibitors and to affect the color of the 
dyed or undyed gasoline. In  the presence of corrosion prod
ucts which usually exist before use of inhibi
tors is begun in a pipe line, the effect of the 
chromate is greatly reduced (2). This effect 
is shown by the experimental results sum
marized in Table X I .  A further point against 
the use of sodium chromate is the fact that 
it reacts with entrained sodium plumbite 
solution to precipitate lead chromate.

Disodium phosphate and sodium silicate 
(Na20.3Si02) tested in 0.1 per cent concen
tration gave partial inhibition in the simple 
bottle rotating tests (Table IV ), in that parts 
of the steel surface were not rusted. How
ever, those areas which were attacked were 
covered with hard, projecting rust blisters.
I t  is possible that concentrations of these 
substances higher than 0.1 per cent might 
give complete protection on polished steel sur
faces, but the danger of occasional formation 
of hard scale which could not be removed by 
normal scraping operations is an important 
objection. On steel surfaces already well

rusted, these substances would be much 
less effective in preventing further rusting; 
they would tend to accelerate pitting rates 
(8) in already formed pits, and would harden 
the rust scale already present through for
mation of insoluble iron phosphates or 
silicates.

Tests of sodium hydroxide in 0.1 per 
cent solution in pipe line water showed that 
it was fairly effective in preventing corro
sion of polished steel specimens, but sev
eral high rust blisters formed rapidly on 
mill-scale-covered steel. I t  produced stable 
emulsions of water in gasoline which did 
not break completely even after standing 
for one hour. Further, it is known (7) that 
pH control inhibitors (which include also 
sodium carbonate, phosphates, and sili
cates) are ineffective and even have an 
adverse effect when pre-existing corrosion 
products are present.

Inhibitors of the sodium sulfite type de
pend for their effect upon reaction with 
and removal of oxygen present. About 9 

pounds of sodium sulfite are required to react with 1 pound 
of oxygen (18). In  normal pipe line operation this means that 
a minimum of about 0.2 pound of sodium sulfite would be 
required for each barrel of gasoline, since gasoline contains 
about 0.02 pound of oxygen per 42-gallon barrel when satu
rated with air. The use of such quantities of inhibitor is im
practicable from a cost and operating standpoint. When 
used in practically permissible quantities—e. g., about 1 per 
cent of the water present—no inhibitive action was apparent 
in laboratory tests (Table IV ).

Several proprietary compounds were tested at length to 
determine if they might be practical as gasoline pipe line 
inhibitors. Sodium Chrom Glucosate was no more effective 
in preventing corrosion in laboratory tests than equal quan
tities of sodium chromate, and possessed all of the disad
vantages of the latter as well as a marked tendency to give 
stable emulsions of water in gasoline. A gasoline-soluble 
inhibitor, mercaptobenzothiazole, was proposed (12) and 
tested in a few gasoline pipe lines (16). I t  has not found 
general acceptance because its advantages are still somewhat 
problematical.

Typical results of corrosion experiments with the inhibitors 
discussed are summarized in Table IV .
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Table IV. Corrosion Tests with Inhibitors
(R o ta tin g  b o tt le  te s ts  w ith  po lished  s tee l ro d  in  20 

gasoline in  each  b o tt le , fo r

O rig in  of
W a ter S am ple In h ib i to r , W e ig h t %  of W a te r  

B lend from  p ipe  line N one
N aO H , 0.1 
N ajSO s, 1.0 
NaaSOj, 0.1 
N asC rO i, 0.1 
N aaH PO t, 0.1 
NaaO,3SiOa, 0.1 
M ercap tobenzo th iazo le , 0.01° 
NaN O a, 0.1

m l. w a te r  a n d  70  m l. reg u lar-g rade  
14 days)

T a p  w ate r

F ro m  p ipe  line

N one
M ercap tobenzo th iazo le , 0.01 ' 
C h rom  G lucosate , 0.04 
NaN O a, 0.1

N one
S odium  C hrom  G lu co sa te , 0 .035 
Sam e, 0.05 
S am e, O.i
Q uach rom  G lu co sa te , 0.05 
M ercap to b en zo th iazo le , 0 .0 1 “

“ C o n cen tra tio n  in  w eigh t %  of th e  gaso line.

C o rro sion
R a te ,

M ils /Y e a r  A p p earan c e  of Steel

4.6 R u s te d  a ll over
2.3 S ev era l r u s t  spo ts
4.6 R u s t  b lis te rs  all over
5.0 S am e
0.0 B r ig h t a ll over
2.5 M a n y  h a rd  ru s t  b listers
3 .0 S am e
4.2 M a n y  r u s t  b lis te rs
0.0 B r ig h t a ll over

2.0 R u s te d  all over
4.0 S am e
0.2 S ev era l ru s t  spo ts
0.0 B r ig h t a ll over

5.0 R u s t  b lis te rs  all over
1.2 S ev era l la rg e  ru s t  b listers
0.4 S am e
0.0 B r ig h t a ll over
3.0 R u s te d  a ll over
4.5 R u s t  b lis te rs  all over
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Laboratory Corrosion Test M ethod

A large number of corrosion tests were made with pipe line 
water samples and with many different inhibitors. A simple 
apparatus and procedure was used in these exploratory and 
comparative tests. Although the test method does not re
produce conditions precisely as they occur, it probably in
cludes all essential factors which operate to cause corrosion 
in gasoline lines.

A 4-ounce oil sample bottle was filled with 20 ml. of a water 
sample and 70 ml. of a gasoline sample. A 6-inch rod of low- 
carbon steel (SAE 1015), polished bright with No. 0 emery 
cloth, was firmly suspended in the bottle by inserting it into a 
hole drilled part way through the cork stopper used to seal the 
bottle. The bottle was then placed in a rotating machine which 
turned it end over end at the rate of 60 r. p. m. An air space 
of about 30 ml. was left in the bottle, and the air was replenished 
once every 2 days. The usual duration of these tests was 14 
days at room temperature (75-85° F.). Mixtures of gasoline 
and water formed a coarse emulsion when rotated in the machine, 
the gasoline-water interfaces constantly moving over the surface 
of the steel rod. The corrosion results were determined by 
visual inspection and by the weight loss obtained after cleaning 
the rusted rod electrolytically, followed by rubbing with a soft 
eraser.

The test bottle assembly and bottle rotating machine are 
illustrated in Figure 1. Typical rods after corrosion tests, with 
and without inhibitor, are shown in Figure 2.

That the amount of rusting in these experiments is not very 
sensitive to the relative proportions of gasoline and water in 
the bottles is shown by tests on mixtures of 20 ml. of a pipe 
line water sample and 70 ml. of gasoline, and with 1 ml. of the 
same water and 90 ml. of gasoline (Table V ).

Table V. Influence of Gasoline-Water Volume Ratio in 
Corrosion Test

(R o ta tin g  b o tt le  te s ta  w ith  w a te r  a n d  gaso line sam p les  fro m  p ip e  line sam e 
in  b o th  e x p e rim e n ts ; d u ra t io n , 14 days)

G asoline ,
M l.

70
90

W a te r ,
M l.

20
1

C o rro sio n  R a te , 
M ils /'Y ea r

4 .5
5.9

A p p ea ran c e  of S tee l

R u s te d  a ll over 
L a rg e  a re a  ru s te d

Corrosion Experiments with Sodium Nitrite

Corrosion tests by the rotating-bottle method were made 
with water sampled from various points along a 450-mile 
gasoline line at different times over a period of almost a year. 
The results are summarized in Table V I. Each of these 
water samples was also tested under identical conditions with 
0.1 per cent by weight of sodium nitrite added to the water; 
in every case no sign of rust or rust blisters could be found 
on the steel specimen at the end of the test; each steel rod 
remained bright all over and unchanged in appearance.

Table VI. Corrosion Tests with Pipe Line Water Samples 
in Absence of Inhibitor

(R o ta tin g  b o tt le  te s ts  w ith  p o lish e d  s tee l ro d  in  20  m l. p ip e  line  w a te r  an d  
70  m l. re g u la r -g ra d e  g aso lin e  in  e a ch  b o tt le ,  a t  75—85° F. fo r 14 days)

N o . W a te r  S am p les

0
6
6
0
1

C o rro s io n  R a te ,  
M ils /Y e a r

0
0 .1 -0 .4  1
0 .5 -1 .4
1 .5 -2 .4
2 .5 -3 .4

3 .5 -4 .4
4 .5 -5 .4
5 .5 -0 .4
6 .5 -7 .4

Over 7.4

A p p e a ra n c e  of S tee l

M a n y  r u s t  b lis te rs , th e  r e s t  b r ig h t

R u s t  a n d  r u s t  b lis te rs  a ll over

L Ê Ê È u
+  N a N O i  B la n k  + N a N O i  B la n k  + N a N O i  B la n k

Figure 2. Steel Rods after Corrosion Tests with P ipe Line 
Water Samples

No correlation was found between the distance from the 
pipe line origin at which the water sample was taken and the 
corrosiveness of the sample to steel. Samples taken at the 
origin, or 55 or 115 miles away from it, were no more corrosive 
in general than samples taken at the terminal station 450 
miles from the origin.

The corrosion rate values fall into two groups, around 0.5 
and 5 mils per year. Although this effect is probably related 
to the composition of the waters, the precise nature of the 
relation was not investigated. I t  probably involves the 
variable presence of certain concentrations of refinery treating 
solutions in the line water. The magnitudes of corrosion rate 
values obtained in these tests are in substantial agreement 
with the values estimated by Pearson (14) for the average 
penetration rate of several operating pipe lines. His cal
culations indicate rates of 0.3 to 6 mils per year.

The effects of concentrations of sodium nitrite below 0.1 
per cent in a composite pipe line water sample are shown by 
the results in Table V II .

Table VII. Influence of Sodium Nitrite Concentration on Rusting of 
Steel by Pipe Line Water

( R o ta tin g  b o tt le  te s ts  on  b le n d  of 4 w a te r  sam p le s , p H  9 .0 , f ro m  p ip e  lin e  
a n d  re g u la r-g ra d e  gaso line , fo r 14 d ay s)

N aN O i C o n cn ., C o rro s io n  R a te ,
W t. %  ° f  W a te r  M ils /Y e a r  A p p ea ran c e  of S tee l

0
0.01
0.02
0.04
0.06
0.08
0.10

4.3
3.7
3 .0
0.6
0.0
0.0
0.0

R u s te d  a ll over 
M a n y  r u s t  b lis te rs  
S am e
P a r t ly  ru s te d  
B r ig h t a ll o v er 
S am e 
S am e

The influence of hydrogen-ion concentration on the 
effectiveness of sodium nitrite as an inhibitor is shown by the 
results of corrosion tests given in Table V I I I .  Under these 
conditions it was necessary for the water to be at a pH  
greater than 6 initially in order to prevent corrosion com
pletely. The efficacy of sodium nitrite in preventing 
corrosion of steel covered with mill-scale is shown by the 
results of experiments summarized in Table IX .
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Table VIII. Influence of pH on Behavior of Sodium Nitrite as 
Rust Inhibitor

(R o ta tin g  b o tt le  te s ts  on b le n d  of 4 w a te r sam ples from  p ip e  line an d  regu lar- 
g rad e  gasoline; 0 .06%  N aN O r ad d ed  to  w a te r in  each  te s t ;  p H  a d ju s te d  by  

H 2SO1 or N a O H ; d u ra tio n , 14 days)

In i t ia l
pH
11.3

9.0
6.0 
4.7

F in a l
p H
10.6
8.1
8.4

C orrosion  R a te ,
M ils /Y e a r  A pp earan ce  of S tee l

0.0
0.0
0.8
7.6

B rig h t all over 
Sam e 
T a rn ish ed  
R u s te d  a ll over

Table IX. Efficacy of Sodium Nitrite on Mill-Scale-Covered Steel
(R o ta tin g  b o tt le  te s ts  on  b le n d  of 4 w a te r sam ples, p H  9 .0, from  p ipe  line 

an d  reg u la r-g rad e  gasoline, for 18 days)

S u rface  C o n d itio n  
of S tee l R od

P o lished
b r ig h t

M ill-scale
covered

N aN O s C oncn ., C orrosion  R a te ,
W t. %  of W a te r  M ils /Y ea r  A ppearance  of S teel

N one 4.6, 4.3 R u s ted  all over
0.1 0.1 B rig h t all over

N one
0.1

3.9, 3.3 
0.1

M an y  ru s t b listers  
N o ru s t, no change

Although gasoline (of various grades) is the principal 
material transported through products pipe lines, kerosene, 
various grades of fuel oil, and Diesel fuel may also be bandied 
during part of a line’s operating time. That sodium nitrite 
is effective in preventing rusting in the presence of these 
heavier products, usually with a high sulfur content, is dem
onstrated by the results of corrosion tests in Table X . 
The areas of steel which were rusted in the absence of in
hibitor are smaller than those obtained under comparable 
conditions with gasoline. This effect is probably related to 
the fact that the heavier oils hinder the wetting of steel by 
water to a greater degree than the lighter oils.

Prevention of Further Rusting of Rusted Steel

I t  is essential that a corrosion inhibitor intended for use in 
pipe lines be capable of preventing the further rusting of 
already rusted steel surfaces. That sodium nitrate does this 
is shown by the results of laboratory experiments summarized

Table X. Action oi Sodium Nitrite as Inhibitor in Presence of 
Fuel Oils

(R o ta tin g  b o tt le  te a ts  using  70  m l. of oil sam ple  an d  20 m l. of 0 .05%  N aC l 
in  d istilled  w ate r, fo r 7 days)

N aN O j C oncn. 
in  0 .05%

N aC l Soln., C orrosion  R a te ,
W t. %  M ils /Y e a r  A ppearance  of SteelO il S am ple 

N o . 3 fuel o il° N o w a te r p re sen t 
0 

0.1
C rac k ed  fu rn ace  oil b N o w a te r p re sen t 

0
0.1

0.1
2.7
0.1
0.1
2.0
0.1

S ligh t d iscoloration  
50%  ru s ted  
N o ru s t, b r ig h t all 

over
S ligh t d iscoloration  
R u s t b listers  on 

10%  of a rea  
N o ru s t,  b r ig h t all 

over

a T o ta l  su lfu r, 0.71 w eig h t % ; su lfu r as m e rcap ta n s, 0.02. 
b T o ta l  su lfu r, 0.96 w eigh t % ; su lfu r as m e rcap ta n s , 0.04.

Table XI. Efficacy of Inhibitors with Rusted Steel
(S am e  co n d itio n s  as fo r ro ta tin g  b o tt le  co rrosion  te s ts ; regu la r-g rade  gaso
lin e  a n d  ta p  w a te r; s tee l ro d s  h eav ily  ru s te d  all over in  w ate r before te sts- 

d u ra t io n , 28 days)

W t. C han g e  of R u s ted  R ods, M g.In h ib i to r  C on cn ., W t, %  of W a te r  

0 .1 N aN O r

0.1 N asC rO r

N one

- 10  
-  1
+  13 
+  13

+  42 
+  57

in Table X I.  A gain in weight in these tests indicates further 
rusting. The rusted rods which had been exposed to sodium 
nitrite actually lost a little weight.

Effectiveness of Sodium Nitrite at High 
Volum e Ratios of G asoline to Water

In a gasoline pipe line operating at a throughput of 20,000 
barrels (840,000 gallons) per day, injection of, say, 5 gallons of 
sodium nitrite solution daily corresponds to a ratio of 168,000 
volumes of gasoline to 1 volume of inhibitor solution (assum
ing no free water is present in the line). The simple rotating 
bottle corrosion test involved agitation of a mixture of 70 ml. 
of gasoline with 20 ml. of an aqueous phase in contact with 
a steel rod in a bottle. The efficacy under flowing conditions 
of sodium nitrite solutions at ratios to gasoline comparable to 
those in a pipe line was tested under conditions more closely 
approaching those in a pipe line. A diagram of the apparatus 
is given in Figure 3.

Fifteen liters of regular-grade gasoline were circulated by 
a centrifugal pump through a half-inch diameter glass tube 
in the axis of which was supported a 14-inch length of quarter- 
inch steel tubing with one end closed by welding. The 
steel tube, which was the corrosion test specimen, was 
arranged to permit internal water cooling (approximately 
60° F.) throughout each experiment. The gasoline (at 
about 70-80° F.) flowed over the steel specimen at linear 
velocities of 4.3 to 4.9 feet per second. Water or inhibited 
solutions were fed into the suction side of the pump and 
emerged into the glass tube as finely dispersed droplets in the 
gasoline. After passing through the glass tube, the water 
was removed from suspension in the gasoline by a separator, 
one part of which was filled with fine glass wool. The 
separator functioned efficiently and gave a crystal-clear 
gasoline for recirculation. The aqueous phase was intro
duced through fine capillary tubing, the rate at which it 
entered the pump being kept constant by adjusting the 
height of the feed container to maintain a constant hydro
static head.

Results obtained with this apparatus are summarized in 
Table X I I .  These results indicate that a solution of 0.1 
per cent sodium nitrite prevents rusting at a gasoline: water 
ratio of at least 200,000:1 under conditions simulating some 
of those in pipe lines, and that the protection given the steel 
will persist for a time after injection of nitrite has been 
stopped. I t  appears also that the higher the nitrite con
centration in the water, the smaller the quantity of solution 
which need be injected.

These results suggest that sodium nitrite forms a protective 
film on steel which is capable of withstanding small amounts 
of uninhibited mildly corrosive water for a limited time. 
Several qualitative observations have been made of the per
sistence of protection on steel which had been immersed for 
short times in sodium nitrite solution and then subjected 
to limited amounts of moisture in the absence of the in
hibitor.

Mechanism of Sodium Nitrite A ction

Insufficient evidence has been obtained thus far to enable 
a complete and reliable description of the mechanism by 
which sodium nitrite prevents rusting. However, as men
tioned earlier, it appears likely that sodium nitrite prevents 
rusting by forming a thin but highly protective film over the 
surface of the steel. This film is invisible to the unaided eye, 
the steel remaining bright and apparently unchanged even 
after prolonged immersion in a nitrite solution. The nitrite 
probably acts predominantly as an anodic type inhibitor 
v ith little or no effect on the cathodic reaction of the rusting
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Figure 3 . A pparatus for Experiments with Flowing G asolin e and Injected Solutions

process. This is indicated by results of electrochemical 
experiments of the type described by Chyzewski and Evans 
(8). Since nitrite salts of iron are soluble in water, it is not 
unlikely that the protective film formed at the anodic areas 
consists of ferric oxide, especially since the solutions are alka
line and nitrite will oxidize ferrous to ferric compounds. I t  
is unlikely that oxygen enters into the mechanism of action 
of the sodium nitrite since alkaline solutions of sodium nitrite 
react extremely slowly, if at all, with oxygen from the air at 
room temperature.

Effect of Sodium  Nitrite on Refined Petroleum Products

An essential requirement of an inhibitor for products pipe 
line was mentioned earlier: The inhibitor must have no 
adverse effects on the quality of the refined petroleum prod
ucts which may be pumped through the line. Laboratory 
experiments (Table X I I I )  showed that no changes in the 
properties of common refined products result from contact 
with sodium nitrite under conditions which in several respects 
are more severe than are likely to be encountered in pipe 
line operation. Also, no change of nitrite concentration 
could be found by analysis of the aqueous phases used in 
many of these tests. Even more convincing is the fact that, 
in about 2-year operation of 450 miles of a products line with 
sodium nitrite inhibition, no adverse effect on any product

has been observed  
which could be attrib
uted to the use of 
the inhibitor.

Solubility  of Sodium  
Nitrite in G asolin e

A lth o ug h  i t  was 
known that sodium ni
trite is practically in
soluble in gasoline, the 
possibility of minute 
solubility wasexamined. 
The gum content data 
for gasolines which had 
been shaken with ex
cess quantities of an
hydrous sodium nitrite 
and with aqueous solu
tions of the nitrite 
(compare Tables X I I I  
and X IV ) indicate that 
the solubility of the
salt in gasoline is less
than 0.002 per cent, 

the limit of experimental precision of the method.
A cumulative type experiment was made in which a given 

volume of gasoline was circulated by thermosiphon action, 
first over a solution of sodium nitrite and then over distilled 
water. The apparatus is illustrated in Figure 4. A transfer 
of all the gasoline was completed in this apparatus in about 
5 minutes. The lower bulb contained 100 ml. of 3 per cent 
sodium nitrite solution, the upper contained 100 ml. of dis
tilled water, and 560 ml. of regular-grade gasoline filled the
rest of the apparatus. After 7 days the water in the upper 

bulb was drained and analyzed for nitrite 
content. No nitrite was found greater than 
the limits of precision of the analytical method. 
A duplicate experiment with anhydrous crys
tals of sodium nitrite in the lower bulb gave 
the same negative result. In  view of these 
results, it  was estimated that the solubility 
of sodium nitrite in gasoline is less than 0.00001 
per cent.

I t  seems clear, therefore, that no significant 
concentration of the inhibitor would be car
ried in solution in gasoline through a pipe 
line.

Consumption of Sodium Nitrite

A large pipe line system may have sections 
extending for 100 miles or more between pump

ing stations. A line this long has a considerable total in
ternal surface area, and a given small volume of sodium nitrite

Table XIII. Effect of Sodium Nitrite on Gasoline, as Shown by One 
Group of Experiments

(400 m l. of p re m iu m -g ra d e  gaso line , c o n ta in in g  a b o u t  2 m l. P b E t4 /g a l. ,  in  
a p in t  b o tt le , r o ta te d  en d  over en d  a t  60 r .  p . m . a t  ro o m  te m p e ra tu re  fo r 

11 d ay s)

A ir -J e t  G u m  O c ta n e  N o .,
(A . S. T . M . D 3 8 1-36 ), A. S. T . M .

M a te r ia l  A d d ed  to  G aso lin e  M g./lO O  M l. M o to r  M e th o d

N one  0 .6 82
50 m l. 10%  N a N 0 2, a q . 0.7 82
5 g. N a N 0 2 c ry s ta ls  0 .6  82

Table XII. Effectiveness of Sodium Nitrite at High Volume Ratios of Gasoline
to Water

(R eg u la r-g rad e  gaso line  c o n ta in in g  d isp e rsed  d ro p le ts  of w a te r  flow ing over a  polished  
V 4-in ch  s tee l tu b e  a t  a  lin e a r  v e lo c ity  of a b o u t 4.5 f t . / s e c . ,  a t  a b o u t  70° F .)

S o lu tion

T a p  w ate r 
0 .1%  N a N 0 2

2.0%  N a N 0 2 
0 .05%  N aC l 
0 .05%  N aC l \  
0 .1%  N aN C M  
0.05%  N aC l 1 
0 .1%  N aN C M  
0.05%  N aC l \ 
1.0%  N a N 0 2J

V olum e 
R a tio , 

G aso line  
to  W a te r

200,000
200,000
280,000
183.000
144.000 

41,400

196.000

T im e  to  
S ta r t  
S tee l 

R u s tin g

< 1 0  m in . 
> 4  d ay s

> 4  d ay s  
3 m in .

2.5  h r. 

24 h r. 

24 h r .

C o n d itio n  
a f te r  

2 D ay s

9 5 %  ru s te d  
N o  ch an g e

N o change 
9 5 %  ru s te d
50 %  r u s te d  

0 .3 %  ru s te d  

0 .7 %  ru s te d

S u b se q u e n t T re a tm e n t  
a n d  O b se rv a tio n s

N one
N o ch an g e  a f te r  19 d a y s  m ore 

w ith  ta p  w a te r, no  N aN O* 
T e rm in a te d  a t  4 d ay s  
N one  
N one
2 %  ru s te d  a f te r  2 d ay s  m ore 

w ith  0 .0 5 %  N aC l, no N a N 0 2 
N o  ch an g e  a f te r  2 d a y s  m ore 

w ith  0 .05%  N aC l, no  N a N 0 2
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Figure 4. Thermosiphon Apparatus for 
Detection of Trace Solubility

solution injected into one end may come into contact with 
practically all of this surface. The possibility of adsorp
tion of the inhibitor by the steel wall or by rust therefore be
comes important.

To test the adsorptive capacity of clean steel for sodium 
nitrite, 100 grams of cleaned steel wool with an estimated 
surface area of 14.2 square feet were left in contact with 100 
ml. of 0.1 per cent sodium nitrite solution for 2 days. No 
change, within experimental error, was found in the nitrite 
content of the solution. On the basis of estimated experi
mental error it was calculated that not more than 0.003 
gram of nitrite could have been adsorbed, which corresponds 
to maximum adsorption of 210 grams on 1,000,000 square 
feet of clean steel. Apparently adsorption of the inhibitor 
by clean steel does not occur to any significant extent.

That sodium nitrite in solution is not oxidized by air was 
shown by shaking a sample of 0.10 per cent solution (pH 9.1) 
with air for 14 days. No change in nitrite content was 
found.

Fresh rust was found to react with sodium nitrite, the 
ferrous oxide being oxidized to ferric oxide and the nitrite 
being reduced to ammonia. The following equation ex
presses the over-all reaction:

N 0 2-  +  6 F e ( O H ) 2 +  5 H 20  =  N H ,  +  6 F e ( O H ) 3 +  O H ~

This reaction is not instantaneous; a complex is formed first 
between the nitrite and ferrous oxide or hydroxide, and 
relatively slow decomposition of the latter gives the end 
products indicated. Apparently a steady state is reached 
in this reaction. The higher the concentration of nitrite 
and the relative amount of ferrous hydroxide present, the 
more rapid the initial reaction rate and the greater the per
centage decrease of nitrate concentration in reaching the 
steady-state value.

No reaction with or adsorption of nitrite by ferric hydrox
ide could be detected.

Therefore, full benefits along the entire length of a line 
cannot be expected immediately following the start of con
tinuous injection of sodium nitrite solution if ferrous rust is 
distributed along the inner pipe wall. The attainment of 
full inhibition should progress along the pipe as rapidly as 
the ferrous rust is oxidized. Owing to the relatively large 
quantity of ferrous rust which will react with a given amount 
of sodium nitrite (7.8 pounds ferrous hydroxide with 1 pound 
sodium nitrite), the attainment of inhibition at the end of

each injection section of line (usually 50 to 100 miles) probably 
would not be delayed beyond a month or two following the 
start of inhibitor injection into an old line.

Sodium Nitrite in Products Pipe Lines

Sodium nitrite is being used successfully for prevention of 
internal corrosion in three products pipe lines. I t  has been 
in use for over 2 years in a 450-mile line. In  a 266-mile line, 
operated as a crude oil line for about 11 years, its use was 
started 8 months after the line was converted to gasoline 
transportation about 2 years ago. In  a 90-mile line sodium 
nitrite has been employed from the start of operations follow
ing construction in the early part of 1941. The inhibitor is 
to be used also in a 1200-mile pipe line recently completed 
and has recently been started in 370 miles of an old gasoline 
line. Additional applications are in prospect.

In  essence, the application of the inhibitor to gasoline 
pipe lines involves continuous injection of a 5 to 30 per cent 
solution of sodium nitrite at the rate of 5 gallons per day into 
the pipe at the beginning of each station-to-station length 
of line. The need for injection at each station on a long line 
arises from the fact that sediment and water separators are 
usually built into the end of the section of line bringing 
gasoline into a station. Since the water at all points in the 
pipe fine must be alkaline for the inhibitor to be effective, 
sodium hydroxide is added to the inhibitor solution when the 
pH of the effluent water falls below 8.

Although there is some evidence that the inhibitor tends to 
loosen rust scale from the pipe wall, the removal of the 
accumulated scale during inhibition with sodium nitrite is 
more rapidly accomplished by mechanical scraping. In  
preventing steel from rusting, the inhibitor indirectly aids 
in the removal of scale under pipe line conditions, inasmuch 
as the cementing action of further rusting on somewhat 
loosened scale particles is prevented between scraper runs. 
A cumulative effect in scale removal is probably derived in 
this way.

Considerably less difficulty with line sediment in the 
gasoline is experienced after sodium nitrite inhibition is 
started than before. The average quantity of sediment

Figure 5. Inhibition Results on the First 5 5  M iles of a 
4 5 0 -M ile  Products Pipe Line (8-Inch Pipe)



M arch, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 367

Tabic XIV. Corrosion Tests with Effluent Pipe Line Water Samples 
after Start of Inhibition

(R o ta tin g  b o tt le  te s ts  w ith  20 m l. of p ip e  lin e  w a te r  a n d  70  m l. of reg u la r-  
g rad e  gaso line , fo r 14 d ay s)

N aN O z C oncn . A re a  of T im e  a f te r
S ection S am ple in  E fflu en t, S tee l R u s te d ,“ T a k in g

N o. N o. % % S am p le  A , M o.
1 A 0.001 100

B 0.89 0 4 '

2 A 0.04 0
B 0.08 0 1 ’

3 A 0.25 0

4 A 0.000 100
B 0.21 0 6' '

5 A 1.85 0

6 A 0.000 100
B 0.28 0 2.5

a T h e  spec im ens fo r w hich  0 %  a re a  ru s te d  is  in d ic a te d  w ere b r ig h t all 
over w ith o u t a  s ing le  r u s t  s p o t  or a n y  ta rn is h  o r d isco lo ra tio n  a t  th e  en d  of 
th e  te s ts .

brought into a station between scraper runs is much greater 
with than without inhibition, but the sediment is associated 
with the water and is easily removed in the station separator 
rather than suspended as fine particles in the gasoline. 
During the early stages of inhibition, therefore, the mechanical 
scraping program is intensified as much as possible while 
avoiding serious interference with the normal functions of 
a line; the object is to remove old scale accumulated on the 
pipe wall. The time to remove old scale will vary con
siderably for different lines, perhaps from a few months to a 
year, but eventually the condition will be reached when only 
trivial quantities of scale are found in the effluent after a 
scraper run, and only occasional precautionary scraper runs 
need be made.

The results obtained with the use of sodium nitrite in 
a 450-mile pipe line which has been in operation since April, 
1938, are summarized for the first 55 miles in Figure 5. The 
experience is similar for succeeding sections of line. Flow 
factor C is calculated by the modified Hazen-Williams 
formula from operating data obtained on the pipe line. 
The formula is

C d2-63 F 0-54 
^ ~ 66 g°-bi

where Q — flow rate, barrels/hour 
C =  flow coefficient 
d = inside diameter of pipe, inches 
P = friction loss, lb./sq. in. per 1000 ft. of pipe 
q = specific gravity of gasoline

Since C is directly proportional to throughput, it is commonly 
used as a measure of pipe line flow efficiency. For design 
purposes 8-inch-diameter pipe in gasoline service is generally 
considered to have a flow factor of about 140, since most 
8-inch lines do not exceed this value in flow efficiency. For 
the reasons discussed earlier, measurement of flow factor on 
new line which has been in service from a few weeks to 
several months will probably give values indicating that the 
rusting process is already well underway.

The flow factor curve of Figure 5 shows an improvement 
from a level of about 137 before inhibition to about 155 after 
inhibition, with corresponding increase in throughput 
capacity.

The quantity of scale removed by scraping increased 
markedly for a time during heavy inhibitor input and then 
decreased to very small amounts, the major part of the old 
scale in the line having presumably been removed.

The delay in the appearance of the inhibitor in the effluent 
water (Figure 5) is ascribable to consumption of the nitrite 
by the ferrous rust in the line. The total quantity of in
hibitor consumed in this and succeeding treated sections of 
the same line is about 18 pounds per mile of 8-inch pipe.

Although the opportunities for inspection of the internal 
surface of an operating gasoline line are rare, the few which 
have been possible from time to time have shown a practically 
clean steel surface free from rust scale and blisters in pipe 
treated for some time with sodium nitrite.

Additional confirmation of the efficacy of sodium nitrite in 
preventing steel rusting by water in a pipe line is shown 
(Table X IV ) by corrosion tests with effluent waters from 
various sections (40 to 100 miles long) of line treated with the 
inhibitor. Water containing nitrite did not rust steel in 
these tests, as determined by analysis.

Conclusions

The practical benefits which can be derived from the 
inhibition of corrosion by sodium nitrite in products pipe 
lines may be summed up as follows: Maximum flow efficiency 
of the pipe is achievable, and significantly greater quantities of 
gasoline can be pumped through a line with existing equip
ment and power consumption; alternatively, the power 
required for reduced flow throughput is significantly lower 
than in a rusted line. Once mechanical scraping has re
moved pre-existing rust from a line, the frequency of scraping 
runs can be materially reduced. Maintenance operations on 
machinery which operates at stations in contact with the 
gasoline are materially reduced because of the reduced quan
tity  of abrasive fine particles carried by the gasoline stream. 
For the same reason the accuracy of metering, a vital con
sideration in long products lines which have intermediate take
off points, is materially improved. The color, gum, and 
oxidation stability of transported products are not subject to 
the deteriorating influence of large quantities of rust. Trouble 
with sediment in the gasoline is avoided. The loss of pipe 
wall thickness from internal corrosion is stopped.
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T H E development of the conjoint polymer of vinyl 
acetate and vinyl chloride to yield a thermoplastic 
r e s in  has resulted in the commercial application of 

these materials in a wide variety of forms including lacquers, 
rigid sheets, injection moldings, extruded shapes, and, more 
recently, as flexible sheets, films, molding compounds, and 
electrical insulating materials. Interest in the latter types 
has increased because of their properties of high dielectric 
strength, good chemical resistance, good flame resistance, 
and low-temperature flexibility which are highly desirable for 
electrical insulating purposes.

Because copolymer vinyl resins of this type are transparent 
and nearly colorless, the range of colors possible is limited 
only by the dyestuffs and coloring materials available and 
suitable. A consideration of the factors governing the 
choice of coloring agents and their methods of evaluation is 
therefore believed timely since many coloring materials 
have been found to behave differently in copolymer resins 
from what would be predicted from their properties in 
printing inks, protective coatings, and other plastic ap
plications. This is also desirable because of the availability 
of these materials for use within the consumer’s plant where 
color compounding problems may arise which are specific 
to his particular usage.

Resin Properties

In  the absence of stabilizers, vinyl chloride-acetate co
polymers are subject to yellowing on heating and progress
ively darken with eventual loss in plasticity. Reed and 
Groff (8) recommended the use of calcium and lead salts 
as stabilizers to retard this reaction, presumably by removal 
of the acid formed in decomposition. Litharge, basic- 
carbonate white lead, and lead stearate are widely used along 
with other materials of that type. Stabilized compounds 
can be processed as high as 150° to 160° C. without color 
change, although the tendency for development of a yellow 
component is always present and enters into the problem 
of coloring these compounds aside from the specific behavior 
of the coloring ingredient itself. Even in the presence of 
stabilizer certain substances, such as some iron and zinc 
salts, act as decomposition catalysts and may cause darkening 
of the compound. This factor, with others subsequently 
discussed, frequently limits the choice of coloring materials 
to a few of the many types available.

The addition of liquid plasticizers to vinyl copolymers to 
yield flexible compositions and the solubility of many coloring 
materials in these plasticizers introduce the factor of color 
migration. In  the extreme case migration results in a 
bloom or film of color at the surface of the compound and 
the possibility of objectionable transfer of that color to an 
adjacent contact surface.

I t  is therefore obvious that the selection of coloring ma
terials is not always a matter of the simple use of one or more 
available coloring ingredients to produce the shade desired. 
In  reality the following factors must be taken into con
sideration: specific behavior of the color in the presence of 
the stabilized copolymer vinyl resin, bleeding and/or bloom-

Properties of the vinyl chloride-vinyl ace
tate copolymer resins are discussed relative 
to their effect on the choice o f coloring ma
terials. Tests fo r bleeding characteristics, 
light stability, and heat stability o f colors 
in these resins are outlined. Tabular re
sults are given fo r  a num ber of specific

ing tendency, inherent light stability, heat stability, and 
covering power and dispersibility.

Tests and data presented are primarily based on experience 
with calendered, extruded, and molded compounds, although 
it is believed that many of the conclusions can be extended 
to vinyl resin lacquers. Particular emphasis is placed on 
light stability studies and on coloring materials for plasticized 
compounds.

T est M ethods

The following procedures were used throughout this work 
in evaluating specific colors and their behavior in the copoly
mer vinyl resins.

G e n e r a l  P r o c e d u r e .  All components were thoroughly 
preblended in a kitchen mixer and fluxed on a steam-heated, 
6 X 12 inch, two-roll rubber mill. The batches were given 
ten passes with the rolls set to give a sheet about 0.040 inch 
thick. Between each pass the batch was rolled up and 
inserted endwise until after the tenth pass when the roll 
opening was changed and the batch permitted to run one 
minute with a small revolving bank. The batch was then 
sheeted off or the milling continued for deliberate increase 
of the thermal treatment. This rapid method has been found 
to yield homogeneous compounds showing good dispersion 
of nearly all materials. For the evaluation of specific 
properties the test recipes given in Table I  were chosen as 
characteristic compounds.

B l e e d i n g  T e s t .  For bleeding or color migration studies, 
recipe A was prepared using one per cent of coloring material 
in a 200-gram batch and was fluxed by the general procedure. 
A similar white recipe containing one per cent titanium 
dioxide was used as the reference sample against which a 
1 X 1  inch square of the colored batch was attached in a 
cabinetmaker’s clamp and stored at room temperature. 
Examination of the surface of the white batch, which was

T able I. T est  R ecipes 
B

R ecipe T e st

V inyl ch lo rid e-ace ta te  co
po ly m er“

V inyl ch lo ride-aceta te  co
polym er 

S tabilizer
D ib u ty l Cellosolve p h th a l-  

a te
M eth y l Cellosolve o leate  
R aw  casto r oil 
C a rn a u b a  wax 
Salol
T ita n iu m  dioxide 
C oloring m a teria l

A
B leed ing

L ig h t
s ta b i l i ty

H e a t
s ta b i l i ty

R esin
s ta b i lity

66.50 65.90

U50 ' i ! 50
98.00
2.00

96.60
2.40

25.75
3.00 
0.75
1.00 
0.50

'Loo

27.00
3.00

" i ! 50
1.00 
0.10

V aries V aries 'ÜÓ0
100.00 100.00 100.00 100.00

k QKOT v m y ! okloride, 5%  v in y l a c e ta te ;  m ol. w t. 22,000. 
86%  v in y l ch loride, 14%  v in y l a c e ta te ;  m ol. w t. 10,000.
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coloring materials by trade name and fo r a 
generalized list by chem ical classes. Wide 
discrepancies have been fo u n d  between 
properties of coloring materials in this 
copolymer resin and those in inks and sur
face coatings. Em phasis is placed on light 
stability studies.

in contact with the colored sample, for evidence of color 
bleeding was made at the end of 1, 5, 10, 20, and 30 days, 
and every 30 days thereafter to a total of 180 days. The 
following final ratings were applied:

tints were studied. With the intense organic colors, such as 
benzidine yellow, 0.005 per cent was used, while the weak 
hydrated chromic oxide required 0.40 per cent to yield com
pounds of about the same intensity. A set of standard 
intensities was chosen in strong pastel tints to which each 
color to be tested was approximately matched in intensity 
for light exposure tests:

Red Litholrubine (calciumresinatedsalt) 0.01%
Orange Basic lead chromate (60% lead chromate, 40%

lead oxide) 0.20
Yellow Lead chromate (61% lead chromate, 39% lead

sulfate) 0.20
Green Chlorinated copper phthalocyanine 0.02
Blue Copper phthalocyanine blue 0.02

A  =  nonbleeding in 180 days
B  =  slight bleeding in 180 days
C =  moderate bleeding, distinct after 180 days 
D =  bad bleeding, distinct after 10 days
E =  very bad bleeding, distinct after 1 day

L ig h t S ta b ility .  Studies were made with recipe B. 
Since the light stability of a coloring material is frequently 
dependent upon the concentration of coloring agent present, 
all colors tested were rated at the same visual intensity in 
so far as possible rather than on the basis of equal con
centrations by weight. To save testing time, only pastel

Figure 1. Interior  of T y pe  X V  A ccelerated  F ading Unit , Showing 
C olor Sam ples and C orex D  F ilter  Surrounding the Arc

One pair of carbons burns at a time.
369

Recipe B was prepared and fluxed by the general procedure 
mentioned except that, for convenience in weighing where 
0.05 per cent and less color was required, the coloring ma
terial was added to the fluxed batch as a 1 per cent milled 
master batch previously prepared in recipe A for bleeding 
test purposes. After the standard intensity sample was 
matched, a second sample was prepared containing half the 
concentration, and this half-concentration sample became 
the basis for subsequent comparisons of the amount of 
fading produced.

To obtain samples of uniform thickness, which is particu
larly important in these comparisons, 
weighed amounts of the compound were 
pressed in a positive mold to a thickness 
of 0.015 inch, and samples were cut 
2.25 X  2.25 inches for test and filing 
purposes. I t  has been found useful to 
mount the original and half-concentration 
sample of each color tested on a 3 X  5 
inch file card for reference. Exposed 
samples were mounted in the same manner.

Light stability ratings are based on 
exposures in the National accelerated 
weathering unit, Type X V  (7); an in
terior view is shown in Figure 1. The 
samples rotate about the arc once in 55 
seconds at a mean distance of 10.25 inches. 
Sunshine carbons, operating at 28 am
peres with 29 volts across the arc, bum  
one pair at a time. (Since these tests 
were started, the standard operating con
ditions for this machine have been set 
at 30 amperes, 40 volts by the manu
facturer.) A  Corex D  filter surrounding 
the arc cuts off radiation below 2600 A. 
No water spray was used.

As a preliminary test all color samples 
were exposed in the Type X V  unit for 20 
hours. Comparison of the exposed sample 
with the unexposed half-concentration 
sample showed in which direction to 
proceed for the next exposure. Time 
periods were 5, 10, 20, 40, 80, 160, 240, 
and 320 hours. Two exposed samples 
were finally obtained; one was less than, 
and one more than, one half faded. A  
light stability half-life rating was then 
estimated which served as a relative
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basis of comparison with other coloring materials. A 
specimen set of exposed samples compared with a strip of 
the half-concentration sample is shown in Figure 2. Samples 
which remained less than half faded in 320 hours were re
moved from test inasmuch as the blank compound started 
to yellow on longer exposures from effects not directly re
lated to the actual coloring material.

To simplify the reporting of generalizations given in 
Tables I I I  and IV , the following ratings have been assigned 
on the basis of “X V  half-life” hours:

1941 between the hours of 9:30 a. m. and 3:30 p. m. eastern 
standard time. On days when it became cloudy by 12:30 
p. m., the samples were removed from test.

Samples were examined at regular intervals, compared 
with half-concentration samples where possible, and re
moved from test when slightly less than half faded. The 
duplicate sample was then exposed for double the time of 
the first one removed. Comparisons of sun-exposed samples 
with at least two XV-arc-exposed samples for each color 
made possible the estimation of sun hours equivalent to 
XV-arc hours. A summation of results is shown in Table I I .

A Excellent 
B Good 
C Fair 
D Poor 
E Very poor

Over 320 hours 
100 to 320 
20 to 100 
5 to 20 
Less than 5

T a b l e  II. C o r r e l a t i o n  o f  S u n l i g h t  R o o f  T e s t s  w i t h  
T y p e  X V  C a r b o n  A r c  E x p o s u r e s

N o. S am ples 
T e s te d

S un  H r. E q u iv a le n t 
to  1 H r. in  X V  U n it

In  order to correlate the arc exposures with sun tests, a 
series of samples was exposed on the roof at Cleveland, 
Ohio, in a manner similar to the A. S. T. M . method (1) for 
textile fading tests. Duplicate series were run bare and under 
window glass, mounted on open racks facing south, placed 
at an angle of 45° with the horizontal. Exposures were 
made on clear days only during June, July, and August,

Coloring m a te ria ls  in  rec ipe  B 
M iscellaneous copo lym er com -

P0UDd9 T o ta l
A verage d ev ia tio n  from  m ean

B are

U nder
w indow

glass B are

U nder
w indow

glass

36 37 1 .3 0 1 .4 0

24 22 1 .5 8 1 .91
60 59 A v. 1 .4 3 1 .6 0

=^0.58 =*=0.63

CALCIUM LITHOL RUBINE ( C . U 6 3 )

O RIGIN AL 8 0  HOURS 16 0  HOURS

HALF LIFE 120 HOURS  

OIL SOLUBLE RED (C .1 .7 3 )

O RIGINAL 5  HOURS 10  HOURS

HALF LIFE 7.5 HOURS

F i g u r e  2 . E x p o s e d  L i g h t  S t a b i l i t y  T e s t  S a m p l e s  C o m p a r e d  w i t h  H a l f - C o n c e n t r a t i o n  
S a m p l e s  f o r  D e t e r m i n a t i o n  o f  H a l f  L i f e  o f  C o l o r in g  M a t e r i a l s

A good an d  poor color are  show n.

H ea t  St a b il it y . A 
milling test of coloring 
m a t e r ia l  in recipe C 
served to evaluate not 
only the heat stability 
of the coloring material 
and the effect of the 
c o lo r  on t h e  h e a t  
stability of the resin, but 
also color development.

A 300-gram batch of 
recipe C conta in ing  
about twice the amount 
of color used in  the 
standard light stability 
test sample was pre
pared and fluxed on the 
mill operating with 40 
pounds gage steam pres
sure. The batch was 
run with a small bank, 
and samples were re
moved at 1 and 30 
minutes. For compari
son they were molded 
side by side to produce 
a plaque 0.070 inch thick 
which was examined by 
transmitted and reflected 
light for evidences of fad
ing or color development.

In  the evaluation of 
blacks or dark opaque 
colors this method is 
inadequate  because 
changes due to resin deg
radation are obscured. 
For these special cases 
Clash (2) developed a 
test, a complete de
scription of which is be
yond the scope of this 
report. Briefly it con
sists in mi l l in g  one
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T a b l e  I I I .  P r o p e r t i e s  o f  C o l o r i n g  M a t e r i a l s  b y  T r a d e  N a m e s  R e c o m m e n d e d  f o r  V i n y l  C h l o r i d e - A c e t a t e

C o p o l y m e r  R e s i n s

T ra d e  N am e
R ed

S u p p lie r0

A nsico  R ed  B 37B31 A n sb .-Siegle
A nsico  R ed  Y 37B 32 A n sb .-Siegle
A rcad ia  R ed  X -1700 Im p . P . & C.
B r il l ia n t L a k e  M  R -6 H a rm o n
c. p . C ad m iu m  L ig h t R ed  #28 H arsh aw
c. p . C a d m iu m  M ed . L t . R ed  #29 H a rsh a w
C ad m iu m  L ith o p o n e  L t . R ed  #8 H a rsh a w
C ad m iu m  L ith o p o n e  M ed . L t. R ed  #9-3 H a rsh a w
C ad m iu m  R ed  M ed iu m  #4333 C h em . & P ig .
G en o a  T o n e r  X -1180 Im p . P . & C.
G era n iu m  R ed  X -1129 Im p . P . & C.
L ith o l R u b in e  R -9 H a rm o n
L ith o l R u b in e  R ed  T o n e r  R -97 H arm o n
P a r is ia n  R ed  X -1093 Im p . P . & C .
P la s tic  R ed  3171 B ro o k ly n
P u re  L ig h t R ed  O xide  R -2899 C . K . W .
R ed  L a k e  C  T o n e r  R - l H a rm o n
R ed  T o n e r  R -84 H arm o n
R ed  T o n e r  R -90 H a rm o n
R ed  T o n e r  R -92 H a rm o n
R ed T o n e r  R -93 H a rm o n
S elk irk  R ed  X -2028 Im p . P . & C.
S o lfas t R ed  C P  663 S her.-W ill.
S pecial R ed  T o n e r  X -1778 Im p . P . & C . 

S td . U ltr .V irg in ia  R ed  T o n e r  C R  6500

O ran ge

B enz id ine  O ran g e  Y B -3 H a rm o n
B u rn t  S ien n a  #1118 C . K . W .
c . p . D eep  O range  A -4337 Im p . P . & C.
G old  P a s te  F -45 H a rm o n
H oover B ro w n  #7764 H o o v er
M an d a rin  O ran g e  68-T-01 A nsb.-S iegle
R ex O range A -4403 Im p . P . & C.

Y ellow

B enzid ine  Y ellow  D -2472 S her.-W ill.
B enz id ine  Y ellow  Y B -1 H arm o n
B enz id ine  Y ellow  Y B -2 H arm o n
B enz id ine  Y ellow  Y B -22 H a rm o n
B en z a te  Y ellow  Y B -27 H a rm o n
C a n a ry  T o n e r  X -786 Im p . P . & C.
C eylon  Y ellow  X -1934 Im p . P  .& C.
F a n ch o n  Y ellow  Y H -1 H a rm o n
F an ch o n  Y ellow  Y H -2 H a rm o n
F a n ch o n  Y ellow  Y H -4 H a rm o n
H oricon  Y ellow  X -1351 Im p . P . & C.
M apico  Y ellow  L em on B in . & S m ith
O saka Y ellow  L a k e  X -1630 Im p . P . & C.
P e rfe c t Y ellow  65-T -95 A nsb.-S iegle
c . p . P rim ro s e  Y eJlow  A -3042 Im p . P . & C.
Y ellow  T o n e r  Y B -17 H a rm o n

G r e e n

C h ro m ic  O xide G reen H a rsh a w
D oco P e rm a n e n t  G reen  #1 S tan .-D o g g .
O palin e  G reen  G - l H a rm o n
P e rm a n e n t G reen  X -1010 Im p . P . & C.
S herw ood  G reen  A -4436 Im p . P . & C.
V irid ine  G reen  6 2 -A - ll A nsb .-S ieg le

B l u e

B lue T o n e r  B -3 H a rm o n
C o b a lt B lue  #221 S h ep h e rd
F a s to lu x  B lue  43-8013 A nsb .-S ieg le
F ra n c o n ia  B lu e  A -4431 Im p . P . & C.
L a co n ia  B lue  A -4432 Im p . P . & C.
L u n a  B lu e  B -36 H a rm o n
M arin e  B lue  T o n e r  A -8021 Im p . P . & C .
U ltra m a r in e  B lu e  #1401 C alco
U ltra m a r in e  B lu e  #2136 C alco

W h i t e

A n tim o n y  O x ide H arsh aw
R ayox  Y C R R . T . V and .
T ita n o x  A #168 M . O. T i ta n .  P ig .
T i-P u re  R - l  10 K reb s

B lack

E xcello  2 X  C a rb o n  B la ck Im p . O il & G as
P-33 T h e rm a to n ic  B la ck R . T . V and .
S u p e r-S p ec tra  C a rb o n  B lack B in . & S m ith

C olor
R e la tiv e  

S tre n g th  & B leed in g  c
L ig h t

S ta b i li ty
H e a t

S ta b i li ty

M ed iu m  red 25 A B S
M ed iu m  red 20 A B S
B lue -red 100 C B S
M ed iu m  red 50 D C S
O range-red 15 A A s
O range-red 15 A A s
O range-red 7 A A s
O range-red 7 A A s
M ed iu m  red 7 A A s
B lu e -red 100 C B s
B lu e -red 30 B B s
B lue -red 100 B B s
B lue -red 100 B B s
B lue-red 25 C B s
B lue -red 50 E B s
O range-red 25 A A s
M ed iu m  red 50 A C s
B lue-red 100 C B s
B lue-red 100 C B s
B lue-red 100 C B s
M ed iu m  red 100 A B s
B lue -red 100 B B s
B lue-red 100 C B s
B lue-red 100 C B s
B lue-red 100 B B s

Y ellow -or. 100 C C s
O r.-b row n 10 A A s
R ed-o r. 5 A A s
A m ber 3 A A s
Y el.-b row n A A s
R ed-o r. 20 A A s
R ed -o r. 20 A A s

G reen-yel. 200 C C s
G reen -yel. 200 D C s
G reen -yel. 200 B C s
G reen -yel. 200 D C s
G reen -yel. 100 C D s
G reen -yel. 50 D C s
G reen -yel. 100 D C s
G reen -yel. 50 D C s
G reen -yel. 50 D C s
G reen-yel. 50 E C s
G reen-yel. 50 E C s
O r.-yel. A A s
M ed iu m  yel. ‘ ' 5 C C s
G reen -yel. 1 .5 A A s
M ed iu m  yel. 5 A A s
M ed iu m  yel. 100 C C s

Y el.-g reen 5 A A s
M ed iu m  g reen 2 .5 A A s
M ed iu m  g reen 50 A A s
M ed iu m  g reen 2 .5 A A s
M ed iu m  g reen 50 A A s
M ed iu m  g reen 50 D C s

M ed iu m  b lue 50 A A s
R ed -b lu e 3 A A s
M ed iu m  b lue 50 B A s
M ed iu m  b lue 50 A A s
M ed iu m  b lue 50 A A s
M ed iu m  b lue 50 A A s
M ed iu m  b lue 100 D C s
R ed -b lu e 5 A B s
R ed -b lu e 5 A B s

W h ite 20 A A s
W h ite 100 A A s
W h ite 100 A A s
W h ite 100 A A s

B lack A A s
G ray -b lac k A A s
B lack A A s

<■ A nah S W lp  -  A nsbaoher-S iee le  C o rp .; B i n . ' i  S m ith  =  B in n e y  a n d  S m ith  C o .; B ro o k ly n  =  B ro o k ly n  C olo r W o rk s ; C alco  =  C a lco  C h em ica l D iv . ’ 
A m erican  C y a n a m id  C o .; Ç h em ! & P ig °  =  C h em ica l a n d  P ig m e n t C o .; H a rm o n _= H a rm o n  C olor W o rk s ; J l a r s h a w  =  H a rsh a w  C h em ica l C o .; H o o v e r ,

R . T . V a n d e rb il t  C o .; C. K . W . =  C . K . W illiam s  a n d  Co.

p mf  H nnvpraUfm ń U O i ï i  f inD eria l O il a n d 'G a s  P ro d u c ts  C o .; Im p . P . & C. =  Im p e ria l P a p e r  a n d  C o lo r C o rp .; K re b s  =  K re b s  P ig m e n t a n d  C olor
C orp . ^ S h e p h e r d -  S h e p h e rd  C h e r^ c a l  Co.V s L r .- W i l l .  =  S hęrw m -W illiam s C o. ; S td . U ltr . =  S ta n d a rd  U ltra m a r in e C o . ; S ta n .-D o g g . =  S ta n le y  D o g g e tt . 
In c .; T i ta n .  P ig . =  T ita n iu m  P ig m e n t C o rp .; R . T . V and .

b L ith o l r iib in e  =  100. , „  u a
c A  =  n o n b le ed in g ; B  =  s lig h t ;  C =  m o d e ra te ; D =  b a d ; E  = v e ry  b ad . 
d A = ex c e lle n t; B  =  good ; C = fa ir ; D — p o o r; E  — v e ry  poor. 
c S  =  s a ti s fa c to ry ; F = fa ir ; U =  u n s a tis fa c to ry .

per cent of the material being tested into recipe D. A small 
sample is then sealed in a glass tube connected to a mercury 
reservoir and a capillary tube. By immersing the sample 
tube in an oil bath, pressure is built up that can be read by

the mercury level in the capillary. The pressure increases 
slightly at first, then falls gradually until the decomposition 
point is reached, whereupon it rises steadily, a fact attributed 
to the evolution of decomposition gases. By running a
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blank control simultaneously, it is possible to determine a 
heat stability index which is the ratio of the time to the 
decomposition point (heat stability) of the mix containing 
one per cent color to the heat stability of the uncolored mix. 
The test serves to eliminate dark coloring materials which 
markedly lower the stability of the resin.

R e s u l t s .  Table I I I  lists the coloring materials by specific 
trade names. To test all the coloring materials on the market 
would be impossible and futile, since there are more than a 
hundred manufacturers of dyes and dry colors in the United 
States. Hence, a generalized summation by chemical classes 
is included in Table IV  from which a coloring material may 
be selected and ordered from any manufacturer with a 
reasonable assurance that the properties will be similar 
to those given

Interpretation of Bleeding Tests
Some interpretation of the bleeding test results on the 

basis of experience must be made before the suitability of 
a chosen color is decided upon for a given application. Recipe 
A was chosen as a typical plasticized composition which 
would exhibit moderate bleeding tendencies in the compound 
if there were any. The degree of bleeding permissible 
depends upon the application; e. g., colors for a highly plas
ticized strap to be used on a white sheeting for a lady’s 
purse would require a definitely nonbleeding color. On the 
other hand, a cable coating composition might tolerate a 
coloring material rated C or D by this test. The degree of 
bleeding is dependent upon the plasticizer content and, to 
some extent, on the particular plasticizer used.

In  general, from a bleeding standpoint all types of coloring 
materials, including dyes, lakes, and toners, can be used 
in unplasticized or rigid compounds provided the other 
properties are satisfactory. Coloring materials with bleeding 
ratings of A to C are required for most plasticized compounds 
containing 10 per cent or more liquid plasticizer.

In  case of doubt with an unknown color, a brief test of 
5 days in the composition under consideration is sufficient 
to eliminate most colors which are undesirable from a bleeding 
standpoint.

Since dyes and colors partially soluble or extractable in 
plasticizers cannot be used in flexible compounds, inorganic 
pigments and certain organic toners and lakes are indicated. 
Exclusion of dyes also limits the range of clarity of flexible 
compositions because most of the organic lakes and toners 
are clear only in low concentrations. The production of 
nonbleeding, dull, opaque stocks is relatively easy inasmuch 
as inorganic pigments can be used, virtually all of which 
are nonbleeding.

For the more transparent bright colors the organic pig
ments are required. Of these, the aluminum hydroxide 
lakes possess the best clarity because aluminum hydroxide 
has an index of refraction close to that of the copolymer 
vinyl resins. Many other organic nonbleeding colors are 
clear in low concentrations. In  general, resinated colors 
have been found to possess some advantage in transparency 
and are claimed to have some other minor advantages (10). 
Certain ultramarine blues are exceptions in the inorganic 
field and yield clear stocks even in high concentrations of 
color.

Interpretation o f Light Stability Tests

To avoid misinterpretation in the application of test 
results, the half-life results in Tables I I I  and IV  are ex
pressed in general terms of A, B, C, etc., covering exposure 
ranges. The numerical half-life ratings have been found 
satisfactory for detecting differences between the members 
of the same class of colors when samples were exposed si-

T able I V  General Classification of Properties of 
Coloring M aterials in V inyl C hloride-Acetate C opolymer 

R esins

R ela tiv e  L ig h t H e a t
S tre n g th  B leed in g  S ta b i l i ty  S tability®

R ed

A lizarin  lakes 
B u rn t s iennas 
C adm ium  reds 
C adm ium  red  li th o -  

pones
C h lo ro n itran ilin e  reds 
H an sa  ru b in e  G 
In d a n th re n e  p in k s  
L ith o l reds 
L ith o l rub ines  
M ad d er lakes 
P a ra  reds 
P igm en ts  scarle ts  
R ed  iro n  oxides (n a t-  

u ral) .
R ed  iro n  oxides (sy n 

th e tic )
R ed lake C lakes 
R ed lake R  lakes 
R ed  lead  oxide 
R hodam ines 
S pan ish  oxides 
T hio indigos 
T o lu id ine  to n e rs

Orange

B enzid ine oranges 
C adm ium  oranges 
C hrom e oranges 
C hrom e-m o lybda te  

oranges 
N itra n ilin e  oranges 
P ers ian  o range lakes

Y ellow

B enzid ine yellow s 
C adm ium  yellow s 
C hrom e yellows 
H an sa  yellow s 
I ro n  oxides (n a tu ra l)
Iro n  oxides (sy n th e tic )
Z inc chrom ates

G r e e n

B rillia n t green  c ry sta ls  
C h lo rin a ted  copper 

p h tha locyan ine  
C hrom e greens 
C hrom ic oxides 
H y d ra te d  chrom ic ox

ides

B l u e

C opper p h th a lo cy a - 
nines 

In d a n th re n e  b lues 
I ro n  b lues (ferrocya- 

nides)
U ltra m arin e  b lues 
V icto ria  b lue (P T A  

lake)

W h i t e

A ntim ony  oxides 
T ita n iu m  dioxides 
Zinc oxides 
Z inc sulfides

B lack

B one b lacks 
C arbon  blacks 
I ro n  oxide b lack  (syn

th e tic )
N igrosines

® C om pounds con ta in in g  iro n  oxides v a ry  w idely ; 
best.

25 D D U
10 A A F
15 A A S

10 A A S
100 E D s
25 A B s

50-100 C E F
100 C D S
100 A -C B S
25 D D U

100 E C -D S
100 B -C B S

25 A A F

25 A A F
50 A C S
50 C -D C S

5 A A S
E D U

10-30 A A F
25 C -D E F

100 E D S

100 C -D C s
A A s

' 5 A A s

2 0 -3 0 A A - B s
50-100 D -E D s

25 D D

200 B -D C-D s
A A F

’ 5 A A S
50 E C-D s

A A F
A A F

’ 2 A - B A U

E U

50 A A S
A A s

5 A A s

2 A A s

50 A A s
2 5-50 A - B C F

U-.
2 -5 Á A - B U-,
100 D C S

20 A S
100 A s

A u
.4 s

A A s
A A s

A A s
E u

s y n th e t ic  oxides are

multaneously. Some errors are introduced, however, by 
comparing half-life samples exposed at widely different times 
of the year. The location of the arc unit was such that 
the room temperature varied from a low of 16° in winter to 
31° C. in midsummer, at the extremes, and this affected the 
temperatures of the samples in the unit—hence the rate of 
fading. The effect has not been quantitatively evaluated 
although it has been taken into account by running check 
samples throughout the year. The effect of temperature 
was minor in comparison with the differences found among 
the various chemical classes of coloring materials tested.
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A few samples changed in dominant wave length as they 
faded, but even in these cases an estimation of a half life 
was possible.

The correlation of XV-arc exposures with sun tests (Table 
I I )  shows a value of 1.60 hours of sunlight equivalent to 1 
hour in the X V  unit for samples exposed under glass, and 
the type of change closely simulated that found in sunlight. 
For the sun tests the average percentage sunshine for the 
entire days when samples were exposed was 88.2 per cent of 
that possible, based on Weather Bureau reports (9). I t  
should be remembered that the period during which the 
outdoor comparisons were made was one in which the actinic 
value of the sunlight was very high.

Recipe B contains salol (phenyl salicylate). This and a 
number of other substances (S) act as light stabilizers for 
the vinyl copolymer resins and retard the yellowing action 
of light. The effect of salol as a light stabilizer for coloring 
materials was briefly investigated, using salol in amounts up 
to 5 per cent. Additions up to 1 per cent had some stabilizing 
effect, while further additions were ineffective. I t  was 
concluded that, although the addition of salol retarded fading, 
colors which were rated as poor without salol were still rated 
poor with salol present. Its use as a color stabilizer is there
fore not recommended except for special cases where it is 
proved desirable.

The light stability ratings given here represent the mini
mum ratings because the color concentrations are so low. 
A number of coloring materials falling in the poorer classifica
tions can be used satisfactorily in high concentrations with 
adequate fight stability.

Some rather striking results are evident when the fight 
stability ratings in the vinyl copolymer resins are compared 
with results of ratings in inks and surface coatings. Several 
examples may be noted. Toluidine red toner, here rated 
poor, is generally considered one of the best in fight fastness 
in other media (6); fithol rubine, normally rated fair, is 
here rated good. One toluidine toner tested had a half 
life of 10 hours; a fithol rubine calcium salt rated 120 hours 
under the same conditions. Rhodamines, found very poor 
in vinyl resins of this type, are considered permanent in 
tints for inks (6).

A few of the anthraquinone and vat colors have been 
tested, with unusually poor light stability found for all 
except an indanthrene blue which had poor heat stability. 
As a class these are usuallv “very permanent and durable”
(5). . .

Other discrepancies will be obvious to those familiar with 
the organic pigments without discussing each in detail.

Interpretation  o f H eat Stab ility  Tests
With processing temperatures in the range 130° to 160° C., 

the question of heat stability of coloring materials is of 
special importance in copolymer vinyl compounds, just as 
in the case of colors for lacquers which must withstand 
baking temperatures.

The comparison of sample plaques in recipe C prepared 
from samples milled 1 and 30 minutes showed five types of 
results:

B ad F ading. Rated unsatisfactory. They cannot be used 
for anv purpose. . .

Slight F adlng. Rated fair. Colors of this rating should be 
avoided wherever possible, although occasionally they have to be 
used because of some other outstanding property such as bright
ness.

Unchanged. Rated satisfactory.
Increased I n ten sity . M ay be caused by initial poor dis- 

persion or by chemical action. If the other properties of the 
terial are favorable, further tests may be run to improve the dis- 
persion. A few colors such as rhodamine B  act as indicators and 
increase in intensity, presumably upon reaction with acid liber
ated in the resin by the heat treatment.

B lackened. Rated unsatisfactory. These are colors which 
cannot be used for any purpose because they act as decomposition 
catalysts. In general, compounds of iron and zinc have this tend
ency.

A few generalizations can be made regarding the last 
classification fisted and the specific offenders mentioned:

I ron Compounds. No comprehensive general rules can be 
given for the effect of iron coloring materials on resin stability, 
although the synthetic iron oxides are more apt to be satisfac
tory than the natural oxides and earth pigments. More work re
mains to be done before the ferrocyanides can be recommended. 
Some of the latter appeared to be heat stable, others faded.

Zinc C ompounds. Most zinc compounds, including zinc oxide 
and zinc chromate, have been found very active decomposition 
catalysts. A number of samples of zinc sulfide, however, has 
been found satisfactory.

M iscellaneous. Several outstandingly bad colors should be 
mentioned. The rhodamines, brilliant green crystals, and the 
nigrosine blacks have a deleterious effect and must be avoided.

Relative Strength

In  the preparation of fight stability samples, all colors 
were matched to approximately the same intensity; hence 
the amount used is an indication of the tinting strength of 
the material. The relative strength figures in Tables H I  
and IV  are the reciprocals of the concentrations used in 
the standard light stability samples. For example, fithol 
rubine required 0.01 per cent color, hence its relative strength 
is 100; madder lake used 0.04 per cent, and its relative 
strength is therefore 25.

Dispersion Problem s

W ith unplasticized compounds very little difficulty is 
encountered with dispersion of coloring materials added as 
dry powders prior to fluxing. The shearing forces en
countered in fluxing and mixing these relatively stiff com
pounds are sufficient to break up agglomerates and disperse 
practically all types of coloring materials. The plasticized 
stocks present a very different problem, however. In  this 
case bleeding requirements limit the choice to pigments 
(inorganic and organic) which, in general, are more difficult 
to disperse than dyes.

Two solutions are possible for dispersion problems. The 
first is to grind the pigment with plasticizer into a thick 
paste on a three-roll paint mill. This is highly satisfactory 
for most pigments. Specifically, dibutyl Cellosolve phthal- 
ate and di-(2-ethylhexyl) phthalate have been successfully 
utilized. The latter is superior in wetting characteristics 
and produces easy-grinding pastes. For the organic pig
ments, 30 to 50 per cent of pigment by weight generally 
produces a paste of suitable consistency. Considerable 
work has been done on the use of wetting agents in con
junction with pigment grinding for the printing ink and paint 
industry which can be of value here. Addition of a wetting 
agent results in more highly viscous pastes with some pig
ments (4) for a given pigment-plasticizer ratio.

Another solution to the dispersion problem for organic 
pigments is by the use of flushed colors prepared by the 
color manufacturer. These are colors which are wet with 
plasticizer, for example, after precipitation of the coloring 
material from water solution and prior to drying. In  this 
way the formation of agglomerates is largely eliminated, 
which results in a more readily dispersible paste.

Color M aster B atches

In  the procedure for the preparation of fight stability 
test samples, the use of a one per cent milled master batch 
was mentioned as an aid to weighing the small quantity of 
color required. Powder master batches have been found



374
I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 35, No. 3

useful in increasing accuracy and facilitating weigh-up 
procedures, wherever small quantities are involved, by 
eliminating the necessity of using an analytical balance. 
Concentrations of 0.1, 1.0, and 10 per cent color in dry co
polymer resin powder are commonly used.

Homogeneous batches are obtained by ball milling the 
dry color and resin powder in a pebble mill for several hours. 
Iron mills or balls should be avoided because of the possi
bility of contamination. Some grinding action results from 
this treatment, which may increase the ease of dispersion of 
a few pigments although the method is not nearly so effective 
as grinding the pigment into paste on a three-roll paint mill, 
as previously discussed above. The primary object is the 
production of a uniform dilution.
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C R E E P  A N D  C R E E P  R E C O V E R Y

I n  P l a s t i c i z e d  P o l y v i n y l  C h l o r i d e

HERBERT LEADERMAN
Massachusetts Institute of Technology, Cambridge, Mass.

Tim e effects play an im portant part in the 
m echanical behavior o f plastics and textile 
fibers at room tem perature. In m any cases 
these tim e effects are due m ainly to the 
existence o f a delayed elasticity super
imposed upon Hooke’s law or instantaneous 
elasticity , the delayed com ponent of the 
deform ation being a function of the pre
vious loading history.

M ethods are discussed o f investigating  
the delayed elastic behavior in the light of 
B oltzm ann’s superposition principle. It is 
shown that this principle is obeyed by plas
ticized polyvinyl chloride specim ens under 
sm all longitudinal deformations.

I N  TH E  development of plastics and synthetic fibers at
tention has been concentrated in the past on the attain
ment of satisfactory strength without undue brittleness. 

Consequently, mechanical tests were limited to the measure
ment of strength and ultimate deformation. There are, 
however, many technologically important mechanical prop
erties of plastics—fatigue, impact strength, damping or in
ternal friction, and the so-called cold flow—which bear little 
relation to strength and extensibility. Load-deformation 
tests yield little information concerning these properties. 
In  the mechanical behavior of high polymers a marked time 
effect exists, and a study of this effect is likely to lead to a

better understanding of the mechanism of deformation as 
related to constitution.

Primary Creep

Under certain circumstances irreversible flow phenomena 
in high polymers can be eliminated. The time effect may 
then be described as a delayed elasticity superimposed upon 
Hooke’s law or instantaneous elasticity. A t any instant the 
deformation of a body thus consists of an instantaneous com
ponent, proportional to the load acting at that instant, to
gether with a delayed elastic component whieh is a function of 
the previous loading history. This delayed elasticity will be 
denoted by the term “primary creep”.

Let us suppose first that a constant load is applied to a 
body at zero time and left in position for 24 hours; at the end 
of the period the load is removed, as in the load-time diagram 
in Figure 1.

In  general, we may represent the corresponding deforma
tion-time diagram by Figure 1(a). While the body is under 
the load, the deformation increases continuously; i. e., creep 
takes place. Following load removal, the residual deforma
tion is not constant but decreases gradually with time; i. e., 
creep recovery takes place, after which a permanent set re
mains. I f  this experiment is repeated, it may often be found, 
if the load is not too large, that the behavior represented by 
Figure 1(6) is obtained. In  this case the body eventually 
regains the form it possessed at the beginning of the test, and 
further permanent deformation in similar subsequent tests 
under the same or smaller load will be absent. Under these 
circumstances the body is said to be “mechanically con
ditioned”, and the creep and creep recovery are then of the 
nature of the delayed elasticity described above. This paper
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LOAD

(a)

DEFORMATION

T I M E  HRS.

F igure 1. C r eep  and Creep  R ecovery

is concerned with the laws governing such delayed elastic 
behavior and with an investigation of the nature of this 
behavior in a series of plasticized polyvinyl chloride specimens.

The Superposition  Principle
The problem of the delayed elastic behavior of bodies such 

as glass and silver filaments was important about ninety years 
ago (4-7). These bodies were useful as the suspensions of 
electrical and magnetic measuring instruments, and it was 
necessary to know to what extent the elastic behavior of the 
suspensions was affected by the previous deformation history. 
Boltzmann (1) advanced a hypothesis which gave a general 
relation between load, time, and deformation for materials 
such as glass which manifest delayed elasticity at room 
temperature. This hypothesis, called the “superposition 
principle” of Boltzmann, appears to be in agreement with the 
experimental data on glass. I t  is reasonable, therefore, to use 
this principle as a basis for the study of the primary creep 
properties of high polymers, bearing in mind that in the latter 
case the range of reversible elasticity is much greater than for 
glass.

The superposition principle may be stated as follows: YV e 
assume that when a load, P, is applied at zero time to a pre
viously unloaded body, an instantaneous deformation occurs 
first, proportional to load P. This subsequently increases by 
the delayed deformation, which is assumed to be again pro
portional to load P and to a function, 'pit), of the time under 
load t. Thus if F is a form factor and E is the appropriate 
instantaneous modulus, the instantaneous deformation is 
given by (FP/E) and the deformation, xt, at time t by.

x,  = ( F P / E )  11 +  M ( t ) \  ( ' )

where /3 =  a constant
\p(t) =  the creep function

Now let us assume that various loads, /  6, are applied at 
times 6 previous to a given instant, t. According to Boltz
mann’s principle, the deformation at time t due to the several 
previously applied loads is assumed to be equal to the simple 
summation of the deformations which would have been ob
served at that instant if each of the loads had been indepen
dently applied. The deformation Xt at time t due to all 
the previously applied loads is thus assumed to be given by

e =
Xt = 11 +  M<t ~ V I (2)

0 =    CO

Equation 2 is one form of the superposition principle.

DEFORMATION ■

The problem is now to devise experiments by means of 
which the validity of Equation 2 can be demonstrated. Two 
methods of test have been used in the investigations on plas
ticized polyvinyl chloride and other materials; these tests 
will be called the “long-duration creep and recovery test” and 
the “superposition test” , respectively.

L ong-D uration Test
Let us suppose that, to a body manifesting only primary 

creep, a constant load is applied at zero time, as shown by the 
load-time diagram in Figure 2(a), and that the corresponding 
deformation-time diagram is given by curve abc in 2(6). The 
deformation at time t will be denoted by dc. Let us suppose 
alternatively that the load is removed at some time, T, at 
which the deformation is proceeding very slowly; the course 
of the deformation after removing the load will be given by a 
curve such as bde in Figure 2(6). According to the superpo
sition principle, we may determine the course of the creep re
covery by assuming that the original load applied at zero time 
continues indefinitely, and that a negative load of equal mag
nitude is applied at the instant T. Consequently at time 
(T +  t) the deformation is that due to the first load 
diminished by that due to the negative load—i. e., by <i.

LOAD

I (a.)

TIME

F igure 2. L ong-D uration Creep  and 
R ecovery T est

Following removal of load at time T, the (negative) 
deformation due to load removal, dr, as a function of recovery 
time is nearly the same as the deformation due to load 
application dc as a function of creep time, since we have 
assumed that at instant T the deformation is increasing 
only slowly with time. According to the superposition 
principle, therefore, in such a test d, and dc should be nearly 
the same for small values of creep or recovery time t; thereafter 
dr should be progressively less than dc as t approaches the 
value of the total time under load T. Furthermore, the value 
of the deformation at any particular instant should be 
proportional to the load used in the test.

T he Superposition Test
In  this type of test much less time is required than in the 

previous test. This test does not give so much information 
concerning the nature of the creep function \p(t) ; on the other 
hand, it is a more rigorous test of the superposition hypothe
sis than is the simple long-duration creep and recovery experi
ment. Let us suppose that a constant load is applied to a 
previously unloaded body, as shown by the broken line in 
Figure 3(a), and that the corresponding deformation as a 
function of time under load is as given by the broken line in 
3(6). Now let us suppose alternatively that the load is re-
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LOA O LONG DURA T/ON
T E ST

C R E E P  I C R E E P  H
(a)

RECOVERS I RECOVERY U

T IM E , M IN U TE S

F igure 3. Superposition Test

moved after 10 minutes, and that the specimen is allowed to 
recover for a further 10 minutes. The load is then assumed to 
be reapplied for a further 10 minutes and so on, as in 3(a). 
During this test the change in deformation with time is ob
served, as shown in 3(6). I f  the delayed elasticity of the body 
obeys the superposition principle, it is possible to compute, 
for example, the broken curve in 3(6)—representing creep 
under uninterrupted loading—from data on the creep and re
covery under the interrupted loading scheme shown by the 
unbroken line in 3(6). I f  data on both types of test for the 
same material under the same load are available, then it is 
possible to determine whether the principle gives a valid de
scription of the creep and recovery behavior under the com
plex loading history of the superposition test.

Let us suppose in the superposition test of Figure 3 that 
the deformations at corresponding times, t, after the com
mencement of each creep or recovery stage is given by a, 6, c, 
and d, respectively. The geometrical construction in 3(c) 
shows that the deformations at the corresponding instants in 
a simple creep test under uninterrupted loading should be 
equal to a, (a+6), (6+c), and (c+d), respectively. In  this 
way it is again possible to demonstrate whether the delayed 
elasticity of a body obeys the superposition principle.

Plan of the Tests

M a t e r i a l s .  Experiments were carried out according to 
the above two schemes on the longitudinal creep and creep 
recovery properties of three specimens of polyvinyl chloride 
plasticized with tricresyl phosphate. Unplasticized polyvinyl 
chloride is normally “glassy” at room temperature. In  such 
materials the time effect is not very marked in the sense that, 
if a constant load is applied to a specimen, the deformation in
creases relatively slowly with time. When this material is 
highly plasticized, it becomes rubberlike; again in this ma
terial time effects are comparatively small. I f  the unplas
ticized material is heated beyond a certain ill-defined transi
tion temperature, it becomes rubberlike; on the other hand,

if the highly plasticized material is cooled below room tem
perature, it becomes hard and glassy. Materials with inter
mediate degrees of plasticization are either somewhat leathery 
or possess what may be called “lazy rubberlike elasticity”. 
In  contradistinction to glassy or rubberlike materials, time 
effects (creep and recovery) are very noticeable in these ma
terials, and hence they are especially suitable for studying the 
phenomenon of delayed elasticity.

P r o c e d u r e .  The specimens were lettered A, B, and C and 
had the following compositions, expressed as weight of tri
cresyl phosphate per 100 parts by weight of polyvinyl chlo
ride:

40
50

110

Longitudinal creep tests were carried out on specimens cut 
from sheets of each material. The specimens were about 13  cm. 
long, 25 mm. wide, and 0.8 mm. thick. In the long-duration 
creep tests a given weight was applied rapidly but carefully at 
zero time to the lower end of the specimen, the upper end of
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40 -tO

O'

B
© O

s. s s
4 .0

3.79
+o

, O o  +
+ O F °  +

F O + °

I  S : o * o - ° * o -

O F

o  F a
+ o  o  o  F

_j_

O CREEP 
+  RECOVERY

o o  O

C
+  RECOVERY \

O  O O

o F o +  oF n +  O  F o  F  O  F O
o  F  CF €> F

O  + O F Q F O  t O F O F O F O F  - O F

i .o i

©

1.01 
OF

10 100 IOOO
CREEP OR RECOVERY TIME, MINS.

Figure 4. Long-D uration T ests on Specimens A, B, and
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which was fixed. The changes in length with time were observed 
by a cathetometer reading to 0.01 mm. In the long-duration 
creep tests the load was left in position for about 24 hours: ob
servations were made at 15 , 30, 45 seconds, and 1, 2, 3, 5, 7, 10, 
15, 20, 30, 40, 60, 90 minutes after the instant of application of 
load, and at convenient times thereafter. After about 24 hours 
the load was removed, and the change in length was observed 
s i m i l a r l y  for 24—48 hours. From the initial observations just 
before load application or removal, the extension under load as a 
function of creep time and the contraction due to load removal as 
a function of recovery time could be determined. The experi
ments were carried out in a room in which the temperature was 
held nearly constant at 2 1.5 ° C. and the relative humidity at 
about 62 per cent.

 7 ?LONGITUDINAL DEFORMATION .
.Q - '
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Q— *
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F igure 5. Cr eep  B ehaviob of Specimen A
Circles, observ ed  d e fo rm a tio n s ; d o ts , c o m p u te d  fro m  s u p e rp o s itio n  te s t  d a ta .

The general procedure in the long-duration tests was as follows. 
A long-duration test was carried out on a specimen as described 
above, with the largest load to be used for the given specimen. 
Recovery was allowed to take place in each case for about 48 
hours. Apparently by this time the creep recovery had reached 
completion, and there was a slight permanent deformation. A 
second long-duration test was performed with the smallest load 
used on the specimen, this time allowing only 24 hours for re
covery. The long-duration test was subsequently repeated at 
successively larger loads. After the first, or mechanical condi
tioning, test there was in general no further evidence of non- 
recoverable deformation; hence the data refer only to the instan
taneous and delayed elasticity of the specimens. With this pro
cedure interference on the data of any one experiment due to 
residual effects of previous experiments was minimized.

Results o f L ong-D uration  Creep and  
Recovery T ests

Figure 4 shows the behavior following me
chanical conditioning of plasticized polyvinyl 
chloride specimen A in a series of long-duration 
creep and recovery tests under constant loads 
corresponding to stresses of 6.0,4.0, and 2.0 kg. 
per sq. cm. The extension under each load is 
shown as a function of time under load, and the 
contraction due to removal of load as a func
tion of recovery time. For times up to about 
200 minutes the corresponding extensions and 
contractions in each test are nearly the same; 
thereafter the contractions in the recovery test 
are slightly smaller than the correspond
ing extensions. Furthermore, at any given 
time value the longitudinal deformation 
is closelv proportional to the load used

in the test. These results are thus in agreement with the 
superposition principle. The curves in Figure 4 for specimen A  
are, in general, concave upward on the logarithmic time plot ; 
this is characteristic of unplasticized or slightly plasticized 
resins. The deformation after 24 hours under load is about 
nine times that observed 15 seconds after the instant of load 
application. This large increase in deformation with time 
cannot be attributed to the existence of cold flow, since 
subsequent to removal of load the specimen regained its 
original length. Presumably, in an unplastieized specimen of 
polyvinyl chloride a similar but less marked creep behavior 
would be observed.

The behavior in long-duration creep and recovery tests fol
lowing mechanical conditioning of specimen B is also shown 
in Figure 4. In  this case the same general behavior regarding 
the agreement of creep and recovery deformation holds; the 
curves are, however, slightly concave upward at first and 
thereafter slightly concave downward, and the deformation 
after 24 hours under load is only about four times that ob
served 15 seconds after the instant of load application.

Similar tests on specimen C, which has a rubberlike be
havior, show that time effects are much less marked than for 
specimens A  and B (Figure 4). Under small deformations the 
behavior is consistent with the superposition principle. In  
tests under loads corresponding to large deformations, there 
is a systematic deviation from the behavior observed in the 
less plasticized specimens; at corresponding instants of time 
the contraction following load removal is greater than the ex
tension under load. This departure from the behavior dis
cussed previously is attributed to the increase in stress on the 
specimen and in the orientation of the molecular chains while 
the specimen is extending under load. These curves are, in 
general, concave downward, and seem to be characteristic of 
the creep and recovery behavior of rubberlike materials. 
The creep curve for the highest load used tends to be slightly 
concave upward towards the right-hand end, suggesting that 
there is superimposed upon the delayed elastic deformation a 
slight nonrecoverable flow.

Superposition Test Behavior o f Specim en A

A superposition test following the scheme of Figure 3 was 
carried out on specimen A; from the observations, by means 
of the superposition principle, the anticipated creep behavior 
was computed for a simple creep test under the same load 
These computed deformations as a function of time under 
load are represented by the dots in Figure 5. The circles 
represent the observed deformations in a simple creep test 
carried out after the superposition test, using the same load. 
The close agreement between these observed deformations and 
those predicted from the superposition test data suggests that 
the delayed elastic behavior obeys the superposition principle.

F igure 6. L oad-Defobmation B ehaviob of Specimen  B
(а) 30-second  lo a d in g  in te rv a l
(б) 1-m in u te  lo a d in g  in te rv a l 
(c) 2 -m in u te  lo a d in g  in te rv a l
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Load-Deform ation Tests on Specim en B
Figure 6 represents the behavior in load-deformation tests 

of specimen B. The load was applied in three equal steps 
over equal intervals of time and removed in the same fashion. 
The extension of the specimen was observed at the mid-point 
of each loading interval. On completion of the cycle, a second 
cycle was traced by the same procedure. Following the last 
removal of load, the specimen was allowed to rest; after some 
time it had restored itself nearly to its original length. The 
tests were carried out with time intervals of 30 seconds, 1 min
ute, and 2 minutes between each load application or removal. 
The crosses represent the observations. The effect of in
crease in loading interval is to shear over the load-deformation 
loops, a geometric change in time-interval causing an arith
metic displacement in the loops.

Since after each test the specimen recovered to its original 
length, the load-deformation loops in these tests must be due 
to the existence of delayed elasticity superimposed upon in
stantaneous elasticity. From the creep data on specimen B 
(Figure 4) the load-deformation loops were computed for 
each test by the superposition principle. The computed 
deformations are joined by straight lines in Figure 6. The 
agreement between the observed and computed deformations 
indicates that in this case the load-deformation loops are due 
solely to the existence of a delayed elasticity obeying the 
superposition principle.

Conclusions
Except for the mechanical conditioning tests and possibly 

the test under the largest load used on specimen C, nonrecov- 
erable flow is absent, and therefore the change of deformation

with time under constant load is of the nature of delayed 
elasticity. Such behavior is not unexpected in, for example, 
Glyptal resin at elevated temperatures {2, 3, 8) since in this 
material chemical cross bonds link the primary valence chains. 
I t  must be assumed that in the plasticized polyvinyl chloride, 
points of entanglement exist between the chains which are 
sufficiently strong to prevent any observable slippage under 
the conditions of test. The creep and creep recovery must be 
due to the straightening and refolding of the chains between 
the points of entanglement. Such straightening and folding 
of the primary valence chains is presumably retarded by the 
existence of secondary forces between the chains. These 
secondary forces are diminished when the temperature is 
raised or when plasticizer is added.
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R e m o v a l  o f  I r o n  f r o m  W a t e r

Use o f Carbonaceous Ion Exchangers
F. K. LINDSAY

National Alumínate Corporation, Chicago, 111.

T H E presence of iron in water has long been considered 
both an industrial and domestic problem. In  textile 
dyeing, the beverage industry, ice making, food canning, 

as well as many other industrial processes, the removal of 
any iron present in the current water supply is considered 
essential. I t  requires less than 1.0 part per million of iron 
in water to stain household bathroom fixtures and kitchen 
sinks. Comparatively small amounts of iron are more 
troublesome in the household laundry because of stain- 
producing characteristics than appreciable concentrations 
of the hardness-giving constituents, calcium and magnesium. 
The modern municipal water treatment plant recognizes 
these facts and aims to reduce the iron present in the supply 
delivered to the consumers to concentrations of 0.1 to 0.2 
p. p. m.

While methods involving either oxidation or chemical 
coagulation and precipitation have been developed for the 
industrial removal of iron, these processes are not always 
satisfactorily applicable to the problem at hand. Wherever 
it is more convenient to keep the water under pressure at all 
times, the above mentioned procedures are not easily applied. 
With the extension of electric power and the building up of

suburban communities, thousands of homes are dependent on 
private wells for their water supply. Many of these wells 
contain soluble iron. These domestic supplies have not 
been satisfactorily treated by aeration or coagulation.

The zeolite method of water softening has long been recog
nized as a satisfactory method for domestic water softening. 
Since the introduction of the newer organic types of ion 
exchangers which can be regenerated with either sodium 
chloride or dilute acid, the industrial applicability of products 
of this type has been greatly increased. While considerable 
has been written (I, 2, 3) regarding the application of the 
carbonaceous exchangers to the removal of hardness and the 
reduction of bicarbonate alkalinity in water, minor references 
only have appeared relative to the ability of products of this 
type to remove iron. I t  is fortunate that these carbonaceous 
exchangers are inherently iron removers as well as water 
softeners.

M echanism  of Iron Removal

When it was found that carbonaceous exchangers would 
remove iron from water as well as calcium and magnesium, a
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series of tests was made to determine the mechanism by 
which the removal was obtained. A  quantity of commer
cially available carbonaceous exchanger (Xalcite A X) was 
regenerated with sodium chloride and thoroughly washed to 
remove excess régénérant. Samples (5.3 grams) of the ex
changer were added to 100-ml. samples of water containing 
varying concentrations of soluble iron. The samples were 
agitated for 30 minutes, after which the residual soluble iron 
was determined in each sample. A  plot of the data ob-

Table I I I  indicates that the Fe++ ion will displace the 
calcium ion and also the magnesium ion. These ions are 
not displaced so readily as the sodium ion, however, particu
larly in the case of calcium. The initial capacity of the 
calcium regenerated material is not so high, and its capacity' 
is not maintained on repeated regeneration.

The presence of iron com pounds in  m any  
M ater supplies presents a problem  com par
able in  im portance to  th a t o f hardness- 
form ing con stitu en ts, th e salts o f calcium  
and m agnesium . The application  o f a 
typical carbonaceous ion  exchanger to th e  
removal o f iron from  public M ater supplies 
is discussed. The m echanism  of iron re
m oval is explained. Comparative capacity  
data covering th e removal o f iron, calcium , 
and m agnesium  from  pure so lution s are 
given, together M i t h  tables on th e effect o f  
varying concentrations o f iron on th e  capac
ity  o f th e exchanger for its  rem oval.

Data on th e  influence o f varying concen
trations o f calcium  and m agn esiu m  salts 
on th e  capacity o f th e  exchanger for iron  
removal are given. Examples are cited  
illu strating industrial and dom estic appli
cations o f th e carbonaceous exchangers to  
th is problem .

The ion replacement characteristics of the carbonaceous 
material revealed in Table I I I  were further verified in a series 
of tumble tests. Samples of the exchanger were regenerated 
with sodium chloride, magnesium chloride, and calcium 
chloride. Excess regenerant was eliminated from each of 
the three samples by washing with distilled water. The 
samples were then “tumbled” for a 30-minute period with 
100 ml. of distilled water containing 40 mg. of iron as Fe. 
A t the end of the contact period, the water from each sample 
was analyzed for soluble cations. In  each case the quantity' 
of cation displaced from the exchanger bed was practically' 
equivalent to the amount of iron picked up by' the exchanger 
bed (Table IV ).

tained made on log-log paper gives a straight line which 
follows the Freundlich adsorption isotherm (Table I) .

Table I. Adsorption'  or I kon b y  5.3 Grams of Carbonaceous 
E xchanger in 100 M l . of Solution

M g. F e  in  S oln . M g. F e  A d so rb ed  '
M g. F e  in  S oln . a f te r  A d so rp t io n  G ra m  A d so rb e n t

40  2 .4  7 .1
60 S .4  9 .7
SO 21.6 11.0

100 3 1 .2  13 .0

Other investigators have revealed that the removal of ions 
by adsorption and by ion exchange are closely allied. Our 
work in the removal of iron by carbonaceous exchangers 
verified this fact. Typical ion-exchange columns were set 
up, and the carbonaceous material was regenerated as in 
zeolite softening with dilute sodium chloride solution. Ex
changer capacity tests were carried out on pure solutions of 
ferrous sulfate. The solutions varied in iron content from 
5 to 48 p. p. m. of iron expressed as Fe. A ll synthetic solu
tions used in the laboratory were freshly made several times 
daily, excess carbon dioxide was added, and added pre
cautions were taken to prevent oxidation of the iron by air 
contact. As the exchanger beds remained free of precipitated 
iron and the results obtained were found to be reproducible, 
it was felt that the precautions taken to eliminate oxidation 
were adequate for all practical purposes. Table I I  indicates 
that the capacity of the material for the removal of iron from 
pure solutions is comparable to its capacity for hardness 
removal. I t  also indicates that appreciable iron concentra
tion is required to affect removal capacity adversely.

T a b l e  I I .  C a p a c i t y  o f  M a t e r i a l  f o r  I r o n  R e m o v a l

H ard n ess  P r e s e n t“ I r o n  P re s e n t E x c h an g e  C a p a c ity
as C aC O j, P .  P . M . a s  F e , P . P . M . a s  CaCO », G ra in s /C u . F t .

85 0 "200
171 0 6800

0 5 5900
0 10 6230
0 15 6500
0 48 4930

“ T w o th i rd s  ca lc iu m  s a lts ,  one th i r d  m a g n es iu m  sa lts .

After proving definitely that the tubes could be regenerated 
with sodium chloride and the above results obtained on cycle 
after cycle, regeneration of the tubes was carried out with 
calcium chloride and magnesium chloride.

T a b l e  I I I .

R eg e n eran  i  
U sed

X a C l
M g C h
C aC li

R e p l a c e m e n t  o f  C a l c i u m  a n d  M a g n e s i u m  b y  
I r o n

I ro n  In f lu e n t

A s F e , 
p . p . m .

15
15
15

CaCO *, 
g ra in s / gal.

1.57
1.57
1.57

H ard n ess
E fflu en t

a s  CaCO *, 
G ra in s , G al.

0
1 .5
1.5

I ro n  R em o v al 
C a p a c ity  

as CaCO*, 
G ra in s /G a l .

Ô500
6000
3-450

T a b l e  T V .  R e s u l t s  o f  T u m b l e  T e s t s  o n  S a m p l e s  C o n t a i n 
i n g  40 M g. I r o n

R é g é n é ra n t
U s e d

N a C l
M g C l.
C aC li

F in a l  I ro n , 
M g . F e

1.6
7 .0

I ro n  R em o v ed , Io n s  D isp la c e d  fro m  
M g . F e  B ed , M g . F e

38.4
33 .0
30.2

X a , 39.5  
Mg, 35 .5  
C a , 27.9

Removal from  N atural W aters

In  the removal of iron from natural water supplies, the prob 
lem is somewhat complicated by' the presence of calcium anc 
magnesium salts. Because the Fe++ ion can displace tin 
calcium and magnesium ions, the removal of the iron wil
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continue after the hardness (calcium and magnesium) re
moval capacity of the sodium chloride regenerated carbon
aceous exchanger has become exhausted (Table V, examples 
2, 3, 5, and 6).

T a b l e  V .  R emoval o p  I kon from Natural Water Supplies

H a rd 
ness as 
CaCOa, 

N o. P . P . M .
0

120
120
120
510
510
510

Iro n  
as Fe, 

P . P . M .
5
5

10
20

5
10
20

H ard n ess- 
free w ate r

1ÓÓ0
1000
1000
210
210
210

-G a llo n s  p e r C ubic F o o t

Iron -free
w ate r

11,814
5,260
2,400
1,000
4,920
2,300

210

Iro n -free  w ate r 
o b ta in ed  be

yond  soften ing  
cycle

4260
1400
N one
4710
2090
N one

Because the replacement of the calcium and magnesium 
ions does not proceed so readily as the replacement of the 
sodium ions, the capacity of the exchanger for the removal of 
the iron in the presence of the calcium and magnesium is not 
so great as indicated above from pure iron solutions (Table 
V, examples 1 and 2).

When the concentration of iron- and hardness-giving con
stituents are both appreciable, the characteristics of the 
exchanger for the removal of iron are modified (Table V, 
examples 4 and 7). While the exchanger will continue to 
remove a large percentage of the influent iron after its capac
ity for hardness removal has become exhausted, the residual 
iron in the treated water will be too high (above 0.3 p. p. m.) 
to make the water satisfactory for use. Results to date in
dicate, therefore, that when the concentration of iron in the 
raw water approaches 20 p. p. m., the iron-removal cycle 
must be terminated at the same time as the hardness-removal 
cycle.

In  all cases investigated to date, the complete removal of 
the iron present continued at least throughout the entire 
hardness-removal cycle. This is important in domestic 
water treatment as the treated water is not of satisfactory 
quality if it contains either appreciable hardness or soluble 
iron. In  the examples shown having hardness concentrations 
of 120 and 510 p. p. m., where the iron present was 10 p. p. m. 
or less, the removal of iron took place without regard for the 
concentration of hardness present and continued beyond the 
hardness-removal cycle.

Indications are, therefore, that with a water having 10 
p. p. m. of iron and a very low hardness concentration (10-20 
p. p. m.), the amount of iron-free water obtained beyond 
the softening cycle would be very small, but the capacity for 
iron removal would approach that obtained on hardness- 
free water. I t  would also appear that on an extremely hard 
water with the same iron content (10 p. p. m.) the amount 
of iron-free water obtained beyond the softening cycle 
would increase to approximately 2200 gallons per cubic 
foot. Inasmuch as the large majority of municipal and

industrial iron-bearing water supplies contain concentra
tions of less than 5 p. p. m. of iron as Fe, the carbonaceous 
ion exchanger can be satisfactorily used for the removal of 
the iron from these supplies and will turn out high-capacity 
cycles of iron-free water as above indicated (Table V).

Table V I gives analyses of four natural waters which are 
being satisfactorily treated by the carbonaceous ion ex
changer, Nalcite AX, regenerated in each case by sodium 
chloride. The analyses of the effluent waters are also listed. 
Sample 4 shows that manganese also can be satisfactorily 
removed (Table V I ) .

While working on this investigation, it  became apparent 
that the pH of the iron-bearing water had considerable in
fluence on the removal capacity of the carbonaceous ex
changer. In  most of the laboratory tests the pH of the 
water was adjusted to 5.8. Field tests conducted on supplies 
having a pH of 6.8 or above revealed the possibility of higher 
exchange capacities than those given in the attached tables.

T a b l e  V I .  A n a l y s e s  o p  F o u r  N a t u r a l  W a t e r s

-C o n s titu e n ts  P re s e n t as  C a C 03, P . P . M .-
S upp ly  1 S u p p ly  2 S u p p ly  3 S u p p ly  4

R aw S oftened R aw S oftened R aw S o ften ed R aw  S oftened

C a(H C O s)2 252 0 340 0 170 0 258 0
M g(H CO a)s 136 0 58 0 0 0 34 0
N aH C O a 0 387 0 398 0 170 0 292
CaSOa 0 0 0 0 39 0 0 0
MgSOa 109 0 95 0 94 0 41 0
NasSO* 29 138 95 190 0 133 24 65
N aC l 8 8 17 17 12 12 16 16
F e° 12 0 to  0 .2 17 0 to  0 .2 23 0 to  0 .2 9 .6 0
M n b 0 0 0 0 0 0 3 .4 0

a E xp ressed  as p. p. m . of F e. 
b E xp ressed  as p. p . m. of M n.

In  the field the test units were connected directly to the 
source of supply so that water contact with the exchanger was 
obtained before oxidation and subsequent precipitation 
could take place, as the exchanger particles remained clean 
and free of oxidized iron at all times. In  this same connec
tion, it became evident that the use of a neutralizing ma
terial placed ahead of the carbonaceous exchanger to react 
with high concentrations of free carbon dioxide would be an 
aid to higher capacity attainment as well as a help in corro
sion control. While it is planned to carry out further field 
work, focusing the attention on the pH of the iron-bearing 
water, the work carried out thus far indicates that the car
bonaceous ion exchanger is very applicable to the removal of 
iron from both industrial and domestic water supplies.
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P o s s i b l e  I n d u s t r i a l  U t i l i z a t i o n  o f  

S t a r c h  E s t e r s '

JAMES W. MULLEN II2 AND EUGENE PACSU
Princeton University, Princeton, N. J.

T he properties o f starch triesters w hich  
m igh t m ake th em  industrially  usefu l are 
discussed. Because o f th e  m olecular shape 
o f starch, its  esters w ill probably never pro
duce m olded articles o f great strength . In  
m olding their use will be confined to th a t of 
a d ilu en t and plasticizer for other therm o
plastic m aterials.

Definite possibilities do exist, however, 
for these esters in  th e coating, sizing, and  
adhesive industries. The starch esters w ill 
perhaps find their greatest usefu lness in  
two relatively new b u t im portant fields—  
th e preparation o f aqueous em ulsions or 
suspensions o f h igh  polym ers and th e  com 
pounding o f soft rubberlike p lastics.

T H E  large quantity of starch available and the low 
price at which it can be obtained have resulted in 
considerable research for derivatives with industrially 

utilizable properties. Reference is made only to some of 
the more recent work (1, 2, 5, 6, 8-11). "Many uses have 
been suggested for these starch derivatives, including ap
plication as thermoplastic moldings, coatings, films, adhesives, 
sizing and stiffening agents for paper and textiles, and even 
as flotation agents in ore and mineral recovery processes. 
The purpose of this paper is to discuss the properties of the 
starch esters prepared by the process already described (6), 
and to see if these properties are favorable for commercial 
utilization of the esters. These derivatives are the full 
triesters; they are characterized by high molecular weight 
(from about 500,000 for the acetate to well over 1,000,000 
for those containing larger acyl groups) which is due to the 
freedom from degradation of the native starch under the 
conditions of the process. In  consequence of these high 
molecular weights the esters form only colloidal solutions, 
the ease of dispersion being different for different esters. 
The viscosities of these ester “solutions” are considerably 
higher than those for the corresponding cellulose esters, 
especially at higher concentrations. The viscosity relations 
were fully discussed in the previous paper (6). Melting takes 
place over a range of about 100° C. Within this range the 
esters are plastic and workable.

How the properties of the esters vary from species to 
species was shown previously (6), and this point will not be 
stressed further.

Properties o f Starch Esters

F a t t y  A c id  E s t e r s .  The triacetate, tripropionate, 
tributyrate, and tricaproate of starch are all white powders 
(Figure 1). On application of heat they soften at progres
sively lower temperatures with increasing size of the acyl group. 
The caproate is puttylike at room temperatures, whereas 
the acetate softens just under 200° C. The melting range

1 F o r  th e  f irs t tw o  p a p e rs  in  th is  series, see  l i te r a tu r e  c i ta t io n s  6 a n d  6.
2 P e rm a n e n t  a d d re s s , 4909 C a ry  S t r e e t  R o a d , R ic h m o n d , V a.

is wide for all these esters, covering nearly 100° from the 
softening point to the formation of a clear melt. They are 
all insoluble in water. The acetate is insoluble in the lower 
alcohols and ether, but the other members of the series tend 
to become gummy in these solvents. Practically all of the 
ordinary organic solvents swell or colloidize these esters. 
Dispersion is perhaps best in the aromatic or the halogenated 
hydrocarbons and in the tertiary organic bases. Ease of 
dispersion in these solvents decreases with increasing molecu
lar weight (i. e., increasing size of the acyl group) as well 
as with the natural increase in molecular weight which was 
observed (6) to parallel increase in granule size from species 
to species. These “solutions” are very viscous, a 10 per 
cent solution of acetate in acetone showing practically no 
tendency to flow. However, it  must be noted that the 
viscosity of these “solutions” depends somewhat upon the 
length of time they have been allowed to stand after 
dispersion. For example, immediately after removal from 
the colloid mill, the 10 per cent solution is viscous but still 
fluid. After 48 hours the “solution” has set to an immobile 
gel. This gel may then again be redispersed. Such be
havior is due entirely to aggregation phenomena.

E s t e r s  o f  D ib a s ic  A c id s. When the anhydride of a 
dibasic acid (e. g., phthalic anhydride) is reacted with an 
alcohol, one carboxyl group is set free. The preparation 
of such esters involving cellulose as the alcohol was dis
cussed by Malm and Fordyce (8). Such esters prepared 
from starch cannot be precipitated from their pyridine re
action jelly by addition of excess water, since their pyridine 
salts, formed between the pyridine and the three free car
boxyl groups present on each six-carbon unit, are water 
soluble. The precipitation must be carried out by the 
addition of the calculated amount of dilute acid.

The triphthalate and the trisuccinate of starch are both 
white powders, insoluble in water of pH  7 or less but dis
solving in dilute alkalies. They are soluble in methyl and 
ethyl alcohol. In  the molten state they have strong adhesive 
properties.

I f  the succinate is dissolved in absolute methyl alcohol 
and a few drops of sulfuric acid added, a white precipitate

381
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F igure 1. Corn
starch T ripro
pionate in THE 
F orm of a White 

Powder

F igure 2. B ar 
and Small Cup 
Molded from 
C o r n s t a r c h  
T ripropionate, 
P l a s t i c i z e d  
with 10 Per  
Cent D ibutyl 

Phthalate

is thrown down in a short time. This is the methyl ester 
of the starch trisuccinate. A similar reaction is obtained 
with the phthalate.

S t a r c h  T r i b e n z o a t e .  This is one of the few esters 
which may be prepared from the acid chloride via the 
pyridine method using no other diluent. The pure ester 
is white, but as usually prepared it retains a trace of color 
from the deep orange reaction mixture. Its properties 
resemble those of the lower fatty acid esters. Most notable 
is the strong adhesive bond which it forms with metals. 
I f  some of the molten benzoate is pressed between two blocks 
of steel and allowed to cool, it becomes exceedingly difficult 
to break the steel blocks apart. This bond is even stronger 
after the ester has been suitably plasticized.

E s t e r s  o f  R o s i n  A c i d s .  The rosin acids (e. g., abietic) 
contain a conjugated double-bond system to which may be 
added maleic anhydride. This adduct, possessing an an
hydride grouping, may then be used to esterify starch. 
Actually they were obtained by partial estérification of starch 
with the adducts of methyl abietate and diethylene glycol 
diabietate. Though only partially esterified, the products 
resembled the original rosin derivatives, and their properties

scarcely revealed the starch which they contained. Such 
high molecular weight “rosins” might find application in the 
varnish industry.

M olding Starch Esters
An attempt was made to use the starch esters as thermo

plastic molding compounds. The work was carried out in 
a small cylinder mold, a small cup mold, and a 1/ 2 X  'A  X  5 
inch bar mold. The molding operation (compression mold
ing) was performed at about 200° C. and 5000 pounds per 
square inch pressure.

Of all the esters molded in the unplasticized state, the 
butyrate and caproate had the best properties in that they 
were not brittle. They pared but did not chip when cut 
with a knife. Their surface hardness was, however, low. 
The results of molding the unplasticized esters are given 
in Table I.

The plasticized esters showed more promise. The results 
of the plasticized cornstarch moldings are given in Table I I .  
Dibutyl phthalate was more effective than any of the other 
plasticizers tried. All the esters were molded with this 
plasticizer. Results are given in Table I I I .  Little if any 
difference was observed between the properties of the plasti
cized acetates of potato, tapioca, wheat, corn, and rice 
starch.

Meyer (4) reported the triacetate of amylose to form much 
stronger films and fibers than the triacetate of amylopectin. 
This is to be expected if the amylose is a straight-chain 
compound, free from branching. I t  would resemble cellulose 
in behavior in that chains lying alongside of one another 
could form the strength-giving micellar bonds. The molding 
of amylose acetate prepared by a previously described 
method (7) was no different in properties from the molding 
made from total starch acetate. This observation is, how
ever, based on only one experiment, involving an amylose 
sample of doubtful purity.

Two of the molded articles are shown in Figure 2. The 
strength of the bars molded from starch acetate was con
siderably less than that of similar bars of cellulose acetate. 
All in all, the molding of the starch esters was unsatisfactory. 
This fact is no doubt due to the roughly spherical shape of 
the major component (amylopectin) of starch. The evidence 
for this was previously discussed (6). Spherical molecules 
(highly branched “clumps”) would not form the large 
number of secondary bonds, the existence of which is re
sponsible for the strength characteristic of strictly linear 
polymers.

T able I. Properties of M olded Starch E sters 
Trans-

E ster Color parency Tackiness Surface Hardness Toughness
Cornstarch acetate 
Cornstarch propionate 
Cornstarch butyrate

Yellow-green
Amber
Rosin

Clear
Clear
Clear

None
None
Stuck to mold

Glossy
Glossy
Glossy

Hard
Hard
Fairly hard

Very brittle 
Fairly brittle 
Slightly

Cornstarch caproate Rosin Clear None Glossy • Fairly hard
brittle 

Very slightly
Cornstarch benzoate 
Cornstarch phthalate

Orange
Tan

Clear
Opaque

None
Stuck to mold

Glossy
Gummy (water

Hard
Soft (hardens

brittle 
Very brittle 
Tough, sticky

Cornstarch methyl abietate- sol.) in air)
maleic anhydride adduct
ester“

Cornstarch diethylene glycol
Rosin Dark None Glossy Hard Very brittle

diabietate-maleic anhy
dride adduct ester“ Rosin Dark None Glossy

Glossy
Smooth

HardCornstarch /3-amylose acetate Rosin Clear None Very brittle
Tapioca starch acetate White Opaque None Hard

Soft
Very brittle 
Brittle

“ These two esters contain only one or less than one hydroxy] substituted per Ce unit.
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Additions of cellulose acetate were found to improve the 
strength of the starch esters tremendously. In  fact, when 
the starch esters were used as a diluent for cellulose acetate, 
even up to 75 per cent of the total weight, the moldings 
turned out to be quite satisfactory.

In  the above discussion the usual rigid type of plastic has 
been considered; today, however, soft, rubberlike plastic 
compositions are becoming of increasing importance (12).

more than 5 per cent solid matter could not be sprayed. 
Freshly prepared solutions containing more material could 
be applied with a brush. I t  would, however, be neces
sary to lower the viscosity of the ester solutions by 
some degradative process in order to increase the con
centration.

When no plasticizer is added to the solution, the coatings 
formed from the acetates check on standing. Those formed

T able  II. E ffect  of P lasticizers (20 Per  Cent) o n  M olded Cornstarch Acetate

No. Plasticizer Color
Trans

parency Tackiness Surface Hardness T oughness

1 Dibutyl phthalate Yellow-green Clear None Glossy Medium Tough
2 Phthalic anhydride Yellow-green Opaque Stuck to mold Gummy Soft Fairly tough
3 Equal parts of 1 & 2 Yellow-green Murky Stuck to mold Smooth Soft Fairly tough
4 Diethylene glycol diabie- 

tate (20% plasticizer Green-gray Opaque Slight Smooth Medium
Very tough, at first, 

brittle on standing

5
incompatible) 

Equal parts of 1 & 4 Tan Murky None Glossy Hard Brittle
fi Camphor Olive green Clear None Glossy Hard Tough

7 10% No. 1 +  1%  No. 6 Olive green Clear None Glossy Hard
Fairly tough, cracks on 

standing

Such compositions find use as aircraft sealing compounds, 
as adhesives, and as substitutes for natural rubber in certain 
specialty items. The starch esters, suitably plasticized, 
either as such or compounded with other plastic materials, 
may become of considerable value in this new development. 
In  support of this statement it is to be noted that starch 
butyrate, containing 25 per cent dibutyl phthalate, is quite 
soft and possesses a relatively high tack. Starch caproate, 
even without plasticizer, is puttylike at room temperature.

Fibers
Exactly the same shortcomings that exist for the starch 

ester moldings also limit the usefulness of the fibers formed 
from them. As long as the fiber is in a hot semimolten 
state, it is tough, flexible, and elastic; on cooling, however, 
it becomes very brittle, especially 
the acetate. Plasticizers remedy 
this condition but little.

Extrusion of the fibers under 
tension does not result in a great 
increase in tensile strength. This 
is to be expected since there can 
be no axial o r i e n t a t i o n  of a 
“spherical” molecule, as is the 
case with fibers made up of long- 
chain molecules (e. g., rayon  
fibers).

Coatings and Adhesives
Although the unsupported films 

formed both by evaporation of 
the solvent from a solution of 
the ester and by extrusion of the 
molten ester are brittle when un
plasticized and weak when plasti
cized, the behavior of the starch 
esters as coatings was far more 
gratifying. Colloidal solutions of 
the esters were prepared in the 
usual commercial lacquer thinners.
These so lut ions  were qui t e  
viscous so that those containing

from the propionate and butyrate show less tendency to 
check. Plasticizers, however, improve them all. Dimethyl, 
diethyl, and dibutyl phthalates were found to be most 
efficient. Tricresyl phosphate is apparently incompatible 
with the starch esters.

The coatings of these esters resemble clear varnishes 
when applied to wood. Their surfaces are quite glossy. 
The hardest surface is formed by the acetate, the softest 
by the butyrate.

Paper and cloth coated with the plasticized esters may 
be crumpled without cracking the coating. This resistance 
to cracking is impressive.

These starch ester coatings adhere well to glass and metals, 
and seem subject to considerably less shrinkage on drying 
than similarly applied coatings of cellulose acetate.

Figure 3. F low Sheet for Starch E ster Preparation
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E ster Color
Trans

parency

Cornstarch acetate Olive green Clear
Cornstarch propionate Olive green Clear
Cornstarch butyrate Amber Cloudy
Cornstarch caproate Dark amber Dark
Cornstarch benzoate Orange Clear
Tapioca starch acetate Lemon Clear

PHTHALATE

Tackiness Surface Hardness

None Glossy Hard
None Glossy Medium
None Glossy Medium
Stuck to mold Smooth Soft
Stuck to mold Glossy Hard
None Glossy Hard

T oughness

Fairly brittle 
Fairly brittle 
Tough 
Tough 
Brittle
Very slightly brittle

P YR ID IN E  A C ID  
S ALT +  W ATER 
(approx. 25%  sol.)

60% PYRIDINE 
(25% o f total)

n ___ I

100% PYRIDINE 

(75% of total)
re turn

to
process

CaSOgor C aC I2 I

I organic acid I M  conversion I M  ACID ANHYD R ID E 

F igure 4. F low Sheet for Pyridine-Acid R ecovery

acid recovery procedures, based 
on distillation of the aqueous 
py r id i n e - a c id  solution treated 
with calcium carbonate and then 
with mineral acid, is illustrated in 
Figure 4.

Conclusions
Any hope for the industrial 

development of the starch esters 
seems to lie in their use:

1. As coatings.
2. As adhesives.
3. As diluents for other plastics.
4. In the compounding of soft 

rubberlike plastics.
5. In the preparation of aqueous 

emulsions or suspensions.
6. In some h e re to fo re  un sus

pected use stem m in g f rom 
their possession of high mole
cular weights and shapes which 
are definitely nonlinear.

The bond formed between certain of these esters and 
pieces of steel, wood, glass, or paper, is quite strong. Most 
noteworthy in this respect are the benzoate and the dibasic 
acid esters.

Aqueous Em ulsions or Suspensions

One of the newer developments in plastics technology 
has been the incorporation of high polymeric materials in 
aqueous emulsions or suspensions. These “solutions” find 
widespread use (e. g., adhesives and sealing compounds, to 
name but two). The molecular structure of the starch esters 
which results in poor moldings and fibers should show to 
advantage in the preparation of emulsions and suspensions, 
the forces producing aggregation and its resultant colloid 
instability being lower than in long straight-chain polymers.

Preparation o f Esters

A detailed procedure for the preparation of the different 
starch esters by precipitation in water of the respective 
pyridine-starch ester jellies is shown in Figure 3. As to the 
recovery of the pyridine and the acid anhydrides employed in 
the procedure, it can be accomplished by several methods—  
e. g., distillation, solvent extraction, ternary distillation of the 
pyridine azeotrope with benzene, etc. One of these pyridine-
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C o m p e t i n g  w i t h  t h e  e n e m y

T h e r e ’s  a  n e w  k i n d  o f  c o m p e t i t i o n  i n  t h e  o i l  

i n d u s t r y  t o d a y  I t  i s n ’t  a  r a c e  f o r  m o r e  c u s 

t o m e r s  —  i t ’s  a  r a c e  t o  s e r v e  t o  t h e  l i m i t  t h e  

e n o r m o u s  w a r t i m e  n e e d s  o f  o n e  b i g ,  p r e f e r r e d  

c u s t o m e r — U n c l e  S a m

A m e r i c a n  r e f i n e r s  a r e  c o m p e t i n g  w i t h  t h e  

e n e m y  E v e r y  o n e  i s  s e e k i n g  h i s  r i g h t  p l a c e  i n  

t h e  p r o d u c t i o n  b a t t l e  l i n e  U n i v e r s a l ’s  e x c l u s i v e  

j o b  n o w  i s  t o  h e l p  r e f i n e r s  p r o d u c e  t o  t h e i r  u t 

m o s t  c a p a c i t i e s  f o r  w a r  a n d  U n i v e r s a l  i s  d o i n g  i t

H e r e  a r e  U . O . P .  p r o c e s s e s  t h a t  a r e  h e l p i n g  t o  

w i n  t h e  w a r :

C a t a l y t i c  c r a c k i n g  C y c l i z a t i o n

C a t a l y t i c  r e f o r m i n g  A r o m a t i z a t i o n

A l k y l a t i o n  H y d r o g e n a t i o n

P o l y m e r i z a t i o n  D e h y d r o g e n a t i o n

B y  t h e s e  p r o c e s s e s  t h e  c o n s t i t u e n t s  o f  1 0 0 -  

o c t a n e  a v i a t i o n  g a s o l i n e  a r e  p r o d u c e d  i n  e v e r  

i n c r e a s i n g  v o l u m e  a s  w e l l  a s  b u t a d i e n e  a n d  

s t y r e n e  f o r  s y n t h e t i c  r u b b e r  a n d  t o l u e n e  f o r  T N T

T h e  p r o c e s s e s  a r e  a l l  a t  t h e  s e r v i c e  o f  a l l  

r e f i n e r s  u n d e r  l i c e n s e  f r o m  U n i v e r s a l

A n d  a l l  t h e  e x p e r i e n c e  a n d  k n o w - h o w  o f  

U n i v e r s a l  r e f i n i n g  s p e c i a l i s t s  g o e s  w i t h  t h e m

I s o m e r i z a t i o n D u b b s c r a c k i n g

P y r o l y t i c  r e f o r m i n g

O IL  IS  A M M U N I T I O N  —  U S E  IT  W IS E L Y

U n i v e r s a l  O i l  P r o d u c t s  C o  

C h i c a g o ,  I l l i n o i s

D u b b s  C r a c k i n g  P r o c e s s  

O w n e r  a n d  L i c e n s o r

T H E  R E F I N E R S  I N S T I T U T E  O F  P E T R O L E U M  T E C H N O L O G Y
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P e r h a p s  R E V E R E  

c a n  h e l p  y o u  w i t h  y o u r

N O N - F E R R O U S

R evere  is try in g  in  every w ay to  h e lp  iro n  ou t 
k in k s  in  w a r p ro d u c tio n  p ro b le m s  fo r  o ld  and  
n ew  u se rs  o f  c o p p e r  an d  c o p p e r  alloys. W e m ay 
be ab le  to  g ive first a id  to  you in  o n e  o r  m o re  o f 
fo u r w ays:

R e a c t o r  v e s s e l s  

S t o r a g e  t a n k s  

C a t a l y s t  t u b e s  

P r e s s u r e  v e s s e l s  

M i x e r s

H e a t  E x c h a n g e r  

s h e l l s

F r a c t i o n a t i n g

c o l u m n s

H  R evere  co p p e r  and  co p p e r-b ase  a l lo y s . .. so u n d , 
s u p e r io r  m etals  p ro d u c ed  in  a ra n g e  o f  c o m p o 
s itio n s  an d  fo rm s  m e e tin g  th e  sp ec ia l re q u ire 
m en ts  o f  w a r p ro cesses .

R evere  B im e ta l . . .  w h e re  w a r req u irem en ts  and  
serv ice  c o n d itio n s  d em an d , R evere  can supply  
b o n d e d  B im eta l shee ts  an d  p la te  o f  S.A.E. 1 0 1 0  
ca rb o n  steel c lad  o n  o n e  o r  b o th  sides w ith  
c o p p e r  as w e ll as w ith  ce rta in  o th e r  m etals 
a n d  alloys.

^  W e ld in g  te c h n iq u e  . . . practica l assistance  
w h ich  w ill a id  in  th e  c o m p le tio n  o f  eq u ip m en t 
when n eed ed  a n d  in su re  u n in te r ru p te d  service.

^  R evere  E n g in e e r in g  S erv ice . . .  to  h e lp  R evere 
cu sto m ers  in  th e  s e le c tio n  o f  m e ta ls  an d  in 
m e th o d s  o f  fa b r ic a tio n  so  as to  save tim e, in 
c r e a s e  o u t p u t  a n d  r e d u c e  c o s t s  w h e r e v e r  
p o ssib le .

I f  you  have sp ec ia l p ro b le m s , sen d  us 
sp ec if ic a tio n s  an d  full d e ta ils  o f  y o u r 
req u irem en ts . W e w ill en d eav o r to  su p 
p ly  an  a n sw e r p ro m p tly . G e t in  to u ch  
w ith  R ev ere  today .

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, N ew  York 
Sales Offices and  Distributors in Most of 

America's M ajor Cities
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T H E  M A N  W H O  W A S  U N A B L E  T O  A T T E N D  .  .  .

A  f i ne  n e w  f l ag  n o w  f l i e s  o v e r  t h e  B a r r e t t  F r a n k f o r d  C h e m 

ic a ls  p la n t .
I t  is  t h e  A r m y - N a v y  “E ” f la g , a w a r d e d  t o  t h e  m e n  a n d  

w o m e n  in  t h a t  p la n t  f o r  e x c e l l e n c e  in  t h e  p r o d u c t io n  o f  

w a r  m a t e r ia ls .
T h e ir  a c h i e v e m e n t  w a s  in s p ir e d  b y  a  m a n  w h o  w a s n  t 

a b le  to  b e  p r e s e n t  w h e n  t h i s  f la g  w a s  r e c e iv e d .

H e  w a s  in  a  f o x - h o le  in  G u a d a lc a n a l .  H e  w a s  d r iv in g  a  

ta n k  in  A fr ic a .  H e  w a s  in  a  c r o w ’s  n e s t  o f f  M u r m a n s k — in  

th e  t o p - t u r r e t  o f  a  F l y i n g  F o r t r e s s  h ig h  o v e r  E s s e n .  . . . H e  

w a s  a  lo n g ,  h a r d  w a y  f r o m  h o m e .
I t ’s  b e c a u s e  o f  t h e  s e l f l e s s  j o b  t h i s  m a n  is  d o in g  t h a t  t h e

jo b  w e ’r e  d o in g  h a s  b e e n  d o n e  t o  t h e  b e s t  o f  o u r  a b i l i t y .  F o r  

t h e  c h e m ic a ls  t h a t  w e  m a n u f a c t u r e  a r e  a c t u a l l y  v i t a l  t o  h i s  

l i f e .  C h e m ic a ls  fo r  T N T  a n d  s m o k e l e s s  p o w d e r  . . . f o r  s h ip ,  

ta n k  a n d  A r m y  tr u c k  f in i s h e s  . . . f o r  lu b r ic a t in g  o i l s  . . . fo r  

p la s t ic s ,  a n d  fo r  e x t e n d in g  o u r  l i m i t e d  r u b b e r  s u p p l i e s  . . . 

fo r  l i f e - s a v in g  s u l f a  d r u g s , v i t a m in s  a n d  o t h e r  p h a r m a c e u t i 

c a ls  . . . f o r  c o u n t l e s s  p r o d u c t s  a n d  p r o c e s s e s  in  l i t e r a l l y  

e v e r y  in d u s t r y  e s s e n t i a l  t o  w in n in g  t h e  w a r .

T h a t  i s  a  j o b  w o r t h  d o in g  r ig h t ,  a n d  o n  h is  

a c c o u n t  w e ’r e  v e r y  p r o u d  o f  t h i s  f in e  n e w  f la g  a n d  

t h e  h o n o r  i t  b r in g s  t o  t h e  m e n  a n d  w o m e n  o f  t h e  

B a r r e t t  F r a n k f o r d  p la n t .

T H E  B A R R E T T  D IV ISIO N
A L L IE D  C H E M IC A L  & D Y E  C O R P O R A T IO N

4 0  RECTO R STREET. NEW YORK

BARRETT COAL-TAR CHEMICALS: Tor Acids: Phenols, Cresols, Cresylic Acids • Nophtholene • Phtholic Anhydride 
Cumar*(Paracoumarone-lndene Resin) • Rubber Compounding Materials • Bardol * Barreton - Pickling Inhibitors 
Benzol • Toluol ■ Xylol • Solvent Naphtha • Hi-Flash Solvent • Hydrogenated Coal-Tar Chemicals • Flotation Agents 

Tor Distillates • Anhydrous Ammonia • Sulphate of Ammonia • Arcadian*, the American Nitrate of Sodo

O N E  O F  
A M E R I C A ' S  
G R E A T  B A S I C  
B U S I N E S S E S

♦ KEG. U. S. PAT. OFF.
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H O R T O N S P H E R E S

A f
S THE nation lengthens its 

stride to meet faster war
time production schedules the 
Hortonsphere becomes a more 
familiar sight throughout many 
types of industry. At first these 

steel spheres were used to store volatile 
liquids in the oil industry to prevent exces
sive evaporation loss. Then they became 
popular as an economical means of storing 
gases under pressure.

Today Hortonspheres for liquids and gases 
are being used in a wide range of sizes to

O F  A N H Y D R O U S  A M M O N I A

solve an almost infinite number of pressure 
storage problems encountered in handling 
chemicals, petroleum products, as well as 
industrial gases and sewage gas at disposal 
plants.

The two Hortonspheres shown above were 
installed at a chemical plant for the pressure 
storage of anhydrous ammonia. Designed 
for an operating pressure of 50 lbs. per sq. in. 
these spheres reduce the amount of vapori
zation that takes place from the liquid 
ammonia. They have a capacity of 2,500- 
bbls. each.

C H I C A G O  B R I D G E  &  I R O N  C O M P A N Y
Chicago...................2428 McCormick Bldg. Cleveland 2253 Guildhall Blda ccuo Drive
New Y o rk ......................3374-165 Broadway Bldg. Birmingham................1574 North Fiftieth St TuU«   H BldaHavana..........................................402 Edificio Abreu Washington...................  330 Bowen Blda................ r - - n .......................................... 1636 Hunt Bldg.Philadelphia. . . . . .  1636-1700 Walnut St. Bldg. Bowen Bldg' Greenville..........................  York Street

Plant, >n BIRMINGHAM, CHICAGO and GREENVILLE, PA. /„ Canada: HORTON STEEL WORKS. LIMITED, FORT ERIE.' ONTARIO
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f r o m  a l o n g  w a y  b a c kL o o k in g  a h e a d

From the early days of “Colonel” Drake 
and “Coal Oil Johnny,” the chemistry 
of oil has been destined for great things. 
Greater even than the high-octane gaso
line which today is propelling planes 
across the sky at 400 miles per hour. 
Greater than butadiene and toluene.

So, too, with the chemistry of alco
hols, phenols, esters, ketones and other 
organic compounds.

The greater things are sure to come. 
Many are already germinating—secretly 
in some instances—and inevitably head

ing toward enriching the world of 
tomorrow.

It takes background and experience 
to put into successful production the 
products chemical research has perfected. 
It takes far-reaching facilities to design 
and build processing equipment that can 
be expected to operate efficiently.

Badger perspective looks through four 
generations toward process engineering 
and plant construction in many future 
fields. Though busy on gasoline, rubber, 
T.N.T. and other war-aid projects,

Badger is nevertheless preparing for 
post-war undertakings. . . . Manned 
with engineers, designers and draftsmen 
to convert the new miracles of science 
into realities. . . . Equipped to plan, 
build, and to supervise the initial opera
tions of complete manufacturing units.

E B Badger& S0NS co
BOSTON . . . .  EST. 1841
N EW  Y O R K  • P H IL A D E L P H IA  
SAN F R A N C IS C O  • L O N D O N

P R O C E S S  E N G I N E E R S  A N D  C O N S T R U C T O R S  F O R  T H E  C H E M I C A L ,  P E T R O L E U M  A N D  P E T R O - C H E M I C A L  I N D U S T R I E S
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ZIRCONIUM
in in d u stry

T oday , war and non-war manufacturing has em phasized the  ever- 

increasing uses and possibilities of the e lem ent Z IR C O N IU M  and its 

compounds in industry. T A M C O  Z ircon ium  com pounds are being  used 

successfully in the manufacture of Refractories, Electrical Resistors, Resins, 
D y e  Extenders, W ater Repellents, Catalysts, A brasives, and Ceramics.

T A M C O 'S  developm ent engineers and research laboratories have long  

been cooperating with the industry. W rite  to d a y , for a T A M  resident 
field engineer to call at your plant and discuss the poten tia l use of 

Z ircon ium  Compounds with you.

TITANIUM
ALLOY M ANUFACTURING C O M P A N Y

G E N ER A L O FFIC ES  A N D  W O R K S : N IA G A R A  FALLS, N . Y ., U . S. A .

E X E C U TIV E  O FFIC E S: 111 B R O A D W A Y , N E W  Y O R K  C ITY

R e p re s e n ta tiv es  fo r  th e  Pacific Coast S tates . . . . L. H. BUTCHER C O M P A N Y , Los A nge les , San Francisco, P o rtla n d , S e a ttle  

R ep re s e n ta tiv e s  fo r  E urope . ,  . U N IO N  O X ID E  & CHEMICAL C O., Ltd., P la n ta tio n  H ouse, Fenchurch St., London, E. C., Eng.



S I I I G l f

From basic process to actual 
operation — let Blaw - K nox do 
the whole job, including design  
and erection  o f  b u ild in g s in  
cooperation with your architect 
and contractor.

The broad facilities and highly
will

- ■- 5 licit --jiiiAoa— rfjumviii-nPTICV .

BLAW-KNOX DIVISION OF BLAW-KNOX CO
2 0 9 0  FARMERS BANK BLDG., PITTSBURGH, PA.

Offices in Principal Cities

Com plete p lan ts  o r equ ipm en t fo r the follow ing processes . . .
D istilla tion  
Gas A bsorp tion  
Solvent E x trac tion  
Solvent Recovery 
H eat T ransfe r 
F u rnac ing  
C racking

K iln in g  and 
C alcin ing 

Po lym erizing  
E vapora tion  
C rystallization 
D rying
M ixing and  S tirring

O rganic Synthesis 
E m ulsification  
H igh  P re ssu re  

P ro cess in g  
Im p reg n a tin g  
Gas C leaning 

and  o thers
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B A B C O C K  &  W IL C O X
V E S S E L S .  D R U M S .  C A S T I N G S .  F O R G I N G S

F O R  H I G H '  T E M P E R A T U R E ,  F O R  H I G H - P R E S S U R E  S E R V I C E

THE BABCOCK & WILCOX CO., 85 LIBERTY ST., NEW YORK, N. Y.

B ï W w e l c o m e s  d i f f i c u l t  

j o b s  i n  h e r n  y  s t e e l  

f a b r i c a t i o n

B & W S T R E A M L I N E D  O P E N I N G S

Made by the B&W pushout method of con
struction, in which all reinforcing is forged 
and drawn from the parent metal, B&W  
streamlined openings avoid unnecessary stress 
concentration, permitting lighter construction 
with safety.

B & W A L L O Y  T U B E  S U P P O R T S

B&W experience in the development and in
stallation of heat- and corrosion-resistant al
loys is applied with outstanding success to 
the production of alloy tube supports and 
other alloy castings.

S-33-T

J o b s  o r d in a r i ly  p re se n t in g  d if fic u lt ie s  in h e a v y  w e ld e d  s te e l f a b r i 

c a t io n  g r a v i t a t e  n a tu ra lly  to  B a b c o c k  & W ilc o x . T h e  u n m a tc h e d  e x p e r ie n c e  in 

su ch  w o rk  a n d  th e  u n d u p lic a te d  p ro d u c t io n  fa c il i t ie s  o f  B & W  fr e q u e n t ly  p r o d u c e  

s a v in g s  o f  tim e , s te e l a n d  m o n e y  not o th e rw ise  o b t a in a b le .

^  Show ing  s ta rt o f ro lling  4 "  S how ing com pletion o f ro lling  Show ing fin ished d ru m  course
shell p la te  w ith  ends b u lldozed  4 "  shell p la te . w ith  pushout. Design w o rk in g
to correct finished d ia m e te r. pressure, 1375  lb . p er sq. in .

S how ing a  hem ispherical head w ith  push
out m ad e fro m  6 ,A "  p la te . Design w o rk in g  
pressure, 2 6 5 0  lb . per sq. in.

P art o f a 35 ,0 0 0 -p o u n d  shipm ent o f tube  
support castings fo r  oil re fin e ry . 2 5 %  
chrom e— 1 2 %  nickel.



N a s h  C l e a n - A i r  C o m p r e s s o r s
(TRADE-M ARK R EG .)

are L o n £  L ife  com pressors, because 

they have no internal w earing parts.
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T h e  N a s h  C le a n - A ir  C o m p re s s o r  h a s  b u t 

o n e  m o v i n g  p a r t ,  c a s t  in  o n e  p i e c e  a n d  

ro ta t in g  in th e  p u m p  c a s in g  w ith o u t m e ta llic  

c o n ta c t . N o  in te rn a l lu b r ic a t io n  is n e c e s s a r y ;  

th e r e fo r e  a ir  o r  o th e r  g a s  c o m p r e s s e d  w ith  a  

N a s h  is e n t ir e ly  f r e e  fro m  o il c o n ta m in a tio n .

D u st a n d  h e a t  a r e  re m o v e d  fro m  th e  a ir , o r  

g a s  c o m p r e s s e d , b y  th e  u n iq u e  N a s h  "L iq u id  

P is to n " . A ir  fro m  a  N a sh  C o m p re s s o r  is th e r e 

fo r e  d e l iv e r e d  f r e e  fro m  d u st, h e a t , o r  o il, 

w ith o u t s u p p le m e n ta r y  f ilte rs  o r  a ir  w a s h e r s ,

in a  p e r fe c t e d  m e c h a n ic a l  s tru c tu re  w ith  no 

in te rn a l w e a r in g  p a r ts .

A ir  o r  g a s  fro m  a  N a s h  C o m p r e s s o r  m a y  

b e  u se d  fo r  a g it a t in g ,  b le n d in g , m a in ta in in g  

p r e s s u r e  on  s t o r a g e  ta n k s , o r  m o v in g  liq u id s  

a n d  m a te r ia ls  b y  p r e s s u r e  d is p la c e m e n t ,  in 

c o n n e c t io n  w ith  th e  m o st d e l i c a t e  fo o d , b e v 

e r a g e ,  o r c h e m ic a l p r o c e s s ,  w ith o u t d a n g e r  

o f  c o n ta m in a tio n .

B u lle tin  D - 2 5 2  te lls  a l l  a b o u t  N a s h  C le a n -  

A ir  C o m p r e s s o r s , a n d  it is f r e e  on  r e q u e s t .

T H E  N A S H  E N G I N E E R I N G  C O M P A N Y

2 2 0 -A S  W I L S O N  ROAD,  SOUTH N O R W A L K ,  CONN ECT I C UT ,  U . S . A .
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A IR C R A F T
C A R B U R E T O R *»

COLLOIDA 
_ graphi te

IS  I M P O R T A N T  i n  t h e  M a n u f a c t u r e  
o r  U s e  o f  t h e  I l e m s Q I l u s i r a l e d

e M a m  t  T tti ,4 4 t WAR B O V û

Acheson Colloids Corporaiion will
Z V  S25',00 War Bond to each Of 
fhe 5 people who submit complete
the answers together with
he S bes letters on the question.
W hy is d a g ”  colloidal graphite

-porfant in the m a n u fa c tu re d ^
m % *  , , p r ° d u c ls  P to fu re d  h e re ? "
U) Stale business connections (no 
one m the graphite field or their 
families will be eligible). (2) All 
entries must be legible. (3) All en-
w h T c h T '  ! ! a ,e  P l i c a t i o n  in  __________
(4?Entr;«e r ' iSemenl was seen. 1 f

of ties, duplicate ^  (5) In Case
of the Acheson Colloids Corp. (7, The v e r d i ^ e ^ u d T e s  2 . ®

d a e ”  c o l l ° i d a l  g r a p h i t e  u s e d  t o  

I m p r e g n a t e  p o r o u s  b o d i e s

Porous bodies such as w ood, porce- 
lain , textiles, paper, asbestos packing, 
leather, porous bearing metals, felt 
brake lin ings, clutch facings, grinding  

w heels , etc. are im pregnated w ith
* *  collo idal graphite. The purpose  

is to g ive  these m aterials physical and 

electrical properties of graphite that 
they  otherw ise w ould  not possess.

By im pregnation the porous body ac
quires lubricating qualities, it  is m ade  
an electrical conductor, its heat radial- 
m g and absorbing capacity is increased, 
its color is changed or it  m ay be m ade  
perfec tly  opaque.

G raphite  in  no other form can be used 

for a ll these purposes because on ly  

colloidal graphite particles are  «mall 
enough to enter the small cap illary  
pores of most porous bodies. Larger

* A  T T P IC A L  A P P L IC A T IO N

particles w o u ld  be filtered out on the  
surface —  there w o u ld  be v e ry  little  
penetration.

O ther properties of “d a g ”  coUoidaj 
graphite that enhance its va lue  as an  

im pregnating m ateria l are that it  does  

not enter mto chem ical com bination w ith  

either the porous m ateria l or other sub- 
stances. C onsequently, it  retains a ll i t ,  
Physical, e lectrical and chem ical prop, 
ernes under a ll operating conditions.

'  for Illustrated Booklet 43

G i v e s  p r o p e r t i e s  an< 
important uses  for “ d a g ’ 

Collo idal  Graphite

A C H E S O N  C O L L O I D S  C O R P O R A T I O N
PORT HURON MICHIGAN

i n J L

C 2 2 S
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L O U I S V I L L E  

S Y N T H E T IC -R E S IN

D R Y E R

S A V E S
ni

$ 1 5 ,5 0 0

A N N U A L L Y !
1

i 'Cl 
*

Incidentally — this Louisville Dryer, 
originally guaranteed to produce the 

same output as the old batch dryer 

formerly used, is actually delivering
j

about 50% more than that!

Maybe a Louisville Dryer could produce 

some such results for you. Maybe not.
If you’ll give us brief answers to ques

tions about your product, w e’ll be able 

to tell you almost exactly what a 

modern Louisville Dryer could do.

Want the questions? Address: Louis

ville Drying Machinery Co., Incorpo

rated, 433  Baxter Avenue, Louisville,

Kentucky.

Today when the words ‘‘continuous, 

automatic” are practically synonymous 

w ith efficiency, it ’s hard to believe that 

so many old-fashioned batch-type dryers 

are still being allowed to waste space, 

time, money, and productive capacity 

for manufacturers in America. . . . The 

case at the right is typical. . . .  By re

placing one tray-type machine w ith a 

modern Louisville Rotary Dryer, a 

manufacturer of synthetic resins is 

eliminating product-con taminati on, 

and is now drying in 2.0 minutes instead 

of 4 hours. In addition, he is saving 

$1 5 ,5 00  annually, in operating costs!

F O R M E R  D R Y E R  ,
(Tray Type)

Annual Production . 2,880,000 lbs.
Space Required........... 1900 sq. ft.
Drying Time . . . .  about 4  hours 
Drying Cost . . . $0.63 per IOO lbs. 
Installed C o s t ................ $70,000.

L O U IS V IL L E  D R Y E R
(Warm Air Rotary Type)

Annual Production . 4 ,3 2 5 ,0 0 0  lbs.
Space Required...........  9 0 0  sq. ft.
Drying Time ..............20  minutes
Drying Cost . . . $ 0 .2 7  per IOO lbs. 
Installed C o s t ................ $ 3 5 ,0 0 0 .

Lou isv ille  D ry e r increases o u tp u t  

5 0 % ,  saves space, saves drying  

tim e , and th e n  pays its own cost 

in 2 7  m onths!
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This Year Ru

S y n t h e t i c  R u b b e r  A l r e a d y  I s  

f o r  U s e r s  o f  M e c h a n i c a l

War production is up threefold. 
But the vital rubber stock p ile is 
dwindling fast. This is the year of 
crisis in rubber.

There is only one solution . . .  thg, 
production of synthetic rubber in 
steadily increasing tonnages . . . 
synthetic rubber to take over jobs 
once handled by natural rubber . . .  
to perform new tasks, serve in new 
applications created by wartime 
need.

One of the first synthetic rubber 
plants in the Government’s pro
gram was built and is being oper
ated by United States Rubber 
Company . . . another soon will be 
in production.

Our engineers have been work
ing with synthetic rubber since 
1 9 2 1 . During this period they have 
learned that no one synthetic 
should be used for all types of 
mechanical rubber goods. They 
have found where and how syn
thetic is superior to natural rubber, 
where it is equally as good, where 
it falls short. They know what uses 
each of the five basic commercial 
types of synthetic rubber is best 
suited for — Neoprene, Buna-S, 
Buna-N, Butyl, or T hiokol—and 
how to compound the specific 
synthetic rubber for the specific 
task. U. S. Rubber has used all five 
types and knows which one to 
selectfortheperformance required.

Information based on the resulij 
of vast experiments and prac 
applications of synthetic rubt 
has been incorporated in a ne^  
comprehensive book, The Five Comi 
mercial Types o f  Sfhthetic Rubber. 1

This infcffmative book traces the * 
history p f synthetic rubber from 
the earliest experiments of Michael 
Faraday to the present. It discusses 
each of the basic types of synthetic 
rubber, tells where it has been used 
successfully in United States Rub
ber Company products, and com
pares its properties with natural 
rubber. It tells how synthetic rub
ber is made. It is a detailed answer 
to the most vital question of the day.

We feel that The Five Commercial 
Types o f Synthetic Rubber is a publi
cation of real importance to men 
of industry. Requests made by them 
on their company letterhead will 
be filled promptly.*

.

The successful use of synthetic 
rubber in mechanical ruljber goods 
and the insurance of fully depend
able service depend largely upon 
the skill of the manufacturer and 
compounder. Each of the five basic 
commercial types of synthetic per
mits a myriad of variations.

The United States Rubber Com
pany has been developing and im
proving rubber products for one 
hundred years. Today, the same 
vast resources for research and 
development that resulted in some 
of the most spectacular achieve
ments in the rubber industry are 
being devoted to the problem of 
synthetic rubber. A great backlog 
of knowledge already has been 
built. More is being constantly 
added.

*Requests for this Synthetic Rubber Book 
should be addressed to Department (3o), 
Mechanical Goods Division, United States 
Rubber Company, Rockefeller Center, N. Y. C.

U  N I T E D  S  T A T E S  R U B B E R  C O M P A N Y
M echanical Rubber Goods Division • Rockefeller Center • N ew  York

In Canada, Dominion Rubber Co., U d.
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C L E A N I N G
E T C H I N G
C A T A L Y T I C  
P R O C E S S E S
B L E A C H I N G

A n h y d r o u s  H F

•  Specify Penn Salt hydrofluoric acid for 
cleaning stainless steel—for etching and 
polishing of fine glass—for catalytic process 
requiring such a reagent—for frosting 
electric light bulbs—as an aid in straw 
bleaching processes—and for any of many 
other industrial uses.

Depend upon Penn Salt hydrofluoric 
acid to meet your most exacting require
ments. It can be supplied in six strengths 
for domestic users—30%, 48%, 52%, 60%, 
80%, and Anhydrous HF. For export,

there is 71-75% acid. In strengths up 
to and including 60%, hydrofluoric acid 
is shipped in rubber drums. In strengths 
of 60% to and including 80%, it is shipped 
in steel drums. Anhydrous IIF is shipped 
in cylinders and tank cars.

ANHYDROUS HF—We are pioneer man
ufacturers of Anhydrous HF. This acid 
is used in the alkylation process for the 
manufacture of high octane gasoline and 
in many other new catalytic processes.

PE N Ml % Y L VA N I A S A I T
M  A N u / f  h f f c  T U R I .N  G C P A  N Y

^ J iJ u r u u z M J iA ^
1 0 0 0  W ID EN ER B U IL D IN G , P H IL A D E L P H IA , P A .

NEW YORK CHICAGO ST. LOUIS PITTSBURGH WYANDOTTE TACOMA
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Long ago, this aluminum alloy roof of an oil 

storage tank left the scrap pile for points un

known . . . The tank was tom  down to make 

way for plant expansion, hut the aluminum 

told an interesting story of endurance under 

trying conditions.

The sour distillate which had been stored in 

this tank destroys ordinary tank roofs in a 

surprisingly short time. But not so with this 

aluminum alloy roof! Though the outside 

was very dirty and the inside was coated with

a thick, crusty deposit, removal of these coat

ings showed the aluminum to be sound.

That aluminum roof had been on this job 

over nine years. It had years and years of 

service left in it.

In planning for the future, keep the per

formance of this aluminum roof in mind. 

Think of Alcoa Aluminum Alloys as a means of 

combating corrosion and protecting your 

products. Aluminum Company of America, 

2154 Gulf Building, Pittsburgh, Pennsylvania.

A L C O A H A L U M I N U M



54 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I a i n i V U i .  J J ,  « w »  v

H e  g e t s

h i s  s e c o n d  b r e a t h  

f r o m  a  d e e p - d r a w n  

c y l i n d e r

\he oxygen cylinder shown below 

is another exam ple of the w ay the 

Hackney deep-draiving process is 

conserving m ateria ls, m an-hours 

and  equipment—and is producing 

improved products.

■

H igh above the clouds, deep-draw n  
cylinders containing oxygen aid pilots to 
breathe easily. To meet the necessarily 
stringent requirements, these cylinders 
must be light in weight and have high 
tensile strength.

H a c k n e y  C y lin d e rs , D ru m s  a n d  B arre ls  

Products like the one described above 
keep rolling out of Pressed Steel Tank 
Company’sfactory. Today, allofHackney’s 
facilities are pledged to the making of 
products for Victory. Hackney cylinders,

drums and barrels are now in service for 
hundreds of war plants—helping to solve 
transportation and storage problems for 
vital chemicals. Thus, they are hastening 
the day when their advantages can be 
available to all businesses.

When that day arrives, the vast knowl
edge and research of Hackney’s wartime 
experiences will be available to all indus
try. It is your assurance that Hackney will 
continue to make improved containers 
for gases, liquids and solids.

P r e s s e d  S t e e l  T a n k  C o m p a n y
GENERAL OFFICES AND FACTORY . 1451 SOUTH 66th STREET 

M ilw a u k e e ,  W isc o n s in

C O N T A IN E R S  FO R  G A SES, L IQ U ID S  A N D  SO L ID S
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•  C o o r d i n a t i o n  f o r  e f f e c t i v e  a c t i o n  —  
t h a t ’s  t h e  s t r a t e g y  B u f f a l o  e n g i n e e r 
i n g  f o l l o w s  i n  p r o d u c i n g  c h e m i c a l  
s e r v i c e  p u m p s .  S t r u c t u r a l  d e s i g n  —  
e v e r y  d e t a i l  o f  i t  —  i s  c o o r d i n a t e d  t o  
m a t c h  o p e r a t i n g  c o n d i t i o n s .  . . H e a d ,  
t y p e  o f  l i q u i d ,  r a t e  o f  f l o w ,  c o r r o s i v e  
e f f e c t s : a l l  d i c t a t e  t h e  t y p e  o f  B u f f a l o  
P u m p  f o r  e a c h  c h e m i c a l  i n s t a l l a t i o n .

I t  i s  t h i s  s k i l l f u l  m a t c h i n g  t o  t h e  
s p e c i f i c  j o b  t h a t  e x p l a i n s  t h e  l o n g e r ,  
m o r e  e f f i c i e n t  p e r f o r m a n c e  o f  B u f f a l o  
C h e m i c a l  S e r v i c e  P u m p s  —  t h e  l o w e r  

o p e r a t i n g  c o s t s  a n d  t r o u b l e - f r e e  s e r v 

i c e .  A d v a n t a g e s  s u c h  a s  t h e s e  m e a n  

p l e n t y  t o d a y  i n  c h e m i s t r y ’s  w a r t i m e  

a s s i g n m e n t s !

MP,TOO!

B u f f a l o  P u m p s ,  I n c .
1 5 3  M o r t i m e r  S t .  B u f f a l o ,  N .  Y .

Branch Engineering Offices in  Principal Cities 
C anada Pumps, Ltd., K itchener, Ont.

P U M P S
f o r  E v e r y  C h e m i c a l  S e r v i c e



54 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y V U l .

I he oxygen cylinder shown below 

is another exam ple of the w ay the 

Hackney deep-draw ing process is 

conserving m ateria ls , man-hours 

an d  equipment— and is producing 
im proved products.

e  g e t s  

h i s  s e c o n d  b r e a t h  

f r o m  a  d e e p - d r a w n  

c y l i n d e r

H igh above the clouds, deep-draw n  
cylinders containing oxygen aid pilots to 
breathe easily. To meet the necessarily 
stringent requirements, these cylinders 
must be light in weight and have high 
tensile strength.

Hackney Cylinders, Drums and Barrels 

Products like the one described above 
keep rolling out of Pressed Steel Tank 
Company’s factory. Today, all of H ack ney’s 
facilities are pledged to the making of 
products for Victory. Hackney cylinders,

drums and barrels are now in service for 
hundreds of war plants—helping to solve 
transportation and storage problems for 
vital chemicals. Thus, they are hastening 
the day when their advantages can be 
available to all businesses.

When that day arrives, the vast knowl
edge and research of Hackney’s wartime 
experiences will be available to all indus
try. It is your assurance that Hackney will 
continue to make improved containers 
for gases, liquids and solids.

^ L ^ v e s s e d  S t e e l  T a n k  C o m p a n y
GENERAL OFFICES AND FACTORY . 1451 SOUTH 66th STREET 

M ilw a u k e e ,  W isc o n s in

C O N T A IN E R S  FO R  G A SES, L IQ U ID S  A N D  SO L ID S
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•  C o o r d i n a t i o n  f o r  e f f e c t i v e  a c t i o n  —  
t h a t ’s  t h e  s t r a t e g y  B u f f a l o  e n g i n e e r 
i n g  f o l l o w s  i n  p r o d u c i n g  c h e m i c a l  
s e r v i c e  p u m p s .  S t r u c t u r a l  d e s i g n  —  
e v e r y  d e t a i l  o f  i t  —  i s  c o o r d i n a t e d  t o  
m a t c h  o p e r a t i n g  c o n d i t i o n s .  . . H e a d ,  
t y p e  o f  l i q u i d ,  r a t e  o f  f l o w ,  c o r r o s i v e  
e f f e c t s : a l l  d i c t a t e  t h e  t y p e  o f  B u f f a l o  
P u m p  f o r  e a c h  c h e m i c a l  i n s t a l l a t i o n .

ESIGN A
MP,TOO!

I t  i s  t h i s  s k i l l f u l  m a t c h i n g  t o  t h e  
s p e c i f i c  j o b  t h a t  e x p l a i n s  t h e  l o n g e r ,  
m o r e  e f f i c i e n t  p e r f o r m a n c e  o f  B u f f a l o  
C h e m i c a l  S e r v i c e  P u m p s  —  t h e  l o w e r  

o p e r a t i n g  c o s t s  a n d  t r o u b l e - f r e e  s e r v 

i c e .  A d v a n t a g e s  s u c h  a s  t h e s e  m e a n  

p l e n t y  t o d a y  i n  c h e m i s t r y ’s  w a r t i m e  

a s s i g n m e n t s !

B u f f a l o  P u m p s ,  I n c .
1 5 3  M o r t i m e r  S t .  B u f f a l o ,  N .  Y .

Branch Engineering Offices in  Principal Cities 
C anada Pumps, Ltd., K itchener, Ont.

P U M P S
)

f o r  E v e r y  C h e m i c a l  S e  r v i c e
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1  l i e  g e t s  

h i s  s e c o n d  b r e a t h  

f r o m  a  d e e p - d r a w n  

c y l i n d e r

I he oxygen cylinder shown below 

is another exam ple of the w ay the 

Hackney deep-draw ing process is 

conserving m ateria ls , man-hours 

an d  equipment—and is producing 
im proved products.

H igh above the clouds, deep-draw n  
cylinders containing oxygen aid pilots to 
breathe easily. To meet the necessarily 
stringent requirements, these cylinders 
must be light in weight and have high 
tensile strength.

Hackney Cylinders, Drums and Barrels 

Products like the one described above 
keep rolling out of Pressed Steel Tank 
Company’s factory. T oday, all of Hackney’s 
facilities are pledged to the making of 
products for Victory. Hackney cylinders,

drums and barrels are now in service for 
hundreds of war plants—helping to solve 
transportation and storage problems for 
vital chemicals. Thus, they are hastening 
the day when their advantages can be 
available to all businesses.

When that day arrives, the vast knowl
edge and research of Hackney’s wartime 
experiences will be available to all indus
try. It is your assurance that Hackney will 
continue to make improved containers 
for gases, liquids and solids.

.  P r e s s e d  S t e e l  T a n k  C o m p a n y
GENERAL OFFICES AND FACTORY . 1451 SOUTH 66th STREET 

M ilw a u k e e ,  W isc o n s in

C O N T A IN E R S  FO R  G ASES, L IQ U ID S  A N D  SO L ID S
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•  C o o r d i n a t i o n  f o r  e f f e c t i v e  a c t i o n  —  
t h a t ’s  t h e  s t r a t e g y  B u f f a l o  e n g i n e e r 
i n g  f o l l o w s  i n  p r o d u c i n g  c h e m i c a l  
s e r v i c e  p u m p s .  S t r u c t u r a l  d e s i g n  —  
e v e r y  d e t a i l  o f  i t  —  i s  c o o r d i n a t e d  t o  
m a t c h  o p e r a t i n g  c o n d i t i o n s .  . . H e a d ,  
t y p e  o f  l i q u i d ,  r a t e  o f  f l o w ,  c o r r o s i v e  
e f f e c t s : a l l  d i c t a t e  t h e  t y p e  o f  B u f f a l o  
P u m p  f o r  e a c h  c h e m i c a l  i n s t a l l a t i o n .

MP,TOO!

I t  i s  t h i s  s k i l l f u l  m a t c h i n g  t o  t h e  
s p e c i f i c  j o b  t h a t  e x p l a i n s  t h e  l o n g e r ,  
m o r e  e f f i c i e n t  p e r f o r m a n c e  o f  B u f f a l o  

C h e m i c a l  S e r v i c e  P u m p s  —  t h e  l o w e r  

o p e r a t i n g  c o s t s  a n d  t r o u b l e - f r e e  s e r v 

i c e .  A d v a n t a g e s  s u c h  a s  t h e s e  m e a n  

p l e n t y  t o d a y  i n  c h e m i s t r y ’s  w a r t i m e  

a s s i g n m e n t s !

B u f f a l o  P u m p s ,  I n c .
1 5 3  M o r t i m e r  S t .  B u f f a l o ,  N .  Y .

Branch Engineering Offices in  Principal Cities 
C anada Pumps, Ltd., K itchener, Ont.

P U M P S
>

f o r  E v e r y  C h e m i c a l  S e  r v i c e
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THE GRECIAN ERA
In ancient Greece the scope o f 
ceramics was greatly  w idened. 
The po tte r’s art created humble 
kitchen utensils and storage ves
sels, ye t soared to new heights 
in exq u is ite ly  designed o rn a 
mental vases adm ired fo r their 
beauty down to the present day.

Ceramic tile fo r roofs was an 
innovation of the Hellenic Era. 
However, it was chiefly through 
fine  craftsm anship and care fu l 
selection o f d iffe rent kinds and 
colors o f clay that the Greeks of 
old took the ir place among the 
fine potters o f the w orld .

O F  P O T T E R Y

T h e  s a m e  p a i n s t a k i n g
selection of the finest clays, the 

same careful m olding and baking 
th a t made G recian pottery  famous 
and tim e enduring , is being carried 
on today by G eneral Ceramics. U n
like the pottery  of the Greeks, how 
ever, d istinction in  G eneral Cera
mics Chemical Stoneware is gained 
not th rough  decoration and deli
cacy, bu t th rough  tested quality  and

a d a p ta b le  u t i l i ty .  In  o rd e r  to  
handle the strong chemicals used in 
industry today, G eneral Ceramics 
Chemical Stoneware is carefully 
p rocessed  to  m ake i t  a c id -p ro o f  
th rough  and th rough . Its glazed 
surface is easy to  keep clean, thus 
e lim in a tin g  p ro d u c t  c o n ta m in a 
tion. Its strong, durable, seamless 
body construction guards against 
hazardous leakage.

Other products include Steatite Insulators made by 
General Ceramics & Steatite Corp., Keasbey, N . J.

C H E M I C A L  S T O N E W A R E  D1V.
K E A S B E Y  • N E W  JER SE Y

Chemical Stoneware 
Cooling Coil



T h e  f a m i l i a r  b o m b e r  n o s e  
i s  a  p l e x i g l a s  n o s e

P l e x i g l a s ,  the  crysta l-clear acrylic p lastic 
which m ade possible th e  fam iliar bom ber 

nose, as well as o th er tra n sp a re n t p a rts  aboard  
every ty p e  o f A rm y and  N a v y  plane, w as devel
oped in R ohm  &c H aas laborato ries, first b ro u g h t 
to  commercial production in Rohm  & H aas plants.

T here the  first tran sp a ren t plastic bom ber nose 
was bu ilt, and th e  m ethod for m ass p roduction  
of these curved sections was developed. Form ed 
from  “ av ia tio n ’s s tan d ard  tran sp a ren t p lastic ,” 
th e  now  fam ous P l e x i g l a s  “ greenhouse” is one 
of num erous exam ples o f a chem ical develop
m en t begun in  peace w hich is now m eeting  th e  

needs of w ar.

TEGO . .. AND PLYWOOD PLANES

Five years before the war began 
the manufacture of plywood was 
literally revolutionized when our 
associate, The Resinous Products 
& Chemical Co., introduced a new 
resin adhesive in sheet form T e g o .  
Bonded with this resin, veneers be
came a “wonder-wood,” weight for 
weight stronger than steel, weather
proof, fungus-proof. Today prac
tically all aircraft plywood is T e g o  

bonded plywood.

LE TH A N E . . .  AND INSECTS

As a resu lt o f prewar research, 
Lethane, the first synthetic organic 
insecticide was developed in Rohm 
& Haas laboratories. Lethane is 
the killing agent in leading agri
cultural, household, livestock and 
industrial insect sprays. When war 
sharply curtailed imports of rote- 
none and pyrethrum , L eth a n e , 
made from Am erican m aterials, 
stood ready to relieve this shortage 
of botanical toxicants.

The chemical companies most ac
tive in research before Pearl Harbor 
are today the ones m ost helpful in 
prosecuting the war. The Rohm & 
Haas Company and its associates 
are giving effective aid to the war 
effort as a result of their peace
time research.

PLEXIGLAS, TEGO and LETHANE
are trade-marks Reg. U. S. Pat. Of.

O N E
O R G A N I Z A T I O N ’ S

P A R T

I INI

R O H M  S c  H A A S  C O M P A N Y
A N D  A S S O C I A T E S :

T H E  R E S IN O U S  P R O D U C T S  8c C H E M IC A L  C O M PA N Y  • C H A R L E S L E N N IG  8c C O M PA N Y
W A S H I M  G T O JV S Q U A R E ,  P H I L A D E L P H I A ,  P A . ______________

Manufacturers o f Plastics, Insecticides and Fungicides, Coating Resins, Plywood Adhesives, Ion Exchange 
Resins and Chemicals fo r  the Leather, Textile, Enamelware and Other Industries.____________
ursine



O n l y  c o n t i n u o u s  f a c  

c a n  f u r n i s h  a n s w e r s  t 

i c a l  h a n d l i n g  p r o b l e i  

i n d u s t r i e s .

T h a t ' s  w h y  L a B o u r  

y e a r s  a g o ,  a c c u r a t e  

h e a t  p o u r e d  in  o u r  

a l l o y  c a s t i n g  c a r r i e s  

f o r m a n c e  d a t a  o n  a i  

c o r r e l a t e d  w i t h  r e c o  

w a y  t o  c o n s t a n t  im  

s e r v i c e  f o r  e v e r y  L a i  

T o d a y  L a B o u r  h a s  

v a l u a b l e  s o u r c e  o f  th  

b e s t  s u i t e d  to  a n y  

s e r v i c e .  T h e s e  m e t h  

w h i c h  p r o d u c e d  t h e  

t r i f u g a l  p u m p ,  g o  to  

i n g  p r o b l e m s  w h e n  

p u m p s .

T H E  L a B O I
Elkhart

un t»*«*

r* * “  dV » > ‘
Ac id “n‘ geo no«1'0“ 1
pend“ 15^  ’ ‘ A d * ? 1 * '
H y g r o * c o l ” ‘ • *

tegr»“ y n' ° ^  | urn» ftn

L a BOD



h e m i c a l  P r o c e s s  I n d u s t r i e s  A C E  r u b b e r  l i n i n g  i s  a  s t r a -  

n d i s p e n s a b l e  m a t e r i a l  f o r  t a n k s ,  p u m p s ,  p i p e ,  v a l v e s ,  

: s , t a n k  c a r s ,  e t c .  ★  E n g i n e e r s  r e s p o n s i b l e  f o r  s a f e g u a r d -  

n e n t  a g a i n s t  c o r r o s i o n  k n o w  t h a t  A C E  r u b b e r  l i n i n g

re s  c o m p l e t e ,  p o s i t i v e  p r o t e c t i o n  a g a i n s t  c o r r o s i o n  a n d  c o n t a m i n a t i o n  

3  a  w i d e  t e m p e r a t u r e  r a n g e

.y  b e  c o m p o u n d e d  t o  m e e t  s p e c i f i c  r e q u i r e m e n t s  o f  s e r v i c e  

; a  n o n - p o r o u s  s u r f a c e ,  s m o o t h ,  e a s y  t o  c l e a n

e r  l i n i n g s ,  i n c l u d i n g  T h i o k o l ,  N e o p r e n e ,  e t c . ,  a r e  a l s o  a v a i l a b l e

,N Pipe and Fittings, iron pipe sizes; Injection Moldings; Thin W all Tubing and Fittings

R D  R U B B E R  C O M P A N Y  

ST R E E T , NEW  YORK, N. Y.
W. WASHINGTON ST., CHICAGO, ILL.

in ed  E v a p o ra to r  H ead

Ace ru b b e r  lin e d  c h lo rin e  
gas c o o le r , equipped top 
and bottom with Ace rub
ber covered tube sheets. 
Sheets have 673, 13/16 
inch diameter holes accu
rately reamed.

E R  P R O T E C T I O N

^  o g a i t u f c  C o v w i t a K y '



p E B r o R M A * c B D f E S  
, » r S E S A ® 1 *  

2 0  V  E  R ® 1 p t J M P ^

O n l y  c o n t i n u o u s  f a c t - f i n d i n g  a n d  r e c o r d - k e e p i n g  

c a n  f u r n i s h  a n s w e r s  to  t h e  m u l t i t u d e  o f  l i q u i d  c h e m 

i c a l  h a n d l i n g  p r o b l e m s  e n c o u n t e r e d  i n  t h e  p r o c e s s  

i n d u s t r i e s .

T h a t ' s  w h y  L a B o u r  s t a r t e d  to  r e c o r d ,  m o r e  t h a n  2 0  

y e a r s  a g o ,  a c c u r a t e  m e t a l l u r g i c a l  d a t a  o n  e v e r y  

h e a t  p o u r e d  in  o u r  o w n  f o u n d r i e s .  E a c h  c h r o m e  

a l l o y  c a s t i n g  c a r r i e s  a n  i d e n t i f y i n g  m a r k  a n d  p e r 

f o r m a n c e  d a t a  o n  a n y  L a B o u r  p u m p  c a n  t h e n  b e  

c o r r e l a t e d  w i t h  r e c o r d e d  i n f o r m a t i o n  t o  p o i n t  t h e  

w a y  to  c o n s t a n t  i m p r o v e m e n t ,  a n d  b e t t e r  p u m p  

s e r v i c e  f o r  e v e r y  L a B o u r  u s e r .

T o d a y  L a B o u r  h a s  in  t h e s e  " c a s e  h i s t o r i e s ”  a n  i n 

v a l u a b l e  s o u r c e  o f  t h e  f a c t s  r e q u i r e d  to  b u i l d  p u m p s  

b e s t  s u i t e d  t o  a n y  p a r t i c u l a r  c h e m i c a l  p u m p i n g  

s e r v i c e .  T h e s e  m e t h o d s ,  p l u s  t h e  e n g i n e e r i n g  s k i l l  

w h i c h  p r o d u c e d  t h e  f i r s t  p r a c t i c a l  s e l f  p r i m i n g  c e n 

t r i f u g a l  p u m p ,  g o  to  w o r k  o n  y o u r  c h e m i c a l  p u m p 

i n g  p r o b l e m s  w h e n  y o u  o r d e r  o r  s p e c i f y  L a B o u r  
p u m p s .

t h e  l a b o u r  c o m p a n y ,  i n c .
Elkhart, Indiana, U. S. A.

Every LaBour pump undergoes elab
orate running tests to insure its ability 
to meet operating conditions which will 
be encountered in use.

LaBour Type DZ — A non-priming pump 
especially designed for conditions of high 
head where relatively low capacity is required.

LaBour Type DPL—This centrifugal pumj 
primes itself without the use of valves or an' 
auxiliary priming mechanism. Capacities rancn 
from 10 GPM to 1500 GPM.

L a b o u r  p u m p s

k
!
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A i r  C o n d i t i o n i n g  g i v e s  i t  OOM PH!
This war is being fought with explosions. 
All kinds.. .from block-busters to hand 
grenades. And don’t forget the explo
sions in the barrels of guns that propel 
bullets and shells toward the enemy.

It takes a lot of skill to make a good 
explosion. Air conditioning helps.

The rate at which powder dries 
determines the way it explodes. It 
must not explode too soon or too late. 
Hence, special air conditioning . . . 
with temperature and humidity con

trolled precisely . . .  is used for the 
drying of powder.

Also, air conditioning protects the 
lives of workers in munitions plants 
by providing the safest temperature 
and humidity conditions.

General Electric is an outstanding 
supplier of the new improved kind of 
air conditioning equipment needed for 
these wartime requirements. It has 
developed equipment more flexible, 
more compact than ever before . . .

with more accurate temperature and 
humidity control.

Today this equipm ent is being  
devoted to winning the war. After 
the war, a far better air conditioning 
will be made available for offices and 
factories, stores and theatres; homes, 
hospitals and hotels . . . from General 
Electric.

A ir Conditioning and Commercial 
Refrigeration Department, Division Jf33, 
General Electric Co., Bloomfield, A. J.

r f i / i  & (f G E N E R A L  E L E C T R I C



ACE Hard Rubber helps 

safeguard America 

on land ,..on  sea 

. . . in the air



^  I n  t h e  C h e m i c a l  P r o c e s s  I n d u s t r i e s  A C E  r u b b e r  l i n i n g  i s  a  s t r a 

t e g i c  a n d  i n d i s p e n s a b l e  m a t e r i a l  f o r  t a n k s ,  p u m p s ,  p i p e ,  v a l v e s ,  

p i p e  f i t t i n g s ,  t a n k  c a r s ,  e t c .  ★  E n g i n e e r s  r e s p o n s i b l e  f o r  s a f e g u a r d 

i n g  e q u i p m e n t  a g a i n s t  c o r r o s i o n  k n o w  t h a t  A C E  r u b b e r  l i n i n g

.  .  .  g i v e s  c o m p l e t e ,  p o s i t i v e  p r o t e c t i o n  a g a i n s t  c o r r o s i o n  a n d  c o n t a m i n a t i o n  

.  .  .  h a s  a  w i d e  t e m p e r a t u r e  r a n g e

.  .  .  m a y  b e  c o m p o u n d e d  t o  m e e t  s p e c i f i c  r e q u i r e m e n t s  o f  s e r v i c e  

.  .  .  h a s  a  n o n - p o r o u s  s u r f a c e ,  s m o o t h ,  e a s y  t o  c l e a n

N e o p re n e  lin e d  E v a p o ra to r  H ead

S y n t h e t i c  r u b b e r  l i n i n g s ,  i n c l u d i n g  'P h i o k o l ,  N e o p r e n e ,  e t c . ,  a r e  a l s o  a v a i l a b l e
Ace plastic SARAN Pipe and Fittings, iron pipe sizes; Injection Moldings; Thin W all Tubing and Fittings

A M E R I C A N  H A R D  R U B B E R  C O M P A N Y  

11 M ERCER STR EET, N EW  YORK, N. Y.
AKRON OHIO 111 W. WASHINGTON ST.. CHICAGO. ILL.

Ace ru b b e r  lin e d  c h lo rin e  
gas c o o le r , equipped top 
and bottom with Ace rub
ber covered tube sheets. 
Sheets have 673, 13/16 
inch diameter holes accu
rately reamed.

R U B B E R  P R O T E C T I O N

i n T b e f o t t A e ' a g a in it C o V u H io n ^
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b C H N E I B L E
D U S T ,  O D O R  A N D  F U M E  C O N T R O L  E Q U I P M E N T

Schneible Equipment is doing its part in the war effort by keeping 
the air in busy process plants clean and by salvaging valuable by
products. Schneible installations result in improved working con
ditions and higher human efficiency, which is all important in the 
face  of today's maximum production demands.

W hatever your dust or fume problem may be, dependable Multi- 
Wash Equipment has coped with similar conditions or our engineers 
will recommend an installation consisting of standard units 
to meet your special needs.

1. C o n tr o l l in g  O b n o x io u s  F u m es  a n d  N u is a n c e
For several years, this 12,000 c.f.m. Schneible Special Multi- 
Wash C o llector has been effectually removing hydrogen 
sulphide, ammonia and other obnoxious fumes exhausted 
in manufacturing a specialized viscous product in a large 
Wisconsin processing plant. W hat was form erly a neighbor
hood nuisance has been permanently abated.

2 . C o n tr o l l in g  A c i d  F u m es  in a R e f in e r y
This 3,000 c.f.m. Schneible Senior Multi-Wash C o llector has 
proved highly effective in removing acid fumes from the air 
exhausted from reaction vessels in an Illinois plant engaged 
in refining rare metals for use in high speed cutting tools.

3 . C o n tr o l l in g  D u s t  a n d  W a s t e
This multiple installation of Schneible Senior Multi-Wash 
C ollectors with copper towers in a large Illinois processing 
plant is used to remove and recover corn sugar from the 
air exhausted from dryers and from handling and packaging 
operations. Multi-Wash Equipment with towers of cast iron 
and steel are used in the corn starch division of the same 
company. The salvage value, alone, of the products recov
ered quickly paid for these installations.

If Old Man Atmosphere is robbing you of 
valuable m aterial or product, we may be able 
to recover it for you. The case cited above is 
but one of a number where product recovery 
paid for the equipment.

W rite us about your problem — whether it 
affects your entire plant or a single isolated 
operation.

CLAUDE B. SCHNEIBLE COMPANY
3959 Lawrence Avenue Chicago, Illinois

Engineering Representatives in Principal Cities @
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L o u i s v i l l e , K y .

GO • D A L L A S
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Y o u  C a n ’t  R e p l a c e  

H i s  E y e s

P R O T E C T  

T H E M  

W I T H  A O  

G O G G L E S

For m ost jobs in the process industry, A O  D uralite Chemical G og
gles are especially recom m ended. Super A rm orplate Lenses p ro
vide resistance to  flying chips. Solid baffle-plates in back o f  the 
side shields protect the eyes against splashing chemicals. Slots in 
the lens rings and radial slots in the eye cups and side shields in 
sure ample ventilation to  keep eyes cool and prevent the inside o f 
the lens from lens fogging. Above all, these goggles are ligh t in 
weight, snug-fitting, and unusually com fortable to  wear.

Ask your A O  Safety R epresentative to  dem onstrate the rem ark
able features o f the AO D uralite Chem ical G oggle. À

A m e r i c a n  | p  O p t i c a l
COMPANY 

SOUTH B R ID G E , M A SSA C H U SE T T S
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» N O  C O R R O S I O N  

»  N O  C O N T A M I N A T I O N

» N O  O U T A G E S

with W O R T H I T E

W orth ite pump handling v in eg ar  
in a  food products p lan t

W orthite pumps handling t a r  acids  
and napthaline a t  2 0 0 ° — 2 3 0  F

Worthite pump handling sulfuric 
cid and sulphurated oil

P U M P I N G  

E Q U I P M E N T

I f  y o u r  p r o c e s s in g  i n v o l v e s  p u m p i n g  a l m o s t  
a n y  k in d  o f  c o r r o s iv e  l iq u o r  y o u ’ll f in d  t h i s  
a l l o y , W O R T H I T E ,  a s  u s e d  in  W o r t h in g t o n  

P u m p s ,  w i l l  g i v e  y o u  l o n g ,  t r o u b l e - f r e e  

s e r v ic e .  It is  a l r e a d y  w i d e l y  u s e d  in  m a n y  
in d u s t r ie s — e x p l o s i v e s ,  d y e s t u f f s ,  a c id  m a n u 
fa c t u r e ,  f e r t i l i z e r s ,  p a p e r ,  p u lp ,  p e t r o l e u m ,  
c o k e  b y - p r o d u c t s ,  m e t a l  r e f in in g ,  p i g m e n t s ,  
p la s t ic ,  r a y o n  a n d  f o o d  p r o d u c t s .  O t h e r  i m 
p o r t a n t  u s e s  a r e  b e i n g  c o n t in u o u s ly  f o u n d .

W O R T H I T E  is  a  c o m p l e x  a l l o y  ¡ o in t ly  

d e v e l o p e d  b y  t h e  m e t a l l u r g i s t s  o f  L e b a n o n  

S t e e l  F o u n d r y  a n d  W o r t h in g t o n  P u m p  a n d  

M a c h in e r y  C o r p o r a t io n .

W O R T H I T E  p u m p s  a r e  a v a i l a b l e  t o  t h o s e  

p r o c e s s o r s  w h o s e  w a r  p r o d u c t io n  a c t iv i t i e s  

g i v e  t h e m  p r io r ity .

O u r  d e s c r ip t iv e  b u l l e t i n s  o n  W O R T H I T E  
p u m p i n g  e q u i p m e n t  o f f e r  i d e a s  a n d  in 

f o r m a t io n  w h ic h  y o u  c a n  u s e  in  p l a n n i n g  
n e w  o r  e x p a n d e d  p r o c e s s in g  o p e r a t i o n s .

►
Both the Navy E and Army-Navy E Awards 
have been presented to Worthington for speed 

and excellence in production.

.  ^  i M O B T H I N C T O M
„ . . „ I N E P Y  C O R P O R A T IO N  • G EN ER A L O FF IC E S : H A R R IS O N , N . J. 

W O R T H IN G T O N  P U M P  & M A C H IN E R Y  C O R P
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P I P I N G  P O I N T E R S
Give Helpful Ideas

S HORTAGES o f  materials challenge the ingenuity of 

piping men. To speed installations and keep pipe 

lines flowing, it’s up to them to make safe and practical 

substitutions—and devise short-cuts at every turn!

Just printed, Crane "Piping Pointers” Bulletin N o. 6  

is ready for you with valuable suggestions for using 

alternate materials. It gives handy hints for making 

emergency installations. It w ill help your men get jobs 

done faster—help you prevent delays in war production.

Sent Free on R equest—"Piping Pointers” are designed  

to aid you in m eeting three wartime responsibilities: 

( l )  keeping pipe lines at peak efficiency, ( 2 ) training 

new maintenance workers, ( 3 ) conserving critical 

metals. They’re based on  Crane Co.’s 87-year ex

perience in flow control engineering. Copies o f Bul

letin N o. 6 —as many as you need—are yours for the 

asking. Call your Crane Representative, or write to: 

Crane Co., 836 South Michigan A ve., Chicago, Illinois

V O X . O O , L'i O .  o

j w h

D E L A Y I N G  Y O U R  P I P I N G  J O B S ?

C R A N E  V A L V E S
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W ater is important in your business, and its proper conditioning, both 
for processing and boiler feed, has a direct bearing on the quality of 

your product and the efficiency and economy with which it is produced. It’s 
got to be treated — right.

Just what this treatment should be depends upon the characteristics of your 
raw water and the nature of your processes.

And that’s where Graver service starts.

Graver engineers w ill make a thorough study of your processes and re
quirements. A complete analysis of your raw water w ill be made in the 
Graver laboratories. And, based upon these findings, the necessary equip
ment w ill be designed and built to meet your specific needs most efficiently 
and economically.

Graver knows water conditioning inside and out. Graver engineers under
stand water conditioning as specifically applied to the Chemical Process 
Industries. And this knowledge is backed by more than thirty years of ex
perience in the design, fabrication, and erection of water conditioning 
equipment of all types.

Graver engineers w ill gladly discuss your water 
conditioning problem s w ith  you and m ake un
biased recom m endations w ith o u t obligation.

G R A V E R G R A V E R  T A N K  &  C Q , K Ç .

NEW YORK 
CATASAUOUA, PA. EAST CHICAGO. IND.

CABLE ADDRESS — GRATANK

CHICAGO
TULSA

43-B-W
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G R I N D I N G
MATERIALS
a n d

R E M O V I N G
IMPURITIES
. . . .  i n  O N E  

O P E R A T I O N Æl-sis&ï

R A Y M O N D

M
SINCE 1887

A U T O M A T I C  P U L V E R I Z E R
In making powdered products, you can often simplify methods of op
eration and maintain uniform quality in the finished m aterial by the 
use of Raymond equipment.

For example, with the Automatic Pulverizer, you can com pletely 
process difficult materials that usually require several units of equip
ment. This machine disintegrates the product, cleans it of impurities, 
and classifies it to desired fineness by air separation. It is a single 
cycle operation, dustless and automatic throughout.

The throw-out attachment, a Raymond feature, is useful in such 
operations as: Pulverizing litharge and rejecting the free lead  . 
separating granular impurities from extreme fines . . . elim inating 
sand from ochres or pigments . . . removing unburnt lime from chem ical 
hydrate . . . cleaning kaolin and clays from impurities.

fo r  further details, 
see Raym ond C a ta 

lo g  #37.

R M N

Sales O ffices In P rin c ip a l C ities

P U L V E R I Z E R  D I V I S I O N
Combustion Engineering Company, Inc.

1313 North Branch Street CHICAGO

C a n a d a : Combustion Engineering Corp., Ltd. Moni
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STAINLESS 
STEEL

DURIRON 
OR

DURICHLOR

aUoy trU L O B -  is t0 ne so lu tio n -
DUR' CV „ ,heI c h lo n «
a d d  »»<

Here is a reference book that should be in the hands of 
everyone using acids. In it are shown the latest and best 
metallurgical and engineering developments in vanes 
for handling corrosive solutions.

W H A T  Y O U  W IL L  F IN D  IN  T H IS  B O O K
Type 602

_____  Valve

• Cross-sectional views of all principal valve types. -...narines
• Sizes and dimensions of 24 types of valves, in many l er p
• Parts lists.

• iS m m id o n ^ to th e  proper application of DURIRON, DURICHLOR, 
DURIMET and DURCO STAINLESS STEELS.

T H E  D U R I R O N  C O . ,  I N C .  •  D A Y T O N ,  O H I O

________  CLIP this coupon. Attach it to your letterhead..

T h e  D U R IR O N  C O ., In c. D A Y T O N , O H IO .
Send Valve Bulletin No. 605-E to:

Name  -------------------------

Address------------------------- -----------------------------------------
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THIS LINE OF

Lectrodryers
CARRIES A 

P R OMI S E

for the 

Future

These Lectrodryers were photographed as they left 
for points best known to the censors. Like hundreds 
of others, they are now at work on synthetic rubber 
production, in oxygen plants, and on dozens of 
other processes vital to the war effort.

Lectrodryers are DRYING  MACHINES. They 
control humidity. They dry air and gases to ex
tremely low dew points, at either atmospheric 
pressure or compressed to 3,000 pounds per square 
inch. They dry many of the organic liquids so 
important today. Although engineered for every 
installation, each is a standard, proved design.

Lectrodryers are speeding war production. 
Work is now done in atmospheres of definite

humidity, with gases and liquids of known dryness. 
Materials contain only the water that is wanted 
there. Because Lectrodryers use Activated Alumi
nas as their drying agent, you can dry liquids and 
gases DRY, to dew points below — 110°F.

This experience with controlled humidity and 
dryness spells the doom of hit-or-miss methods of 
production. Postwar industry is going to demand 
the same independence of outside weather con
ditions, the same sureness of quality and speed of 

production. Lectrodryer engineers will gladly help 
shape your thinking on these problems.

P ittsburgh Lectrodryer Corporation, 305 
32nd Street, Pittsburgh, Pennsylvania.

L E C T R O D R Y E R S  D R Y  W I T H  A C T I V A T E D  A L U M I N A S

—  p  ï t t s b u r g h

LEC TR O D R Y ER
C O R P O O  H m  .  _  UtlUShLlil.
C O R P O R A T I O N
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standardized stearates
S C t n t t t i a t c  { ÿ c c e 4 4 c u & i£

TYPICAL A N A L Y S IS  O F M A LLIN C K R O D T ST A N D A R D  STEARATE PR O D U C T S

N a m e Bulk in FI. 
Oz. per Lb.

Metallic
O xide

*Extractable
Acid

Soften ing
Point

Aluminum Stearate Technical M 52 15% 6 % 170° C.

Aluminum Stearate Technical D 54 8.4% 7% 157° C.

Aluminum Stearate Technical D 5-47 58 8.7% 4.8% 160° C.

Aluminum Stearate Technical D Fluffy 70 8 .2 % 8 % 148° C.

Flatting Agent No. 22 70 8 % 7.5%
Aluminum Stearate Technical T D 

(Formerly named No. 1-49) 80 7.7% 15% 130° C.

Aluminum Stearate Technical T 48 6 % 25% 109° C.
Aluminum Stearate Technical T for 

Paint & Varnish Manufacture 76 6 % 24% 115° C.

1 Calcium Stearate Technical 35 9% 1.5% 125° C.

Calcium Stearate Impalpably Powd. 125 9% 1.5% 146° C.

Zinc Stearate U.S.P. XII 160 14% 2 % 118° C.

| Zinc Stearate U.S. P. XII “S“ 160 14% 2 % 120° C.

Magnesium Stearate Technical 40 6 .8 % 2.5% 125° C.

Magnesium Stearate Impalpably Powd. 140 6 .8 % 2.5% 125° C.

The water content o f stearates is lim ited to 1 %. In most cases the actual amount is 
The water-soluble material is also lim ited to 1% and is usually less.

*The "Extractable Acid” is determined by extraction with boiling Acetone.

less.

WHETHER you use Stearates it

LUBRICANTS

paper c o a t in g s  
paints & v a r n is h e s  
water repellents

COSMETICS

PH ARM ACEUTICALS

or to modify the properties of  
other colloidal systems.

MALLINCKRODT s t e a r a t e s
sim plify  your processing  
problems, make it easier for 
you to maintain uniformity 
of your product. Our long 
experience in producing  
STANDARDIZED STEARATES 
is your assurance of maxi
mum lot-to-Iot dependability.

ndardtzed Stearate, o f Aluminum, Cal 
.Magnesium, and Zinc are „ „ „  avail. 

able. Spec,a, app,icati„„s of th i q(

many ot er metals have been studied in 
our laboratories. W e invite you to draw on

the Standard,red Stearates, or to confer 

“S on •>'our Particular needs for other 
metalhc soaps. Cali representative or 
write us today for the N ew  Product Dan 
Booklet on Stearates.-----------------------    ou oicarates.

MALLINCKRODT CHEMICAL WORKS
Q U A L IT Y  IN  O il  a  m t i t v

V̂ICTORY 

BUYUNITEDq u a l i t y  i n  q u a n t i t y

s t r u * , ,  r  .

NEW YORK . MONTREAL . LOS ANGELES



P A T T E R S O N  S T E A M -  
J A C K E T E D  M I X I N G  

KETTLE

A standard type jacketed kettle 
fitted with a specially designed 
Patterson mixer. 76" O.D. x 109" 
high over the shell exclusive of 
supports. Constructed to the 
A.S.M.E. code for a working pres
sure of 150 lbs.

—  T H A N K S  TO A S P E C I A L  TYPE OF PATTERSON M I X E R

A . S . M . E .  A P P R O V E D  

D R A W I N G  O F  KETTLE 

I L L U S T R A T E D  A B O V E

B y v a ry in g  the ty p e , physical 

d im en sion s a n d  ra te  o f  sp e e d  

o f  the m ixing m ech anism , this 

Patterson  S te a m -Ja c k e te d  M ix

ing Kettle c a n  b e  a d a p te d  to 

a n y  p ro c e s s  requ iring this kind 

o f  equ ipm ent.

For information on Patterson-Kelley equipment 
for the chemical and process industries, write 

for Bulletin No. 202.

PATTERSON-KELLEY FOR DEPENDABLE, ECONOMICAL SERVICE

I

t h e  ja t t e t w n  “ J x & i l& ij c o . ,  i n c .

M A N U F A C T U R E R S  F O R  T H E ^ C H E M K A l ' ' f ^ 0 0 0 “ 0 1 1 6 ' P A- 
C H E M I C A L  A N D  P R O C E S S  I N D U S T R I E S
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T h i s  S i m p l e  C a r e

, A D D S  Y E A R S
IllJ

O F  L I F E
TO STAINLESS STEEL EQUIPMENT
Certainly, stainless steel is tough and strong. It resists 
hard wear and abuse-resists corrosion and oxidation. 
Normally, it w ill last longer than most other materials 
-even in the most severe service.
And it could last even longer —if certain precautions 
were taken and care exercised in cleaning.
Are you doing everything possible to get every available 
day of service from your sta in less stee l eq u ip m en t. 
Remember-when your present equipment is worn out, 
you probably w ill not be able to replace it during war
time, unless you have an extrem ely  h ig h  priority .

Here’s what to do. W rite and tell us the nature of your
operations, and w e’ll send you a poster-size wall card
(several if you need them) giv ing suggestions for length
ening service life and detailed information on cleaning. 
Individual cards are available for the follow ing types of 
equipment: (1) Process and Chemical, (2) Pulp and Paper, 
(3) Textile, (4) Food and Beverage P ro cess in g -m ea t  
packing, canning, etc., (5) Food Handling and Serving 
-restaurant, hotel, hospital and institutional kitchen and 
service equipment, and (6 ) Dairy.
This inform ation-prepared by Republic metallurgists 
from their U N E Q U A L L E D  experience in the develop
ment and application of Republic ENDURO* Stainless 
Steel—may be the means of adding years to the life of 
your priceless equipment.

R E P U B L I C  S T E E L  C O R P O R A T I O N
Department EC

A l l o y  S t e e l  D i v i s i o n  
Sales O ffices: M a ssillo n , Ohio

GENERAL O FFIC E S  • •  CLEVELA N D , OHIO
Berger M an u fac tu rin g  t ^ef  “ ^ T u b e s 'D iv i s io n

Niles Steel P r° duc.tsr .P1T, ?‘°  . T ru sco n  Steel Com pany
Union Drawn S tee l D iv is io n  .. .. N ew  Y ork . N . Y.Export D epartm en t: C h ry sle r B u ild .n g , N ew  YorK, cn •

•  •  •
TO ENDURO FABRICATORS: T e ll us
how  m a n y  o f  these conservation
cards you w ould  like fo r  distribution
to y o u r  c u s to m e rs . We’ll  g la d ly
furn ish  them already im printed w ith
your name a n d  address.
♦Reg. U. S. Pot. Off.

R E P U B L I C

Th ^  0 1/1/
'C '"■/ Z  a  «"<> . “  'ora  V  V

......

r -
4t l ° n9erSt>... ...  -  --w -‘• « ^ r S e Z ^

I.

r . n d u r o  S T A IN L E S S  S T E E L
Mm r mt \ mm \mr \ tr \ mr t /

v»•    a cknptc — TInson Quality Bolts, Nuts and Rivets -  Berger Lockers and Shelving
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f a r  m i x i n g

W H E R E V E R  T H O R O U G H - U N I F O R M 
M I X I N G  I S I M P O R T A N T . . .

S I M P S O N
IN TE N S IV E  M IX E R S  d o  i t

T U S T  as in  101 o th er app lica tions, th e  Sim pson 

m ulling  p rin c ip le  o f in tensive  m ixing has 

proved  advantages to  offer in  m ixing plastics. One 

of th em  is th e  ab ility  to  tho ro u g h ly  im pregna te  a 

filler w ith  th e  b in d e r in a minimum of time. A no ther 

is flexibility  in  h an d lin g  d ry  pow ders —  sem i-dry 

m ateria ls , o r a heavy pasty  mass. S im pson M ixers 

m ay be eq u ip p ed  w ith  w ater and  steam  jackets —  

w ith  covers to  con tro l dust o r special hoods fo r 

vacuum  o p era tio n , as in  th e  case w here  volatiles m ay 

he reclaim ed. T hey  a re  v irtu a lly  self cleaning.

I f  y o u  h a v e  d r y ,  s e m i-d ry  o r  p la s t ic  m a t e r ia ls  to  m ix  

t h o r o u g h ly  a n d  u n i fo r m ly — y o u  w il l  f in d  a S im p s o n  

M ix e r  w i l l  d o  th e  jo b  b e t te r ,  f a s t e r  a n d  a t  le ss  cost.

W r ite  f o r  d e ta ils  o r  a s k  to  h a v e  a N a t io n a l  m ix in g  

s p e c ia l is t  go  o v e r  y o u r  p r o b le m  w ith  y o u . N o  o b li

g a t io n , o f  c o u rs e .

S l M P . V O y B U ILT  IN  1 0  S IZES

MIXING b y  MULLING
The mulling action em ployed by Simpson 
Intensive M ixers is com parable  to the rub
bing, kneading and  smearing action o f the 
m ortar and pestle. A  special com bination  
of mullers and plows revolve in a  circular, 
stationary pan . M ullers, m ounted on rocker 
arms, a re  adjustab le , and  a re  free  to float 
on m ateria l being m ixed. They create pres
sure and an intensive rubbing action as they  
revolve, but do not cause grind ing . The plows 
exert a shoveling action to the m ateria l be
ing mixed, turn ing it over upon itself and  
directing it in fro n t o f the mullers.
Liquids may be introduced through a  funnel 
mounted in the center o f the m ixer. O n  
completion of the mixing cycle, action o f the  
plows au tom atically  discharges the m ateria l 
through a  door in the bottom of the pan.

SIMPSON APPLICATIONS
Simpson Intensive M ixers are  successfully 
serving in hundreds of plants in the chemical 
and process industries. They a re  m ixing plas
tics, soaps, cosmetics, drugs, storage b attery  
paste, g rap h ite  products, w e ld ing  rod coat
ings, ceramic clays, re fracto ry  cements, as
phaltic compounds, fe rtilizers , sand, paste  
Powder, bo iler compounds, fo o d , feed , cray
on stock, p ap er coatings, putties, roofing  
m aterials, and m any other d ry , semi-plastic 
and pasty products.

ENGINEERING COMPANY
I N T E N S I V E

M I X E R S

MA C H I N E R Y  HALL B U I L D I N G  • C H I C A G O ,  I L L I N O I S

Dominion Engineering Co, Ltd., Montreal Canada. fL Z I  «elite. Entfand. For Unetto-
ootroel, Canede. For Australia end New Zealand—Gibson, Battle A Co., Pty., lid. Sydney, Australia

SbhHH
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C h e m i c a l l y  a n d  

P h y s i c a l l y  f i t  —  

a n d  r e a d y  f o r  ^  

a c t i o n !  >  b o '

H i g h  C a l c i u m

C H E M I C A L  L I M E

f a  d & u u c e  ¿ o *  (M te* 

J fo ll a cetitusuf
STEE L M A K I N G  —  W IR E  
D R A W I N G - P A P E R  A N D  

B O X B O A R D  -  L E A T H E R  -  

P A IN T  A N D  V A R N I S H  —  

B RICKS —  C H E M I C A L S  —  
F O O D  P R O D U C T S — W A T E R  

T R E A T M E N T , ETC.

A  m i l l i o n  y e a r s  o f  t i m e  h a v e  d o n e  t h e i r  w o r k  i n  M a r b l e h e a d  s  

e x t e n s i v e  q u a r r i e s ,  t o  p r o v i d e  t h e  h i g h  g r a d e ,  h i g h  c a l c i u m  l i m e s t o n e

s o  n e c e s s a r y  f o r  q u a l i t y  c h e m i c a l  l i m e .

F o r  t h e  l a s t  s e v e n t y  o f  t h o s e  y e a r s ,  t h i s  C o m p a n y  h a s  m a n u f a c 

t u r e d  t h e  p i c k  o f  t h e  l i m e s t o n e  f r o m  t h e s e  q u a r r i e s  i n t o  t h e

s u p e r l a t i v e  M a r b l e h e a d  C h e m i c a l  L i m e .

T h u s  M a r b l e h e a d  i s  ch e m ica lly  fit t o  s e r v e  i n d u s t r y  e f f i c i e n t l y  —  

h i g h  i n  c a l c i u m ,  w i t h  a  m i n i m u m  o f  i m p u r i t i e s ,  s u p e r - a c t i v e ,  

c o n s i s t e n t l y  u n i f o r m ,  t h o r o u g h l y  d e p e n d a b l e .

I t  i s  a s  w e l l ,  p h y sic a lly  fit —  t o  p r o v i d e  e i t h e r  f a s t  o r  s l o w - s e t t l i n g  

l i m e ,  f o r  p a p e r  m a k i n g  o r  d e h a i r i n g  h i d e s ,  o r  s m o o t h ,  f i n e - t e x t u r e d

l i m e  f o r  s u c h  p r o c e s s e s  a s  w i r e  d r a w i n g .

T h e s e  c h e m i c a l  a n d  p h y s i c a l  q u a l i t i e s ,  a m p l y  p r o v e n  i n  l o n g  

s e r v i c e ,  h a v e  m a d e  M a r b l e h e a d  o u t s t a n d i n g  i n  t h e  c h e m i c a l  l i m e

f i e l d .

F O U R  F O R M S

MARBLEHEAD 
LIME CO.

P O W D E R E D  
Q UICK L IM E

PEBBLE LÍME LU M P U M E

1 6 0  N.  LaSalle St

G l i i c a p ,  III.
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B u s y  C h e m i c a l s  f o r  t h e  W a r  a n d  A f t e r

C ltC T R O C H C M IC A l 
»«M* FALLS, MEW

ARMS today...CHARMS t o m o r r o w

A bombardier spreads havoc 
with a direct hit. Among the 

 ̂ factors in his success is the 
m otor fuel that gives him  

speed and range. As exacting as the specifica
tions for modern aviation fuel are those for the 
chemicals that help produce it, among them 
Aluminum Chloride—one of more than ninety

HOOKER CHEMICALS
Aluminum Chloride is a busy chemical. From 
the man’s world of war, 
its use extends to the 
feminine realm as an im
portant factor in the pro
duction of dyes which 
heighten the charm of 
m a n y  an A m e r i c a n  
beauty.

H O O K E R

ALUMINUM CHLORIDE-ANHYDROUS 
A I C I 3

Hooker Specifications :
DESCRIPTION: Light gray colored »olid.
SIZE .Coarse Caught on a No. 4 screen and largest lump not over 1 inch.

Fine -  Practically all passes No. 20 screen.

It is essential, too, in other fields,—as in syn
thetic rubber, medicines, pharmaceuticals, 
lubricants and perfumes.

In war and peace, members of the h o o k e r  
technical staff constantly seek to extend the 
usefulness of their products to new fields. 
This future-probing research often reveals 
important applications not previously con
sidered. Such findings, pooled with the think
ing of others — perhaps your own — can be 
invaluable to you in the days to come.

h o o k e r  welcomes con
sultation on plan for 
post-victory product de
velopment and on pres
ent priority needs for 
busy chemicals. It’s never 
to o  e a r l y  to  t a c k l e  
tomorrow.

PURITY: Aluminum Chloride ..........  99°/
Heat of Solution, 550 small calories/gram, mini

H O O K E R  E L E C T R O C H E M I C A L  C O .,  N I A C A R A  F A L L S  N . Y .
N e w  Y o r k  C i t y  rp 1_  .

J • l a c o m a ,  W ash .

T f O O K E R  C f l E M / C A L E
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H o v T C o i g o n  h e l p s  s p e e d  A m e r i c a ’s  w a r  e f f o r t :

6. IN THE PULP AND PAPER INDUSTRY

T HE pulp and paper industry is 
making the greatest effort in its 

historv to adapt itself to war-time 
conditions and to make its products 
conform to the requirements of war 
industries and the armed services. In 
this connection Calgon is contribut
ing to the solution of many of the 
problems arising from water.

In the washing of chemical pulps 
the calcium and magnesium salts in 
water set coloring matter, making 
subsequent bleaching difficult. Cal
gon used in the water to wash pulp 
inhibits this action and saves chlo
rine, thus increasing the strength of
the paper.

In the sizing of pulp in the beater

the addition of 10-25 ppm. of Calgon 
improves the sizing through better 
dispersion.

In the coating of paper Calgon im
proves the homogeneity of the coat
ing mix, through better dispersion 
of the pigment, and increases the 
bonding action of the coating to the 
paper stock.

Calgon is used in the conditioning 
of felts to keep the felts more open, 
and is also used in the washing of 
felts for better removal of the im
purities present.

Another important use of Calgon 
is in the treatment of the mill sup
ply water to inhibit corrosion of the 
pipe lines and reduce the iron con

2-10 ppm. Calgon inhibits corrosion 

of iron —  prevents calcium carbo

nate scale.

C a lg o n

T r e a t e d

W A T E R

S U P P L Y

30-40 ppm. Calgon improves washing 

efficiency of pulp. Reduces chlorine 

demand- conserves strength.

tent of the water. This requires only 
from 2-10 ppm. of Calgon in the 
water. Corrosion of calendar rolls in 
wet finishing has been inhibited 
with Calgon.

Similar treatment when applied to 
high bicarbonate waters, inhibits 
scale deposition in alkaline pulp 
washers, vacuum pumps, condensers, 
heaters and suction pipes, and keeps 
the felts more open.

If you have a water problem we 
ma,y be able to help you. Write us 
for complete information. We will 
be glad to show you what Calgon* 
will do.
* Calgon is the registered trade-mark of Calgon, 
Inc. for its glassy sodium phosphate products.

0.5-1.0% Calgon in solids disperses 

pigments in coating. 10-20 ppm. dis

perses sizes in beater.

f a x

m m

PIT W A S H IN G  OF PULP V A C U U M  W A S H IN G  OF PULP

liiilint

PAPER
C O A T IN G

FELT C O N D IT IO N IN G  
A N D  W A S H IN G

BEATER
S IZ IN G

calqon, inc
nt aby or J HĄ6A" JA SUBSIDIARY OF  

H A G A N  CO R P O R A TIO N

BUILDING  
PITTSBURGH, PA.
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FULL W A L L  
T H IC K N E S S  

HERE

I t ' s  a  f e a t u r e  t h a t  

t e l l s  t h e  w h o l e  s t o r y

; |  'O  th e  k in d  o f en g in ee r w e ’re  
th in k in g  a b o u t,  nearly right is 

n o t r ig h t  en o u g h . H e ’s th e  k in d  o f 
fe llo w  w h o  m ak es su re  t h a t  th e  
s t r e n g th  o f  e v e ry  p a r t  is as n e a r ly  
p ro p o r tio n a te  to  th e  s tre ss  im posed 
on  i t  as e x a c t in g  c a lc u la tio n  can  
m a k e  i t .  T o  h im , n o th in g  less is right.

T h e  f e a tu r e  o f  W eldE L L S , p ic 
tu r e d  a b o v e , is c e r ta in  to  s t r ik e  a 
re sp o n siv e  c h o rd  in  su c h  a  m a n . I t  is 
based  on  m a th e m a t ic a l  c a lc u la tio n s  
a n d  p r a c t ic a l  te s ts  w h ic h  p ro v e  th a t  
th e  b u r s t in g  s tresses  in  a n  e lb o w  a re  
g r e a te s t  a t  th e  c ro tc h  o r  in n e r  w a ll  
— a n d  sh o w  ju s t  h o w  m u c h  g re a te r .

In  k e e p in g  w i th  th is  f in d in g , 
W eldE L L S  a re  g iv e n  e x t r a  r e in 
fo rc e m e n t in  th is  re g io n  o f  g r e a t 
est s tre ss . T o  u s , as to  y o u , n o th in g  
less w o u ld  be r ig h t!

W e a re  n o t im p ly in g  t h a t  w e ld 
in g  f i t t in g s  w h ic h  la c k  th is  f e a tu r e  
a re  b u r s t in g  r i g h t  a n d  le f t .  W e a re  
s im p ly  sh o w in g  t h a t  in  th is , as in  
o th e r  f e a tu r e s  lis te d  o p p o site , w e  
h a v e  gone th e  e n g in e e r in g  l im it  to  
m ak e  W eldE L L S  th e  f i t t in g s  t h a t  
h a v e  EVERYTH IN G .

D o n ’t  y o u  a g re e  t h a t  n o th in g  
less is r ig h t  f o r  your  p ip in g  job .

^  N o  other fittin g s  fo r  pipe 
w elding com bine the fea
tures found  in  W e ld E L L S .  
In  add ition  to  th a t de
scribed, th ey  include:
•  S e a m le s s  —  g r e a t e r  

strength and u n ifo rm ity .
•  T a n g e n t s  —  keep w eld  
aw ay fro m  zone o f  highest 
stress —  s im p lify  lin in g  up.
•  Precision qua rter-m a rk ed  
ends— s im p lify  layo u t and 
help insure accuracy.
•  Perm anent and com plete
id e n t i f ic a t io n  m a r k in g __
saves tim e  and elim inates  
errors in  shop and field .
•  W a ll thickness never less 

than specification minimum  
— assures f u l l  s trength  and 
long life .
•  M a c h in e  to o l b e v e le d
ends —  provides best w e ld 
ing surface and accurate  
bevel and land.
•  The most com plete line o f  
W elding Fittings and Forged 
Steel Flanges in th e  W orld  
— insures com plete service 
and und iv ided responsibility.

T A Y L O R  F O R G E  & P IP E  W O R K S , General Offices & Works: Chicago, P. O. Box 48 5

NEW YORK OFFICE: 50 CHURCH ST. • PHILADELPHIA OFFICE: BROAD ST. STATION BUILDING

X U

PRODUCTS VITAL TO 
MODERN WARFARE

W e ld E L L S  are o n ly  one o f  m any  
T a y lo r  Forge con tribu tion s  to  
the w ar e ffo rt. O ne o f  m any ex
amples is T a y lo r  C o rru g ated  M a 
rine Furnaces, essential to  m any  
m erchan t and fig h tin g  ships.



! a 5 LANESVILLE TERRACE, BO STO N , M ASS.

S T I1  & STERILIZER CO. Inc

Y o u  G e t  t h e  S a m e  

H i g h  Q u a l i t y  

D i s t i l l e d  W a t e r

Take the distillates of a V2 gallon per 
hour Barnstead Water Still and of a 
500 gallon per hour Barnstead Still 
and compare them. Y ou’ll find no dif
ference at all in quality. Both are of the 
same consistent, high grade of purity.

This works to your advantage. You  
can standardize on the quality of your 
water in both your laboratory and 
plant. And, if  you have to step up your 
production of pure distilled water, you  
can add another Barnstead Water Still 
and be sure of avoiding variables. Age 
makes no difference with Barnstead 
Stills. Units in use many years pro
duce water that is just as pure as the 
new stills.

Type of operation makes no differ
ence either. Barnstead gas, steam, or 
electric operated stills all produce the 
same quality o f pure distilled water.

It all boils down to this—when you  
want to be surest of getting purest 
distilled water—regardless of amount 
—use Barnstead Water Stills.
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WHAT WILL

p r e m i e r  c o l l o i d  

M i l l  D I S P E R S I O N

DO f  or » /  P' odU'  •

P h o lo m i i '0 ' 
graph of 0 
s l o a  d a r d  
emulsion be

fore ond oft«' 
being P '°' 
c e s se d  in  « 

Pcemiei C o llo id J*^

Our laboratory tests of hundreds of materials 
prove that processers get many plus advan
tages in using Premier Colloid Mills. Com
pulsory uniformity of dispersion — reduction 
of particles to a fineness never before obtain
able — creation of millions of interfacial con
tacts between the component parts of a com
pound — have often produced improvements 
in products which could be 
attained no other way. Ex
plore the possibilities of 
Mechanical Colloid Chem
istry in giving you a product 
which will defy  competi
tion. Learn what the Premier 
Mill can do for your prod
ucts. Put your dispersion 
mixing and grinding prob
lems up to the chemists at 
our laboratory.

P R E M I E R  
C O L L O I D  M I L L S
For continuous operation 
w ithout breakdown. Sim
plest rotor and stator in the 
w orld . Adjustments of clear
ance from .001" to .125". 
Economical — large output 
w ith low power consump
tion, lower labor cost — 
easy to clean.

Send for FREE Copy of 
New Booklet C3 
Better Products More 
Profitably Processed.

PREMIER MILL CORPORATION
G ENEVA, N EW  YORK

C H E M I C A L D I S T I L L A T I O N  

E Q U I P M E N T

We are proud that Hicks’ Chemical Distillation Equip
ment is doing its part in aiding industry in the wareffort.

y / S T I L L S  

V  T O W E R S  

V E V A P O R A T O R S  

y / K E T T L E S

V P R E S S U R E  I ' F i i f i i  

V E X T R A C T O R S

S . D . H I C K S  E N G I N E E R I N G  C O .,  I n c .
Engineers and Designers of Chemical 

Distillation Equipment 
1671 H Y D E  PARK A V E ., HYDE P A R K , M A S S .

I S O M E R I Z A T I O N

OF

P U R E  H Y D R O C A R B O N S

by  GUSTAV EG L O FF, G EO RG E H ULLA  
a n d  V. I. KOM AREW SKY

U niversal O il P ro d u c ts  C o m p a n y , R ese a rc h  L a b o r a to 
ries a n d  I l l in o is  I n s t i t u t e  o f  T e c h n o lo g y

lo  all p e tro leu m  c h e m is ts , en g in ee rs  an d  re sea rch  
w orkers in  fields involving o rg an ic  c h e m is try  th is  long - 
aw aited  tre a tise  w ill prove to  he one  o f  th e  m o s t v a lu 
able scientific w orks p u b lish ed  in  1942. i t  covers in  
th e  g rea test de ta il th e  re su lts  o f th o u s a n d s  o f  experi
m en ts  in  isom eriza tion  — th e  p h e n o m e n o n  re sp o n 
sible for th e  p re sen t h ig h -o c ta n e  m o to r  fue ls  an d  o th e r  
m iracles o f p e tro leu m  resea rch . N early  h a l f  th e  
volum e consists  o f ex h au stiv e  ta b u la tio n s  o f re a c tio n  
d a ta  w hich  can  be fo u n d  n o w here  else in  ch e m ic a l 
li te ra tu re , an d  w hich  w ill save u n to ld  h o u rs  o f  tim e  on  
the  p a rt o f those using  th e m . T h e  te x t is p ro fu se ly  
illu s tra ted  w ith  s t ru c tu r a l  d ia g ra m s, a n d  th e  e n tire  
hook is ch arac te rized  by th e  th o ro u g h n e ss  a n d  c ritic a l 
exactness o f its  a u th o rs .

A . C . S .  M o n o g r a p h  N o .  8 8  

499 Pages I l lu s tra te d  P rice  $9.00

Reinhold Publishing Corporation
330 W. 42nd Street New York, U.S.A.

New York Sales Office: 110 E. 42 Street, New York, N. Y.



Millions of human beings depend on Boulder Dam to 
perform the function for which it was designed.

In handling chemicals, no m atter what the process, 
valves m ust perform m any functions. And above all 
they must perform these functions dependably.

For nearly a century Powell Engineering has been de
signing valves to  m eet all requirements for precise flow 
control of chemicals. And Powell Engineering, Powell 
materials and Powell workmanship have made these 
valves above all— d e p e n d a b le .  T h at’s probably why 
so many of today’s leaders in the chemical field turn to 
Powell for today’s valve engineering requirements.

T h e  W m .  P o w e l l  C o m p a n y
D ependab le  Valves S in ce  1846

Cincinnati, Ohio

Fig. 1911—Flanged End O. S. 8c Y. Gate Valve, with 
outside screw rising stem and bolted yoke bonnet. Made 
in sizes ]4." to 2" inclusive, for 125 pounds W. P.
Also available in Globe and Angle Patterns for stop or 
close throttling service—Figs. 1913 and 1919—sizes, 
to 3" inclusive.
Fig. 2453—Large size 125-pound O. S. fit Y. Gate Valve 
with flanged ends, outside screw rising stem and full 
flanged bolted yoke bonnet. Sizes, 2 y2" to 30" inclusive.
The complete line of Powell Corrosion-Resistant Valves 
includes all types, in pure metals and special alloys such 
as stainless steel, Monel metal, nickel, aluminum, acid 
bronze, etc., to meet the demands of the Chemical and 
Process Industries for dependable, non-contaminating 
flow control equipment.

F ig . 1911
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A *U U H 44*C 44U f--------------------------------------------------

N O X I O U S  G A S E S
a n d  th e

P R I N C I P L E S  O F  R E S P I R A T I O N  

I N F L U E N C I N G  T H E I R  A C T I O N

S e c o n d  a n d  R e v i s e d  E d i t i o n

By

Y a n d e l l  H e n d e r s o n

and
H o w a r d  W .  H a g g a r d

Laboratory of Applied Physiology,
Sheffield Scientific School, Yale University

A .  C .  S . M o n o g r a p h  N o .  3 5

The new revised edition of this outstandingly suc
cessful monograph has been eagerly awaited by in
dustry for many months. In general the basic 
outline of the first edition has been adhered to, but 
the latest and most authoritative developments 
have been included and are described in detail. As 
in the previous book the gases discussed are those 
which occur predominantly in industrial processes; 
and one of the most useful features of this volume 
is the extensive and accurate classification of these 
gases according to their actions; for example, irri
tants, asphyxiants, volatile drugs, inorganic and 
organo-metallic gases.
As in the first edition there are several chapters 
dealing with the physiological mechanisms of 
respiration, which are fundamental to an under
standing of the action of toxic gases. An entire 
new chapter on the construction and use of breath
ing machines has been added, and the chapters on 
artificial respiration have been extensively revised.

C O N T E N T S

F orew ord , G enera l S u rv ey  o f  th e  F ie ld , E le m e n ts  o f  R esp ira 
tio n , R e sp ira to ry  F u n c tio n s  o f  th e  B lo o d  an d  T h e ir  L aw s, 
P r a c tic a l A p p lica tio n  o f  th e  L aw s o f  G ases an d  V ap ors, P r in 
c ip les  D e te rm in in g  A b so rp tio n , D is tr ib u t io n  an d  E lim in a tio n  
o f  V o la tile  S u b sta n c es , T h e  S ign ifican ce  o f  S ta n d a rd s  for  
P h y sio lo g ica l R e sp o n se  to  V ariou s C o n cen tra tio n s  o f  G ases  
an d  V a p o rs, C la ssifica tio n  o f  N o x io u s  G a ses  an d  V ap ors, 
G rou p  I .  I rr ita n t G a ses , T h e ir  A c tio n , A c u te  a n d  C hron ic , 
an d  S eq u ela e , G roup  I . (C o n tin u ed ) S p ec ia l C h a ra cter is
t ic s  o f  V ariou s I rr ita n t G a ses , G roup  I IA . A sp h y x ia tio n  
a n d  S im p le  A sp h y x ia n ts , G roup  I I B . C h em ica l A sp h y x i
a n ts , G roup  I I I .  V o la tile  D r u g s  a n d  D r u g lik e  S u b sta n c es , 
G rou p  I I I .  (C o n tin u ed ) V o la tile  D ru g s  an d  D r u g lik e  S u b 
s ta n c e s ,  G rou p  I I I .  (C o n tin u ed ) V o la tile  D r u g s  an d  D r u g 
lik e  S u b sta n c es , G roup  I I I .  (C o n tin u ed ) V o la tile  D r u g s  
a n d  D r u g lik e  S u b sta n c es , G roup  IV . In o rg a n ic  an d  O rgano- 
m e ta ll ic  G a ses , M e th o d s  o f  R e su sc ita tio n  an d  C om p arison  
o f  V a r io u s  T re a tm en ts , A lso  F ir s t  A id , P r e v e n tio n  o f  P o iso n 
in g  b y  N o x io u s  G ases.

294 P ag es Illu stra ted .50

R E I N H O L D  P U B L I S H I N G  C O R P .

330 W est 42nd Street N ew  Y o rk , N . Y .

E D G E  M O O R For 7 5 Years

Builders of Process Equipment, from Pilot Plant 
to the Largest Production Installation. A  Class 
1 Shop of Approved W elding Engineers, Meet 
All Codes and Tests.

PRESSURE 
TA NK S

MIXERS

KETTLES

STILLS

D IG E S T O R S

A G IT A T O R S

T O W E R S

C O L U M N S

P R O C E SS  
UNITS

BOILERS

Showing Dependable Fabrication

Edge Moor Shop Facilities are at Your Service, 
With That Extra Margin of Q uality and R ugged
ness.

Write for Bulletin 116M

EDGE MOOR IRON WORKS, INC.
EDGE M O O R , D ELA W A RE 

3 0  ROCKEFELLER PLA ZA ,' NEW Y O R K , N. Y.

. . .  A Sure Sign o f
THOROUGH  
COAT I NG

o n  " B u f f a l o "
GAL VANI Z ED  

WIRE CLOTH

In all "B u ffa lo " galvan
ized after woven wire 
cloth, w h erever cross
wires meet there s a swelling (node) of heavy z in c-th e
mark of the Hot Dip Process . . . This is your guarantee
of long life and freedom from rust . . "B u ffa lo " galvan

izing gives smooth, bright coating even
ly distributed . . . Only highest grade 
zinc used . . . All wire cloth is best grade 

of full gauge, uniform,
40-page Catalog I • ,  I, D , plain steel wire wovena n d U a t a B o o k  .
No. i i -a g  f r e e  a c c u r a t e ly  in t h e  p l a n t
ON REQUEST o f  th is  m a n u f a c t u r e r .

4 8 9  T E R R A C E B U F F A L O ,  N.  Y.
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H a r d e r  H i t t i n g  M e t a l s  . . .  F r o m  M e t a l l o g r a p h i e  R e s e a r c l

ai t '. »«  i\n INSTRUMENTS FOR MILITARY USE, EDUCATION, RESEARCH. INDUSTRY AND EYESICHT CORRECT

A p la te  o f  s tee l to u g h  e n o u g h  to  
w ith s ta n d  a b u rs t in g  sh e ll . . . th e  
l ig h tw e ig h t  m e ta l f ro m  w h ic h  a 
R a n g e r ’s h e lm e t is m ad e  . . .  a  valve 

sp rin g  th a t  w ill  k e e p  a b o m b e r ’s m o to rs  th u n d e r 
in g  w h e re  th e  te m p e ra tu re  is  s ix ty -fo u r b e lo w  . . . 
these  a re  ty p ica l ro u t in e  in s p e c t io n  jo b s  fo r  B ausch  
& L om b M e ta l lo g ra p h ic  E q u ip m en t.

W ith  o u r  c o u n try  a t w a r  th e  m e ta l lo g ra p h e r  s 
research  is h e lp in g  A m e ric a  to  m a k e  h a r d e r  h i t t in g  
m etals, as in  p e a c e  h e  h e lp e d  to  m a k e  sa fe r a u to 
m obiles, m o re  efficien t m a c h in e s , s h a rp e r  ra z o rs  
and k e e n e r  c u tt in g  to o ls ,  lo n g e r  w e a r in g  b e a rin g s .

T h a t ’s w h y  to d ay  B au sch  & L o m b  M e ta llo g ra p h i 
E q u ip m en t a n d  th e  m an y  o th e r  B au sch  & Lorn 
In s tru m e n ts  o f  re se a rc h  a n d  c o n tro l  o ccu p y  im p o i 
ta n t p lace s  b e s id e  th e  f ig h tin g  o p tic a l  in s tru m en l 
w h ic h  B au sch  & L o m b  p ro d u c e s  fo r  o u r  a rm e  
fo rces .

For Bausch & Lomb Instruments essential to
Victory—priorities govern delivery schedules.

B A U S C H  &  L O M B
OPTICAL CO. • ROCHESTER, NEW  Y O R K  

ESTABLISHED 1 8 5 3
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O L D B U R Y

E L E C T R O C H E M I C A L

C O M P A N Y

S O D I U M C HLORATE  

*

PO T A SSIU M  CHLORATE

P O T A SSIU M  P ERCHLORATE

r T " 'H E  sa le  a n d  d is t r ib u t io n  

o f  th e  c h e m ic a ls  l i s t e d  

a b o v e  a re  c o v e r e d  b y  G e n e ra l 

P re fe re n c e  O r d e r  M - 1 7 1 .  O u r  

N e w  Y o r k  O f f i c e  w i l l  b e  

p le a se d  to  a d v is e  c u sto m e rs  

r e g a r d i n g  t h e  P r e f e r e n c e  

O rd e r , a n d  fu rn is h  th e  neces^ 

s a r y  fo rm s.

Plant and Main Office : 

N I A G A R A  F A L L S , N E W  Y O R K

J l̂ew Tor\ Office:

2 2  E A S T  4 0 t h  S T .,  N E W  Y O R K  C IT Y

Y o u  c a n

pBS?S and

h o « . « « .  «  r S o v «  s r ' * 7 e L d » t ^

;rY • production out P^a,n-t know. VT° conie tiI3ti m  our P

l - C L O ^ i ^ S o N S l N

W I R E  C t O T H
, a n y  w e a v e

A n y m e « u -  e s h
c o a r s e  a n u

’  h ,  u w >  « •
H igh  Temperature

Moisture
Abrasion
Corrosion 
Chemicals 

„  . o 0 K contains 15 1 iBuslr«-
FREE B O ° 1  co tables of wire«ons,charts, diagrams table

sizes, meshes and  w eights.

c -ncer Steel Compo"Y 
V/lctcwlre Sp York

500 FiHh Avenoe San Francisco
B u ffa lo ,V /o rceste r.C h .

W I C K W I R E  S P E N C E R

WIRE CLOTH
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ON THE "L O W -T E M P E R A T U R E "  FRO N T 

These Micromax Features Help W in

Here are some features which 
make Micromax Recorders highly 
accurate in process-industry plants:

O pera tes A t  “ L o n g ” D is ta n c e s .
A Micromax may be many hundreds 
of feet from its Thermohm (electri- 
cal-resistance thermometer bulb) 
and still be as accurate and sensitive 
as though both were in the same 
room.

A c c id e n ts , c o r ro s io n , etc., may, 
of course, damage the Thermohm, 
but it can be replaced on the job 
without affecting calibration of 
Micromax.

J r l Ad N -33C (2)

M o to r -D r iv e n .  Taking its operat
ing power from the plant’s electric 
circuit, Micromax does not consume 
in its mechanism any of the thermal 
energy it measures. This not only 
increases accuracy but eliminates 
calibrated, jewelled bearings, con- 
stant-pressure springs and tubes, 
light, slender pen or pencil arms and 
delicate parts in general. Micromax 
sensitivity is that of a finely-fitted 
machine tool.

As M a n y  as 16 Thermohms may 
be connected to one Strip - Chart 
Micromax, and their temperatures 
recorded in as many as 6 colors. 
The one-point or two-point Round- 
Chart Micromax can be read as far 
as its big dial can be seen.

M icro  - R e s p o n s iv e  C o n tro l.
The Micromax Recorder’s trait of 
showing extremely tiny changes in 
temperature is readily extended to 
automatic control, either in modern 
on-off applications or by full- 
floating, proportioning control. In 
the latter case, the regulated valve 
may be electrically driven, or may 
be a pneumatic diaphragm type. 
We will gladly help select the correct 
Recorder or Controller for a specific 
problem, or will send catalogs on re
quest.

LEEDS &. NO R TH R U P COM PANY, 4920 STENTON AVE., PH I L A ,  PA.

MEASURING INSTRUMENTS • TELEMETERS • AUTOMATIC CONTROLS • HEAT-TREATING FURNACES
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T H E  a b o v e  p h o t o s  w e r e  t a k e n  in  a  

z in c  s m e l t e r y  w h e r e  D R A C C O  

D u s t  C o n t r o l  is  d o i n g  a  s p l e n d i d  j o b  

a n d  h a s  p a i d  f o r  i t s e l f  m a n y  t im e s  o v e r .  

T h e  s m e l t e r y  o p e r a t e s  o n  a  2 4  h o u r  

b a s i s ,  a n d  e a c h  d a y  m a n y  t o n s  o f  

v a l u a b l e  z in c  o r e  a r e  r e c o v e r e d .  O n l y  

o n e  o p e r a t o r  w o r k i n g  4 0  h o u r s  a  w e e k  

is  r e q u i r e d  t o  l o o k  a f t e r  t h e  s y s t e m .  

T h e  p la n t  o f f i c i a l s  s a y  t h a t  t h e  s y s t e m  

h a s  a  r e c o r d  o f  h ig h  d u s t  c o n t r o l  e f f i 

c i e n c y  a n d  l o w  o p e r a t i n g  a n d  m a in 

t e n a n c e  c o s t s .

• For Further Information Write •

DRACCO CORPORATION
Successors to The Dust Recovering & Conveying Co.

4 0 5 5  E. 1 1 6 th  St. C leveland, O h io

• New York Office, 1 30 W. 42nd St. •

I! P N E U M A T I C  CONVEYORS •  DUST COLLECTORS

S t a b i l i t y

Basic sensitivity — ,1°F. May be increased 
on special order. Control range minus 100°F. | 
to 400°F. (or 600°F.) Contacts rated 10a.
115v. A. C. Unaffected by vibration. Write 
for details.

2 0 3  M A I N  S T .

A S H L A N D  
M A S S A C H U S E T T S

B A R - N U N  R o ta s u f S I F T E R S

F o r th o r o u g h  
s e p a r a t io n s  o f  
dry, p o w d e r e d ,  
gran ular or flaked  

materials

IP IB I  i? B ® ¡H g ® »»
¡jew  i& m e . & j th e  to -u c jJ i& it w a s i- tim e . 

A ifjtu u f ja b i

W 1 ™ 9  C° ntl^ OUS 2 4 'hour d u tY  B ar-N un Rotary S ifters
attsr - y  to Pr o d u c e  c o m p le te  sep a ra t io n s  m on th
First inct n m in im um  atten tion , p o w e r  a n d  m a in te n a n c e  costs.
add tin n ll tUSUa 7  r8Sult in  o rd ers  for m o re  B ar-N u n s w h e n
fee t of Hntl, ? 7 13 i,erq U ired ' M ad e  in  9  s iz e s - 4  to  6 0  sq u a re  tee t of c lo th  su rface. W rite  tod ay  for c o m p le te  in form ation .

B . F . G u m p C o .
M A N U fACTURERS SINCE 1872

4 1 5 _ S O U T H  C L IN T O N  S T R E E T .  C H I C A G O ,  IL L IN O IS

t o N S  O F  O R f
. . . Th ? » , o n d s  . 1  D . H « *

A close-up view 
show ing hoppers.

DRACCO System 
controls dust from 
conveyors, v ib ra t
ing  screens, dust 
feeders, etc.
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EVERY SPERRY FILTER PRESS IS

TO I N D I V I D U A L  R E Q U I R E M E N T S

N o  tw o  in d u s tr ia l  f il tra tio n  jobs a re  
1 0 0 %  a lik e . R e q u ire m e n ts  d iffe r in  
d esig n , size, m a te r ia ls  o f co n stru c 
tio n , an d  h o o k -u p . T h a t  s w h y  ex 
p e rien ce  is so im p o rta n t. D u r in g  
th e  m o re  th a n  46 years S perry  has 
b een  d e s ig n in g  a n d  b u ild in g  filter 
p resses th e  re q u ire m e n ts  o f p ra c tic 
a lly  ev e ry  co n ce iv ab le  filtra tio n  
n e e d  h a v e  b e e n  m e t.  F i l t r a t i o n  
e q u ip m e n t o f S p erry  d es ig n  an d  
m a n u fa c tu re  is in  d a ily  o p e ra tio n  
i n  t h o u s a n d s  o f  p l a n t s  in  a l l  
b ran ch es  o f in d u s try . T h is  e x p e ri
ence en ab le s  S p erry  to  g iv e  y o u  the  
r ig h t  an sw e r to  y o u r f iltra tio n  p ro b 
lem s q u ick ly  a n d  w ith o u t  costly  
' 't r i a l  a n d  e r ro r .”

T h e re ’s n o  su b s titu te  fo r experience . 
A n d  w h e n  th is  ex p e rien ce  is com 
b in ed  w ith  w illin g n ess  to  ex p lo re  
new  te rr ito ry  in  fin d in g  th e  so lu tio n  
to  n ew  p ro b lem s, re su lts  a re  sure .

I t  w ill  pay  to  co n su lt S perry  fo r y o u r 
f iltra tio n  re q u irem en ts . Send sam
ples of your materials for testing.

D . R. S P E R R Y  & C O ., B A T A V IA , 
IL L IN O IS .

Eosiern Soles Rep*eser.!o»i*e 
Henry E. Jocoby. M. E.

204 E- 42nd St. New York 
Telephone Mvrroy HiH 4-¿581

Western Soles Pep*esen*ori«< 
B. M. Pilhoshy 

MercHonts Exchange Btdg 
Son Francisco, Cafifornio

Filtration Engineers for over 46 years

Here’s a practica l answer to  an 
unusual f iltra tio n  requirement. A 
m anufacturer required filtra tio n  o f 
pla ting liquors in tanks located in 
d iffe ren t parts o f his p lant. To do 
this job  econom ically Sperry de
signed and bu ilt this 18" po rtab le  
press equipped w ith  Duriron pump, 
Duramet fittings, and rubber cov
ered plates and drip  pan. A ll equip
ment mounted on a truck. Special 
valv ing arrangem ent to  perm it 
liquo r in each tank to  be filte red  
accord ing to a regular cycle w ith 
out duplication o f equipment.



T h i s  \ a l v e

n e v e r  h a d  a  c h a n c e !

SENTENCED TO DEATH by "Sand Blast"
e f f e c t ,  w h e n  in c o r r e c t ly  c h o se n  a n d  in s ta l le d

T HIS Iron Body Globe Valveserved only a few months. 
It was riddled by a fusillade of dirt, grit, and scale 

carried in the water. Throttling accelerated the flow 
velocity and intensified the "sand blast” effect. The seat, 
disc, and body were damaged beyond repair. This need
less destruction could have been prevented by choosing 
the correct type of valve for this service.

Since valve-failure often means serious interruptions 
in war production, and valve destruction wastes scarce 
metals, it is management’s vital responsibility to keep 
valves operating efficiently.

Most valve trouble can be prevented before it starts 
. . .  by frequent, thorough inspection . . .  by repair or 
replacement of worn parts in time to prevent valves 
from destroying themselves. New  maintenance workers 
should be taught to detect the first signs of trouble . . . 
to correct it without delay. Valves for new construction 
should be carefully selected, and properly installed.

Jenkins Engineers w ill provide any assistance you 
need in developing effective valve conservation pro
grams for your company or clients.
J e n k in s  B ros., 8 0  W h it e  S treet, N e w  Y o r k , N . Y .; B r id g ep o r t,  
C on n .; A tla n ta , G a.; B o sto n , M ass.; P h ila d e lp h ia , Pa.; C h ica g o , 
III. J e n k in s  B ros., L im ited , M o n tr e a l; L o n d o n , E n g lan d .

JENKINS VALVES
For every industrial, engineering, marine and power 
plant service . . .  in Bronze, Iron, Cast Steel and 
Corrosion-Resisting Alloys . . . 125 to 600 lbs. pressure.

WRONG INSTALLATIONS may cause
valve failure and production slow-downs

A globe valve was installed in a con
densate line from  a vulcanizer, carrying 
about 90 pounds steam pressure. See how 
the flow created excessive turbulence and 
subjected valve parts to destructive attack.

RIGHT INSTALLATIONS keep
highways" serving the war effort

fluid

N o te  m u t i la t io n  o f  s te e l  
b ev e l disc and in te g ra l seat 
b y  w ir e  d ra w in g  e f f e c t  o f  
the a b ra s iv e  ¡e t . . . a lso , 
p e rfo ra tio n  o f body w h e re  
flow  im p ing ed .

This is better practise for condensate 
discharge service: An angle valve, used in 
reverse position, offers less restriction to 
flow, decreasing turbulence. It discharges 
alm ost d ire c t ly  in to  the lin e ; the seat 
acting as a funnel affords straight-down 
flow. W ear is reduced and service life is 
extended. A  further im provem ent is the 
ad d itio n  o f a sed im en t tra p  to collect 
abrasive solids, and a blow-off valve to 
remove accumulated solids.

The angle valve is recommended for se
vere conditions in many services, such as 
continuous blow-downs, steam reducers, 
and soot blowers.

A rm y -N a v y  “ E ”  P e n -  » , x  
n an t, aw arded  to  Jenk ins 
Bros, lo r h ig h  a c h ie v e -
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WARTIME 
MIXING *  «*
e ¿ ú o c ¿ ¿ t U f j o b !

It must be fast —  for accelerated  consumption accelerates demands.
It must be thorough — for there must be no possibility of "reject" 

batches . . . .  and it must be done with minimum man-power requirements.
Sturtevant Rotary Batch Blenders are designed  to produce to just such  

exacting specifications. These efficient self-cleaning mixers blend any 
number of ingredients with varying weights, densities, fineness and other 
physical properties —  with no loss of dust or finely ground materials. 
Operation is simple, automatic and fast. The drum is heavy steel, trunnion 
mounted. Drive shaft and rear trunnion have anti-friction bearings.

STURTEVANT 
BATCH BLENDER

DISCHARGE

. As the weighed and measured material enters the drum through the opening 
in the center, it is constantly lifted in a series of revolving buckets and 

cascaded into an intimate mix. (See illustration "Receiving.")

^  The steadily revolving action of the drum makes a continuous blend or mix

of the material remaining at the bottom of the drum.

g  A  third action forces this material from both ends to the middle, adding

another mixing action with no separating effect.

// The Chute, swinging in a blending position, produces an important fourth

lateral action and assures a thorough and perfect mix.

Discharge, with the chute in the discharge position, is 
through the same center opening and is completely auto
matic. Further details on request.

Write for Bulletin 080-B.

S T U R T E V A N T  M I L L  CO. 2 SQUARE N BOSTON, M A S S .

RECEIVING



D e t e r m i n a t i o n  o f  A l u m i n u m  i n  M a g n e s i u m  A l l o y :

R E A G E N T S — A m m o n iu m  B e n z o a t e ;  8 - H y d r o x y q u in o l in e  

M ETH O D  —  G r a v im e t r ic

R E F E R E N C E  —  S te n g e r , K r a m e r ,  a n d  B e s h g e t o o r ,  Ind. Eng. C h e m ., A n a l. Ed.,
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R

r f f t ł
I__KODAK.

14, 7 9 7  ( 1 9 4 2 )

a p i d  a n d  v i r t u a l l y  c o m p le t e  s e p a r a t i o n  o f  a lu m i n u m  f r o m  m o s t  o t h e r  

d iv a le n t  e le m e n t s  is  o b t a in e d  in  a  s in g le  s t e p  b y  p r e c i p i t a t i o n  in  

s l i g h t l y  a c id ic  s o lu t io n  w it h  a m m o n iu m  b e n z o a t e .  T h e  a l u m i n u m  b e n 

z o a t e  p r e c i p i t a t e  is  e a s i ly  s o lu b le  in  w a r m  a m m o n ia c a l  t a r t r a t e  s o lu t io n  

f r o m  w h ic h  t h e  a lu m in u m  is  p r e c i p i t a t e d  b y  8 - h y d r o x y q u i n o l i n e .  N o n e  

o f  t h e  c o m m o n  a l l o y  c o n s t i t u e n t s  in t e r fe r e ,  n o r  is  s e p a r a t i o n  o f  s i l i c a  

n e c e s s a r y .  T h e  m e t h o d  h a s  a n  a c c u r a c y  s u i t a b le  f o r  r e f e r e e  w o r k .

W rite fo r  an abstract o f the article in  which the determ ination o f a lum i
num  with am m onium  benzoate arul 8-hydroxyquinoline is  described. . . .
E astm an K odak Company, Chemical Sales D ivision, Rochester. N . Y .

'T h e r e  a r e  m o r e  th an  3400~

E A S T M A N  O R G A N I C  C H E M I C A L S

COMPARATOR DENSITOMETER

T h e  c o m p l e t e  m e t e d  l i n e  o f  A R L - D I E T E R T  
■ p e c t r o g r a p h ic  e q u i p m e n t  i n c r e a s e s  a c c u r a c y ,  
a p e e d  a n d  s c o p e  o f  s p e c t r o . c h e m i c a l  a n a ly s i s .  
T h e  C o m  p a r a  t o r - D e n s i t o m e t e r  a s  i l l u s t r a t e d  
s e r v e s  a s  a  d u a l  u n i t  f o r  q u a l i t a t i v e  a n d  
q u a n t i t a t i v e  a n a l y s i s  o f  f i l m s  o r  p l a t e s .

EAST

AC ARC GRATING
SPECTROGRAPH DC ARCUNIT UNIT

« c 'e p fS y h T g h  Tesolut^n a^T lon T “^ '  WUK t "  " W *
f o r  t h e  a n a ly s i s  o f  a l l  m a t e r i a l s .  c a m e r a ,  m a k e s  a n  i d e a l  s p e c t r o g r a p h

A C S p H k ,  CI< ^ ^ l I d SM u lttU 9 r “ P h i i<r ®c c *?s o r j®3 - " u c h  »«• D C  A r c .  A C  A r c ,  
t i n g  B o a r d ,  a n d  s a m o l e  „ - 1 . ®  n i t ' D e v e l o p in g  M a c h i n e ,  D r y e r s ,  C a l c u l a -  
c h e m i c a l  l a b o r a t o r i e s .  p a r a t i o n  a c c e s s o r ie s ,  a r e  e s s e n t i a l  t o  a l l  s p e c t r o *

Write to

H a r r y  W .  D i e t e r t  C o .
9330B R oselaw n  Ave .  

D etro it, Mi chi gan

WEST
a p p l i e d  r e s e a r c h  l a b o r a t o r i e s

4336 San F e rn a n d o  R d.

G len d a le , C a lifo rn ia

S P E C T R O G R A P H I C  E Q U I P M E N T
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Stand up, father, and face the music! You may 
find only your best hopes realized, and none of 
your w orst fears. That’s often so in many things 
. . . even down to the matter o f w orking out a 
valve problem that looks like it’s loaded with  
trouble, delay, and orders for special equipment.

Let your worries about special valves rest easy 
at least until you have checked w ith Chapman. 
For we have built valves for a lot o f special jobs in  
our time . . . and then kept these valves in our 
Standard Line. So you may find here just what 
you need . . . and that goes for all types o f valves 
in iron, bronze, steel, and chrome and m olyb
denum alloys. That’s why it never pays to be 
kidded by a valve problem  that looks like  
double-trouble at first s i g h t . . .  and why it always 
pays to make your first move an inquiry to

CHAPMAN VALVE
M a n u f a c t u r i n g  C o m p a n y

I N D I A N  O R C H A R D ,  M A S S A C H U S E T T S

March, 1943

ONE SON...or a  b a s k e t b a l l  t e a m ?



I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E m i s i h i V U 1 .  sJyJ, 1 Y U . O

92 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 35, No. 3

^  H a n d  W h  e  e i

^ ^ ^ a o i t d i o n s

Complete^FuII Vane Movement

D e s ig n e d  fo r  th e  c o n tro l 

a n d  w e d g e - t ig h t  s h u t-o f f  

o f a n y  m a t e r ia l  th a t  f lo w s  

o r i s  fo rc e d  th r o u g h  a  p ip e .

Six revolutions o f the 
hand wheel fully open 
or close this R-S But
terfly Valve. Compare 
this quick action with 
that o f ordinary valves. 
Consider, too, thatR-S 
Valves are compara
tively light in weight.
They effect a consider
able saving in instal
lation costs since less 
space and supporting 
structure are required.

1 5  «Q 9 0 0  p .  s .  i . |

E le c t r ic  M o to r O p erated

Here is a simplified, 
precise and entirely  
A utom atic Butterfly  
Valve for the shut-off 
and control o f liquids 
and gases in power 
plants, water works, 
chem ical industries  
and refineries. Hand 
w h e e l  f or  m a n u a l  
operation in case of 
current failure. Avail
able in iron or steel; 
sizes to 84 inches.

•
Detailed information 
and catalog furnished 

upon request.

BU TTERFLY VALVE DIVISION

R-S PRODUCTS CORPORATION
G erm antow n Ave. & B erkley  St. • Ph iladelph ia , Pa.

B U T T E R F L Y  V A LV ES

CONSERVE FLOOR SPACE 

TO AVOID OR REDUCE NEW 

PLANT CONSTRUCTION.

THE MIKRO-PULVERIZER 

REQUIRES LESS FLOOR 

SPACE THAN PULVERIZERS 

OF EQUAL CAPACITY.

FREE CATALOG.FREE GRIND TEST
A 32-page catalogue sent on request. 
And to back up the proof of the cata
logue we’ll make a sample grind of your 
materials — free.

PULVERIZING MACHINERY COMPANY
40 Chatham Road • Sum m it, N. J.

w m mREG. U. S. PAT. OFF.

D R Y E R S '

In  o v e r  6 0  y e a rs  o f  des ign ing  a n d  bu ild ing  

*  8  m och ln ery  fo r  a  w id e  v a r ie ty  o f  m a 
te ria ls , P roctor &  S c h w a rtz  Has bu ilt thousands 
o f super e ffic ie n t In d u s tria l d ry e rs  a n d  has  

becom e k n o w n  as th e  w o rld 's  la rg e s t b u ild er  
o f this ty p e  o f  e q u ip m e n t. For som e id e a  o f  

he  scope o f  this o rg a n iz a t io n ’s e x p e rie n c e  

s o lv in g  v a r ie d  d r y in g  p r o b le m ,  w ith  

m axim um  e ffic ie n c y , a s k  fo r  B u lletin  N o . 1 5 8 .

L ä D E L D M I A  
i - A D E L D H I  A  
L S r  n u i  H
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S U P E R B L Y  A R M E D ”
S A I D  A N  E A R L Y  D I S P A T C H  

fro m  Fren ch  M o r o c c o , d e s c r ib 

in g  th e  la n d in g  o f  th e  A m e r ic a n  

f o r c e s .  N e v e r  a  t r u e r  w o r d .  

A m e r ic a  s G a r a n d  rifle  is b y  f a r  

J  th e  f in e st  in fa n tr y  w e a p o n  in u se  

M  t o d a y .  W h ile  A m e r ic a n  ta n k s  a n d  

J .  F ly in g  F o rtre ss e s  h a v e  m a d e  p e r-  

^  fo r m a n c e  re c o r d s  in c o m b a t  s e r v 

ic e  th a t h a v e  a s to u n d e d  e x p e r i 

e n c e d  o b s e r v e r s .

ne photo shows an Elliott blower 
rpical of the many now used tor 
ar production. Elliott single- 
age direct-connected blowers 
ich as this are built for capaci- 
es of 5000 c.f.m. and up. Drive 
in be motor or turbine — both 
uilt by Elliott. Speed-increasing 
ears available where needed. It 
du have a job requiring the 
lovement of air or gases, check 
n Elliott blowers.

“ S u p e r b ly  a r m e d , ’ ' to o , is th e  

p la n t  m a k in g  w a r  m a t e r i a l s ,  

w h e r e  Elliott b lo w e r s  a r e  u s e d  in 

th e  p r o c e s s .  T h e se  u n its , d r iv e n  

b y  E lliott m o to rs  o r Elliott tu r

b in e s , a r e  e n g a g e d  b y  h u n d re d s  

in su ch  v ita l p ro d u c tio n  a s  1 0 0  

o c t a n e  g a s o l i n e ,  m a g n e s iu m ,  

sy n th e tic  r u b b e r  m a t e r ia ls ,  e x 

p lo s iv e s . T h e ir  sm o o th , q u ie t ,  d e 

p e n d a b le  o p e r a t io n  is a  d ire c t 

c o n trib u tio n  to  v ic to ry .

E L L I O T T  C O M P A N Y
Centrifugal Blower Dept., JEANNETTE, PA.
D I S T R I C T  O F F I C E S  I N  P R I N C I P A L  C I T I E S  o - io se

E L L I O T T  B L O W E R S

SùrisH- V  m *  te tr i '
W O J l
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“ IF YOU BURN S U L F U R . .
LET V I R G I N I A  BU R N  IT FOR Y O U .''

H a v e  y o u  e v e r  c o n s id e re d  a l l  o f  th e  a d v a n t a g e s  o f  p u re , 
c o °*  1 0 0 %  S 0 2 in  th e  liq u id  o r  g a s  p h a s e  a s  a  m e a n s  o f  
s t a b i l iz in g  y o u r  p ro c e s s  . . .

W h a t  is th e  S 0 2 c o n te n t o f  th e  b u r n e r  g a s  s u p p ly in g  
y o u r  p r o c e s s  . . .

D o  th e  in h e r e n t  im p u r it ie s  in  th e  b u rn e r  g a s  p ro d u c e  
u n d e s ir a b le  o r  u n p r e d ic ta b le  s id e  r e a c t io n s  . . .

D o e s  th e  h e a t  o f  th e  b u r n e r  g a s  o r v a r ia t io n  in  th is  te m 
p e r a t u r e  in t e r fe r e  w ith  y o u r  o p e ra t io n  o r  p ro c e s s  c o n tro l.

It is the job  o f “ V IR G IN IA ’S ”  Technicians to prove the over- 
all economic advantages o f “ ESO TO O ” *, to demonstrate the
onerat; C° n,tro1 terms, of s‘ *PPed up output, simplified operation and quality production.

sTourIee oM f b UfaCtUrer Wh°r deSireS alte™ a te  commodity 
3  “nr assu*-a ? «  f  a continuous supply of raw ma-
su lfur t  v  CrUC I  ^ e  Say a? ai " — Y°u burn suirur . . . let Virginia burn it for you."
ESO T O O ”  is V irg in ia ’

About Shipments— 
A

P o r t a b l e  c y l i n d e r s  c o n t a i n i n g  
ISO l b . ,  s e m i - p o r t a b l e  d r u m s  
c o n t a i n i n g  2 0 0 0  l b .  l i q u i d  S O - 
L . C .  L .  o r  c a r l o a d .

C a r l o a d :  15 d r u m s  o n  m u l t i 
u n i t  c a r  f r a m e ;  3 0 ,0 0 0  lb .  F o r  
u s e r s  w i t h o u t  s t o r a g e  f a c i l i t i e s .

Trade Name for Liquid Su lfu r Dioxide

V i r g i n i a  S m e l t i n g

T a n k  c a r  l o t s  o f  4 0 ,0 0 0  lb .  f o r  
u s e r s  e q u i p p e d  w i t h  s to r a g e  
f a c i l i t i e s .

C O M P A N Y
WE S T  N O R F O L K ,  V I R G I N I A

Prompt shipment from the stra
tegically located works of the 
largest producer of liquid sulfur 
dioxide in the U. S

S y A / / 7 ? C A /

T A B E R  P U M P S

a r e

f - I - e - x - i - b - I - e

ELECTRIC
VIBRATORS

VIBRATING
FEEDERS

w ith  a d ju s ta b le  
pow er, on  those  
t r o u b l e s o m e  
b in s  a n d  h o p 
p e r s  t o  k e e p  
t h e i r  c o n te n t s  
a g i t a t e d  a n d  

free-flow ing.

L it t le  4 lb . m o d 
e l s — u p  to  BIG  

500 lb. sizes.

U n d e r  t h o s e  
b in s  an d  h o p 
pers to  reg u la te  
th e i r  d ischarge 
by  rh e o s ta t con 
tro l of ra te  of 

flow.

C a p a c i t i e s  of 
from  ounces to  
TONS p er h ou r.

"G e n lr a ln  d^ daPtability ° f  DCW T aber C LV S o f
for the or ^  erUnfugal Pum ps m akes them m ore suitable 

f  i Z ’ CeSS,nS ry ‘ T h eir design is the direct result
chemical dI °  - P - e n c e  w ith  some o f  the largest 

described beT V ”  7 * *  Used P ^ p s  in this series are
Horizontal Ceiu eta,led’ heIP fu l inform ation on Taber 

izontal Centrifugal Pumps, w rite fo r B ulletin  CLV S-339.

No M oto rs — G ears — o r o th e r  M oving, W earing P a rts  
Low In i t ia l  C ost — Low O p era tin g  C ost

Illu stra ted  a n d  d e sc r ib ed  in C atalog No. 4 29  

SYNTRON CO., 415 Lexington Ave., Homer City, Pa .

A  TABER "GENERAL- 
T  USE” CENTRIFUGAL 
PUMP. Never obsolete. 
Easily adapted to many 
jobs. Has over-size ball 
bearings, extra shaft diam
eter, deeper stuffing box.

A  t a b e r  s in g le  suc- 
Y  TION c e n t r i f u 
g a l  PUMP. For Vacuum 
or Evaporator service. 
Large chamber surrounds
Stuffing box fop p p.

Chamber purr our-
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^ t R R I N G B O A , f

l i t

Offset sh a ft, s ing le  reduction, 
2 0  sires, ratios 2  to  1 0 :1 ,  1 to 
1 0 0 0  H.P.

O ffset sh a ft, d o u b le  reduc =»-
tion , 13  sizes, ra tios  1 0  to  7 2 : 1 ,  
1 to 4 0 0  HP.

m m

  S tra ig h t lin e  d rive ,
d o u b le  reduction , 1 3  sizes, 
ra tios  1 0  to 7 2 :1 ,  1 to  
4 0 0  HP.

C a ta lo g s  a re  a v a i la b le  con
ta in in g  c o m p le te  e n g in e e r
i n g  d a t a ,  a d v a n t a g e s ,  
w eig h ts  a n d  p r ice s .

I

R E D U C E R S

MEET THE DEM AN DS A N D  
REQUIREMENTS OF INDUSTRY

The g re a t  load  carry ing capacity , 

the ve ry  high efficiency an d  the 

c o n tin u e d  p e r fo r m a n c e  o f  D .O. 

J a m e s  G e n e r a t e d  C o n t in u o u s-  

Tooth H erringbone G e a r  Reducers 

proves the en g in e er in g  soundness 

o f their d es ign  a n d  m anufacture .

These units a re  the product o f an  

o rgan izatio n  w ith  o ver  a  h a lf-  

century of g e a r  m a k in g  e xp e ri

e n c e  a n d  h a v e  a  w i d e  u s e  in 

m a n y  different industries.

D .O .JA M ES  M ANUFACTURING CO. 
1140 W. M ON ROE STREET, CH ICAGO , ILL.

FOR 55 YEARS MAKERS OF ALL TYPES OF GEARS AND GEAR REDUCERS
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Drum Dryers and  
F lakers 

A t m o s p h e r i c

Stokes Drum Dryers and  Flakers, e n g i
n ee re d  to m eet specific requirem ents, a re  
rugged , adap tab le  m achines, continuous 
in operation, capab le  of la rge  output and  
requ iring  little operating  attention.

They are  efficient, econom ical equ ipm en t 
for drying thick slurries, o rgan ic  an d  in 
o rgan ic  salts, food products that a re  not 
sensitive to h igh  tem peratures, pigm ents, 
oxides, insecticides, carbonates, clays, 
m any other m aterials . . . also for flaking 
chem icals, waxes, pitch, etc.

W e build  this equipm ent in various types 
an d  capacities, with single or double 
drum s and  feed systems to suit various 
products. Alloy or chrom ium  p la ted  rolls, 
hoods, com plete enclosures, conveyors 
and  other accessories a re^ su p p lie d  as 
needed .

W r i t e  f o r  l a t e s t  

S t o k e s  C h e m i c a l  

E q u i p m e n t  C a t a l o g .

•

F .  J .  S T O K E S  M A C H I N E  C O M P A N Y

5922 Tabor Road Olney P . 0 .
Ph ilad elp hia , Pa .

R epresentatives in New York, Chicago, C incinnati, S t. Louis 
Cleveland, Detroit

Pacific Coast Representative: L. H. Butcher Company, Inc.

P e rm its  a c c u ra te ly  c o n tro lle d  a ir - f u e l  
ratios in open  hearth  a n d  o the r fu rn ace s

High fusion, light w eight THERM-O-FLAKE C oatin g  
insulates to  minimize heat losses —  A N D  red u ce cold  
air infiltration. A s a result, accu rate air-fuel ratios and 
highly efficien t com bustion are ob ta in ed . 
THERM-O-FLAKE C oating  works with surprising e a se .  
Trowelled or gunned— it spreads unusually fa st and is 
econom ical becau se  of its greater co v era g e .

Find out how THERM-O-FLAKE C oating  d o es  this 
Double Duty as a part o f regular furnace m aintenance. 
For com p lete information write: The Illinois C lay  

Products C om pany, Joliet, Illinois.

s s a  ThErniDflake
H I G H  T E M P E R A T U R E  I N S U L A T I O N

C O A T I N G

5  ( ł/ Z if  (V e  / / e a b u / u

O u S l IZ a / o u it f-t e  S o r t e d  

jß t q iU d b

W M

m ß r

1  100%  a u to m a tic .

2 N o  p u m p s , v a lv e s ,  o r  a u x i l 
ia r y  u n its  needed  to  re a d  them . _

3 M ode ls  a v a ila b le  so th a t re a d in g s  
c a n  b e  ta k e n  r e m o te ly  f r o m  o r  
d ire c tly  a t the  ta n k .

4 A c c u r a c y  u n a f fe c te d  b y  s p e c i f ic  
g ra v ity  o f ta n k  l iq u id .

5 A p p ro v e d  fo r g a u g in g  h a z a rd o u s  
l iq u id s  b y  U n d e r w r i t e r s '  L a b o r a 
to ries  a nd  o th e r s im ila r  g ro u p s .

Write for com plete  d e ta ils

theLIQUIPOMETER C O R P .

3 8 - 1 3  SKILLM AN  A V E .,  LONG ISLAND CITY, N.Y.
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I n f o r m a t i o n

O n  A v a i l a b l e  f o r m s  o f  H a s t e l l o y  

C o r r o s i o n - R e s i s t a n t  A l l o y s  . . .

H a s t e l l o y  a l l o y s  a r e  u s e d  e x t e n s i v e l y  i n  t h e  c h e m 

i c a l  a n d  p r o c e s s  i n d u s t r i e s  b e c a u s e  t h e y  r e s i s t  c o n 

d i t i o n s  o f  c h e m i c a l  c o r r o s i o n  m o r e  a d e q u a t e l y  t h a n  

m o s t  o t h e r  c o m m e r c i a l l y  a v a i l a b l e  m a t e r i a l s  a n d  

t h u s  m a k e  i t  p o s s i b l e  t o  m i n i m i z e  t h e  t r e m e n d o u s  

l o s s e s  f r o m  c o r r o s i o n .

T h e s e  n i c k e l - b a s e  a l l o y s  a r e  m a d e  i n  f o u r  t y p e s  

— A ,  B ,  C ,  a n d  D .  A l l o y s  A  a n d  B  a r e  i n t e n d e d  

p a r t i c u l a r l y  f o r  e q u i n m e n t  h a n d l i n g  h y d r o c h l o r i c

a c i d .  A l l o y  C  w i t h s t a n d s  t h e  a c t i o n  o f  s t r o n g  o x i 

d i z i n g  a g e n t s ,  a n d  a l l o y  D  is  e s p e c i a l l y  s u i t e d  f o r  

s u l p h u r i c  a c i d .

H a s t e l l o y  a l l o y s  a r e  n o t e d  n o t  o n l y  

f o r  t h e i r  o u t s t a n d i n g  c o r r o s i o n  r e s i s 

t a n c e ,  b u t  a l s o  f o r  t h e i r  e x c e l l e n t  p h y s i 

c a l  p r o p e r t i e s .  I n  a d d i t i o n ,  t h e s e  a l l o y s  

a r e  s u p p l i e d  i n  a  v a r i e t y  o f  f o r m s ,  

s o m e  o f  w h i c h  a r e  d e s c r i b e d  h e r e .

C a s t i n g s —H aste llo y  a lloys A , B, C, and 
D  can all be supplied as castings— in sizes  
ranging in w eight from 1 lb. up to 1,000 lb. 
or m ore. Patterns w ith the sam e shrinkage 
allow ance as that custom arily provided for 
casting stee l can be used and can be fur
nished by the custom er or w ill be supplied  
by us at cost.

Pipe and Fitt ings—T he four H aste lloy  a lloys can 
be supplied as cast pipe in extra-heavy iron pipe sizes, or 
in special sizes and w all thicknesses. Screw ed pipe fittings, 
w elding bends, and w eld ing flanges also are available. 
Screwed fittings are m ade only in the three machinable 
alloys— A , B, and C.

Welded Tubing  — Hastelloy
alloys, A , B and C can be supplied as 
tubing m ade from sheet m aterial 
rolled to required diam eters and w eld 
ed by the atom ic hydrogen process. 
Tubing can be furnished with a w all 
thickness of either 12 or 16 B.w.g. 
(0.109 in. or 0.065 in .), in lengths up 
to 10 ft.

Sheet and Plate—A lloys a ,
B, and C are available as standard 
hot-rolled  sheet and plate, subject 
to m ill lim itations of a maximum  
w eight in a lloys A  and B of 275 lb., 
and in a lloy  C of 200 lb. for a single  
plate, and a minim um  sheet thick
ness of 27 B.w.g. (0.016 in .).

Bars, Forgings, W ir e —a h  four alloys are made 
as cast bars. A lloys A  and B are also furnished as bar 
stock in hot-rolled  or hot-forged flats, rounds, squares, 
hexagons, and octagons. In addition, sim ple forgings of 
alloys A  and B are available. A llo y  A  w ire in a range of 
sizes down to 0.002 in., and a lloy  B w ire in sizes down to 
0.005 in., are available.

Welding R od  —H astelloy  alloys 
A  and B are available as drawn w eld 
ing rod in sizes 1 /16 , 3 /32 , 1 /8 , 5 /32 , 
and 3 /1 6  in.; as cast rod in s iz es  5 /32 ,
3 /16 , and 1 /4  in.; and as 1 /4 -in . rolled  
rod. A llo y s  C and D  are made as cast 
w elding rod in sizes 5 /3 2 , 3 /1 6 , and 
1 /4  in. D rawn rod of a lloys A  and B, 
and cast rod of a lloy  C, are furnished  
either bare or coated, as specified.

F o r  c o m p l e t e  i n f o r m a t i o n  o n  a v a i l a b l e  f o r m s ,  p e n e t r a t i o n  t e s t s ,  a n d  m e t h o d s  

o f  f a b r i c a t i o n ,  s e n d  f o r  t h e  4 0 - p .  b o o k l e t ,  “ H a s t e l l o y  H i g h - S t r e n g t h  A l l o y s . ”

fA S T E L L O )

H a y n e s  S t e l l i t e  C o m p a n y

U n i t  o f  U n i o n  C a r b i d e  a n d  C a r b o n  C o r p o r a t i o n  

N e w  Y o r k ,  N .  Y .  | l N ^  K o k o m o ,  I n d .

Chicago— C lev e la n d —D etro it— H ouston— Los A n g eles— San F rancisco— Tulsa

HIGH-STRENGTH NICKEL-BASE ALLOYS FOR CORROSION RESISTANC1

The word “Hastelloy** is a registered trade-marlc.



miLTon'Roy pymps
1365 E. MERMAID AVE., CHESTNUT HILL, PH I LA., PA.

S C H A F F E R  P O I D O M E T E R  C O .
2 8 2 8  S M A L L M A N  ST. PITTSBURGH, P A .

W h e n  y o u  t h i n k

W E I G H I N G —  
T h i n k  P O ID O M E T E R

W h a t  a

DESPATCH O V EN
G i v e s  a  L a b o r a t o r y

■a ■ v a m U  i t v  is guaranteed
I N I F O R M I T Y  within =*= i ° c

ACCURACY ASSURcn
C O N T R O L  SENSITIVE TO ± 1

O P E R A T IN G  R A N G E
to 260° C. 
(500° F.)

T he nam e “ Schaffer Poidom - 
e t e r ”  h a s  b e c o m e  t h e  
standard for w eighing and pro
p ortion ing raw and finished  
m a t e r i a l s .  F o r  t w e n t y - f i v e  
years Poidom eters have stood at 
th e  top  for perform ance, re-

GOOD E Q U I P M E N T
To th e vast num ber o f P oidom eter  
users we bring th is  m essage: It
w ill m ore th an  pay you to  keep  
your m ach in es up to  th e  p ink  o f  
condition . Check every part o f

lia b ility , accuracy and stu rd in ess.

It  is th e  m o st accu rate  an d  dur
able w eigh ing  and feed in g  m a 
ch in e  on  th e  m arket. B uy P oi
dom eter an d  you buy assured  pro
du ction .

your Schaffer P o id om eter. Any 
part th a t show s w ear or n eeds re
p lacin g  sh ou ld  be ordered now . 
Your P oidom eter w ill serve you  
best if  you  keep it  in  to p  co n d it io n .

^bedesiaeA . GOOD CARE

W rite  f o r  C a ta lo g  N o . 3

Vol. 35, No. 3

W a n t  t o  P u m p  S a l t  S l u r r i e s ?  

L i q u i d  L a t e x ?  F i b r e s  in  S o l u t i o n ?
H ere’s th e  pu m p th a t can  do i t  . . .  is  do in g  it .  M any users are 
han dling m ateria ls heretofore extrem ely  d ifficu lt or im p ossib le  to  
pum p . . .  w ith  M ilton  Roy u n its . T he secret is  in  th e  paten ted  
M ilton  Roy step-valve . . . th e  valve th a t com p lete ly  e lim in a te s  
air-b ind in g, is se lf-c lean in g  and n on -c logg in g , th a t m in im izes  
wire-draw ing, th a t is fu rn ish ed  in  m eta ls  and p lastics  to  m ee t prac
tica lly  a ll corrosion problem s.

Y ou’ll have to  see th is  valve to  appreciate its  advan tages. C atalog  
941 show s it  . . . te lls  how i t  fu n ctio n s . . . illu stra tes  and describes  
th e  com plete  lin e  o f M ilton  Roy P u m ps. W rite for it .

We are s t ill  m ak ing  prom p t deliveries o f  som e standard  u n its  
. . .  are prepared to  build  special M ilton  Roy P u m ps to  m ee t your  
particular req uirem ents w ith  all possib le speed . I f we can  help  
your war effort w rite, wire or ’phone.

I n  y o u r  l a b o r a t o r y  y o u  w i l l  f i n d  a  D e s p a t c h  V i c t o r y  

O v e n  p r o v i d e s  t h e  n e c e s s a r y  f l e x i b i l i t y  t o  a c c o m 

m o d a t e  a  v a s t  n u m b e r  o f  te s t s  w i t h  m i n i m u m  t i m e  

n e e d e d  t o  c o m e  t o  a n y  d e s i r e d  t e m p e r a t u r e .  T h e  

o v e n  w i l l  a t t a i n  m a x i m u m  t e m p e r a t u r e  i n  a n  a m a z 

i n g l y  s h o r t  t i m e .  I t  w i l l  u s u a l l y  r e c u p e r a t e  t e m 

p e r a t u r e  a f t e r  a  c o l d  c h a r g e  i n  f r o m  z  t o  8  m in u t e s .

5 YEAR GUARANTEE
Despatch heating: elements are guaranteed to function with normal 
use for five years. Many operate years over the guarantee period 
without replacements or repairs.
PROM PT DELIVERY —  STANDARD DESPATCH VICTORY  

OVEN SIZES —  Electrically or gas heated
No. Inside Sizes No. Inside Sizes
V-7 13* x 13* x 13* V-23 37* x 19* x 25*
V-15 19* x 19* x 19* V-29 37* x 25* x 37*

Temperature Range to 260° C. (500° F.)

WRITE FOR BULLETIN No. 205-N
describing many uses of the Despatch Victory Oven.
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Y O U  T O O  C A N  G E T  M U C H  I N C R E A S E D  E F F I C I E N C Y  W I T H

BROWN FINTUBE HEAT EXCHANCERS
2 9 "  I D  x  H i '  O v e r a l l  T y p e  B F T - 4  A  G a s  C o o l e r  —  i n  

H i g h  V a c u u m  S e r v i c e — P r o v i d e s  3 G O O  s q .  f t •  o f  E f f e c t i v e  

S u r f a c e  — T r a n s f e r s  3 , 0 0 0 , 0 0 0  B T U  p e r  H o u r

P E R F O R M A N C E  D A T A

SHELL SIDE TUBE SIDE
F lu id ....................................... Hydrocarbon G a s .......................... W ater
M o lecu la r W e ig h t ........................4 4 .....................................................18
Q u a n t ity ..............................  1 2 ,0 0 0  lbs. per hour . . . .  6 4 0  G .P .M .
Tem p. Entering 1 1 0 0 °  F..........................................9 0 °  F.
Tem p. L e a v in g  1 3 0 °  F............................ .... . 1 1 5 °  F.
Pressure Entering 3  lbs. per sq. in . A b s. 4 0  lbs. per sq. in . G a.
Pressure D ro p ...................0 .3  lbs. per sq. in. . . . 5 lbs. per sq. in
Heat T rans fer......................... 8 ,0 0 0 ,0 0 0  BTU per hour

B E LO W  —  C U T A W A Y  S E C T IO N  

O F  B F T - 4 A  G A S  C O O L E R

B e c a u s e  B r o w n  i n t e g r a l l y  b o n d e d  F i n t u b e s ,  h a v 

i n g  t h e  d e s i r e d  n u m b e r  a n d  d e p t h  o f  f in s ,  a r e  u s e d  

i n  e f f e c t i n g  t h e  h e a t  t r a n s f e r , - t h e  p r i m a r y  a n d  

s e c o n d a r y  t u b e  s u r f a c e s  o f  B r o w n  F i n t u b e  H e a t  

E x c h a n g e r s  c a n  b e  p r o p o r t i o n e d  t o  t h e  t r a n s f e r  c o 

e f f i c i e n t s  o f  t h e  m a t e r i a l s  b e i n g  h e a t e d  o r  c o o le d .  

T h i s  a v o i d s  t h e  n e c e s s i t y  o f  u s i n g  h u n d r e d s ,  s o m e 

t i m e s  t h o u s a n d s  o f  f e e t  o f  b a r e  

t u b i n g  t o  s a t i s f y  t h e  r e q u i r e m e n t s  

o f  t h e  c o m m o d i t y  h a v i n g  t h e  l o w e r  

h e a t  t r a n s f e r  c o - e f f i c i e n t  . . .  I t  

p e r m i t s  a  f e w e r  n u m b e r  o r  s h o r t e r  

B r o w n  F i n t u b e s  t o  b e  u s e d  i n  a  

g i v e n  h e a t  t r a n s f e r  s e r v i c e  t h a n  i f  

p l a i n  b a r e  t u b e s  w e r e  u s e d  . .  . A n d  

r e s u l t s  i n  s m a l l e r  s h e l l s ,  le s s  p r e s 

s u r e  d r o p ,  le s s  b a c k  p r e s s u r e ,  a n d

T ^ eg ra llY  B row nB ro w n  In  used in  aU ex.
tu bes are Exchanger other

f i.nÎ c s  V  ay un available

S L K f t « * “ - * -

m a n y  o t h e r  i m p o r t a n t  s a v in g s  i n  m a n u f a c t u r i n g ,  

s h i p p i n g ,  i n s t a l l a t i o n  a n d  m a i n t e n a n c e  c o s t s .

F o r  i n s t a n c e ,  t h e  c o o l e r  d e s c r i b e d  a b o v e ,  w h i c h  

r e q u i r e d  a b o u t  1 9 0 0  l i n e a l  f e e t  o f  f i n t u b e ,  w o u l d  

h a v e  r e q u i r e d  m o r e  t h a n  1 1 , 0 0 0  l i n e a l  f e e t  o f  p l a i n  

b a r e  t u b i n g — a  s a v i n g  o f  m o r e  t h a n  6 7 0 0  l b s .  o f  

s t e e l  j u s t  i n  t h e  t u b i n g  a l o n e .

S i x  s t a n d a r d  a n d  m a n y  s p e c i a l  t y p e s  

o f  B r o w n  F i n t u b e  H e a t  E x c h a n g e r s  

m e e t  a n y  r e q u i r e m e n t  f o r  e f f e c t 

i n g  t r a n s f e r s  b e t w e e n  l i q u i d s  a n d  

g a s e s ,  o r  o t h e r  c o m m o d i t i e s  h a v 

i n g  u n e q u a l  t r a n s f e r  c o - e f f i c i e n t s .  

E n g i n e e r i n g  a s s i s t a n c e ,  r e c o m 

m e n d a t i o n s ,  e s t i m a t e s ,  a n d  d e s c r i p 

t i v e  l i t e r a t u r e  f u r n i s h e d  g l a d l y .  L e t  

u s  q u o t e  o n  y o u r  r e q u i r e m e n t s .

THE B R O W N  F I N T U B E
119 FILBERT STREET • ELYRI A,  O H I O

CO.

M A N U F A C T U R E R S  O F  IN T EG R A LLY  B O N D E D  F IN T U B E S  A N D  F IN T U BE  H EAT E X C H A N G E R S
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r fo t fo n tc r fc c c U ic f, 

WEIGH MATERIALS

S P E E D  A N D  
A C C U R A C Y

c t

R i c h a r d s o n

AUTOMATIC BULK SCALE

fo r weighing dry, non-flushing chemicals, granular minerals, fire 
clay, ilmenite ore, fluorspar, cryolite, etc.

Wherever you receive, ship, transfer, or feed bulk materials 
into process — a Richardson Automatic Scale will speed 
operations. Because it quickly and continuously weighs pow
dered, ground or granular chemicals with machine-perfect 
accuracy, month after month and year after year, the Richardson 
Bulk Scale brings more uniformity to your product, and steps 
up production. Needing no attendant, it releases labor for 
other tasks.
Built to last indefinitely. Operating levers are outside of the 
dust-proof casing — safe from clogging and wear. Weights 
are automatically recorded by a rust-proof counter.
Tw o or more units proportioning solids with consistent accu
racy, result in a uniform product and avoid spoilage and waste. 
May be used in conjunction with a Richardson Automatic 
Liquid Scale to Proportion solids and liquids in exact quantities.
G ain  closer control over bulk  m ateria ls and reduce h a n 

d ling costs w ith a  Richardson scale .
Write for bulletin IE-2140.

R I C H A R D S O N
A tlanta Boston Chicago M inneapolis M ontreal N ew  York 

Om aha Philadephia Pittsburgh San Francisco Toronto Wichita

RICHARDSON SCALE COMPANY, CLIFTON, N. J.

ROBINSON
E Q U IPM E N T  M A N U F A C T U R IN G  C O M P A N Y

RUBBER

R E C LA IM IN G

30 CHURCH STREET, NEW YORK
Worit: MUNCY. PENNA.

HAMMER MILLS
Many sizes. Extra heavy construction. 
Accurately balanced. For coarse, me
dium and fine grind ing. Electro

magnetic separator and 
dust collector optional.

M IX E R S  

SIFTE R S  

C U T TER S  
C R U S H E R S  

G R IN D E R S  
P U LV ER IZE R S  

H A M M E R  MILLS 

A T T R IT IO N  M ILLS

Famous for over forty years, Rob
inson "U n iq u e" machines today 
incorporate the most advanced en
gineering design and construction. 
Illustrated m anuals and expert 
counsel are yours for the asking!

ATTRITION MILLS
Bosom-bodied, burr-type grinding 
plates produce maximum capacity. 
Simple adjustment provides uni- 
form extremely fine or 
coarse product. Many sizes 
available. Thousands in 
service!
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•  B a r t l e t t - S n o w  B a t c h  K i l n s - s e e  i l l u s t r a t i o n  a b o v e -  

a r e  a d a p t e d  t o  t h e  h e a t i n g  o f  c h r o m e  o r e s ,  p e b b l e  l i m e ,  

f e r r o  c h r o m e ,  f l u o r s p a r ,  t h e  c a l c i n i n g  o f  p i g m e n t s ,  

s l u d g e s ,  a n d  m a n y  s i m i l a r  o p e r a t i o n s .

T h e s e  k i l n s  a r e  m o u n t e d  h o r i z o n t a l l y ,  a n d  r o t a t e d  

w i t h  e i t h e r  a  g i r t  g e a r ,  o r  b y  f r i c t i o n  t h r o u g h  t h e  t r u n 

n i o n  r o l l s .  T h e  c y l i n d e r s  a r e  c l o s e d  a t  b o t h  e n d s  e x c e p t  

f o r  t h e  d i r e c t  h e a t  b u r n e r  a n d  s p e n t  g a s  d i s c h a r g e  o p e n 

i n g s  a n d  a r e  b r i c k  l i n e d .  G e n e r a l l y  t h e  n e t  i n t e r n a l  

l e n g t h  is  n o t  g r e a t e r  t h a n  3  t i m e s  t h e  d i a m e t e r  t o  i n s u r e  

g o o d  m i x i n g ,  u n i f o r m  h e a t  t r e a t m e n t  o f  t h e  m a t e r i a l ,  

a n d  t o  f a c i l i t a t e  e a s y  d i s c h a r g e .

O n e  d o o r  c e n t r a l l y  l o c a t e d ,  o r  t w o  d o o r s  p l a c e d  o n  

o p p o s i t e  s i d e s  o f  t h e  c y l i n d e r  a n d  a p p r o x i m a t e l y  a t  

q u a r t e r  l e n g t h ,  a r e  p r o v i d e d .  T h e  d o o r s  a r e  b r i c k  l i n e d .  

T h e y  a r e  f o r c e d  t o  a  t i g h t  s e a t  i n  a  t a p e r e d  h o l e  w i t h

h a n d  s c r e w s ,  a n d  a r e  p r o v i d e d  w i t h  a  l i f t i n g  r i n g  t o  

p e r m i t  e a s y  o p e n i n g  w i t h  a  l e v e r  o r  s m a l l  h o i s t .  T h e  

c y l i n d e r s  a r e  c h a r g e d  f r o m  a n  o v e r h e a d  b a t c h i n g  h o p 

p e r .  A f t e r  p r o c e s s i n g  t h e  k i l n  is  s t o p p e d , — t h e  d o o r  o r  

d o o r s  r e m o v e d  a n d  t h e  c y l i n d e r  t h e n  r o t a t e d  u n t i l  t h e  

p r o c e s s e d  m a t e r i a l  h a s  b e e n  d i s c h a r g e d .

O u r  r e c e n t l y  i s s u e d  B u l l e t i n  N o .  8 9  d e s c r i b e s  B a r t 

l e t t - S n o w  k i l n s ,  d r y e r s ,  c o o l e r s ,  c a l c i n e r s ,  a u t o c l a v e s  

a n d  o t h e r  h e a t  e n g i n e e r i n g  e q u i p m e n t  i n  d e t a i l — d i s 

c u s s e s  t h e  f u n d a m e n t a l  p r i n c i p l e s  i n v o l v e d — a n d  c o n 

t a i n s  m u c h  t e c h n i c a l  d a t a  o f  i n t e r e s t  t o  e v e r y  e n g i n e e r  

a n d  o p e r a t i n g  m a n  . . . S e n d  f o r  a  c o p y  t o d a y !

THE C. O. BARTLETT & SNOW COMPANY
6207 Harvard Avenue Cleveland, Ohio

Engineering and  Sales Representatives in the Principal Cities

o w
D R Y E R S  • C A L C I N E R S  • C O O L E R S  • K I L N S

a I so com ole te  m ate r ia ls  h a n d lin g  fac ilit ies  to m eet a n y  requirem ent  
Also « » " P ^  of satisfactory perfo rm ance  • Un.t respons.b .I.ty

3  . . . .  I D.ll rnnuaunr COne contract • One
Screw Feeders I Rotary Crushers

responi
Bucket Elevators Belt Conveyors Dust Collectors
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Y o u  s a v e  f u e l  o i l
w i t h  a n  I . B .  C r a n e  . . .

W ith the fuel oil sh o rtag e  becom ing more 

acu te  e ach  d a y  it is v ital th at ev ery  in d u s

tria l p la n t sq u e eze the last drop of en erg y  

out of ev ery  drum . A nd th a t's  just w h ere  

Industrial B row nhoist D iesel C ran es a re  do

ing a  fine job— by sa v in g  oil. O ne p lant 

op era tin g  a  30 ton I. B. C rane reports an  

a v e ra g e  fuel consum ption of only 1.675 g a l

lons p er hour. A nother reports only 1.61 

g allo n s p er hour. Both cra n e s  w ere  o p e ra t

ing u n d er fast, continuous, h e a v y  duty  serv

ice. T hese a re  not iso lated  cases. Those 

use rs w ho k eep  a n  e y e  on their fuel con

sum ption in v ariab ly  find th a t I. B. C ran es 

a re  e a s y  on fuel.

W h eth er you h a n d le  h e a v y  m aterials w ith 

m agnet, hook or bucket you, too, can  sa v e  

fuel w ith a n  Industrial Brownhoist C rane. 

Industria l Brownhoist C orporation, Bay City, 

M ichigan. District offices: N ew  York, Phil

ad e lp h ia . Pittsburgh, C leveland. C hicago.

1 s w i M t ir t m  ° > m s

F A S T E R  
HEATING

Users tell us that non-scraping kettle-type dryers have overall 
coefficients of heat transfer which are sometimes as low as about 10 
and sometimes as high as about 90, but a test on a 350 gal. Dopp 
positive-scraping unit showed a coefficient of 139 B .t.u ./hr./sq .ft./ 
°F., as reported in Transactions of A. I. Ch. E. Details on request.

Equally faster cooling has resulted when the well established princi
ple of Dopp-type positive-scraping has been applied to cooling ma
terials and controlling exothermic reactions.

Higher batch temperatures are reached in a practical length of 
time by steam heating combined with Dopp scraping. Sometimes 
this has eliminated the need of direct fire heating.

What do you want to heat or cool faster? We may have applicable 
data in our files. If we haven't, we can develop it in our Experimental 
Department. What is your problem?

D O P P
M A D E  T R U E  •  S T A Y  T R U E

C A S T  •  S E A M L E S S  •  S C R A P E D

K E T T L E S

13  S T Y L E S  
OF AGITATO RS

SOWERS MANUFACTURING CO., 1303 NIAGARA ST., BUFFALO, N. Y.
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h n f l V '
PROOF OF SATISFACTORY SERVICE

Five Twin G-Fin Sections installed in 1935 . . . 896  units 

installed today . . . that's one user's record of purchases.

M any hundreds of other concerns have demonstrated 

their satisfaction with Twin G-Fin Section performance by 

RE-ORDERS. Since these units were introduced on the 

market 10 years ago, a  total of more than 30,000 sections 

have been purchased, and are being used on a greater 

variety of heat transfer services than any other design of 

heat exchanger.

THE REASONS W H Y  are explained in our Bulletin 1613. 

Your copy sent on request.

T H E  G R Ï S C O M - R U S S E L L  C O . * 285 M A D I S O N  A V E N U E ,  N E W  Y O R K

G R I S C O M - R U S S E L L
T W I N  G - F I N  SBCTION
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o n e i n e K  PROFESSIONAL DIRECTORY “
$ 4 8 .0 0  a Y e a r  Personal Services O n ly  9̂6

THE BIRD-ARCHER C O .

E ngineers and C onsu ltan ts  

on W a te r  C o n d it io n in g  Problem s  

Surveys Plant Studies Analyses

4 0 0  Madison A v e ., N ew  York, N . Y.

Patent Law Offices
LAN C A STER , A LL W IN E & RO M M E L

Booklet —  “ General Information Concerning 
Inventions & Patents" and “ Fee Schedule 

sent without oblisation.
Established 1915 

Patents —  Copyrights —  Trade-Marks 
Suite 446 , 815— 15th N . W „  Washington, D. C.

IV A N  P. T A S H O F
Attorney and Counselor at Law

Patents
Specialists in the Protection of Inventions Relating to 

the Chemical and Metallurgical 
Industries

Munsey Bldg. Washington, D . C.

THE
C O M M O N W E A L T H  ENGINEERING  

C O M P A N Y  O F  O H IO

Dayton, O h io  London, England

Research and D e v e lo p m e n t  

O ffe rs

KOMEL C O R PO R A T IO N 'S

New Approved Mold and Mildewprool 
Agent for Fabrics and Other Materials

L A  W A L L  & H A R R ISSO N
Biological Assays —  Clinical Tests 

Chemical —  Bacteriological —  Problems 
Organic Synthesis 

Pharmaceutical and Food Problems 
Research

2 1 4  So. 12th St. Philadelphia, Pa.

E D W A R D  T H O M A S
Attorney-At-Law

Registered Patent Attorney

Chemical Patent Problems

Woolworth Bldg., New York, N . Y.

LO UIS E. LOVETT

C o n s u ltin g  E n g in eer

Rayon and Cellophane Process, Plant Design, Reports. 
Commercial Applications of Osmosis

Madison, Ohio

UNIFIED LA B O R A T O R IE S, INC.
W . M . Malisoff, Ch.E., Ph.D., Pres.

Process Development, Research and Umpire 
Biological Assays. Staff specialists on Hormones, 
Vitamins, Synthetic Drugs,- the Alcohol Industry, 
the Sugar Industry, and the Petroleum Industry; 

Chemical Warfare.
1 7 7 5  Broadway N ew  York

J. EHRLICH, Ph.D.

C o n s u ltin g  C h em ist 

1 53 South Doheny Drive 
Beverly Hills, California

O R G A N IC  SYNTHESES
Fellow o f the American Institute o f Chemists

C. L. M A N T E L L

C o n s u ltin g  E n g in eer

Electrochemical Processes and 
Plant Design

601 W. 26th St., N ew  York, N . Y.

HERBERT W A T E R M A N , Ch.E., Ph.D. 
Consulting Engineer

Production Problems 
Equipment and Plant Design 

Research and Process Development

2100 Roselin Place, Los Angeles, Calif. 
Telephone Olympia 3780

G U S T A V U S  J. ESSELEN, IN C .

Chemical Research 

and Development

857  Boylston Street Boston, Mass.

"Today's Research Is Tomorrow's Industry"

M E T C A L F  & E D D Y

Engineers

Investigations Reports Design 
Supervision of Construction and Operation 

Management Valuations Laboratory

Statler Building Boston, Mass.

T R U M A N  B. W A Y N E
C o n s u ltin g  C h e m ic a l E n g in e e r

Emulsion Processes and Problems.
Organic Polymers & Resins.
Chemical Synthesis and Production.
Patent Matters; Surveys & Reports.

Bankers Mortgage Bldg. Houston, Texas 
Telephone Fairfax 7708

Established 1891

SA M U E L  P. SADTLER & S O N , INC.

C o n s u ltin g  and A n a ly tic a l Chem ists  
C h em ica l Engineers

Special and Umpire Analysis 

Small and Large Research Projects 

Changing times require the Chemists' Help

210 S. 13th St., Philadelphia, Pa.

"Nothing Pays Like Research”

TH E  W ESTPO R T M IL L

W estport, Conn.

L a b o ra to rie s  and  T es tin g  P lan t o f  

The DORR C O M P A N Y , INC.

Chemical, Industrial, Metallurgical and Sanitary 
Engineers

Consultation —  Testing —  Research —  Plant Design

Descriptive brochure, “ Testing that Pays Dividends" 
upon request

F. B. Porter R. H . Fash 
B.S. Ch.E., Pres. B.S. Vice-Pres.
THE FORT W ORTH LABO RATO RIES

C o n s u ltin g , A n a ly tic a l Chem ists and  
C h em ica l Engineers

When you have propositions in the Southwest 
consider using our staff and equipment to save 
time and money.

; Fort Worth, Dallas, Houston and San Antonio

FROEHLING & ROBERTSON, INC.
Established 1881

C o n s u ltin g  and A n a ly tic a l Chem ists  

and  In s p e c tio n  Engineers

Richmond Virginia

Harvey A . Seil, Ph.D. Earl B. Putt, B.Sc
SEIL, PUTT & RUSBY

Incorporated
C o n s u ltin g  Chem ists

Specialists in the analysis of 
Foods, Drugs and Organic Products 
16 E. 34th Street, New York, N . Y.
Telephone —  MUrray H ill 3-6368

T h is  s p a c e  

a v a i l a b le  

t o

P r o f e s s io n a l  

M e n  

$ 4 . 4 0  

T h e  In c h  

$ 4 8 . 0 0  p e r  y e a r

Personal Services O n ly

E. W. D. H U F F M A N , Ph.D.

Microanalytical Laboratories

Organic, Inorganic —  Quantitative, Qualitative 
Precision Analyses —  Special Analytical Problems

M a je s t ic  B ld g . D e n v e r, C o lo ra d o

FO S TO R  D. S N E L L , IN C .
O u r  staff o f  chemists, en g in e e rs  and  
b ac te rio lo g is ts  w ith  la b o ra to r ie s  fo r  
analysis, research , physical testing  and  
b a c te r io lo g y  are  p re p a re d  to  re n d e r  you  

Every Form of Chemical Service 
305 Washington Street Brooklyn, N . V.



M I L W A U K E E ,  W I S C O N S I NC L E A V E R - B R O O K S  C O M P A N Y

O N  T H E  F A R - F L U N G  F R O N T S  O F  G L O B A L  W A R

I n  a c t i o n  w i t h  o u r  f i g h t i n g  f o r c e s  a l l  o v e r  t h e  

w o r l d  a r e  " s i l e n t  s e c r e t  w e a p o n s ”  l i k e  t h e s e  

C l e a v e r - B r o o k s  u n i t s  . .  .  c o n t r i b u t i n g  t o  t h e  

h e a l t h  a n d  w e l f a r e  o f  o u r  t r o o p s  o n  f a r - f l u n g  

f i g h t i n g  f r o n t s .

C l e a v e r - B r o o k s ’ p o r t a b l e  s h o w e r  b a t h  u n i t s  

— d i s i n f e c t i n g ,  s t e r i l i z i n g ,  a n d  w a t e r  d i s t i l l i n g  

e q u i p m e n t  h e l p  o u r  f i g h t e r s  t o  k e e p  f i t  f o r  

a c t i o n !  C l e a v e r - B r o o k s  p o r t a b l e  b i t u m i n o u s  

b o o s t e r s  a n d  t a n k  c a r  h e a t e r s  p e r m i t  m i r a c l e s  

i n  s p e e d y  c o n s t r u c t i o n  o f  a i r p o r t s ,  m i l i t a r y  

r o a d s ,  s u p p l y  r o a d s ,  a n d  m a n y  o t h e r  f a c i l i t i e s  

v i t a l  t o  s u p r e m a c y  i n  m o d e r n  w a r f a r e .  

C L E A V E R - B R O O K S  C O M P A N Y  • 5 1  1 2 N .

O n  t h e  h o m e  f r o n t ,  C l e a v e r - B r o o k s  s t e a m  

g e n e r a t o r s  a r e  p r o v i d i n g  l o w - c o s t  s t e a m  f o r  

p o w e r  a n d  p r o c e s s i n g  n e e d s  i n  h u n d r e d s  o f  

i n d u s t r i a l  a n d  o r d n a n c e  p l a n t s .  A l l  o f  t h i s  

e q u i p m e n t  is  f i r e d  w i t h  t h e  u n i v e r s a l  a n d  i d e a l  

f u e l — O I L !  T h e  m u l t i - p a s s ,  d o w n - d r a f t  h e a t i n g  

p r i n c i p l e  w i t h  f u e l - o i l  —  f i r s t  m a d e  f a m o u s  i n  

C l e a v e r - B r o o k s  t a n k - c a r  h e a t e r s ,  b i t u m i n o u s  

b o o s t e r s ,  a n d  s t e a m  g e n e r a t o r s — f i n d s  a  v i t a l l y  

i m p o r t a n t  a p p l i c a t i o n  i n  t h e s e  " s i l e n t  s e c r e t  

w e a p o n s ”  o f  o u r  m i l i t a r y  s e r v i c e s .
N o w  m a n u f a c t u r e d  f o r  a  n a t i o n  a t  w a r ,  C l e a 

v e r - B r o o k s ’ e q u i p m e n t  w i l l  r e s u m e  i t s  p e a c e 

t i m e  a p p l i c a t i o n s  w h e n  V i c t o r y  D a y  is  h e r e .

3 3 r d  S T R E E T  • M IL W A U K E E , W I S C O N S I N

c  L E A V E R  

B R O O K S

EQUIPMENT . . .
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Acheson Colloids Corp........................................ 49
Acme Coppersmithing & Mach. Co...............  107
Alberene Stone Corp. of Va..............................  34
Allied Chemical & Dye Corp...........................  41
Aluminum Co. of America................................ 53
Aluminum Ore Co................................................  3^
American Hard Rubber Co................................60-61
American Optical Co.............................................  04

Babcock & Wilcox Co......................................... 46-47
Badger & Sons Co., E. B ................................... 43
Barnstead Still & Sterilizer Co........................  79
Barrett D iv ............................................................  41
Bartlett & Snow Co., C. 0 ................................ 101
Bausch & Lomb Optical Co.............................. 83
Bird-Archer Co.....................................................  104
Blaw-Knox Co....................................................... 45
Blickman, Inc., S.................................................  8
Bristol Co.................................................................I2' 13
Brown Fintube Co...............................................  09
Buffalo Pumps, Inc.............................................. 05
Buffalo Works Co................................................. 82

Calgon, Inc............................................................. 77
Carbide & Carbon Chemicals Corp.............. 38
Chapman Valve Mfg. Co................................... 01
Chicago Bridge & Iron Co................................  42
Cleaver-Brooks Co............................................... 105
Combustion Engineering Co., Inc................... 68
Commonwealth Engineering Co. of O hio .. . 104
Corhart Refractories Co..................................... 22
Crane Co.................................................................  06

Despatch Oven Co...............................................  08
Dietert Co., Harry W.........................................  90
Dow Chemical Co................................................  27
Dracco Corp........................................................... 86
Duriron Co., Inc................................................... 69

Eagle-Picher Sales Co.........................................  14
Eastman Kodak Co............................................. 90
Edge Moor Iron Works, Inc............................. 82
Ehrlich, Dr. J........................................................  104
Elliott Company..................................................  93
Esselen, Inc., Gustavus J..................................  104

Fenwal, Inc............................................................. 86
Fort Worth Laboratories................................... 104
Foster Wheeler Corp...........................................  37
Foxboro Co.............................................................. 16-17
Froehling & Robertson, Inc..............................  104

General Ceramics Co........................................... 56
General Electric Co......................................... 21:35:59
Girdler Corp...........................................................  0:9

Goodyear Tire Rubber Corp............................  23
Graver Tank & Mfg., Co., Inc......................... 67
Griscom-Russell Co..............................................  103
Gump Co., B. F..................................................... 86

Hagan Corp............................................................  77
Haynes Stellite Co................................................ 07
Hicks Engineering Co., Inc., S. D ..................  80
Hooker Electrochemical Co..............................  76
Huffman, E. W. D ...............................................  104

Illinois Clay Products Co................................... 06
Industrial Brownhoist Corp..............................  102

James Mfg. Co., D. 0 .........................................  05
Jenkins Bros.   .................................................... 88
Johns-Manville Corp...........................................  4

Kidde & Co., Inc., W alter................................  31
Kimble Glass Co...................................................  33

LaBour Co., Inc.................................................... 58
Lancaster, Allwine & Rom m el......................... 104
Lapp Insulator Co., Inc.....................................  18
LaWall & Harrisson............................................  104
Leeds & Northrup Co.........................................  85
Link-Belt Co..........................................................  7
Liquidometer Corp., T he................................... 96
Louisville Drying Machinery Co., Inc  50
Lovett, Louis E ..................................................... 104
Lummus Co.............................................................29-30

Mallinckrodt Chemical Works........................  71
Marblehead Lime Co..........................................  75
Manteil, C. L.........................................................  104
Marley Company.................................................  36
Metcalf & Eddy. ................................................ 104
Milton Roy Pum ps.............................................. 98

Nash Engineering Co..........................................  48
National Engineering Co...................................  74

Oldbury Electro-Chemical Co.......................... 84

Patterson Fdry. & Mach. Co...........................  1
Patterson-Kelley Co., Inc.................................. 7 2

Pennsylvania Salt Mfg. Co................................26:52
Pittsburgh Lectrodryer Corp............................ 7 0

Porter Co., Inc., H. K........................................  2

Powell Co., W m.................................................... gj

Premier M ill Corp.................................................  80
Pressed Steel Tank Co......................................... 54
Proctor & Schwartz, Inc.....................................  92
Professional D irectory.........................................  104
Proportioneers, Inc................................................ 108
Pulverizing Machinery Co.................................  92

R-S Products Corp................................................ 92
Raymond Pulverizer D ivision..........................  68
Reed Roller B it Co...............................................  10
Reinhold Publishing Corp................................ 80:82
Republic Steel Corp.............................................. 73
Revere Copper & Brass, Inc.............................. 40
Richardson Scale Co............................................. 100
Robinson Mfg. Co.................................................  100
Rohm & Haas Co..................................................  57

Sadtler & Son, Inc., Samuel P .......................... 104
Schaffer Poidometer Co....................................... 98
Schneible Co., Claude B .....................................  62
Seil, P utt & R usby...............................................  104
Snell, Foster D ........................................................ 104
Sowers Mfg. Co......................................................  102
Sperry & Co., D. R ...............................................  87
Stokes Machine Co., F. J...................................  96
Sturtevant Mill Co................................................ 89
Swenson Evaporator Co.......................................24-25
Syntron Co...............................................................  94

Taber Pump Co...................................................... 94
Tashof, Ivan P ........................................................ 104
Taylor Forge & Pipe W ks..................................  78
Thomas, Edward...................................................  104
Titanium Alloy Mfg. Co.....................................  44
Tri-Clover Machine Co.......................................  84
Tube-Turns, Inc.....................................................  11

Unified Laboratories, Inc.................................... 104
Union Carbide & Carbon Corp......................... 38:97
U. S. Industrial Chemicals, Inc.........................19 :20
U. S. Rubber Co....................................................  51
U. S. Stoneware Co..............................................15:110
Universal Oil Products Co.................................  39

Virginia Smelting Co  ................................  94
Vogt Machine Co., H enry.................................. 63
Vulcan Copper & Supply Co.............................  109

Waterman, Herbert..............................................  104
Wayne, Truman B ................................................. 104
Westport Mill (Dorr Co., In c .) ........................ 104
Whiting Corp........................................................... 24-25
Wickwire Spencer Steel Co................................  84
Wilfley & Sons, Inc., A. R .................................. 28
Worthington Pump & M achy. Corp..............  65
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ACME Multi-Stage Continu
ous Dryers consist of sta
tionary, welded, jacketed 
cylinders with internal ro
tary conveying and mixing 
type paddles, ribbons or 
screws. The internal parts 
are readily accessible for 
cleaning or w ithdraw al. 
They m ay be used for sol
vent extraction under vacu
um, atmospheric or higher 
pressures, and are very ef
ficient for granular or crys
talline chemicals and for 
organic m aterials such as 
grain, starch or meal.

C O M P L E T E  D R Y I N G  S Y S T E M S  
D R U M  D R Y E R S  

S P R A Y  D R Y E R S
F L A S H  D R Y E R S

R O T A R Y  S T E A M  D R Y E R S  
R O T A R Y  F L U E  G A S  D R Y E R S

New  bulletin and  d ry ing  questionnaire mailed upon request.

A C M E  C O P P E R S M IT H IN G  &  M A C H IN E  C O .,  O R E L A N D  (near Phila.) P E N N A .



1 0 8
I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E

H  P R O P O R T I O N E E R S 0 7
/  S P E C I A L I Z E D  E N G I N E E R I N G  A  

0  O N  P R O P O R T I O N I N G  P R O B L E M S  / U

FOR INSTANCE . . .
CASE H IS T O R Y  NO. 7 . In  p ilo t p lan t developm ent for a new type  
o£ synthetic rubber, th e  proportional, constant ra te  °  J 1
num ber of flu id  ingredients was required. % P R O P O R TIO N E E R S %  
M idget A djust-O -Feeder solved the  problem  because of its  ex
trem e flex ib ility  — due to the  follow ing fea tu res :
1. S traigh t th ro u g h  d rive  shaft design  perm its m ounting  of u p  to 8 
units on e ither side of cen tra l m otor (see illustration).

Com plete engineering details forwarded upon receipt of fu ll in fo r 
m atio n  about your problem . Address —

2. A vailab le  w ith e ith er p lu n g e r or d iap h rag m  type d isp lacem en t 
heads. P lu n g er units (0 to 10 g .p .h .) w ith B akelite or p lastic  h ead s  
(0 to 200 lbs.), w ith stainless or iron  h ead s  (0 to 1000 lbs.) a re  
eq u ip p ed  w ith % PROPORTIO NEERS%  fluid sea led  stuffing g la n d  
for hard-to -hand le an d  corrosive fluids; an d  built-in  ba ll type 
checks. D iaphragm  units (0 to 73^ g .p .h .; 0 to 100 lbs.) a re  av a ilab le

w ith n eo p ren e  p re-fo rm ed  
re in fo rced  d iap h rag m s —  no 
stuffing g lan d  —  p lastic  d ia 
p h rag m  h ead s —  built-in  su c 
tion an d  d isch a rg e  valves w ith 
sight feed  dom es.

3. M icrom eter stroke a d 
justm ent th ro u g h  n eu tra liz 
ing  eccen tric s .

4. Fully en c lo sed  fram e 
p resen ts  p le asin g  a p p e a r
a n c e ,  p r o t e c t s  m o v in g  
parts, a n d  elim inates n e 
cessity of g u a rd s .

D u p le x  M id g e t A d ju s t-O -F e e d e r P ro p o r t io n in g  P u m p  of 

P lu n g e r  T yp e . A v a ila b le  w ith  fro m  1 to  8  u n its  d r iv e n  

fro m  a s in g le  c e n tra l m o to r. See fe a tu re  N o. 1 above .

0 1 P R O P O R T I O N E E R S ,  I N C .  0 7

I Q  2 7  C O D D I N G  STREET,  P R O V I D E N C E ,  R. I. / Q  j



D IS T IL L A T IO N  E V A P O R A T IO N  

E X T R A C T IO N

P R O C E S S E S  a n d  E Q U I P M E N T

A c e t i c  A C I D ,  t h e  m o s t  I m p o r t a n t  o f  t h e  p e a c e - t i m e  

o r g a n ic  a c id s ,  n o w  p la y s  i ts  v i t a l  p a r t  a s  a n  i n t e r m e d i a t e  in  t h e  

p r o d u c t i o n  o f  m a n y  e s s e n t ia l  w a r  p r o d u c t s .  T h e  e c o n o m ic a l  

r e c o v e r y  a n d  c o n c e n t r a t i o n  o f  t h is  a c i d  f r o m  a q u e o u s  s o lu t io n s  

h a s  lo n g  b e e n  o n e  o f  t h e  s p e c ia l i z e d  e n d e a v o r s  o f  t h e  V u lc a n  

o r g a n iz a t io n .  C u r r e n t l y ,  a n  a m o u n t  o f  g l a c i a l  a c e t i c  a c i d  in  e x c e s s  

o f  1 , 0 0 0 , 0 0 0  p o u n d s  p e r  d a y  is  b e i n g  r e c o v e r e d  in  p la n t s  u t i l i z in g  

V u lc a n  p r o c e s s e s  a n d  e q u i p m e n t .

D E S I G N E D  a n d  B U I L T  b y

I

PÜLCAN &
CINCINNATI, O., U . S . A .



p r o t e c t s  t h e  f i n g e r s  o f  t h e  i r o n  f i s t

T H E  m e c h a n i c a l  f i n g e r s  t h a t  m o v e  A m e r i c a ’s i r o n  

f is t  m u s t  n o t  b e  s t i l l e d  f o r  a  s i n g l e  m o m e n t  . 

f r o m  t h e s e  f i n g e r s  f l o w  t h e  p l a n e s ,  t h e  s h i p s ,  t h e  t a n k s ,  

t h e  g u n s ,  o n  w h o m  v i c t o r y  d e p e n d s .

T h e r e  d a r e  b e  n o  j o i n t s  s t i f f e n e d  b y  c o r r o s i o n !  T h e s e  

m o v i n g  f i n g e r s  m u s t  b e  k e p t  f r e e !

T y g o n ,  o n e  o f  A m e r i c a ’s n e w e s t  a n d  m o s t  v e r s a t i l e  

m a t e r i a l s ,  i s  e f f e c t i v e l y  a i d i n g  d e s i g n e r s  a n d  e n g i n e e r s  

e v e r y w h e r e  i n  r e t a r d i n g  t h e  a c t i o n  o f  c o r r o s i o n  o n  

b u i l d i n g s  a n d  p l a n t  e q u i p m e n t .  I n  a r s e n a l s  a n d  s h i p 

y a r d s ,  i n  a i r p l a n e  a n d  t a n k  f a c t o r i e s ,  i n  c h e m i c a l  a n d  

m e t a l l u r g i c a l  p l a n t s ,  t h e  l i f e  o f  i r r e p l a c e a b l e  m a c h i n e s  

a n d  e q u i p m e n t  is  b e i n g  i n d e f i n i t e l y  p r o l o n g e d  t h r o u g h  

t h e  u s e  o f  T y g o n  a n t i - c o r r o s i v e  p r o t e c t i o n .

F o r  T y g o n  i s  u n a f f e c t e d  b y  m o r e  t h a n  9 0 %  o f  t h e  

c o r r o s i v e  e l e m e n t s  w h i c h  p l a y  h o b  w i t h  i n d u s t r y .  T h e  

c h e m i c a l s  t h a t  w o r k  h a v o c  w i t h  m e t a l s ,  t h a t  q u i c k l y  

d e s t r o y  s t e e l ,  t h a t  e a t  t h r o u g h  g l a s s ,  h a v e  l i t t l e  e f f e c t  

o n  t h i s  a m a z i n g  s y n t h e t i c .  S u n ,  a i r ,  m o i s t u r e ,  a n d  t i m e ___

l e v e l e r s  o f  m o s t  m a t e r i a l  t h i n g s — l e a v e  T y g o n  v i r t u a l  
u n t o u c h e d .

T y g o n  p o s s e s s e s  t h e  r a r e  v i r t u e  o f  “ f l e x i b i l i t y  o f  a p p l  

c a t i o n ,  r e t a i n i n g  i t s  b a s i c  c o r r o s i o n - r e s i s t a n t  p r o i  

e r t i e s  t h r o u g h  a  w i d e  r a n g e  o f  p h y s i c a l  f o r m s .  I t  

m a d e  i n t o  f l e x i b l e ,  r e s i l i e n t  s h e e t s  f o r  t a n k  l i n i n g s  c 

t o r  g a s k e t i n g ;  i n t o  l i q u i d  f o r  u s e  a s  a  p a i n t  o r  fc  

i m p r e g n a t i o n  o f  p o r o u s  m a t e r i a l s ;  i n t o  l i g h t ,  f l e x i b l  

t u b i n g  o r  i n t o  e a s i l y  m a c h i n e d  s o l i d  r o d s .  T y g o n  m a  

b e  r e a d i l y  m o l d e d  i n t o  i n t r i c a t e  s h a p e s  p o s s e s s i n  

e x c e l l e n t  t e n s i l e  s t r e n g t h  p l u s  r e m a r k a b l e  d u r a b i l i i  
a n d  c o r r o s i o n - r e s i s t a n c e .

W ould  you like to learn more about th is versatile m a ter ia , 
W rite today fo r  B u lle tin  1621.

u .  S . S T e w a r e
A K R O N ,  O H I O

IN  C A N A D A :  C H A M B E R L A IN  E N G I N E E R IN G ,  LTD., M O N T R E

M A N U  F A C T U  R E R S


