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“B e c a u s e ,  T oo L ittle  a n d  T oo L ate

P r e s i d e n t  H o t c h k i s s  of R ensse laer P o ly tech n ic  
I n s t i tu te  is a  c a re fu l s tu d e n t as w ell as a  g re a t 
a d m ire r  o f R u d y a rd  K ip lin g . W h en  ce r ta in  m u n i
tio n  p la n ts  w ere  closing dow n fo r  c e r ta in  F e b ru a ry  
b ir th d a y s , h e  w e n t to  h is l ib ra ry  an d  d u g  u p  these 
fam o u s  lines of B r i t a in ’s m il i ta n t  p o e t :

E P IT A P H , 191S 
The battery’s out of ammunition, s i r !
I f  any mourn us a t the shop, say
“W e died bccause the shift kept holiday."

A s we m ove s till  f u r th e r  in to  o u r ow n w ar 
p ro g ra m , th e  g re a t  p rob lem  th a t  is obvious to  us 
a ll is th e  n eed  to  speed  p ro d u c tio n —-to r id  o u r  
w ar m ach ine , once a n d  fo r  all, o f th e  dep lo rab le  
a n d  d am n ab le  slow dow ns th a t  a re  som etim es cost
in g  us 30 o r 20 o r even 50 p e rc e n t o f v ita l o u tp u t. 
So D r. H o tchk iss, w ith  h is  m in d  on B a ta a n  a n d  
B a ta v ia , fo llow ed M r. K ip lin g ’s lead  w ith  these 
s t i r r in g  w o rd s :

E P IT A P H , 1942
F o r lack of ships and planes and tanks 
W e lie here where we fought, in serried ranks, 
Because, too little and too late,
The shift made six instead of eight.

T h a t, p e rh a p s , is n eg a tiv e  psychology  a n d  th e re 
fo re  c o n tra s ts  u n fa v o ra b ly  w ith  th e  positive fig h t
in g  slogans of D on N e lso n ’s l ie u te n a n ts  in  th e  
W a r  P ro d u c tio n  d rive . Y e t to  som e of u s  n o th in g  
b r in g s  th e  w a r  hom e so qu ick ly  as th e  ca su a lty  
lis ts  a n d  th e  u n co lo red  re p o r ts  o f v a l ia n t  figh ting  
a g a in s t enem ies th a t  a re  n o t  on ly  n u m e rica lly  
su p e rio r  b u t b e t te r  eq u ip p ed  a n d  b e tte r  su p p o rted  
by  a i r  a n d  n a v a l forces.

G ra d u a lly  th e  peop le of th is  co u n try , led  by  th e  
p a re n ts  an d  re la tiv es  of th e  boys a lre a d y  in  the  
A rm y  a n d  N avy, a re  g e ttin g  m ad. T hey  a re  in  
no m ood to  trifle  w ith  those w ho offer excuses fo r  
som eth in g  less th a n  “ a l l-o u t”  p ro d u c tio n . T hey  
a re  g e ttin g  tire d  of congressional w ra n g lin g s  over

w ages a n d  hou rs, of la b o r a n d  m a n ag e m en t b ick er
in g  over “ u n io n  s e c u r i ty ”  ag reem en ts , of p o litica l 
persecu tio n s o f A m eric an  in d u s tr ia lis ts  w hose on ly  
f a u l t  has  been th a t  th e y  have been too b u sy  w ith  
w ar w ork  to  w aste tim e fig h tin g  in  th e  c o u rts  fo r  
th e ir  ow n defense. The tim e has come fo r  a show 
dow n w ith  an y b o d y  a n d  everybody  who is n o t 
p ro v in g  b y  his ev e ry  a c tiv ity  th a t  fro m  now  on Avar 
p ro d u c tio n  comes f irs t!

T he job  to be done is n o t in  W a sh in g to n , even 
th o u g h  we look th e re  fo r  b e tte r  le ad e rsh ip . “ The 
w a r  w ill be w o n ,”  sa id  L loyd  G eorge in  1917. “ in  
the  w orkshops a n d  la b o ra to rie s  o f in d u s t r y .”  T h a t 
is even m ore t r u e  to d a y  in  th is  c o u n try  th a n  i t  w as 
in  E n g la n d  th en . W e ’ve go t to  p ro d u ce  sh ip s  a n d  
ta n k s  a n d  p la n es  a t  h ig h e r  ra te s  a n d  in  b e t te r  
q u a lity  th a n  a n y  o th e r  n a tio n  o r g ro u p  of n a tio n s  
in  h is to ry . W e ’ve also  g o t to  h av e  m ore  poAvder 
an d  am m u n itio n  a n d  b e tte r  Aveapons.

T h is  is th e  f irs t a n d  m ost p re ss in g  cha llenge 
th a t  o u r  chem ical in d u s tr ie s  m u st m eet. N o th in g  
can  be p e rm itte d  to  in te r fe re  Avith b u ild in g , e q u ip 
p ing , m a n n in g  a n d  o p e ra tin g  th e  m a n y  neAv p la n ts  
needed to  m ake m un itio n s. B u t of a lm ost equal 
im p o rta n ce  is th e  need  fo r  l i te ra lly  h u n d re d s  of 
c r it ic a l chem icals a n d  s tra te g ic  m e ta ls  th a t  a re  
essen tia l som e p lace  in  th e  Avar p ro g ra m . I t  is in  
these p la n ts  th a t  chem ical en g in ee rs  w ill f ind  th e ir  
best chance to  help  in  sp e ed in g  p ro d u c tio n . O bvi
ously  th is  can  seldom  be done b y  p u t t in g  on m ore 
sh if ts  o r u til iz in g  id le  eq u ip m en t, because  Ave a re  
a lre a d y  a p p ro a c h in g  o u r  l im its  th e re . B u t  th e re  
a re  m a n y  places, Ave suspec t, Avhere y ie ld s  can be 
inc reased  o r  q u a l i ty  im p ro v ed  b y  in te n s iv e  a p p l i
ca tion  of en g in ee rin g  knoAvledge a n d  m ethods. A  
feAV good m en  w ith  no o th e r  jobs th a n  to  sm ooth  
o u t th e  w rink les, e lim in a te  lo s t m otion  a n d  Avaste 
effort, Avill m ore th a n  e a rn  th e ir  p a y  in  m ost 
p la n ts . O u r b ig g est new  su p p ly  of essen tia l raAV 
m a te r ia ls  is th ro u g h  b e t te r  u til iz a tio n  o f Avhat Ave



a re  now  w astin g . No one know s th is  b e t te r  th a n  
th e  chem ical en g in ee r who is re a lly  011 h is  job. 
No one can  h e lp  m an ag em en t m ore  in  m a k in g  th e  
m ost o f w h a t w e ’ve got.

W e, th e  m en w ho m a n  A m e ric a ’s w orkshops a n d  
la b o ra to ries , m u s t m ake c e r ta in  now  t h a t  th e  
e p ita p h s  w h ich  w ill be w r i t te n  on A m eric an  g rav es 
in  fa r-a w ay  co u n trie s  w o n ’t  say  th a t  d e a th  cam e 
“ B ecause, too li t t le  a n d  too la te , the  s h if t  m ade 
six in s te a d  of e ig h t! ”

INDUSTRIAL AMERICANIZATION

O x F eb . 16, 1942. th e  S e c re ta ry  o f th e  T re a su ry , 
u n d e r  a n  execu tive  o rd e r  s ig n ed  b y  th e  P re s id e n t 
o f th e  U n ited  S ta te s , took  tit le  to  a p p ro x im a te ly  
97 p e rc e n t o f th e  stock  of th e  G erm an-ow ned  G en
e ra l A n ilin e  & F ilm  C orp . E a r ly  in  M arch  fo u r  
w idely  know n A m erican  en g in ee rs  a n d  execu tives 
w ere  nam ed  b y  th e  T re a s u ry  as a m a n a g in g  b o a rd  
to  d ire c t th e  a tfa irs  o f th e  co rp o ra tio n  a n d  to  
o p e ra te  it as an  A m eric an  com pany . O ne of th e ir  
n u m b e r, R o b e rt E . M cC onnell, m in in g  en g in eer, 
ch a irm an  of th e  E n g in e e rs  D efense  B o a rd  a n d  
fo rm e r  O PM  official, w as e lec ted  p re s id e n t an d  
c h a irm an  o f th is  m a n ag in g  b o a rd  w hich consisted  
of A lb e r t E . M arsh a ll, p re s id e n t o f R u m fo rd  
C hem ical W orks, G eorge M. M offett, ch a irm a n  of 
the  b o a rd  o f C orn  P ro d u c ts  R efin ing  Co., a n d  
R o b e rt E . W ilson , P re s id e n t o f P a n  A m erican  
P e tro le u m  & T ra n s p o r t  Co. a n d  fo rm e r  p e tro leu m  
consu ltan t, to  O PM . S u b se q u e n tly  M r. M cC onnell 
an n o u n c ed  the  a p p o in tm e n t of th re e  o p e ra tin g  ex
ec u tiv e s : M r. M a rsh a ll to se rve  as first vice p re s i
d e n t ;  Jo se p h  S . B a tes, p re s id e n t o f the  B a tes 
C hem ical Co. of P h ila d e lp h ia , to  be v ice p re s id e n t 
in  ch a rg e  of p ro d u c tio n , a n d  D r. W illia m  F . Z im - 
m erli, fo rm e r  E u ro p e a n  te ch n ic a l d ire c to r  o f th e  
d u  P o n t C om pany, to  se rve  as vice p re s id e n t in  
c h a rg e  ot‘ research  a n d  p a te n ts . '

T hus th e  decks a re  c lea red  fo r  a n  ex p e rien ce  in  
A m eric an iz a tio n  w hich  w ill be w atch ed  w ith  a b 
so rb in g  in te re s t fo r  a n u m b e r  o f d if fe re n t reasons. 
I n  th e  firs t p lace , g en u in e  A m eric an  c o n tro l is  of 
g re a te s t s tra te g ic  im p o rta n c e  because  th is  $67,000,- 
000 o ffsp rin g  of th e  I . G. F a rb e n in d u s t r ie  A. G. 
ow ned  m a n y  p a te n ts , co v e rin g  in v e n tio n s  th a t  a re  
essen tia l to  m o d ern  w a r fa re  as well as to  p eace
tim e p ro g ress  o f the  p h a rm a ce u tic a l, dyestu ff, 
chem ical a n d  p h o to g ra p h ic  in d u s trie s . H en ce  it is 
essen tia l th a t  these  reso u rces be r id  com ple te ly  of 
G erm an  con tro l an d  in fluence in  o rd e r  th a t  th e y  
m ay  serve A m erican  w a r  needs.

A  second  reaso n  th a t  th is  m ove is so s ig n ific an t 
lies in  th e  fa c t  th a t  i t  is th e  firs t tim e th e  TJ. S. 
G overnm en t has  ta k e n  over an  a lien  in d u s tr ia l  
p ro p e r ty  an d  tr ie d  to  o p e ra te  it as a  go ing  e n te r 
p rise . T h is is in  m a rk e d  c o n tra s t w ith  th e  p r a c 
tices of th e  A lien  P ro p e r ty  C u s to d ian  in  th e  la st 
w ar. W e a re  assu red  b y  the  d ire c to rs  a n d  th e  
T re a s u ry  D e p a rtm e n t th a t  th is  is n o t to  b e  a y a r d 
s tick  to  m easu re  g o v ernm en t vs. p r iv a te  o p e ra tio n , 
b u t it m ay  w e ll .s e rv e  as a m odel fo r  h a n d lin g

o th e r  fo re ig n  p ro p e r tie s  w hose f u n d s  now  fro z en  
in  th e  T re a s u ry  D e p a r tm e n t w ill a g g re g a te  a p 
p ro x im a te ly  $7,000,000,000.

F in a lly  th e re  is no  d o d g in g  th e  f a c t  th a t  th is  
p a r t ic u la r  p ro p e r ty  is a “ b lu e  c h ip ”  in  th e  in 
ev itab le  p o k e r gam e a t  th e  peace ta b le  w hen  th is  
w a r  is over. G erm an y  u sed  it  to  p la y  fo r  p r e t ty  
b ig  s tak es— as th e  A m eric an  lin k  in  a  p ro je c te d  
c h a in  to  co n tro l w o rld  o rg a n iz a tio n  of chem ical 
in d u s try . U ncle S am  w ill rem em b er th a t  w hen  
th e  tim e  com es. M eanw hile  lie h as  p u t  th e  p ro p 
e r ty  in  th e  ca p ab le  h a n d s  of honest, te ch n ic a lly  
t r a in e d  A m eric an s  w hose sole p u rp o se  w ill b e  to  
conserve its  resou rces fo r  the  p u b lic  good.

ARNOLD, RUBBER, WAR AND TREASON

M o st  h e a r te n in g  of a ll th e  new s to  com e fro m  
W a sh in g to n  th is  m o n th  is th e  a n n o u n c em en t th a t  
th e  tru s t-b u s t in g  a c tiv itie s  of T h u rm a n  A rn o ld  
a re  to  b e  p o s tp o n e d  fo r  th e  d u ra tio n  o f th e  w a r,—  
th a t  is, w h erev e r e i th e r  th e  S e c re ta ry  of W a r  or 
N av y  fee ls  th a t  th e  p ro sec u tio n  w ou ld  d e lay  th e  
w a r  effort. H a d  th is  a g re em e n t com e tw o y e a rs  
ago, we w ould  h av e  h a d  m ore a lu m in u m , m a g 
nesium , p o ta sh  a n d  am m onia  w ith  w hich  to  figh t 
th is  w ar. L ikew ise, in  o u r  op in ion , we w ould  
h av e  h a d  m ore  sy n th e tic  ru b b e r  d e sp ite  th e  
ch a rg es  m ade in  th e  v itro lic  a t ta c k  on th e  S ta n d 
a r d  Oil C om pany  (N . J . )  b y  th is  sam e zealous 
c ru sa d e r  w hen  he a p p e a re d  b e fo re  th e  T ru m a n  
C om m ittee of th e  S enate .

I t  is q u ite  s ig n ifican t, w e believe, th a t  th e  m o ra 
to r iu m  on tru s t-b u s t in g  w as d isc losed  a t  th e  end  
o f th e  sam e w eek in  w h ich  M r. A rn o ld  h a d  u sed  
th e  S en a te  in v e s tig a tio n  as a  so u n d in g  b o a rd  fo r  
b ro a d c a s tin g  th e  sam e se n sa tio n a l ch a rg es  w hich  
he h a d  ju s t  w ith d ra w n  f ro m  a n  a n t i- t ru s t  s u it  
a g a in s t th e  co m p an y  in  o rd e r  to  o b ta in  a consen t 
decree . T h u s  lie g o t w h a t he p ro b a b ly  w a n te d  
m ost— p u b lic ity  fo r  h is  co n ten tio n s  w hile  m ore  
o r less effectively  sp ik in g  th e  g u n s  of those  who 
now  have  no chance to  have  th e ir  defense  h e a rd  
b e fo re  a n  im p a r tia l  t r ib u n a l .

Chem .  ti- M et.  re a d e rs  w ho have  fo llow ed th e  
course  of th e  m a n y  te ch n ic a l d eve lopm en ts  th a t  
h av e  re su lte d  f ro m  th e  J e rs e y  c o m p a n y ’s o rig in a l 
re la tio n s  w ith  th e  G erm an  I .  G. know  th a t  th e  
U n ite d  S ta te s  h as  b en e fitte d  g re a tly  fro m  these  
in te rn a tio n a l  exchanges of techno logy . L ikew ise, 
m ost o f us h av e  a  p r e t ty  good idea a b o u t th e  c h a r 
a c te r  a n d  m otives o f th e  chem ists, en g in ee rs  a n d  
execu tives w ho h av e  figu red  so p ro m in e n tly  in  th e  
s tre a m  o f in v e n tio n s  th a t  has flowed o u t o f th e  
o r ig in a l tr a n sa c t io n  fo r  th e  h y d ro g e n a tio n  p a te n ts . 
To in s in u a te  th a t  these  m en w ere  d isloyal to  th e  
U n ite d  S ta te s  o r  as S e n a to r  T ru m a n  p u t  it ,  g u ilty  
o f “ t r e a s o n ”  to  th e ir  ow n g o v ern m en t, is a n  in s u l t  
w h ich  we can  jo in  M r. F a r is h  in  co n d em n in g  w ith  
“ in d ig n a tio n  a n d  re s e n tm e n t.”

U n fo r tu n a te ly , th e  w hole sy n th e tic  r u b b e r  p ic 
tu r e  is so co m p lica ted  w ith  accu sa tio n s  a n d  d en ials , 
ch a rg es a n d  co u n te r-ch arg es , th a t  th e  A m eric an
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p u b lie  is r e a d y  to  believe a lm ost a n y th in g . I t  is 
looking  fo r  a scap eg o at a n d  w here  cou ld  a b e t te r  
one be fo u n d  th a n  in o u r la rg e s t co rp o ra tio n  w hich 
fo r  a  dozen y e a rs  h as  b een  d ea lin g  n o t on ly  w ith  
th e  G erm ans b u t  also w ith  th e  I ta l ia n s  a n d  the  
J a p a n e se ?  T h a t these  re la tio n s  w ere w ell know n 
to  ev e ry b o d y — som e of th e m  a c tu a lly  c a r r ie d  ou 
a t  th e  in sis ten ce  of o u r  S ta te  D e p a rtm e n t— all 
m eans n o th in g  now  th a t  th e  w itch  h u n t is on in  
e a rn es t. B u t  i t  is p ro b a b ly  b r in g in g  some sn ickers

a n d  p e rh a p s  som e sn e e rs  fo r  dem ocracy  f ro m  B e rlin  
a n d  the  “ B ig  H o u s e ”  of th e  I . G. a t  F ra n k fo r t-  
am -M ain. S tra n g e ly  enough, w hen  G erm an y  d e
c ided  to  figh t a  to ta l w ar in v o lv in g  a n  a ll-o u t 
m o b iliza tio n  of h e r  techno log ica l a n d  in d u s tr ia l 
resources, she  d id  n o t s t a r t  b y  p illa g in g  th e  execu 
tives of I . G. F a r b e n  w ho cou ld  c o n tr ib u te  m ost 
to h e r  w a r  effort. T h a t w ou ld  have been  sab o tag e  
a n d  re a l trea so n  over th e re . H ere  it  is social r e 
fo rm , p o litica l ca p ita l a n d  p e rso n a l p u b lic ity .

W A S H I N G T O N  H I G H L I G H T S
PRIORITIES mean little any more 

unless they are very high in the A  
series. So many people have been 
given some sort o f a p rio rity  rating 
that the goods actually available can
not go very fa r  down the list. This 
S pring  it appears that anyone with 
less than a A -l-j prio rity  can get no 
copper a t all. Thus the program  of 
replacing priorities with allocations 
builds up more and move momentum. 
Anyone who must have something in 
order to do business fo r Uncle Sam 
must see to it that he gets a definite 
allocation of the required materials, 
whether they be war materials or 
m aterials of construction. I t  is no 
longer safe merely to have a priority  
rating.

SPEED. NOT COST, is the prim ary 
criterion for an award to bidders who 
compete fo r business on war con
tracts. Under the plan of negotiated 
contracts, a preference is also given 
to small firms over big ones since the 
smaller firms can usually handle 
sim pler jobs and the big firms are 
reserved fo r more complicated and 
difficult assignments. W here new con
struction is required before manu
facture of needed goods can begin, 
the bidder has preference who im
poses a minimum requirement for 
scarce machinery, equipment and 
m aterials of construction. All these 
considerations show how fa r Uncle 
Sam has varied his buying practices 
to meet wartime conditions.

CONTAINER SHORTAGES seem likely 
to develop. Bottles, ja rs  and other 
glass containers, as well as tin cans 
and metal packaging material, are 
affected. F or a time it appeared that 
the glass shortage might be due to 
limited supplies of soda ash. Now 
it is evident that two other factors 
will have a much earlier and more 
serious influence. Rubber, cork and 
other very scarce m aterials for 
closure gaskets are going to be se
verely restricted. In fact these ma

terials may be prohibited fo r many 
types of goods. Only a little less im
minent is the restriction on the use of 
metals for closures. Although the 
problem of getting metals is going to 
be difficult no m atter what container 
is ordered, extensive re-use is being 
urged on every division of industry.

SECRECY in industry disappears 
as military secrecy increases. Process 
industries will be disturbed to note 
two possibilities that may result from 
over-zealous adm inistration of Fed
eral regulations. Under the guise of 
proving that a corporation is entitled 
to an explosive license, the lawyers 
of the Department of the Interior 
may p ry  into minute detail of your 
company’s stock ownership. The 
effect appears like malicious med
dling but may have to be tolerated. 
Little less objectionable is the recent 
authorization by Presidential order 
that the Office of Price Administra
tion may inspect corporation tax 
rates in the form  of transcripts. 
There is nothing to indicate that this 
does not lay open much of the con
fidential information of corporations 
to unfriendly scrutiny.

FREEZING OF LABOR RELATION
SHIPS seems to be one answer to the 
slow-down problem. So lrng  as the 
labor situation is subject to ju ris
dictional disputes, possible changes 
in working conditions and wages, 
the worker is distracted from his 
main job of all-out production. Mean
while management is constantly 
plagued with demands that must soon 
be answered, cnce and fo r all.

INVENTORIES have been rising 
despite shortages of raw materials. 
Balance sheets for 15 leading chemi
cal companies for 1041 reported in
ventories of $300,008,000 compared 
with $248,382,000 in 19-10—up about 
20 percent. F or industry as a whole 
the rise is estimated at more than a 
third of last year’s stocks.

CHEMICAL PRODUCTION GOALS
rise constantly. W ith m ilitary de
mands as now anticipated, it is almost 
unbelievable that there will lie sur
pluses of any im portant chemicals no 
m atter hew hard the industry may 
work on expanding production sched
ules. Tem porary exceptions to this 
rule are expected, as, for example, 
instances where it is difficult to find 
storage space at the point of produc
tion because of delays in shipping in 
structions or facilities. But the over
all demand for war chemicals seems 
insatiable.

STORAGE FACILITIES i n  m a n y  
chemical plants will be strained to 
the limit. Under current impending 
increases of demand, irregularities in 
transportation make it necessary that 
every management plan for maxi
mum possible storage space fo r in
coming raw materials, partly  finished 
goods in process and finished p ro 
ducts. No one can foretell the emerg
ency that may increase the need for 
any or all of these facilities. Wise 
executives and engineers will have 
their plans well laid.

PRICES, in the opinion of some 
W ashington observers, are now get
ting out of hand. The situation is 
described as “dangerously explosive.” 
Inflation in national income to the 
extent of a t least 20 billion dollars 
in 1042 is almost certain.

RESEARCH LABORATORIES, as well 
as control laboratories, using certain 
specified chemicals defined as “ in
gredients of explosives” must have 
licenses before they can buy or use 
such materials. Responsible persons 
in charge of these m aterials must 
keep a careful record of use or dis
position. Theft or loss must be 
prom ptly reported or serious penalty 
may follow if diverted materials are 
used fo r sabotage. All of the techni
calities of wartime are involved in 
this set of rigid and restrictive rules.
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Producing Sm okeless Pow der 
By 1942 M ethods

R. E. HARDY Colonel, U. S. Army

chem . & M e t  I N T E R P R E T A T I O N   ....................................

This article and the pictorial flow sheet on p a g es  110-113 describing  
operations in one of the new  sm ok eless pow der plants it is  hoped  
w ill serve the useful purpose of instructing n ew  operators in this 
and sim ilar plants in the operations with w hich they  w ill be con
cerned. A lso this information should be of assistan ce  to raw  m aterial 
and eguipm ent supplies of these plants and those still to be built.—  
Editors.

On e  of t h e  world’s greatest war 
machines fo r the production of 

combat equipment is being built by 
the Ordnance D epartm ent of the 
U. S. Army. This multi-billion dollar 
program , which is already partly  
completed, consists of numerous de
partm ent-owned factories fo r the 
m anufacture of rifles, machine guns, 
cannon, tanks, bombs, shells, ammuni
tion, gunpowder, ammonium nitrate, 
picric and other acids, toluene, etc.

Created shortly a fte r the Revolu

tionary W ar, the Ordnance D epart
ment ever since has had the responsi
bility of designing, developing, manu
facturing and procuring the war ma
terial used by the army, which in
cludes 1,200 m ajor items, 250,000 
components. S tartling  innovations in 
the realm of munitions have con
stantly  stemnied from  the research 
and m anufacturing arsenals of the 
Ordnance D epartm ent. Their in
fluence on industry in general has 
been profound. Through their efforts

America’s combat materiel today is 
superior to that of any country in 
the world. Also under the guidance 
of the Ordnance D epartm ent, Amer
ican factories are fas t being con
verted to the production of these 
many war items.

Included in the departm ent’s build
ing program  are smokeless powder 
plants. Typical o f these is a p lan t 
which covers an . area of several 
thousand acres, and which cost in the 
neighborhood of $100,000,000. Sev
eral hundred buildings with a com
bined floor space of more than 2,000,- 
000 sq. ft. were erected. I t  was neces
sary to build 50 miles of automobile 
roads and lay 67.5 miles o f standard 
gage railroad track within this area. 
Service piping, including steam, 
water, brine, fire and electric, totals 
186 miles, and fo r sewage and addi
tional 27.5 miles. There are 15 miles 
of wire fencing.

The water supply is not taken from  
a river. To avoid the necessity for 
filtration, wells were sunk through 
approxim ately SO ft. of sand and 
gravel close to the shore of the river. 
These are of the Ranney water col
lector type. Motor-driven pum ps will 
supply approxim ately 50,000 g.p.m. 
The water is pum ped into two reser
voirs, each of immense capacity.

A djoining the two reservoirs are 
two steam-electric plants. Consider
able distance separates each power 
p lan t and reservoir from  the other 
power p lan t and reservoir. An elec
tric transmission line in the form  of 
a loop connects the two power units 
so that in case one fails current can 
be sent from  the other to the affected 
areas.

The 11 kv. distribution loop has 
5.3 miles o f pole line with 54 steel 
transmission towers. C urrent a t 2,300 
volts is distributed through 39 miles 
of pole lines. In  addition there are 
46.4 miles o f pole lines fo r road and 
fence lighting. The telephone and 
fire alarm  systems utilize 25 miles of 
cable.

The base of smokeless powder is 
nitrocellulose, made by n itra ting  cel-

Cannon powder blending house equipped with drop hoppers. When 
the trap door of a lilted hopper is pulled, powder drops onto an 

inverted umbrella-shaped bafile

I
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Powder is first pressed into blocks so that it can be handled easily. 
It is being charged into a screening press by the operator

lulose. AVood or cotton can be used 
as the source of cellulose, but as wood 
contains ligniri, which must be elimi
nated, cotton is employed a t this p lant 
as the source for cellulose. Cotton 
linters are used, since long staple 
cotton balls up and plugs slurry lines 
and valves. I f  the supply of linters 
should run low, it can be replaced 
with long staple cotton which has 
been chopped up. Oils and other im
purities in the cotton are removed 
with a sodium hydroxide treatm ent 
and the cotton is then washed free of 
alkali and bleached. Cotton received 
is already processed to this stage. The 
first treatm ent given it here reduces 
the external moisture. Since the 
heat of dilution of sulphuric acid by 
this moisture would be considerable 
with subsequent danger of fires dur
ing n itrating , drying is imperative. 
This is accomplished in a long con
tinuous conveyorized oven heated by 
radiation with steam pipes, the cotton 
being fluffed out of the solid bales at 
the entrance.

M ilitary nitrocellulose is composed 
o f a m ixture of high-grade nitrocel
lulose and pyro-nitrocellulose. The 
first of these contains an excess of 
nitrogen and contributes ease of igni
tion and high potential characteris
tics, the la tte r contains a small amount 
of nitrogen and acts as the vehicle fo r 
the insoluble variety  (the high-grade 
type is insoluble in ether-alcohol).

In the n itra ting  process the cotton, 
a fte r  being weighed into fiber cans, 
is sent by conveyor to the third floor 
o f the n itra ting  houses where there 
are several groups of charging hop
pers these supply the dipping pots 
suspended below the floor. Four 
pots are included in one nitrating  
unit. Cotton and n itrating  acids are 
charged into the dipping pots. Be
neath these pots and on the second 
floor are several wringers, one serv
ing each of four dipping pots. Sus
pended under the wringers are im
mersion basins serviced with water. 
The four pots, wringer, and one im
mersion basin make a complete n itra t
ing unit. In  operation the pots are 
dipped in their order, properly  timed 
so that by the time the fourth  pot is 
dipped, the first charge is ready to 
be dropped into the wringer. N itro
cellulose is discharged from the 
wringer into the immersion basin, 
drowned with water, and flushed into 
slurry  tanks.

A system of collecting pipes from 
the dipping pots conducts acid fumes 
to a cyclone where the nitric acid is 
dissolved in w ater fo r concentration 
and reuse.

Im purities remain to be washed out

in the next building in the line. This 
operation is known as the boiling 
tub procedure or stabilization. W ith 
the cellulose is always some degraded 
or decomposed cellulose known as 
hydrocellulose or oxyeellulose. As 
cellulose is treated with nitric acid, 
nitric esters of other substances are 
also obtained. There also accumulate 
sulphuric esters as a result of ester- 
fication with sulphuric acid. The 
function of the boiling tub house is 
to remove these foreign ester im puri
ties which are inherently unstable and 
unsatisfactory.

The slurry entering the boiling tubs 
contains a small amount of acid ex
pressed as sulphuric. The acid is that 
resulting from the dilution of the 
acid left in the nitrocellulose afte r 
nitration. The acidic solution is 
pumped over to the boiling tub house 
where it  is pu t into wooden tubs and 
heated indirectly with steam which is 
introduced under a false bottom.

A fter the boil is complete, the ma
terial is run  out of the tubs and put 
into another intermediate slurry tank. 
Any free acid is neutralized with 
sodium carbonate, but the nitrocel
lulose must be broken up to get a t the 
acid held between the micelle and 
fibrils of the fibers. This is accom
plished, together with preparation for 
colloiding, in the pulping house. The

line is still divided into high-grade 
and pyro nitrocellulose.

To accomplish the pulping the 
alkaline slurry is passed through a 
series of three Jordan  refiners and 
pumped to the poacher house. The 
final neutralization is accomplished 
here by the addition of more sodium 
carbonate. I le a t and agitation in
sures the reaction between the acid 
and sodium carbonate. Boilings, set
tlings, decantations, and rewaterings 
follow, and the residual sodium car
bonate and salts are removed by cold 
w ater washes. A fter each boiling and 
washing, the slurry  is allowed to 
settle and a t least 40 percent of vol
ume must be decanted.

Each high-grade and pyro poacher 
charge is analyzed and then pumped 
to huge vats with umbrella baffles and 
agitators in the blending and wringer 
house, and blending produces the de
sired nitrogen content. A fter a sam
ple of the blend has been approved 
by the laboratory, nitrocellulose is 
dewatered as much as possible before 
going to the dehydrating press. 
Centrifuging reduces moisture in 
pyrocotton to desired percent. The 
product is now held in transfer 
cars ready fo r the smokeless powder 
area.

Smokeless^ powder was the chief 
propellant during the W orld W ar,
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Strings or ropes of powder are cut into pieces of desired 
length and then loaded into cans for conveying

Block of nitrocellulose being ejected from dehy
drating press. New charge appears above

but it had two serious defects which 
have been corrected since. F irst, 
moisture was absorbed by pyro 
powders; and second, the combustion 
products of the powder flashed 
(burned) a t the muzzle. Deviation 
from ballistic standard  was caused by 
moisture absorption by pyro powders 
used during the W orld W ar which 
were quite hygroscopic. Composition 
of du P ont “F N H ” and “N il” pow
ders perm its adjustm ent of moisture 
to normal humidity a t average tem
perature and because of composition, 
is much less hygroscopic than pyro 
powders.

Production lines in the smokeless 
powder area s ta rt with a dehydration 
press house. H ere water present in 
the nitrocellulose is removed and 
alcohol is substituted. The n itro
cellulose is charged into a hydraulic 
press and compressed by a low-pres
sure ram. Alcohol is forced in a t the 
bottom of the press under a higher 
pressure, displacing the water. This 
process is aided by a partial vacuum 
applied through perforations in the 
ramhead.

The pressure exerted by this ram 
is then increased and some of the 
alcohol forced out of the cake. Enough 
alcohol is left in the block so tha t all 
alcohol requirements will be satis
fied for the colloidizing action within 
the mixer house.

Actual colloidizing is accomplished 
in the mixer house where the de
hydrated alcohol-containing blocks 
are charged into mixers. In a few 
minutes the action breaks up the 
blocks and partially  mixes the nitro
cellulose and insoluble Compounding

agents, and then ether containing a 
stabilizer and plasticizer is added. 
These ingredients act as plasticising 
agents and control the burning of 
the finished product, and thus aid in 
the elimination of flash. The ingredi
ents used form  a fairly  complete 
colloid of the nitrocellulose and affect 
the hygroscopicity of the nitrocel
lulose to a much greater extent than 
would be expected from  the percent
age compositions. Thus the World 
W ar difficulty of absorption of water 
by pyro powders is eliminated. When 
powder decomposes, nitrogen-oxide 
fumes (N 0 2) are given off which 
react with m oisture to form  nitric 
acid. The acid, in turn, catalyzes the 
decompositions of nitrocellulose. The 
stabilizer reacts with the N 0 2 and 
removes it.

M aterial fo r cannon powder is 
mixed fo r a given time, and since 
rifle powder m anufacture differs 
from this point, fu rthe r discussion 
will deal only with cannon powder. 
The colloidal form ation is completed 
in mixers of a slightly different type, 
known as m acerators; then blocked 
in presses fo r  convenience in  han
dling.

The next building in line is the 
screening and graining house. H ere 
the powder is pu t through screens in 
a press in order to remove lumps and 
im purities. This is called a maca
roni press, as powder comes out in 
string or rope-like form. This powder 
is blocked once more and then sent 
to graining presses which extrude the 
powder through screens followed by 
a perforated die. S trings or ropes of 
powder so obtained are then sent to a

cutter where powder grain lengths 
are regulated.

Removal of alcohol and ether is 
accomplished by distilling the solvent 
out of the grains with hot air and 
then passing the a ir  through a con
denser in order to remove the solvent. 
The powder is p u t into covered cars 
which are sent to the solvent recovery 
building. H ere a ir  heated by steam 
coils is passed through the cars and 
then partially  by-passed through a 
condenser where much of the picked- 
up solvent is condensed. By-passed 
and unby-passed a ir is sent back over 
the coils for recirculation.

A fter passing through the dump 
shed house, the uniform  powder is 
conveyed to the water-dry-house on a 
conveyor, or pum ped by fast flowing 
w ater and pu t into storage tanks in 
the water-dry-house. H ere the re 
m aining solvent is removed. W ater 
preheated by steam is pumped 
through the tanks so tha t the solvent 
may be quite rapidly dissolved out 
o f the powder grains. A portion of 
the w ater in the tub is always thrown 
away with the differential am ount of 
w ater being made up from  a hot 
water tank within the water-dry- 
house. This procedure is followed 
until the residual solvent left in  the 
powder grains has been decreased to 
a low percentage. A fter the powder 
lias been in the w ater-dry-tanks fo r 
the required length of time, the re
moval of solvent is considered com
plete. The powder now contains water 
and small am ounts of ether and alco
hol, and the removal of tha t water 
is left to the so-called C. C. (control 
circulation) dry-house. H ere the mass
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is dumped into a bin and hot air, 
obtained by passing air over a steam 
coil, is passed through the powder for 
a sufficient length of time to bring 
the moisture content down to an aver
age value to be expected under nor
mal conditions of tem perature and 
humidity. The powder is now finished 
as fa r  as the actual m anufacturing 
processes are concerned.

Blending is next in order, and 
blending' lowers with drop hoppers 
are provided fo r this purpose. When 
the trap  door of a filled hopper is 
pulled, the powder drops onto an in
verted umbrella-shaped baffle, is scat
tered, and collected in another hop
per. This procedure is carried out 
until a good blend is obtained. The 
powder is then sent to the packing 
houses, weighed into containers, 
which are then sealed, air-tested, 
stenciled, and routed to the shipping 
and storage houses.

Rifle powder m anufacture differs 
in tha t the powder is coated with 
various ingredients in order to con
trol the rate  of burning. A graphite 
coat completes the series of steps in 
the operation.

A description of the acid and 
organic areas is now in order. Nitric 
acid is made in the acid area by the 
direct oxidation of ammonia. The 
ammonia is received in liquid form 
in tank ears and stored. I t  is first 
volatilized in a vaporizer equipped 
with steam coils and then mixed with 
hot. air. This m ixture is passed into 
a catalytic converter in which the 
fundam ental chemical reaction occurs.

The resulting nitrogen oxide gases 
a re cooled in a heat exchanger and 
partia lly  condensed in a bank of con
densers. The vapors are eventually 
p u t through an absorption tower and 
the condensate leaving the condenser 
as dilute nitric acid is also sent to the 
absorption tower. Counter-current 
scrubbing of the rising vapors results 
in 60 to Cl percent nitric acid.

Gases from the top of the absorp
tion tower are passed through a por
tion of the heat exchanger, through 
which the hot converted gases are 
sent, removing latent heat from  the 
converted gas while being themselves 
heated. A fter accomplishing this 
cooling, the warmed gases are ex
hausted to the atmosphere through 
secondary compressors which pump 
40-45 percent of the air npeded for 
the oxidation process.

I f  it is to be used fo r nitrocel
lulose GO percent acid must be con
centrated to approxim ately 92 p er
cent strength. Therefore, it is mixed 
with 92 to 96 percent sulphuric acid 
and concentrated. F irst, the mixture

of nitric and sulphuric acids is p re
heated by steam coils and then sent 
into the top of a dehydrating column 
packed with chemical ware. From 
here it goes into a series of steam- 
heated boiler tubes and the heat 
drives the nitric acid gases'back into 
the bottom of the dehydrating column. 
The nitric gases rise in the column 
and dilute nitric acid falls down, 
thus producing a stripp ing  action. 
The sulphuric acid, since it is not 
volatile and is combined with water, 
is concentrated for reuse. The nitric 
acid vapors are then passed through 
a bleaching column, also packed with 
chemical ware, and thence to a eon- 
denser where the nitric acid is con
densed out. I t  is now 92 to 95 percent 
nitric acid.

The organic area is divided into

several sections. In the first, benzene 
is reacted with nitric and sulphuric 
acids to form  nitro-benzene. The 
nitrobenzene is reduced to produce 
aniline, which is then either reacted 
catalytically under pressure with heat 
to form diphcnylamine, or is allowed 
to react with methyl alcohol and 
sulphuric acid to obtain dimethylani- 
line.

Smokeless powder is employed 
almost entirely as a propellant, and 
when finished is either stored or 
shipped out to nearby plants for bag 
or shell loading, as the ease may be. 
i f  it is to be incorporated in the com
plete round, it is loaded into the 
cartridge shell cases. If, on the other 
hand, it is to be used in large guns 
as separate charges, it is loaded into 
cloth bags.

Graining presses extrude the powder through screens followed by a 
perforated die. Strings are then sent to the cutters

Powder is put through screens in a macaroni press in order to remove 
lumps and impurities. This powder is blocked once more



Producing a Rubber-Like Synthetic
EDITORIAL STAFF ARTICLE

R e s i s t a n t  to a high degree against 
refrigeran t gases and organic 

solvent materials including petroleum 
products, chlorinated, arom atic and 
aliphatic hydrocarbons, and ketones, 
the rubber-like synthetic known as 
Resistoflex PVA is finding applica
tion in numerous types of use rang
ing from  work gloves and aprons, to 
fuel, lubricant, hydraulic and vacuum 
hose fo r  land and air transportation 
equipment. V ersatility in methods of 
fabrication is one factor accounting 
for the diversity of applications. The 
m aterial may be extruded as tubing, 
molded into sheets fo r gaskets, 
washers and diaphragms, cast, lami
nated and dipped. Molded sheets 
may, if  desired, be re-molded fo r  the 
production of various types of molded 
mechanical goods.

Another factor contributing to 
versatility is the fact that by varying 
the compounding, both physical and 
chemical properties can be altered 
considerably so as to adap t the prod
uct to widely - varying requirements. 
F o f  example, although Resistoflex

PY A  compounds generally tend to 
shrink slightly in the presence of 
most solvents, this characteristic can 
be modified so as to produce a slight 
swelling action under the same use 
conditions. The m aterial has ex
tremely high (ensile strength, elonga
tion, recovery and toughness, and 
these properties are only very slightly 
aiieeted by exposure ti> most solvents.

Polyvinyl alcohol is the base ma
terial which is modified in the com
pounding and processing so as to 
produce distinctive properties. The 
compounding is carried out by R e
sistoflex Corp. a t the company’s Belle
ville, X. J ., p lant. The prelim inary 
mixture is produced in  a simple r ib 
bon type mixer and the batch, which 
a t this stage is neither coherent nor 
plastic, is then p u t through a heated 
roller mill, emerging as a  thin, co-

herent sheet somewhat resembling 
crepe rubber. This step, in which 
roll tem perature and the thickness of 
the sheet produced are both carefully 
controlled, results in incipient fusion 
of the compounded particles, and a 
“sintering” together of adjacent 
particles.

FORMING OPERATIONS

The compounded sheet is the 
starting  point fo r the subsequent op
erations which may be either extru
sion or molding. The first method is 
used fo r tubing and the second for 
sheet m aterial which can be cut into 
gaskets or washers, or can be re
molded fo r the production of mechan
ical goods. In  either event, the pres
sure and heat to which the incomplete
ly fused sheet is subjected results in 
completing the fusion of the particles 
and adjusting  the final solvent con
tent within accurately held limits. The 
m aterial so produced is a  tough, tenr-

(1) Alter the compound is mixed, it is milled on heated rolls to produce a sheet of care
fully controlled thickness and solvent content. (2) The milled sheet is fed in continuous 
lengths to an extruder from which it emerges as tubing. (3) Tubing leaves the extruder 
die and is carried to the wind-up by a canvas-belt conveyor for cooling. (4) Tubing is 
reinforced by one or more layers of fabric, using special high-speed braiders. Wire 

covers are applied on some constructions by similar equipment.



resistant plastie, having an amor
phous structure which is best de
scribed as a solidified colloidal solu
tion.

Although resins of this type have 
been known fo r nearly 20 years, they 
have l)ecn seriously considered only 
in the last ten. Some five years ago 
the American and Canadian patents 
on the processing of this class of 
m aterials were purchased by Resisto- 
flcx Corp. which then set about the 
development of methods fo r large- 
scale commercial production. E x 
trusion had already been practiced 
but one of the first problems of the 
company was perfection of this p ro
cess. I t  was found to be particularly  
difficult to assure accurate dimen
sional control, but the problem was 
solved with a heated die and the 
adaptation of existing automatic con
trol equipment which was modified 
on the basis o f extensive experiment. 
Control of the tension in the extruded 
tube, produced by the belt which con
veys the tube from  the die, was also 
a difficult task which was finally 
solved by a sensitive electric control 
which senses the tube tension, main

taining it a t the desired value by con
trol o f a variable speed transmission 
driving the belt.

Tubing can be extruded in a vari
ety of diameters ranging from  about 
Ys to 1 in. Leaving the die, it is 
carried by a canvas cooling belt some 
40 or 50 ft. to the point where it is 
wound on a large metal reel, to await 
fu rther processing. Depending on 
the requirements of each construc
tion, the hose produced is reinforced 
by a number of layers- of cotton or 
metal braid, applied by high-speed 
braiders of special design. An outer 
coating is provided of rubber, syn
thetic rubber, wire or lacquer, as re
quired.

INFRA-RED DRYING

The hose lacquering operation is 
especially interesting. A drying 
tower has been developed, the inner 
surface of which is lined with 
brightly p o l i s h e d  chrome-plated 
sheets. A battery of infra-red drying 
lamps is used, drying the lacquer at 
rates up to 4,000 ft. per hour. As 
many as 12 passes of hose can be 
threaded through the tower, to allow

as many coats of lacquer to be a p 
plied. The coatings, incidently, are 
appled by Resistoflex PVA w ipers 
which are said to give much longer 
life in this service than other m ate
rials that have been tried.

A considerable p a r t of the com
pany’s output o f hose and tubing is 
in the form  of finished hose assem
blies, cut to length and supplied with 
a variety of coupling designs spun or 
pressed on to the hose ends.

Resistoflex PVA sheets are pro
duced by the simple process of mold
ing the crude milled sheet between 
heated platens in a hydraulic press. 
I f  desired for added strength, fabric 
backing or inserts can be fused to the 
stock at this stage. The m aterial can 
then either be delivered to the user 
in sheet form, or die-cut to desired 
final dimensions.

F or dipping operations, as in the 
production of gloves, Resistoflex 
PVA is dissolved in a suitable mix
ture of solvents to form  a viscous 
solution in which the porcelain forms 
arc dipped, much as in the produc
tion of dipped rubber goods. Aprons 
and similar products are made by 
coating fabric with such a solution.

F or permission to inspect the plant, 
and for assistance with the m anu
script, Chem. & Met. is indebted to
E. S. Peierls, president of Resisto- 
flex Corp.

(5) This coating and drying tower can apply as many as 12 lacquer coats to braid- 
covered tubing at speeds up to 4,000 It. per hour. (6) Looking downward inside the 
lacquer-drying tower; the infra-red drying lamps are clearly visible. (7) Here finished 
and semi-finished tubing is stored on metal reels. (8) One of the tests for finished hose 
is to subject it simultaneously, on this machine, to temperature, pressure, flexing, vibra

tion and torsion. (9) Flat sheets are molded by pressing between heated platens.



Psychrom etry of C ooling Towers
EDWARD SIMONS Engineer, Redwood Manufacturers Co., San Francisco, Calif.

Chem. & M e t  I N T E R P R E T A T I O N

Three years ago Chem. & Met. published a  group of articles on the 
fundam entals of w ater cooling tower design. Practical information 
w a s given  to assist in actual design. Since their appearance, there 
h a v e  been  a  number of developm ents in both theory and practice. 
A  new  series, prepared by the sam e author, brings the subject up- 
to-date. The introductory article, presented here, is  a quick review  
of fundam entals and a  tie-in w ith the previous series.—  E ditors.

P SYCHROJviETRY is the branch of 
physics th a t treats of the meas
urement of the degree of moisture, 

especially the moisture mixed with 
the air. The basic tools of this science 
are the gas laws, the principles of 
heat exchange, and the principles of 
molecular diffusion. I t  is often neces
sary fo r the engineer to use psyehro- 
metric formulas, even though he has 
lost the intim ate impression of the 
fundam ental actions. This article is 
a review of some of the basic p rin 
ciples and a projection of the p rin 
ciples into the field of cooling tower 
design and operation.

A water cooling tower may be de
fined as an apparatus in which the 
tem perature of circulated water a p 
proaches the wet-bulb tem perature of 
circulated a ir  during the heat in te r
section that occurs between the air 
and the water.1 D uring the evapora
tion which occurs with the heat ex
change, the water which is evaporated 
changes from a liquid to a vapor. 
Therefore, the m aterials involved in 
the tower process are liquid water, 
water vapor, and gaseous air.

A closed container which is p a r
tially filled with water is illustrated 
in Fig. l a ;  the container and its con
tents are m aintained at a constant 
temperature. The portion of the con
tainer space which is above the su r
face of the water is originally evac
uated. The molecules in the w ater are 
considered to be in a state of rapid  
motion with a mean velocity depend
ing on the tem perature of the water. 
Some molecules a t the surface are 
able to escape from the liquid because 
their velocities are sufficiently high 
to pro ject them into the vacuum. As 
this molecular- escape continues, some 
of the vaporized molecules strike the

surface of the liquid from  which they 
emanate, and again become p a r t of 
the liquid. When the number of 
molecules re-entering the surface is 
ju s t equal to the number of molecules 
leaving it, a balance is established be
tween the two phases, and the 
molecules which finally occupy the 
space of the original vacuum exert a 
pressure on the walls of the con
tainer. This pressure is called the 
pressure o f the saturated vapor or 
saturation pressure. This pressure 
depends upon the nature of the liquid 
and upon the tem perature.

A sim ilar container in  which the 
space above the w ater level is origi
nally occupied by a ir is shown in Fig. 
l b ; the container and its contents are 
held a t the same tem perature as the 
container of F ig. la .  I f  the pressure 
in the space above the water does not 
m aterially exceed one atmosphere, 
the tendency of the w ater molecules 
to escape is the same as in the ease of 
the container of F ig. la ,  since the 
voids between the air particles are 
sufficiently large and numerous to 
enable the saturation process to 
proceed. However, the vaporized 
molecules do not distribute them
selves so rapidly  throughout the ves
sel, since collisions with the air 
molecules act to retard  the vaporiza
tion. Consequently, the water evapo
rates more slowly into air than into a 
vacuum, but eventually the saturation 
pressure of the water vapor is built 
up to the same intensity tha t i t  would 
develop if  the a ir  were not present. 
The partia l pressure of the w ater 
vapor is independent of the gas (a ir) 
which is also present in  the container.

D alton’s Law states that in a mix
ture of gases the pressure of each 
constituent gas is independent of the

presence of the others, and each gas 
exerts a partia l pressure that is equal 
to the pressure which it would exert 
if  it occupied the entire volume of the 
mixture a t the tem perature of the 
mixture. Furtherm ore, it states that 
the partia l pressures o f the constit
uents are additive. Therefore, the 
total pressure of a mixture is the sum 
of all of the p a rtia l pressures of the 
constituents. Dalton’s Law may be 
applied to mixtures of dry air and 
water without the introduction of 
significant error. The total pressure 
of a m ixture of air and w ater vapor 
is commonly the barometric pressure 
and is equal to the sum of the p a r
tial pressures of dry air and water 
vapor.

The perfect gas equation may be 
w ritten

P V , =  1,543wT r/M „  (1)
where

P  is the total absolute pressure in lb. 
per sq. ft. V,  is the total volume in 
cu. ft., w is the weight of the gas 
in lb. in volume V„ T r is absolute 
temperature in deg. R. { T r =  
deg. F. +  460) and is the molec
ular weight of the gas.2“

. M oisture-free a ir  has the following 
average analysis :!b

Lb. in
P crccn t M ole- 1 m olal

C om ponent by  cu lar volume
Volume W eight of a ir

Oxygen (O j) . ....................  20 .95  3 2 .00  0 .70
N itrogen (N t) ................ 7 8 .OS 28 .02  21.88
Carbon dioxide (CO2) . 0 .03  44 .00  0.01
A rg o n ,e tc ..........................  0 .9 4  40. 0 .3 8

T o ta l weight of 1 mol of a ir i s ....................... 28 .97  Ibt

Similarly, fo r  w ater v a p o r:
Atomic Lb. in 1 molal 

Com ponent W eight volume of vapor
H ydrogen (H 2) ...................... 1.008 2.010
Oxygen (O ) ............................ 16.00 16.00

T o ta l weight of one mol of w ater v a p o r .. . .  I S .02 lb.

The weight of a column of mercury 
one sq. ft. in area and one in. deep 
is 70.73 lb. Therefore, where a 
column of mercury is used as a pres
sure indicator, a variation of one in. 
in the indicating column represents 
a variation in the intensity of pres
sure of 70.73 lb. per sq. ft. (0.4912 lb. 
p e r sq. in.) I f  P a is equal to the 
pressure of a gas in in. Hg,

P  =  70.73P a  (2)

The volume occupied by one lb. of 
dry, m oisture-free air is selected for 
use in Eq. (1 ) ;  accordingly, iv is
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equal to one lb. The weight of water 
vapor associated with one lb. of dry 
air has been variously called: mixing 
ratio, proportionate humidity, mass or 
density ratio, absolute humidity and 
specific humidity. In  this article, this 
quantity  is given the symbol H ; and, 
since the lb. of dry a ir  is used as a 
basic unit, I I  is defined as the 
humidity of the a ir  fo r the purposes 
of this article. Eq. (1) is used as 
follow s:

For air, 70.73 (B -  M  V„
=  1,543 X 1 X n /2 8 .9 7  (3)

For water, 70.73p« V ,, =
1,543// T „ /18.02 (4)

Eq. (4) divided by Eq, (3) yields
p . / (B  -  p.) =  28.97///18.02 (5)

or
H  =  0.6220p . /(B  -  p.) (6)

In  the preceding equations, P „ is 
equal to the partia l pressure of water 
vapor in the air, and B  is equal to the 
barometric pressure, both are ex
pressed in inches of mercury.

The value of P„ must be known in 
order that Eq. (6) may be solved. I f  
the w ater in the container of Eig. lb  
were m aintained a t a constant tem
perature during the saturation 
process, the air in the upper portion 
o f the container would become satu
rated  a t the tem perature of the water, 
and the tem perature of the air would 
be the tem perature of adiabatic satu
ration. On the other hand, if  it were 
possible to expose the portion of the 
container above the water to a moving 
stream  of a ir  of infinite quantity, the 
water in  the lower p a r t  of the con
tainer would ultimately assume the 
tem perature of adiabatic saturation 
o f the a ir supply. The wet-bulb tem
perature of the a ir  determined by a 
p roper psychrometric technique may 
be used as the tem perature of adia
batic saturation. Carrier’s equa
tion 3‘ may then be used in the follow
ing form :

Pa = \Pu> (B Pit;) (l tw) ]
/(2,800 -  LSI.) (7)

F ig . l a

Vacuum
Wafer 
molecules 
Safurafe 
space a f  A 
pressurep i 

\
X

X
X

X
X

X

X
X

X

-Cons fa r t f ----
tempera fure

F ig . 'b
+ + + +> 'Air molecules + + + +
+ + + +* af pressure -+ + + -f

-*-X X X
+ + + +

Wafer / X X X
+ + + + molecu/es + + 4- 4

— ----------- Tofal pressure. _____________

B,;(B-pa)+pa
C onsłan ł

NOMENCLATURE
B =  Barometric pressure, in. Hg.
C, =  Volume of air per minute passing through a given tower cross section, cu. ft. 

per min.
G =  Bate of air flow through tower, lb. bone dry air per min.
H =  Air humidity, lb. of water vapor per lb. bone dry air.
H, =  Saturated humidity, at 1'», lb. water vapor per lb. dry air.
L =  Water rate through cooling tower, lb. per min.
M . =  Molecular weight of a gas, general case.
p„ =  Partial pressure of water vapor in the main air stream, in. Ifg.
p* =  Saturated pressure of water vapor at the wet bulb temperature, in. Hg.
P =  Absolute pressure, lb. per sq. ft. 
l ’a =  Total absolute pressure, atm.
Po =  Pressure of a gas, in. Hg.
r„ =  Latent heat of vaporization of water vapor at t„, B.t.u. per lb. 
t =  Temperature of the air-water mixture, or dry-bulb temperature, deg. F. 
t«. =  Wet-bulb temperature.
T =  Bulk temperature of the water, deg. F.
T* =  Absolute temperature of a gas, deg. Rankine.
Vo =  Total volume of a gas, cu. ft.
V h =  Humid volume of air, cu. ft. moist air containing 1 lb. dry air. 
w =  Weight of a gas, lb.
-  =  The Sigma Function, in main air stream, B.t.u. per lb. dry air.

=  =  Denotes sensible equivalence.

S U B S C R I P T S

T =  Refers to conditions at water temperature, T. 
w =  Refers to the wet-bulb condition.
1 =  Refers to the conditions at the air entrance and water- exit of a counter-flow

tower.
2 =  Refers to the conditions at the water entrance and air exit of a counter-flow

tower.

where
p. =  actual partial pressure of water 

vapor in the air, in. Hg.; p„ =  
saturation pressure at wet-bulb 
temperature, in. Hg. (Table I 
gives values of the saturation pres
sures at intervals of 0.1 deg. F.); 
B =  barometric pressure, in. Hg.; 
I =  dry-bulb (air) temperature, deg. 
F.; i«, =  wet-bulb temperature, deg. 
F.

The volume which is occupied by 
one lb. of dry air and its associated 
water vapor is known as the humid 
volume of the air-water mixture. I f  
F h is used to designate the humid 
volume, Eq. (3) may be rew ritten as 
follows:

70.73 (B -  p.) V„  =  1543 JV 28.97 (8a)

V h =  0.7531 T*/(B  -  p.) (8b)

o f  Fig. I  a

Thus, if  the cubic feet per minute 
o f air-water mixture passing through 
a given cross section of an apparatus 
are designated by Cv, and if  pounds 
per minute of dry air passing through 
this apparatus are designated by G,

C. = GVa (9a)
or

G = C./V„  (9b)

The weight of moisture per lb. of 
dry air in a mixture of air and water 
vapor depends on the dew point tem
perature alone. As long as there is no 
condensation of moisture, the dew 
point tem perature remains constant. 
Let P,  equal the saturated vapor pres
sure a t Tn, and let H .  equal the cor
responding saturated humidity a t T B. 
Then, for a given unchanged space 
(as one cu. f t.) , and with constant 
temperature,

p./p. = Relative humidity (10) 
F or saturation conditions, Eq. (0) 
becomes

II, = 0.6220p./(-B -  p.) (11)

Eq. (6) divided by Eq. (11) gives
II/ II .  =  p . {B -  p .) /  p. (B -  p.) (12)

The percent humidity is 10011/I I , ; 
it is the humidity of a ir  a t a  given 
tem perature expressed as a percent
age of the humidity of saturated air 
a t the same tem perature. Relative 
humidity is based upon fixed volume; 
percent hum idity is based upon fixed 
weight of bone dry  air. Eq. (12) in 
dicates tha t percent relative humidity 
equals percent hum idity only a t  satu
ration.

I f  an air-w ater m ixture is cooled 
without change of barometric pres
sure, the partia l pressure of the 
w ater vapor will not change during 
the cooling, since the ratio p J ( H —p,)  
of Eq. (6) remains constant with con
stant humidity. Under these condi
tions the partia l pressures of a ir and 
water vapor will remain constant. 
W hen, therefore, the tem perature is 
decreased until the air becomes satu
rated, the partia l pressure of the 
w ater vapor becomes a saturated  pres
sure, the tem perature is the dew- 
point tem perature, and the percent 
humidity equals the percent relative 
humidity. Consequently, the humidity 
at any tem perature is equal to the 
humidity a t the dew-point tem pera
ture, and the partia l pressure of 
water vapor is equal to the saturated 
pressure a t the dew-point.

The Sigma Function of W. H . Car
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Table I— Pressure of saturated w ater vapor in  inches 
of m ercury for tem peratures in degrees Fahrenheit

rier for an air-water mixture31’ may 
be w ritten :

2 =  0.24 (f -  0) +
Hr* +  0 .45// (/ -  U) (13)

The coefficient of 0.24 is the mean 
specific heat at constant pressure for 
dry air, and the coefficient 0.45 is the 
mean specific heat at constant pres
sure for water vapor; r„  is the latent 
heat of vaporization a t T v, and is 
expressed to B.t.u. per lb. The Sigma 
Function is a constant, fo r any two 
states of the air-w ater mixture a t the 
same tem perature of adiabatic satu
ration (wet-hulb tem perature). I t  
should be noted that the tem pera
ture of make-up water for evapora
tion should be at a tem perature equal 
to the wet-bulb .tem perature of the 
air. In a cooling tower, both the 
tem perature of the make-up water 
and the wet-bulb tem perature of the 
air vary throughout the apparatus. 
Therefore, it is necessary to apply  a 
slight correction to the direct use of 
the sum of the Sigma Function of air 
entering the apparatus plus the heat 
to be rejected into the air.

It may be noted that the heat quan
tity defined by the Sigma Function 
excludes the enthalpy of the liquid 
water a t the tem perature of the wet- 
bulb, /... I f  the specific heat of liquid 
water is taken as one B.t.u. per lb. 
per deg. F ., the enthalpy of the liquid 
a t iw above a tem perature base of 
32 deg. F. is equal to H (¿ .-3 2 ).

At low partial pressures the en
thalpy of steam, whether super
heated or saturated, may be ex
pressed by a straight-line empirical 
formula.*' W illiam Goodman* has 
stated that for pressures below 5 lb. 
abs. and tem peratures below 500 deg. 
F., a value of the enthalpy per lb. 
of water vapor equal to 1,061 +  
0.45i will introduce deviations that 
will be less than 0.25 percent of the 
values given by the Keenan and 
Keyes* steam tables. Furtherm ore, 
he states that fo r saturated steam at 
200 deg. F„ and a pressure of 11.53 
lb. abs., the deviation is slightly less 
than 0.50 percent. W ith Goodman’s 
enthalpy as a basis,

r„ =  1,061 +  0.45f„ -  (<* -  32)
or

r„ =  1,093 — 0.55f„ (14)

The rectangle of Fig. 2 represents 
a typical counter-flow cooling tower 
apparatus. In such a gas-liquid phase 
exchange system, operating with con
tinuous flow, it is justifiable to neg
lect the generally small mechanical 
and potential energy changes in con
sidering the energy transfer between 
the phases. The water inlet is at 2 
and the air inlet is at 1; the water 
outlet is at 1 and the air outlet is a t 2.

T em p . .0 .1 .2 .3 .4

30 0 .1 6 0 4 0.1071 0 .1 0 7 8 0 .1 0 8 5 0 .1 6 9 2
31 .1734 .1741 . 174S .1755 .1762
32 . 1S03 .1811 .1 8 1 8 . 1S20 .1833
33 . 187S . 1880 . 1S93 .1901 .1909
34 .1955 .1903 .1971 .1979 .1987

35 0 .2 0 3 5 0 .2 0 4 3 0 .2 0 5 2 0 .2 0 0 0 0 .2 0 0 8
36 .2118 .2127 .2135 .2144 .2152
37 .2203 .2212 .2221 .2230 .2239
38 .2292 .2301 .2310 .2319 .2328
39 .2383 .2393 .2402 .2412 .2421

40 0.2478 0.2488 0.249S 0.2507 0.2517
41 .2570 .2580 .2590 .2G0G .2010
42 .2077 .26SS .209S .2709 .2719
43 .2782 .2793 .2S04 .2S15 .2820
44 .2S91 .2902 .2914 .2925 .2930

45 0.3001 0.3010 0.3027 0.3039 0.3050
46 .3120 .3132 .3144 .3150 .3108
47 .3240 .3252 .3205 .3277 .3290
48 .3304 .3377 .3390 .3403 .3410
49 .3493 .3500 .3520 .3533 .3540

50 0.3026 0.3040 0.3054 0.3667 0.3081
51 .3704 .3778 .3792 .3807 .3S21
52 .3906 .3921 .3935 .3950 .3904
53 .4052 .40G7 .4082 .4097 .4112
54 .4203 .4219 .4234 .4250 .4205

55 0.4359 0.4375 0.4391 0.4407 0.4423
56 .4520 .4537 .4553 .4570 .4586
57 .4080 .4703 .4720 .4738 .4755
58 .4858 .4876 .4S93 .4911 .4929
59 .5035 .5053 .5072 .5090 .5108

60 0.521S 0.5237 0.5250 0.5275 0.5294
61 .5407 .5426 .5440 .5405 .5485
62 .5001 .5621 . 5G41 .5001 .5081
63 .5S02 .5823 .5S43 .5804 .5SS5
64 .0009 .0030 .0052 .0073 .0094

65 0.0222 0.0244 0.G20G 0.02SS 0.0310
66 .G442 .0405 .0487 .0510 .0533
67 .0009 .0092 .6710 .0739 .0703
68 .0903 .0927 .0951 .0975 .0999
69 .7144 .71G9 .7194 .7218 .7243

70 0.7392 0.7418 0.7443 0.7409 0.7494
71 .7048 .7074 .7701 .7727 .7754
72 .7912 .7939 .7966 .7993 .S020
73 .81S3 .8211 .8239 .8207 .8295
74 .8402 .8491 .8520 .S54S .8577

75 0.S750 0.S780 0.8S09 0.8S39 0.88GS
76 .9040 .9077 .9107 .9138 .9108
77 .9352 .9383 .9115 .9440 .947S
78 .9000 .9G9S .9731 .9703 .9795
79 .9989 1.002 1.006 1.009 1.012

80 1.032 1.030 1.039 1.042 1.040
81 1.000 1.070 1.073 1.077 1.0S0
82 1.102 1.105 1.109 1.112 1.110
83 1.138 1.142 1.145 1.149 1.153
84 1.175 1.179 1.183 1.186 1.190

85 1.213 1.217 1.221 1.225 1.229
86 1.253 1.257 1.261 1.205 1.209
87 1.293 1.297 1.301 1.300 1.310
88 1.335 1.339 1.343 1.34S 1.352
89 1.378 1.382 1.386 1.391 1.395

90 1.422 1.420 1.431 1.435 1.440
91 1.407 1.471 1.470 1.4S1 1.485
92 1.513 1.518 1.523 1.527 1.532
93 1.501 1.500 1.571 1.575 1.580
94 1.610 1.015 1.020 1.625 1.030

95 1.600 1.665 1.670 1.676 1.6S1
96 1.712 1.717 1.722 1.728 1.733
97 1.705 1.770 1.776 1.781 1.787
98 1.819 1.825 1.830 1.836 1.S42
99 1.875 1 .SSI 1.887 1.S92 1.S98

100 1.933 1.938 1.944 1.950 1.956
101 1.992 1.99S 2.004 2.010 2.016
102 2.052 2.05S 2.064 2.070 2.077
103 2.114 2.120 2.127 2.133 2.139
104 2.178 2.184 2.191 2.197 2.204

105 2.243 2.250 2.256 2.263 2.270
106 2.310 2.317 2.324 3.331 2.337
107 2.379 2.3S6 2.393 2.400 2.407
108 2.449 2.456 2.464 2.471 2.478
109 2.521 2.529 2.530 2.544 2.551

n o 2.590 2.603 2.011 2.618 2.626
111 2.072 2.679 2.0S7 2.695 2.703
112 2.749 2.757 2.705 2.773 2.781
113 2.S29 2.837 2 .840 2.S54 2.S02
114 2.911 2.919 2.92S 2.936 2.945

115 2.995 3.003 3.012 3.021 3.029
116 3.0S1 3.0S9 3.09S 3.107 3.116
117 3.109 3.178 3.187 3.196 3 .205
118 3.259 3.26S 3.277 3.287 3.290
119 3.351 3.301 3 .370 3.3S0 3.3S9

.5 .6 .7 .8 .9 T em p .

0.1099 0.1706 0.1713 0.1720 0.1727 30
.1709 .1775 .1782 .1789 .1796 31
. 1841 .1848 .1850 .1863 .1871 32
.1917 .1924 .1932 .1940 .1947 33
.1995 .2003 .2011 .2019 .2027 34

0.2077 0.2085 0.2093 0.2101 0.2110 35
.2101 .2169 .2178 .2186 .2195 36
.224S .2256 .2205 .2274 .2283 37
.2338 .2347 . 235G .2365 .2374 38
.2431 .2440 .2450 .2459 .2409 39

0.2527 0.2537 0.2547 0.2556 0.2500 40
.2027 .2037 .2047 .2657 .2007 41
.2730 .2740 .2751 .2761 .2772 42
.2837 .2847 . 2S5S .2869 .2880 43
. 294S .2959 .2970 .2981 .2993 44

0.3002 0.3074 0.30S5 0.3097 0.3108 45
.3180 .3192 .3204 .3216 .322S 46
.3302 .3314 .3327 .3339 .3352 47
.3429 .3441 .3454 .3467 .3480 48
.3500 .3573 .35SG .3599 .3013 49

0.3095 0.3709 0.3723 0.3730 0.3750 50
.3835 .3S49 .3803 .3878 .3892 51
.3979 .3994 .4008 .4023 .4037 52
. 412S .4143 .4158 .4173 .4188 53
.42S1 .4297 .4312 . 432S .4343 54

0.4440 0.4450 0.4472 0.4488 0.4504 55
.4003 .4020 .4G3G .4053 .4009 56
.4772 .47S9 .4800 .4S24 .4S41 57
.4947 .4904 .4982 .5000 .5017 58
.5127 .5145 .5103 . 51 SI .5200 59

0.5313 0.5331 0.5350 0.5309 0.5388 60
.5504 .5523 .5543 .5502 .55S2 61
.5702 .5722 .5742 .5702 .5782 62
.5900 .5920 .5947 . 59GS .59SS 63
.6110 .0137 .0158 .0179 .0201 64

0.0332 0.0354 0.0376 0.0398 0.0420 65
.6556 .0578 .6601 .0024 .0640 66
. 67SG .0809 .6833 . 6S56 .GSS0 67
.7024 .7048 .7072 .7096 .7120 68
.7208 .7293 .73 IS .7342 .7307 69

0.7520 0.7540 0.7571 0.7597 0.7G22 70
.7780 .7S0G .7833 .7S59 .7SSG 71
. S04S .S075 .8102 .8129 .SI 50 72
.8323 .S350 .S37S .8406 .8434 73
.8606 .8035 . S664 .8692 .S721 74

0.8S9S 0.892S 0.S957 0.8987 0.9010 75
.9199 .9230 .9260 .9291 .9321 76
.9509 .9540 .9572 .9603 .9035 77
.9S2S .9800 .9892 .9924 .9957 78

1.010 1.019 1.022 1.025 1.029 79

1.049 1.053 1.056 1.060 1.003 80
1.0S4 1 .OSS 1.091 1.095 1.098 81
1.120 1.123 1.127 1.131 1.134 82
1.156 1.100 1.164 1.108 1.171 83
1.194 1.198 1.202 1.200 1.209 84

1.233 1.237 1.241 1.245 1.249 85
1.273 1.277 1.281 1.285 1.289 86
1.314 1.318 1.322 1.320 1.331 87
1.356 1.3G0 1.365 1.309 1.373 88
1.400 1.404 1.40S 1.413 1.417 89

1.444 1.449 1.453 1.458 1.402 90
1.490 1.495 1.499 1.504 1.50S 91
1.537 1.542 1.540 1.551 1.556 92
.1.585 1.590 1.595 1 .000 1.605 93
1.635 1.040 1.645 1.050 1.655 94

1.686 1.091 1.696 1.701 1.707 95
1.738 1.744 1.749 1.754 1.759 96
1.792 1.797 1.803 1.S0S 1.814 97
1.847 1.853 1.858 1.804 1.870 98
1.904 1.910 1.915 1.921 1.927 99

1.962 1.908 1.974 1.980 1.986 100
2.022 2.028 2.034 2.040 2.046 101
2.0S3 2.0S9 2.095 2.101 2.10S 102
2.146 2.152 2.15S 2.105 2.171 103
2.210 2.217 2.223 2.230 2.236 104

2.276 2.2S3 2.290 2.297 2.303 105
2.344 2.351 2.358 2.305 2.372 106
2.414 2.421 2.42S 2.435 2.442 107
2.4S5 2.492 2.500 2.507 2.514 108
2.55S 2.500 2.573 2.581 2.588 109

2.634 2.041 2.649 2.656 2.664 n o
2.710 2.718 2.726 2.734 2.742 111
2.7S9 2.797 2.805 2.813 2.821 112
2.S70 2.S78 2.8S7 2.S95 2.903 113
2.953 2.901 2.970 2.97S 2.986 114

3.03S 3.046 3.055 3.063 3.072 115
3.125 3.133 3.142 3.151 3.160 116
3.214 3.223 3.232 3.241 3.250 117
3.305 3.314 3.324 3.333 3.342 118
3.399 3.40S 3.417 3.427 3.436 119
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Table I— Pressure of saturated w ater vapor (Cont.)

T e m p . .0 .1 .2 .3 .4

120 3.446 3.455 3.465 3.475 3.4S5
121 3.543 3.553 3.563 3.572 3.5S2
122 3.642 3.652 3.662 3.G72 3.683
123 3.744 3.754 3.764 3.775 3.785
124 3.848 3.858 3.869 3.879 3.890

125 3.954 3.965 3.976 3.987 3.998
126 4.063 4.074 4.085 4.096 4.10S
127 4.175 4.186 4.197 4.209 4.220
128 4.289 4.300 4.312 4.324 4.335
129 4.406 4.417 4.429 4.441 4.453

130 4.525 4.537 4.550 4.562 4.574
131 4.647 4.660 4.672 4.6S5 4.697
132 4.773 4.785 4.798 4.811 4.S24
133 4.901 4.914 4.927 4.940 4.953
134 5.031 5.045 5.058 5.072 5.085

135 5.165 5.179 5.193 5.206 5.220
136 5.302 5.316 5.330 5.344 5.358
137 5.442 5.456 5.471 5.485 5.499
138 5.585 5.600 5.614 5.629 5.644
139 5.732 5.747 5.762 5.776 5.791

140 5.881 5.896 5.912 5.927 5.942
141 6.034 6.050 6.065 6.0S1 6.097
142 6.190 6.206 6.222 6.238 6.254
143 6.350 6.366 6.383 6.399 6.415
144 6.513 6.530 6.546 6.563 6.5S0

145 6.680 6.697 6.714 6.731 6.748
146 6.850 6.867 6.S85 6.902 6.920
147 7.024 7.042 7.060 7.077 7.095
148 7.202 7.220 7.238 7.257 7.275
149 7.3S4 7.403 7.421 7.440 7.458

150 7.569 7.588 7.607 7.626 7.645
151 7.759 7.778 7.798 7.817 7.836
152 7.952 7.972 7.992 8.011 8.031
153 8.150 8.170 8.190 8.210 8.230
154 8.351 8.372 8.392 8.413 8.433

155 8.557 8.578 8.599 8.620 8.641
156 8.767 8.78S S .810 S. 831 8.853
157 8.981 9.003 9.025 9.047 9.069
158 9.200 9.222 9.245 9.267 9.290
159 9.424 9.447 9.470 9.492 9.515

160 9.652 9.675 9.699 9.722 9.745
161 9.885 9.909 9.932 9.956 9.9S0
162 10.12 10.15 10.17 10.19 10.22
163 10.36 10.39 10.41 10.44 10.46
164 10.61 10.64 10.66 10.69 10.71

165 10.86 10.S9 10.91 10.94 10.97
166 11.12 11.15 11.17 11.20 11.22
167 11.38 11.41 11.44 11.46 11.49
168 11.65 11.68 11.70 11.73 11.76
169 11.92 11.95 11.98 12.00 12.03

170 12.20 12.23 12.26 12.28 12.31
171 12.48 12.51 12.54 12.57 12.60
172 12.77 12.80 12.83 12.S6 12.89
173 13.07 13.10 13.13 13.16 13.19

.174 13.37 13.40 13.43 13.46 13.49

175 13.67 13.70 13.73 13.76 13.80
176 13.98 14.01 14.05 14.OS 14.11
177 14.30 14.33 14.37 14.40 14.43
178 14.63 14.66 14.69 14.72 14.76
179 14.96 14.99 15.02 15.06 15.09

180 15.29 15.33 15.36 15.39 15.43
181 15.63 15.67 15.70 15.74 15.77
182 15.98 16.02 16.05 16.09 16.12
183 16.34 16.37 16.41 16.45 16.4S
184 16.70 16.74 16.77 16.81 16.85

185 17.07 17.11 17.14 17.18 17.22
186 17.44 17.48 17.52 17.56 17.60
187 17.83 17.86 17.90 17.94 17.9S
188 18.21 18.25 18.29 18.33 18.37
189 18.61 18.65 IS .69 18.73 IS .77

190 19.01 19.06 19.10 19.14 19.18
191 19.43 19.47 19.51 19.55 19.59
192 19.S4 19.89 19.93 19.97 20.01
193 20.27 20.31 20.36 20.40 20.44
194 20.70 20.75 20.79 20.84 20.88

195 21.14 21.19 21.23 21.28 21.32
196 21.59 21.64 2 1 .6S 21.73 21.78
197 22.05 22.10 22.14 22.19 22.24
198 22.52 22.56 22.61 22.66 22.70
199 22.99 23.04 23.08 23.13 23.18

200 23.47 23.52 23.57 23.62 23.66
201 23.96 24.01 24.06 24.11 24.16
202 24.46 24.51 24.56 24.61 24.66
203 24.97 25.02 25.07 25.12 25.17
204 25.47 25.53 25.58 25.63 25.69

205 26.00 26.06 26.11 26.16 26.21
206 26.53 26.59 26.64 26.70 26.75
207 27.08 27.13 27.19 27.24 27.30
208 27.63 27.6S 27.74 27.79 27.85
209 28.19 28.25 2S.30 2S.36 2S.42

210 28.76 28.81 28.87 28.93 2S.99
211
212

29.34
29.92

29.40 29.46 29.51 29.57

.5 .6 .7 .8 .9 T em p.
3.494 3.504 3.514 3.523 3.533 120
3.592 3.602 3.612 3.622 3.632 121
3.693 3.703 3.713 3.723 3.733 122
3.796 3.806 3.816 3.827 3.S37 123
3.901 3.911 3.922 3.933 3.943 124

4.008 4.019 4.030 4.041 4.052 125
4.119 4.130 4.141 4.152 4.163 126
4.232 4.243 4.254 4.266 4.277 127
4.347 4.359 4.370 4.3S2 4.394 128
4.465 4.477 4.489 4.501 4.513 129

4.586 4.598 4.611 4.623 4.635 130
4.710 4.722 4.735 4.747 4.760 131
4.S37 4.S49 4.S62 4.875 4.888 132
4.966 4.979 4.992 5.005 5.018 133
5.098 5.112 5.125 5.139 5.152 134

5.234 5.247 5.261 5.275 5.289 135
5.372 5.386 5.400 5.414 5.428 136
5.514 5.528 5.542 5.557 5.571 137
5.658 5.673 5.688 5.702 5.717 138
5.806 5.821 5.S36 5.851 5.866 139

5.958 5.973 5.988 6.004 6.019 140
6.112 6.128 6.143 6.159 6.175 141
6.270 6.286 6.302 6.318 6.334 142
6.432 6.448 6.464 6.481 6.497 143
6.597 6.613 6.630 6.647 6.663 144

6.765 6.782 6.799 6.816 6.833 145
6.937 6.954 6.972 6.989 7.007 146
7.J13 7.131 7.149 7.166 7.184 147
7.293 7.311 7.329 7.348 7.366 148
7.477 7.495 7.514 7.532 7.551 149

7.664 7.683 7.702 7.721 7.740 150
7.856 7.875 7.S94 7.913 7.933 151
8.051 8.071 8.091 S. 110 8.130 152
8.251 S. 271 8.291 8.311 S. 331 153
8.454 8.475 8.495 8.516 8.536 154

8.662 8.683 8.704 8.725 8.746 155
S. 874 8.895 8.917 8.938 S. 960 156
9.091 9.112 9.134 9.156 9.178 157
9.312 9.334 9.357 9.379 9.402 158
9.538 9.561 9.584 9.606 9.629 159

9.769 9.792 9.815 9.838 9.862 160
10.00 10.03 10.05 10.07 10.10 161
10.24 10.27 10.29 10.32 10.34 162
10.49 10.51 10.54 10.56 10.59 163
10.74 10.76 10.79 10.81 10.84 164

10.99 11.02 11.04 11.07 11.09 165
11.25 11.28 11.30 11.33 11.36 166
11.52 11.54 11.57 11.60 11.62 167
11.79 11.SI 11.84 11.87 11.89 168
12.06 12.09 12.12 12.14 12.17 169

12.34 12.37 12.40 12.43 12.45 170
12.63 12.66 12.69 12.71 12.74 171
12.92 12.95 12.9S 13.01 13.04 172
13.22 13.25 13.28 13.31 13.34 173
13.52 13.55 13.58 13.61 13.64 174

13.83 13.86 13.89 13.92 13.95 175
14.14 14.17 14.21 14.24 14.27 176
14.46 14.50 14.53 14.56 14.59 177
14.79 14.82 14.86 14.89 14.92 178
15.12 15.16 15.19 15.22 15.26 179

15.46 15.50 15.53 15.56 15.60 180
15.81 15.S4 15.88 15.91 15.95 181
16.16 16.20 16.23 16.27 16.30 182
16.52 16.55 16.59 16.63 16.66 183
16.88 16.92 16.96 16.99 17.03 184

17.26 17.29 17.33 17.37 17.41 185
17.63 17.67 17.71 17.75 17.79 186
18.02 18.06 IS. 10 IS. 14 18.18 187
IS .41 18.45 18.49 18.53 18.57 188
IS. 81 18.85 18.89 18.93 18.97 189

19.22 19.26 19.30 19.34 19.38 190
19.63 19.6S 19.72 19.76 19.80 191
20.06 20.10 20.14 20.18 20.23 192
20.49 20.53 20.57 20.62 20.66 193
20.92 20.97 21.01 21.06 21.10 194

21.37 21.41 21.46 21.50 21.55 195
21.82 21. S7 21.91 21.96 22.00 196
2 2 .2S 22.33 22.38 22.42 22.47 197
22.75 22.80 22.85 22. S9 22.94 198
23.23 23.28 23.32 23.37 23.42 199

23.71 23.76 23.81 23.86 23.91 200
24.21 24.26 24.31 24.36 24.41 201
24.71 24.76 24. SI 24.86 24.91 202
25.22 25.27 25.32 25.37 25.42 203
25.74 25.79 25.84 25.90 25.95 204

26.27 26.32 26.37 26.43 26.48 205
26. SO 26.86 26.91 26.97 27.02 206
27.35 27.41 27.46 27.52 27.57 207
27.91 27.96 28.02 28.08 28.13 208
28.47 28.53 28.59 28.64 28.70 209

29.05 29.11 29.16 29.22 29.28 210

29.63 29.69 29.75 29.81 29. S6 211

The mean specific heat at constant 
pressure for the dry air is taken as
0.25 B.t.u. per lb. per deg. F . ; the 
mean specific heat at constant pres
sure for water vapor is taken as 0.45
B.t.u. per lb. per deg. F.
Let L =  the water flow, lh. per min.; 

G — the air flow, lb. per min, bone- 
dry air; T — water temperature, deg. 
F. (not deg. It.); t =  dry-bulb temper
ature of the air, deg. F.; („ =  wet- 
bull:) temperature of the air, deg. F.; 
H =  humidity, lb. of water vapor 
per lb. of bone-dry air.

The subscript 1 refers to conditions 
of both water and air at the air inlet; 
the subscript 2 refers to conditions 
at the air outlet.

A heat balance is written using 7\ 
as the datum tem perature:
Input =  Output (15)
Input =  U  (T, -  T i) /G +  0.24 (;, -  7',) 

+  0.45/i, (f, -  7’,) +  I lo r , (16) 
Output =  U  (7’, -  Ty) G +  0.24 (i2 -  7’,)

0.45//-. (ia — Ti) -f- II, r n  (17)

The respective values of input and 
output of Eq. (lti)  and (17) are 
substituted in Eq. (15) as follows:

The input is equal to the output; 
Eq. (16) equals Eq. (17). The alge
braic equalities clear to

L, (I' ,  -  7’,)/G =  0.24 (/, -  I,) +  0.45 
(IIih -  II«. 7’i -  //,(, 4- HtTi) +  
r n  (II, -  III) (18)

From Eq. (14)
r n  = 1,093 -  0.55 Ti (19)

Therefore,
rn  ( Ih -  I h ) = 1,093//» -  0.55II,T,

-  1,093//, +  0.55//, T, (20)
Eq. (20) is substituted in Eq. (18), 
and the clearing yields

L, (7’2 -  7\ ) /G  = (0.24i, +  0.45//2(2 
+  l,093//2) (0.24/, +  0.45//,i,
+  1,093//,) -  7’, (II, -  //,) (21)

From Eq. (1.3) and Eq. (14)
2* =  0.24k +  1,093//, -  0.55H ,U  

+  0.45/ /2i3 -  0.45//.>i„- (22)
or X, +  II,t ., =  0.24i-

+  0AoII,t, +  1,093//» (23)
Likewise,

Conditions: T,, t , , , H ,, E ,, h ,
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2, +  Ih U  = 0.24/!
+  0 .45 /M  +  1,093//, (24)

Expressions in Eq. (21) which are 
identical with those in (23) and (24) 
are replaced by their equalities as 
given in Eq. (23) and (24) respec
tively. Thus,

L". (7s — Ti)/G  = 2 2  +  HiU2
-  2, -  //,(„, -  / /21\ +  IhTi (25)

Finally,
2 2 =  l , ( r 2 -  t j / g  +  2 , -

IhJU i -  5T,) -  //, (T\ -  (»,) (26)

Some o f  the problems of chemical 
warfare that must be solved by this 
country were outlined by Col. M. E. 
Barker speaking before the student 
body o f  the College o f  William and 
Mary in February. This article is a 
brief abstract o f  a portion o f  the talk.

r r i  h e r e  are numerous problems of a 
chemical or engineering natu re  the 

solution of which will be desperately 
needed within the next year to aid 
the nation’s w ar efforts. Some of 
these problems arc being investigated 
by the National Defense Research 
Committee, the Chemical W arfare 
Service and other organizations. 
Never before in the nation’s history 
has such a vast coordinated research 
and development program  been un
dertaken.

Progress in chemistry, in physics, 
in industry, in methods and weapons 
of w arfare, come from  those who 
dare to dream logical dreams as well 
as by the unrem itting toil of the tech
nicians who gather the facts which 
the engineer can use in reducing the 
invention to practical utility.

Let us consider a few examples of 
specific jobs ahead of us and point 
out some of the tasks confronting 
the chemist today, keeping in mind 
all the time tha t the chemist is just 
one player on our ball team.

In  normal years the United States 
uses about one-half million tons of 
new rubber. Last year an even 
larger amount was consumed. Most 
of the supply of raw  rubber is cut-olf 
now. I t  is essentially the chemists’ 
job to make greater use of reclaimed 
rubber by “unvulcanizing” it, and 
by restoring the molecules of the 
used rubber to their original state.

Americans have taken the tin can 
for granted. There must be fewer 
tin cans now in order to save the 
steel sheet and the tin coat. An 
immediate, intense and continual 
search for packaging m aterials must 
be made from  plentiful domestic 
materials. W hy not make such con-

In  Eq. (20), the expression

- m ( U t - T x )  -  i l i ( r , - i w i )

is small numerically compared to the 
rest of the equation to the righ t of 
the sign of equality. Therefore, for 
purposes of practical cooling tower 
design,

22 *= (L,/G) {Ti -  T¡) +  2, (27)

The approxim ate outgoing wet-bulb 
may be determined by the use of Eq. 
(27).

tainers from  cotton and corn cobs? 
I t  can be done. The cotton could be 
formed into sheets and these bonded 
with plastics from  the corn cob, or 
from  the protein residue left from  
the corn during its processing into 
sirup.

Quinine. W hat a challenge to the 
organic chemists! Are they going to 
sit placidly by and watch our own 
m alaria-bearing mosquitoes wage a 
terrible bacteriological w arfare for 
the Japs'? W e need several million 
ounces yearly. Most of this comes 
from  the plantations of the E ast 
Indies.

Who knows what may be accom
plished by the p roper heat, sound, 
X-ray, or physical treatm ent of iron 
alloyed with such cheap arid plentifu l 
domestic raw m aterials as silicon, 
carbon and titanium . W e must have 
huge quantities of corrosion-resistant 
metals fo r chemical p lan t equipment. 
P erhaps the gold and silver in our 
vaults m ight well be p u t to work as 
the linings of reaction kettles and 
stills. W hat a joy  a gold-lined re 
actor would be to the man who prays 
each day tha t his thousand-gallon 
precious glass-lined reactor will not 
crack that day. And why not? The 
gold would not be used up. It would 
be doing its bit for N ational Defense. 
Therefore, le t’s take out a few tons of 
gold and a few hundred tons of silver 
from  the vaults and use them to over
come some of our serious corrosion 
problems which are bound to get 
worse due to the growing scarcity of 
Monel and stainless steel. Then, too, 
other solutions to the corrosion prob
lem might be found.

There are not enough sheep to 
furnish all the wool needed. I f  cot
ton could be converted into a fiber 
having the desirable effects of wool, 
what a boon it would be to the cot
ton farm er, the cotton mill owner, 
and the worker. H ere is ;> problem 
that every Southern chemist should 
take to heart. Who knowns that a
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process cannot be worked out tha t 
will make cotton the K ing of all 
fibers? W e know now that it can be 
made water resistant and almost fire
proof.

A good s ta rt has been made in 
solving the problem of vitamins. A t 
least it is known that vitamins are 
useful and can be produced. A 
plentifu l supply  is essential fo r the 
national health and well-being. Im 
provements are in order.

A few years ago synthetic toluol 
was a dream. Now, thousands of gal
lons are made every day. The job 
lias ju st started, fo r without toluol 
there will be no TNT. There is 
plenty of room fo r progress.

Five years ago butadiene was a 
ra re  chemical. Next year thousands 
of tons will be made. That will 
be a fa ir  beginning, but a beginning 
only. H ere is a great field fo r the 
organic chemist and the chemical 
engineer. Synthetic rubber is here to 
stay. F or this we must have butadiene 
in great quantity  and low price. The 
same applies to styrene and to acrylo 
nitrile.

There is com paratively little baux
ite in the United States. Other sup
plies available here are not inex
haustible, but there is plenty  of 
aluminum in clay which is scattered 
over this entire country. The alumi
num is there. W e need it. I t  can 
be extracted and a commercial proc
ess will be a real contribution to 
National Defense and to America. 
W e need aluminum fo r airplanes, for 
making therm it fillings for incendiary 
bombs, and fo r m any other uses, both 
m ilitary and civil.

A lot of better things are required 
such as a good ten-cent dust m ask ; 
w aterproof, a ir permeable, unwet- 
table fabrics of many kinds fo r tents, 
gloves, clothes; fire-resistant cloth 
for use of guards in munition works, 
workmen in powder and incendiary 
plants, and soldiers in tanks and a ir
planes; better smoke filters fo r a ir 
purify ing  devices; new synthetic 
fibers having a diameter of a micron 
or less; and others.

Wartime Problem s to be Solved
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Pidgeon Ferro-Silicon Process 
For M agnesium

FRANK A. BREYER Singmaster and Breyei, New York, N. Y.

   ' Chem. & Met. I N T E R P R E T A T I O N  — — — -------------

The process for the production of m agnesium  developed b y  L. M. 
Pidgeon of the C anadian N ational Research Laboratories is of current 
interest in v iew  of the fact that several plants in which this process 
w ill be used  are now  under construction in the United States. They 
w ill, how ever, use natural g as instead of electricity for fuel.— Editors.

T h e  P id g e o n  p ro c e s s  for the pro
duction of metallic magnesium 
consists essentially in reacting burnt 

dolomite lime with crushed ferro-sili- 
con in an externally heated, sealed, 
metallic retort, which is kept under 
vacuum by means of vacuum pumps. 
The metal, 99.98 per cent pure, is re
covered in a solid, dense crystalline 
mass, which is subsequently melted 
down under (lux and poured into in
gots. The crystalline masses may 
also be added direct to molten alumi
num fo r the production of aluminum- 
magnesium alloys.

The process is sim ilar to ordinary 
commercial zinc practice. I t  differs 
only in the fact that the retorts for 
distilling magnesium are of metal in 
stead of fire clay, and the distillation 
takes place under vacuum in the case 
of magnesium, whereas zinc is dis
tilled at atmospheric pressure.

The retorts are approxim ately the 
same size as used for zinc, the oper
ating tem peratures are the same, and 
the quantity  of magnesium recovered 
per re to rt per day (40-00 lb.) is the 
same as recovered from  a zinc retort. 
When the recoverable zinc in zinc ore 
costs the zinc distiller 2.5c. per lb., 
metal can be produced by the retort 
process and sold a t a profit of 6c. 
per lb.

The fact that the retorts are small 
and the amount of magnesium col
lected and removed a t one time is 
limited to 15-20 lb., and the fact 
tha t the charging and discharging of 
the retorts is carried out a fte r the 
breaking of the vacuum and the ad
mission of air to the retort establish
ing ordinary pressures means that the 
fire and explosion hazard is reduced 
to a minimum.

The size of a p lant is dependent

upon the number of retorts operated. 
A bank of retorts is set in a heating 
chamber and constitutes a furnace. 
The larger the furnaces and the more 
of them, the easier it is to establish 
the maneuvers necessary to hand 
charge and hand discharge the retorts 
and remove the residues economically. 
Handling facilities fo r placing and 
replacing the retorts are also simpli
fied and cheaper with the large scale 
operations.

The principal items of operating 
cost are :

1—Ferro-silicon
2—Metallic re to rt maintenance
3—H eat
4—Maintenance of vacuum equip

ment
5— Labor
(i—Burnt dolomite
7—Maintenance of electric heaters
8—Power fo r crushing, grinding, 

briquetting
Due to the ease of control and uni

form ity with which electric power 
can be converted into heat, electricity 
is the ideal method of heating the 
metallic retorts of the Pidgeon proc
ess. Canada has as cheap or cheaper 
electric power than any other place 
in the world, hence it should have the 
most favorable costs in these two 
items. Similarly, the alloy metal re
torts, which are high in nickel (35 
percent) and have electric power as a 
considerable item in their cost of pro
duction, can be produced as cheaply 
in Canada as anywhere else. Dolo
mite limestone is abundant and can 
be quarried cheaply in the vicinity 
o f low cost electric power. Tech
nically trained engineers for the su
pervision of the vacuum aspects of 
the operation are available in Canada 
and any ordinary furnace labor can

within a reasonable time be developed 
into skilled operatives fo r the charg
ing and discharging operations.

F irs t estimates of capital cost for 
a 10 ton per day p lan t indicate $1.25 
to $1.50 capital outlay fo r each dol
la r’s worth of sales per year. This 
is figuring the magnesium as selling 
a t 25c. per lb. under present condi
tions. This is only slightly above the 
capital costs per annual sales dollar 
of product of most chemical and 
metallurgical operations and is very 
much below the figures tha t may be 
calculated from  the published data 
fo r any other magnesium process.

The indicated low capital and 
operating costs are due prim arily  
to the fact that the flowsheet fo r 
the Pidgeon process is extremely 
simple. The quarrying of limestone 
and the burning of lime is an old 
a r t  and very cheap. There is no 
elaborate purification of the raw  ma
terials. Ferro-silicon is bought on 
the open m arket and crushed fine in 
standard crushing equipment. Solid 
metal is made direct from  the 
briquetted burnt dolomite and ferro- 
silicon mixture without any inter
mediate stages. F inally, there are no 
elaborate services to be maintained 
for the operation. Power for crush
ing, grinding, briquetting, heat, vac
uum, and cooling water are all that 
is necessary, so tha t auxiliary ex
penses are minimized.

A Pidgeon process p lan t could be 
built and p u t into operation in a 
much shorter time than any other 
magnesium process.
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Stain less S teel D evelopm ents 
in  Process Industries
GEORGE A. SANDS Metallurgical Engineer, Electro Metallurgical Co., New York, N. Y.

— ............ ■ Chem. & M et . I N T E R P R E T A T I O N

C hem ical engineers w ho are interested in m aterials of construction  
w ill find m uch valu ab le  information in this article on chromium  
steels, including a  description of the standard nitric acid  test w hich  
is  w id ely  used  throughout the United States a s  a  m eans of m easur
ing  guality  of sta in less steel. A later article w ill d iscuss the chro- 
mium-nickel steels.— Editors.

T h i s  d is c u s s io n  considers the sub
ject o f stainless steel from  the 
viewpoint of a large consumer, the 

process industries. I t  is well known 
that the advent of stainless steel en
couraged the chemist and chemical 
engineer to greater endeavor which 
has resulted in many new develop
ments in the process industries. On 
the other hand, we know that con
tinuous demands made by the chemi
cal engineer fo r better m aterials for 
the construction of equipment to re
sist corrosion, erosion and oxidation 
over a wide range of tem peratures 
and pressures are in a large measure 
responsible fo r the progress made in 
metallurgy. I t  is obvious th a t the 
steel industry cannot ju stify  research 
covering all the problems o f the 
chemical industry, and yet, the de
velopment of new alloys must be con
ditioned by the development of new 
products in the chemical industry. 
This mutual interest in the progress 
of metallurgy led to the establish
ment of metallurgical research de
partm ents in the various units of the 
process industries. A few of the 
larger units in the chemical industry 
pioneered this movement, which today 
has been adopted by a large cross- 
section of the process industries. 
The function of these metallurgical 
groups, aside from  evaluation of com
mercial alloys, improvement and de
velopment of alloys to meet the de
mands of highly specialized processes, 
an investigation of fabrication proc
esses, is to collect and correlate 
metallurgical data with the chemical, 
engineering, design and fabrication 
factors fo r the purpose of aiding in 
the selection of the most suitable

materials fo r process equipment. In 
the selection of m aterial fo r a specific 
process, the following factors must be 
considered :

1. Time element
2. F irs t cost vs. equipment obso

lescence
3. Service life
4. Effect of m aterial on product

(contamination and catalytic 
effects)

5. Design and fabrication limits 
These factors are well known to the 
chemical engineer. However, the 
m etallurgist rarely  appreciates that 
in the development of a new product 
the time element is probably the most 
im portant factor in its financial suc
cess. Competing companies conduct
ing research in the same field may 
develop essentially the same product 
by somewhat different processes at 
approxim ately the same time. Speed 
in getting the p lan t into production 
will establish a market precedence for 
the new product or the value of the 
increased production often will offset 
the initial cost of the equipment. 
Then again, the pace of research 
development is so rap id  that within a 
relatively short period, a new and 
better method fo r m anufacturing the 
same product may be discovered, 
making all or most of the original 
process equipment obsolete. There
fore, first cost must be weighed 
against equipment obsolescence. I t  
would be foolish to select a high cost

■material which tests indicate would 
last 100 years when a lower cost 
m aterial is suitable fo r the life of the 
process.

D uring the experimental stage of a 
new development, the research chem

ist should cooperate with the m etal
lurgist concerning m aterials fo r the 
fu ture plant. This enables the metal
lurgist to make corrosion tests on the 
most promising alloys in the process 
reactions while they are still being 
conducted in glass apparatus. These 
or sim ilar tests duplicating process 
conditions determine the relative cor
rosion resistance and the catalytic 
effect of the metal on the product. 
I t  is sometimes necessary to reject an 
alloy because some alloying element 
has an adverse effect on the yield of 
the product. Based on results of 
these prelim inary tests, the pilot p lant 
is constructed and during the same 
period in which the engineer is step
ping up the process from the labora
tory to the sem i-plant operations, the 
m etallurgist and the design engineer 
are testing the alloys as fabricated 
equipment or as additional test sam
ples under actual service conditions. 
Because of the many variables en
countered in process reactions, the 
only safe method fo r selecting an 
alloy is to test the m aterial under 
exact process conditions.

Fabrication and design lim itations 
must bp kept constantly in mind in 
considerin'; test materials. An alloy 
steel may have all the necessary quali
fications fo r a specific application, 
and yet these qualifications may lie 
destroyed by im proper fabrication 
and design of equipment. I t  is also 
useless to make a long series of tests 
and find that the favorite alloy can
not be produced or fabricated in the 
form  necessary fo r the application.

W ith this in view, it is planned to 
cite some of the problems in the 
process industries and trace develop
ments in the field of m etallurgy which 
have contributed in overcoming the 
difficulties that have arisen in the use 
of stainless steel fo r process equip
ment.

Stainless steel covers over 50 com
positions that may be classified in 
accordance with their structural char
acteristics into three broad groups as 
martensitic, ferritic  and austenitic 
steels. W ith the exception of a brief 
description of the m artensitic steels, 
this article will lie confined to the
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group known as ferritie steels, which 
are used very extensively in the fab 
rication of process equipment. Let 
us first review the basic alloys in 
these three groups, noting their out
standing structural, chemical and 
physical characteristics, which are 
briefly designated in the accompany
ing table.

Martensitic Steels
M artensitic steels can be hardened 

by heat treatm ent to give a wide va
riety  of physical properties. The 
stainless steels covered in this group 
are those containing from  12 to 14 
percent chromium, 0.15 percent max. 
carbon, and the 12 to 18 percent 
chromium grade containing 0.20 to 
1.00 percent carbon. The low-carbon 
grade, commonly called turbine steel, 
is generally used fo r engineering p u r
poses ■where its superior physical 
properties may be used to advantage. 
This grade is also used extensively as 
a clad veneer or lining fo r large ves
sels and columns in the oil industry 
to resist moderate corrosion condi
tions. The high-carbon grades are 
the well-known cutlery steels, which 
were discovered by H arry  Brearley 
in England, in 1912. I t  has been 
said tha t approxim ately 50 tons of 
this m aterial was produced in Eng
land in 1914, and the first commercial

heat was made in the United States 
the next year.

Ferritie or Straight Chromium Steels

The ferritie chromium steels are 
those containing chromium from  15 to 
30 percent with low carbon content, 
maximum 0.15 percent. These steels 
show no significant transform ation 
on quenching from  a high tem pera
ture, and hence remain essentially fer- 
ritic a t all temperatures. Actually, 
the steels of this group with less than 
20 percent chromium contain a slight 
amount of high-temperature austen- 
ite and therefore harden slightly on 
cooling rapidly from  a high tem
perature.

Although the use of martensitic 
steels developed rapidly  afte r their 
introduction in the United States, it 
was not until the development of a 
new process for the m anufacture of 
nitric acid that the straight chromium 
steels became commercial. During the 
first W orld W ar, nitric acid was 
made by reacting sodium nitrate with 
sulphuric acid. Steel, lead, east iron, 
Duriron, brick and glass were the 
commercial materials available for 
handling this process. These ma
terials perm itted the chemical indus
try  to meet the production demands 
of the time, but they were unsatis

Classification and Properties—Stainless Steels

M artensitic  Ferritie Austenitio

% Cr ’ % C  %  C r % C  %  Cr %  Ni % C
(4 - 6 .15 max.) 15-16 .10 max. 18 8 .20 max.
(8-10 .15 max.) 16-18 .12 max. 25 12 .20 max.
12-14 .15 20-28 .25 max. 25 20 .20 max.
12-18 .20- 1 .0 0

H ardenab le ..................  Yes No No
M agnetic ......................  Yes Yes No
Toughneaa....................  High Low Very High
O xidation...................... 1,200-1,400 deg.F. 1,400-2,000 deg.F. 1,400-2,100 deg.F.
A brasion.......................  Very good  ̂ Good Good
Corrosion

In terg ranu lar  N o No Yes
Effective a d d itio n s .. .  Cb-Ti-Mo-Ni-Se-Al Cb-Ti-Mo*N-Ni-Mn-Se Cb-Ti-Mo-Mn-Cu-Si-N-S-Se

An all-welded tank car used for transporting strong nitric acid. The car is made of 
15-16 percent chromium steel, which is considered best for handling nitric
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factory from  the standpoint of main
tenance due to cither lack of corro
sion resistance or-^poor mechanical 
properties. F o r  a number of years 
p rio r to this period, chemists were 
investigating a process for making 
nitric acid synthetically by the direct 
oxidation of ammonia with the oxy
gen in the air. This process involved 
the handling of corrosive liquids and 
gases a t high tem peratures and p res
sures. Therefore, the m ajor problem 
was one of construction m aterials and 
one which remained unsolved until 
the advent of stainless steel. The 
15 to 18 percent chromium steels 
were found suitable, and hence, the 
first synthetic nitric acid p lan t was 
built by the duPont company at 
Gibbstown, N. J., in 1926. In  a 
relatively short period of time, the 
old method for m anufacturing nitric 
acid became obsolete, and as a result, 
ammonia oxidation plants sim ilar to 
the duPont plant, requiring huge ton
nages of 15 to 18 percent chromium 
iron, were built all over the world.

Equipm ent in this p lant was of 
riveted construction. The size of the 
structures compare favorably with 
the largest tanks and columns m anu
factured today. The assembled ab
sorption column, which contained a 
series of trays, bubble caps, down 
pipes, etc., was approxim ately 60 ft. 
high, about 5 ft. in diameter, with a 
wall thickness of approxim ately \  in.

In  order to produce this steel and 
assemble equipment in these quanti
ties and in such large pieces a t this 
stage in their development required 
the utmost cooperation between steel 
producers, fabricators and consumer. 
Although this period precedes the 
establishment of metallurgical re
search in the chemical industry, the 
idea was probably born in this initial 
installation.

The next most im portant step in 
the fabrication of equipment made 
from these steels was the lowerinsr of 
the chromium content slightly in 
order to improve shock resistance.

This steam jacketed still has been con
structed from 15-16 percent chromium 
steel. It will be used for reclaiming 

nitrocellulose for lacquer



This resulted in the development of 
the 15-16 percent chromium grade 
containing 0.10 percent maximum car
bon, which is in use today. I t  was 
found afte r a series of corrosion and 
physical tests that this was the range 
of chromium content which would 
give the optimum combination of 
chemical and physical characteristics. 
All other elements being equal, the 
corrosion resistance of the straight 
chromium steels to boiling nitric acid 
or other strong oxidizing media is 
increased as the chromium is in 
creased. Therefore, the adoption of 
a lower chromium content fo r the 
m anufacture of nitric acid equip
ment meant sacrificing some corro
sion resistance to obtain hotter shock 
resistance. Holding the chromium 
within this narrow  range also con
tributed to the early development of 
welding and fabrication of pressure 
vessels of the straigh t chromium 
steels.

Absorption tower fabricated from 28 
percent chromium steel. This tower will 
be used for reclaiming dilute nitric acid

from waste N 0 2 gases

Welding

The commercial welding of the 
straight high chromium steels began 
in 1928 but little progress was made 
until about 1931 because of the in 
ability of the fabricator to produce 
corrosion-resistant welds. However, 
during this three-year period, or 
shortly afterw ard, this problem was 
solved by the application of special 
fabrication precautions and im
proved welding technique. Successful 
welding was accomplished by the 
electric are process using a rod of 
such a composition tha t the deposited 
metal was essentially the same as the 
base metal. The chromium and car
bon were adjusted in the weld rod to 
compensate fo r chromium lost by oxi
dation and the carbon picked up 
during welding. The rod required a 
special carbon-free coating which 
blanketed the molten metal with a 
slag containing deoxidizing and 
iluxing agents. A  factor of prim e 
importance was the adoption of small 
diameter rods which resulted in less 
heat input and increased the num
ber of weld layer beads necessary to 
fill a given welding groove. The 
lower heat inpu t inhibited grain 
growth and the multi-layer construc
tion afforded some grain refinement of 
the underlying beads.

During fabrication, the work was 
preheated to a tem perature of ap 
proxim ately 300 deg. F . to increase 
its ductility. In  some cases, the welds 
were peened immediately following 
welding while the weld was still hot to 
refine the grain structure. When nec
essary, the equipment was given in 
term ediate anneals during welding or 
form ing operations, but in all cases 
it had to be followed by a final heat- 
treatm ent. The final heat-treatm ent 
consisted of holding equipment for a 
period of four hours per inch of 
thickness a t a tem perature between 
1,400 and 1,450 deg. F . and cooling 
slowly (100 deg. per h r.) in the fu r
nace to a tem perature of 1,100 deg.
F . before removal. This heat-treat-

ment, which relieved stresses, elimi
nated the detrim ental effects of cold 
working, and restored the maximum 
corrosion resistance of the plate, 
weld, and area adjacent to the weld, 
was found to be m andatory for 
fabricated straigh t chromium iron 
equipment to be used for corrosive 
service. Welded specimens, cut from 
15-16 percent chromium-iron equip
ment welded in this manner, were 
bent flat through 180 deg. without 
cracking and the weld metal had a 
Cliarpy im pact value between 10 and 
25 ft. "lb.

Gradually, welded construction be
gan to displace riveted construction 
so that by 1936 nearly all straight 
chromium steel equipment was fab ri
cated by welding. Several nitric acid 
p lants of all-welded construction are 
being fabricated today of 15 to 16 
percent chromium iron as a p a r t of 
the w ar program  to expand the p ro
duction of ammunition. Also, all
welded tank cars are being con
structed of this m aterial to transport 
nitric acid fo r our m unition plants 
m anufacturing TNT and smokeless 
powder.

The fabrication of the higher 
chromium steels (20-30 percent 
chromium) closely parallels tha t of 
the 15-18 percent chromium steels in 
all fields except welding of pressure 
vessels or equipment requiring high 
resistance to shock a t relatively low 
tem peratures. The shock resistance 
of welds made in vessels containing 
over 18 percent chromium is very 
low as measured by standard im pact 
methods. However, in spite of this 
deficiency, considerable process equip
ment welded with 25 percent chrom
ium rods, or 25 percent chromium, 12 
percent nickel rods are in use today. 
The austenitic 25-12 chromium-nickel 
rods are often used in welding 20-30 
percent chromium steel fo r the p u r
pose of m aintaining tough weld de
posits where corrosion due to elec
trolysis of the m etal is not a factor. 
However, this does not prevent grain

Typical 65 Per Cent Boiling Nitric Acid Tests on Martensitic, 
Ferritie and Austenitic Steels—A.S.T.M.

Corrosion Rate* In. Penetration Per Mo.

lab o ra to ry  18% Cr. 8 % Ni 17% Cr 13% Cr
1     .00096 . 00225 . 00917
2 " ” '   .00089 .00342 .00839
 3..............   .00102 . 00245 .00884
 4.............. . .00095 .00232 .00915
s ! ! " . " ! . ! ! ! ! ................................................... .00101  .00250  .00989

Total average .....................................................  .00096 .00258 .00908
C r Ni C H eat T reatm ent

17 .5  9.24 . 09 W ater quenched from 2,000 deg. F.
1 7 .3  . 09 . 09 Annealed 1,600 deg. F. Furnace cooled.
13 .1    .12 Annealed 1,300 deg. F. Furnace cooled.

* Each R ate  =  Average 8 specimens.
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growth in the area adjacent to the 
weld, which area lias slightly inferior 
physical properties and, because of 
stresses set up in welding, will have 
lower corrosion resistance. I t  is p re
ferred  to use filler rod of the same 
composition as the deposit metal and 
to heat treat the equipment in order 
to relieve stresses and retain maxi
mum corrosion resistance, by holding 
fo r several hours a t a tem perature of 
1,600 deg. F . followed by rap id  cool
ing in air.

I t  should be made clear that the 
lack of toughness ascribed to welds of 
20-30 percent chromium steels is a 
condition th a t exists only a t tem pera
tures below 500 deg. F . These ma
terials are highly ductile a t higher 
tem peratures, which makes welded 
construction ideal fo r higli-tempera- 
ture applications.

Research is being conducted to im
prove fu rthe r the ductility of the weld 
deposits of these steels at atmos
pheric tem peratures. The low-duc- 
tility  values obtained in weld deposits 
of 28 percent chromium steel is due 
to a large columnar grain structure 
which cannot be refined by heat-treat- 
ment. These steels are subject to 
rap id  grain growth when exposed to 
processing or welding temperatures. 
The only method fo r reducing grain 
size of these steels is cold or hot 
working which is illustrated by the 
greatly  increased toughness of rolled 
sheets or drawn tubes. Grain growth 
can be inhibited by the presence of 
nitrogen in the ratio  of 130 to 180 
p arts  chromium to 1 p a r t  o f nitrogen. 
This practice has been used by the 
steel industry for some time to in 
crease the yield from  high-ehromium 
ingots as well as increase the tough
ness of the wrought steels.

Nitrogen in Weld Rod

Several experiments have shown 
that the addition of nitrogen to weld 
rod greatly  improves the toughness 
of weld deposits. Investigations are 
now in progress to increase the utility 
of the 18-20 percent chromium steels 
by the introduction of nitrogen into 
the weld metal. Improved toughness 
in weld deposits of the steels in the 
higher chromium range will perm it 
the process industry to take advan
tage of the increased corrosion 
resistance, particularly  in those proc
esses involving high pressure. P re
lim inary data from  a t least three of 
the concerns cooperating in this 
study lead to the prediction that the 
use of nitrogen and a special heat- 
treatm ent will become commercial 
practice in fu tu re welding of these 
steels. Results show that nitrogen re

duces the grain size of weld deposit 
metal similarly to the reduction in 
grain size illustrated fo r high-chrom- 
ium ingots, and tha t the toughness is 
increased to give Charpy impact 
values between 20-25 ft.-lb.

Development ol the Nitric Acid Test 
For Stainless Steels

Before leaving the straight chrom
ium steels, it is advisable to discuss 
briefly the standard 65 percent boil
ing nitric acid test which is widely 
used throughout the United States as 
a means of measuring the quality' of 
stainless steels. This test is an out
growth of the early laboratory in
vestigation fo r a suitable m aterial for 
equipment handling nitric acid. The 
investigators were amazed a t the ac
curate results obtained and the ease 
of reproducing corrosion data when 
testing stainless steels in strong nitric 
acid. As a result of fu rther research 
evaluating all factors involved, such 
as concentration and volume of acid, 
size of specimen, surface condition, 
time exposure, etc., the standard 
nitric acid test that is known today 
was developed. The test consists of 
determining the loss in weight on a 
prepared specimen of stainless steel 
for each of five successive 48-hr. 
periods in boiling 65 percent nitric 
acid. The loss in weight is converted 
by a factor to corrosion ra te  in inches 
penetration per month. A collabora
tive testing program  sponsored by 
Sub-Committee A-10 of the A.S.T.M. 
and the laboratories o f 16 companies 
investigated this test in 1932 and 
found it to be satisfactory.

The use of this test as a tool for 
determining the quality of stainless 
steel has been adopted by most of the 
research laboratories in the steel in 
dustry as well as the process indus
tries. This test is only a measure of 
quality of stainless steels, and nitric 
acid results obtained have no bearing 
upon the resistance of a given stain
less steel to various corrosive media. 
I t  was stated earlier that this can 
only be determined by testing the 
stainless steel under actual operat
ing conditions. However, if  the 
nitric acid test indicates that the 
quality of stainless steel is inferior 
to that of the sample tested under 
exact process conditions, there is m  
assurance that this inferior steel will 
be suitable for the process. This test 
has been of value in investigating 
p lant equipment failures. Many 
fabricators have testified that the 
test has contributed more than any 
other factor to the development of a 
good quality stainless steel weld 
metal.

All-welded 18 percent chromium steel 
pressure vessel for benzoate of soda

Nitrogen in straight chromium steels re
duces grain size and increases tough
ness. A and C contain low nitrogen 
while B and D contain high nitrogen
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Arc W elding

Using a corrosion-resistant electrode in welding a flange to a stainless 
steel evaporator vent pipe. Such electrodes give welds with corrosion- 

resislance equal to or greater than the parent metal

CARL A. CRANE

rIKE HANi’ OTHER plants thl’OUgll- 
J  out the country, the Amino 
Products Co., has been faced with 

the necessity of keeping maintenance 
costs down to a minimum. This is a 
feat which, w ithout arc welding, 
would have become increasingly diffi
cult with the rise in cost of m aterials 
due to the defense program  and the 
severe priorities on metals such as 
stainless steel, bronze, Monel metal 
and nickel.

Arc welding is used almost con
tinuously by our p lant fo r general 
maintenance work. I t  has been our

Arc welding fixed the pin holes in the lilting lor this stainless 
steel feed line for a centrifugal in ten minutes at a cost of 

about SI. Replacement would have cost S18

Pitted portions of this propeller were built up by use of 
electrodes for arc welding bronze, brass and copper. Weld
ing costs were S7 as compared to a replacement cost of S27

This stainless steel shaft, worn down 
about '/i-in. from contact with the pack
ing, w as built up by welding and then 
machined to proper dimensions. W eld
ing took 30 minutes and cost about S3 

as against S40 for replacement
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Cuts M aintenance Costs
Superintendent Amino Producís Co., Rosslord. Ohio

This rotor agitator w as fabricated from 2 ’/2-in. steel pipe and %-in. 
plate for the paddle. It w as built in the shop of the Amino Prod

ucts Co.. which is equipped with a 150-amp. arc welder

experience tha t large savings in both 
time and money can be made by this 
all-purpose repa ir process. Arc weld
ing can be used fo r any type of metal, 
whether it be ordinary rolled steel, 
sheet metal, stainless steel or many 
others. On these pages are illustrated 
a few typical examples of how this 

i welding procedure has been applied 
in the p lan t of the Amino Products 
Co. Experienced m aintenance men 
can easily get ideas fo r applying are 
welding to their own particular 
maintenance problems and thus con
serve both m aterials and man-power.

This 5-minute arc welding job saved S42.50. The 
pitted pump housing would have cost S44 for replace

ment. "Aerisweld" electrodes were used

This steam manifold was arc welded 
from extra heavy 4-in. pipe and a 3-in. 
outlet. This and all other photographs 
on these pages were taken and supplied 
through the courtesy of the Lincoln Elec

tric Co., Cleveland, Ohio

Monel metal responds readily 
to arc welding. The Monel 
cutter bar for a centrifugal 
unloader shown here was 
built up by welding at a 
saving of about S146 over 

replacement



Varnish Cooking With 
Radiant Burners

Chem. & Met.  I N T E R P R E T A T I O N

Cooking techniques adapted for ink-making purposes m ay b e of in
terest to chem ical engineers b ecau se  of the possib ilities for process 
im provem ent w herever batch cooking is  involved  in  the chem ical, 
printing ink or paint and varnish industries. —  Editors.

T~> e t t e r  control, labor savings, 
greater production, convenience 

and improved p lan t cleanliness have 
been attained by the C.W .II. Carter 
Co. of Brooklyn, N. Y., by the use of 
four radiant-gas-fired kettle settings 
in the bodying, cooking and blending 
of ink varnishes and premium varnish 
oils.

The new facilities fo r processing 
varnish oils and transparen t burnt 
litho varnishes went into operation 
last November, when a new fabricated 
steel building was p u t in service. In  
the new building there are four set
tings, all of which were designed and 
constructed by The Selas Co. of Phil
adelphia. Three are closed and the 
other is an open setting fo r the p ro 
duction of special burn t plate oils 
and Damar varnishes. All four utilize 
m anufactured gas (525 B.t.u. per 
cu.ft.) automatically mixed by low- 
pressure proportioning-inspirator sets 
supplied with air a t TJ lb. pressure. 
Gas is supplied to each insp ira tor set 
through a zero governor reducing the 
g a s 'to  atmospheric pressure before 
entrainm ent by the air. The propor
tioned m ixture of a ir  and gas then 
flows through controls to clusters of 
rad ian t refractory-cup burners which

Cooker with bottom discharge; used 
lor bodying heavy viscosity vehicles

comprise the essential elements of the 
settings.

In  each refractory-cup burner, the 
mixture of gas and required a ir  burns 
in a radial series of tiny flames which 
scrub the corrugated concavity of the 
ceramic cups. The cup surface tem
pera tu re  is thus raised to a point of 
brilliant incandescence which p ro 
motes complete combustion in a  com
pact space, gives -stability and speed 
to the combustion reaction, and de
velops a  substantial percentage of 
rad ian t heat. Thus is insured the 
highest efficiency of distributed heat 
transfer to the kettle bottom without 
hot spots or flame impingement.

Setting “A” is closed, uses a cluster 
of 60 Selas hexagonal Duradiants 
arranged in four concentric hexagonal 
rings, carries a large stainless steel 

• kettle and has a w’elded steel casing 
6 ft. in diameter, lined with 4 i in. of 
insulating brick and 1 in. of block 
insulation. The burner cluster is so 
arranged it may be lowered out of 
the setting as a  un it from  below. All 
three closed settings are equipped 
with electric spark  ignition fo r ignit
ing a gas pilot .which lights the 
burner nest. The system is protected 
by a safety device which automatic
ally shuts off solenoid valves in  both 
main and p ilo t fuel supply  lines in 
the event of pilot flame failure. Tem
perature control is essentially manual 
although indicating pyrometers and 
air-gas m ixture pressure gages as 
well as “lim itrol" devices are in 
stalled. The setting accommodates 
15-drum batches and is principally 
used fo r bodying linseed stand-oils 
and litho-varnishes a t tem peratures 
up  to 625 deg. F . W ith the negligible 
heat retention of this type of setting 
it is possible to cut off all heat in
pu t to the kettle instantly  enabling 
precise control of the ultim ate batch 
viscosity.

Setting “B ” is smaller and handles
5-drum batches. It uses a cluster of 
26 gas burners in three concentric 
rings and has a centrally located bot- 
tomroutlet from  the kettle. This outlet

pipe goes directly through the center 
of the burner cluster with a special 
refractory  sleeve and perm its batch 
removal by gravity  flow ra th e r than 
by pum ping. This is im portan t be
cause the setting is principally  used 
fo r bodying only the heaviest vis
cosity vehicles.

Setting “C” is also closed. I t  accom
modates a  75-gal. kettle and is p rin 
cipally used fo r compounding drying 
oils with various synthetics, fo r blend
ing, and fo r producing non-scrateli 
specialties in reasonably small quanti
ties. A  36-cluster of rad ian t burners 
is manually controlled • fo r tem per
atures generally not over 600 deg. F .

The open setting “D” also has 36 t
rad ian t burners flush with the floor 
level and is used fo r tria l cooks, spe
cial formulas and the production of 
burnt p la te  oils. (B urn t p la te  oils 
are clean-wiping and grease-free oils 
fo r bank-note plates and fine copper 
engravings.)

Using the rad ian t gas settings, one 
man can now body 15 bbl. in  less time 
than it previously took one man to 
body of 5 bbl. with coke fires. P er 
unit of production, over all opera
tions, labor requirem ents are now 
to J less. In  addition, there is no need 
fo r coke storage space and p lan t 
cleanliness is much improved. I t  is 
estimated that the gas cost fo r  body
ing the higher production products in 
settings “A” or “B ” amounts to about
0.45 cents per gallon. Estim ates of 
production speeds show tha t kettle 
“A” is capable of bringing 500 gal. 
of linseed oil from  room tem perature 
to 630 deg. F . in less than 2^ hr. with 
a gas consumption of 1,400 cu.ft. per 
hr. K ettle “B” consumes only 570 
cu.ft. per In-, which is sufficient fo r 
heating 250 gal. o f linseed oil to the 
same tem perature in  the same time.
The versatile kettle “ C” uses 880 
cu.ft. p e r hr. and will bring 75 gal. of 
batch to tem perature in 30 to 40 
minutes. The maximum gas consump
tion of setting “D ” is 700 cu.ft. 
per hr.

All kettles are fitted with hoods 
connecting to fume incineration and 
exhaust equipment. The exhaust hood 
over the burnt litho ladling station is 
a complete structural iron shed 
mounted on rollers so tha t it can be 
moved out of the way except when 
actual cooking is in progress.

F ire  hazards are much reduced 
by the inclosed settings which are 
flue-connected so that there is no 
connection between the combustion 
system and the atmosphere of the 
room. A sim ple shut-off valve is in
stalled on all fuel supply lines to 
fu rth e r promote fire protection.
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T im esa v in g  Id ea s  for E n g in eers
NEW TABLES SIMPLIFY CALIBRATION CALCULATIONS 

FOR HORIZONTAL TANKS WITH VARIOUS HEADS

RICHARD DEANE Engineer, HossJand, B. C., Canada

(E ditor’s N o te :  In  sp ite of the fact 
that several previous methods have 
been published dealing w ith the com
mon problem of calibrating horizontal 
tanks w ith bulged ends, there is always 
room for s till another method if it 
oilers a  new approach or sim plifies the  
usually arduous calculations. The 
method presented by Mr. Deane does 
offer such a new approach, in that in a 
single tabulation of volumes, it  offers 
an im m ediate comparison of standard 
heads, spherical and elliptical heads 
and conical heads. The table is  equally 
useful for tanks w ith  flat heads.)

I N a n  e a r l i e r  a r t i c l e  the writer pre
sented a sim ple graphical method 

for the calibration of horizontal tanks 
w ith  flat heads. (Chem. <C- Met., Jan. 
1939, p. 3 9 ). The accompanying article  
carries the problem farther, presenting 
a table of volume values in term s of 
percent depth vs. percent capacity  
(Table I ) ,  for both the cylindrical por
tion of any horizontal cylindrical tank, 
and for heads of standard dished shape, 
as well as spherical, elliptical and 
conical heads. W hile the great m a
jority  of horizontal cylindrical tank  
heads are either flat or approxim ately  
of the standard dished design, w ith  the 
radius of the head equal to the diam 
eter of the tank, some heads are inten
tionally  elliptical, others are between 
ellip tical and the standard disli, and 
still others are spherical, conical, or 
approxim ately so. The present table, 
therefore, can be used with a sufficient 
degree of accuracy to calibrate tanks

with alm ost any type of head. If 
analysis of a given head reveals it  to be 
of none of the shapes listed, a close 
approximation of its actual volume at  
various heights can be made by inter
polating between the two m athematical 
types which it  m ost nearly approxi
mates.

The standard dished head is the type  
for which most of the calibration  
methods have been worked out in the 
past. Some handbooks carry extensive  
tables which, however, in use require 
rather lengthy computation. E lliptical, 
spherical and conical heads seem to 
have received little  attention, although
C. A. Lee {Chem. & Met., Feb. 1941, p. 
137) has presented a method which is 
adaptable to the calibration of any 
type by means of a step-integration  
device. Lee’s method was worked out 
prim arily to deal w ith tanks having 
heads w ith radii either larger or 
smaller than the tank diameter, and 
hence of non-standard dished design. 
It  would seem to be equally suitable, 
however, for other shapes, combining as 
it  does a graphical approximation of 
the horizontal area of the heads at  
various levels, w ith a summation of in
crement volumes in sm all steps up to  
the half-full tank level.

The present tabulation for the stand
ard dished head was computed by the 
writer by a step-integration method, 
since it  was not found possible to ob
tain a function for the volume of the 
head at a given depth. The calculation  
involved taking the horizontal area 
within the head at each sm all interval

PLANT
N O T E B O O K

of depth, averaging adjacent areas, and 
m ultiplying by the vertical interval. 
In th is manner a very close approxim a
tion of the volume for each such in
terval was obtained. The volume of the 
first interval from the bottom was 
treated as a pyramid. The volume of 
the various intervals so obtained were 
then divided by the total volume of the  
head, m ultiplied by 100, and the resu lt
ing percents progressively summed to 
give the desired table.

A test of the accuracy was obtained 
by the degree of approximation attained  
as the summation approached the ac
tual half volume of the head at 50 per
cent of the depth. For the dished head, 
the summation at 50 percent depth 
came to 50.0025 percent. For the cone 
head, which was sim ilarly  calculated, 
the total was 49.9980 percent. Since 
the tables are given to two decimal 
places, all figures are presumed to be 
accurate.

The columns in Table I for the 
cylindrical portion, and for the ellip
tical and spherical heads were taken 
from Marks’ Handbook (Fourth Ed., 
1941, pp. 35 and 38 resp .). Marks’

T able  X—P ercen t D epth Vs. P ercen t C ap ac ity  for H orizontal C y lindrical T anks w ith  S ta n d a rd  Dish, E llip tical, H em ispherica l a n d  Cone H eads
(Expressions for volume of heads a t top  of columns are for two heads)

Percent 
D epth. 

100 h /D

Percent Capacity

Percent 
D epth, 

100 h /D

Percent Capacity

Cyl. Section, 

V -  r D 'L

Standard. 
Dish Had. =  Dia. 
V »  0.8041 D'd

Elliptical & 
Hemispherical, 
V =  1.047 D-d

Cone Type 
Heads,

V =  0.524 D'd

Cyl. Section, 
v  = -  D'L

Standard, 
Dish Had. =  Dia. 
V =  0.8041 D*d

Elliptical & 
Hemispherical, 
V -  1.047 D*d

Cone Type 
Heads,

V *  0.524
V 4 4

1 0.17 0.005 0.03 0.004 26 2 0 .6 6 13.99 16.76 12.06
2 0 .48 0.03 0 .1 2 0.023 27 21.78 15.16 17.93 13.16
3 0.87 0 .09 0.26 0.06 28 22.92 16.37 19.13 14.31
4 1.34 0.17 0.47 0.13 29 24.07 17.62 20.35 15.51
5 1.87 0 .30 0.73 0 .2 2 30 25.23 18.91 21.60 16.76
6 2.45 0.47 1.04 0.35 31 26.40 20.23 22.87 18.05
7 3.08 0 .6 8 1.40 0.51 32 27.59 21.59 24.17 19.39
8 3.75 0.94 1.82 0.71 33 28.78 22.98 25.48 20.78
9 4.4G 1.24 2.28 0.95 34 29.98 24.41 26.82 2 2 .2 2

10 5.20 1.59 2.80 1.22 35 31.19 25.86 28.17 23.69
11 5.98 1.99 3 .36 1.54 36 32.41 27.34 29.55 25.26
12 6.80 2.45 3 .97 1.91 37 33.64 28.85 30.94 26.78
13 7.04 2 .95 4 .63 2.32 38 34.87 30.38 32.35 28.38
14 8.51 3.50 5 .33 2.77 39 36.11 31.93 33.77 30.02
15 9.41 4.11 6 .07 3.27 40 37.35 33.51 35.20 31.70
10 10.33 4.76 6 .8 6 3.92 41 38.60 35.10 36.65 33.41
17 11.27 5.47 7.69 4.42 42 39.86 36.71 38.10 35.16
18 12.24 6 .2 2 S .55 5.07 43 41.12 38.34 39.57 36.94
19 13.23 7.03 9 .46 5.77 44 42.38 39.98 41.04 38.74
20 14.24 7.88 10.40 6.52 45 43.64 41.63 42.52 40.57
21 15.27 8.79 11.38 7.31 46 44.91 43.30 44.01 42.43
22 16.31 9.74 12.39 8.16 47 46.18 44.97 45.51 44.30
23 /- 17.38 10.73 13.44 9.06 48 47.45 46.64 47.00 46.19
24 r 18.46 11.78 14.52 10.01 49 48.73 48.32 48.50 48.09
25 19.55 12 .86 15.62 11.01 50 50.00 50.00 50.00 50.00
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Cylindrical Section: 
. =Total volum e -

Standard Dished Head: 
Total vol. tw o h e a d s- 

V-D3*  ( J - i V 3 )  
-0.10775 D3 *0^041 DJd 

J-0 .IJ4  D

Cone Heads:

Total vol. tw o heads- nD d . 0.524 Dzd

Elliptical and Hemispherical Heads: 
Ratio of Axes * r s 2dlD  

Total volum e tw o headsm 
D \  = 5  D5d 

= 1.047 0 2d

Fig . 1—T ypes of h e a d s  a n d  th e ir  fo rm ulas Fig. 2—C alib ra tio n  for tan k  in text p roblem

tabulation on page 35 for the ratio  of 
the area of a circular segment, to that 
of the circle, applies directly  to  the  
cylindrical portion of the tank. In the 
case of an elliptical head, i t  can be 
proved that such a head of any axis 
ratio has the same characteristic depth 
vs. capacity curve us a spherical head 
and therefore Marks’ tabulation on 
page 38 of the ratio of the volume of a 
spherical segment, to the volume of the 
sphere, applies directly to both ellip
tical and spherical heads.

In  the case of a cone head, i t  can be 
proved th a t the depth vs. capacity  
curve is  independent of the central 
angle so long as the cone is  of right, 
circular shape. A s in the case of the 
standard dished head, the tabulation  
for conical heads was worked out by 
taking the horizontal area a t each in 
terval, averaging adjacent areas, m ulti
plying by the height of the intervals, 
dividing each increm ental volum e by 
the volume of the head to obtain the 
percent of the to ta l head volum e at  
each height, and sum m ing these per
cents progressively.

W ith the exception of the standard  
dished head, the total volume expres
sions given in F ig . 1 and Table I were 
sim ply calculated by evaluating the  
well known m athem atical expressions 
for the volumes of the several head 
shapes. The expression for the total 
volume of two standard dished heads, 
namely, Y =  D3 X X (4 /3  —

3 V 3 /4 ) ,  is not quite so easy to eval
uate since it  involves a subtraction of 
nearly equal numbers. I t  was carricd 
out to eight decimal places in the 
calculation to insure accuracy.

In th is connection, it  should be 
noted that the expression for the total 
volume of two standard dished heads, 
given as V =  0.S041 D-d, applies only 
to the standard head, w ith the head 
radius equal to the diameter of the 
tank. I t  does not apply to any other 
head radius. However, another point 
worth noting about th is formula is that 
for heads which deviate sligh tly  from a 
true spherical segm ent of II — D,  this 
formula gives a more accurate volume 
than the alternate form, V  =  0.10775 
D*.

Table I, as already indicated, sum
marizes the data for calculating the 
volumes a t various depths for the  
various types of tanks, lis tin g  the per
cents of the total capacity of the tank  
a t various percents of the to ta l depth. 
The second column of the table gives 
percents of total capacity of the  
cylindrical portion a t various percents 
of total depth, w hile the third, fourth 
and fifth columns l is t  percents of total 
capacity for the several types of heads 
noted. A t the top of each column are 
given the expressions for the total 
capacity of the element covered in that 
column. N ote that the to ta l volume 
expressions for the heads g ive the  
volum e of two  heads. N ote also that

T able  II—C alib ra tio n  of B utane  T ank a s  D escribed  in  Text

Percent
D epth

5
10
15
20
25
30
35
40
45
50

55
60
G5
70
75
80
85
90
95

100

D epth , in.,
%  D epth  
X 108 in. 

5 .4  
10.8 
16.2 
2 1 .0
27 .0
32 .4
3 7 .8
43.2
45 .6
54 .0

59.4
04.8
70.2
75.6
81.0
80.4
91 .8
97.2  

102 .6

Cyl. Section, 
%  Cap. X 46.38 

0 .87  
2.41 
4 .36  
6 .60  
9 .07  

11.70 
14.47 
17.32 
20.24 
23.19

-T ons C apacity-
Two Reads,

%  Cap. X 3.48 
0.03 
0.10 
0.21 
0 .36  
0.54 
0.75 
0 .98  
1.22 
1.48 
1.74

108.0

49.86—21.72
49.86— 18.54
49 .86— 15.45
49 .86— 12.45
49.86—  9.61
49.86— 6 .96
49.86—  4 .57 
49.80—  2.51
49.86—  0 .90

Full tank

Total 
Tons a t 
Percent 
D epth  

0 .9 0  
2.51 
4 .57  
6 .96  
9.01

12.45
15.45 
I S .54 
21.72 
24.93 .

28.14
31.32
34.41
37.41 
40.25
42.90 
45.29 
47.35
48.90

49.80

Table I covers only the lower half of 
the tank. For the calibration of that 
part of the tank above the mid-point, 
the volum es at the various higher levels 
are obtained by subtracting the vol
umes a t the corresponding distances 
above the bottom of the tank, from the 
total volume of the tank.

A s an example of the use of the table, 
consider the calibration of a horizontal, 
cylindrical tank for liquid butane, as 
shown in Table II  and F ig . 2. The 
length of the cylindrical portion is 40 
ft., the inside diameter is 9 ft., and the 
heads are elliptical, w ith an axis ratio  
of 2 to 1 (i.e., d  =  2 ft. 3 in . ) . The 
density of liquid butane at GO deg. F. 
is 30.45 lb. per cu. ft. Hence, the 
capacity of the cylindrical portion of 
the tank is  i  X X L/ 4 cu. ft., or 
(02 X  7T X 40 X 3 0 .4 5 )/(4  X  2,000) 
=  40.38 tons. The capacity of the two 
elliptical heads is -n- X D2 X  d /3  cu. ft., 
or (92 X  7T X 2.25 X  36.45)/ ( 3  X 
2,000) =  3.4S tons. The tota l capacity  
of the tank is therefore 46.38 -f- 3.48 =  
49.80 tons.

For ordinary work in m aking a 
calibration curve, i t  is usually  suffi
cient to calculate the capacities for, 
say, each 5 percent of depth. For 
highest accuracy, closer calibration  
may be needed, but since a tank is 
gaged for each inch of depth, rather 
than for each percent, it  w ill in any 
event he necessary to make a calibra
tion curve, from which the capacities 
a t each inch of depth can be read off if  
a tabulation is to be made. The calcu
lations for the butane tank are shown  
in Table II , for each 5 percent of depth. 
A calibration curve drawn from these  
data is  shown in F ig. 2. W ith care 
in the calculation and curve drawing, 
such a curve w ill be accurate enough 
for m ost purposes, and can be read off 
to perm it the lis tin g  of capacity values 
for each inch of depth. I t  should be 
observed, however, that when the cali
bration is in term s of w eight rather 
than volume, as in the example given, a 
temperature correction factor m ay be 
necessary when measurements are made 
at temperatures other than th a t for 
which the calibration was made. This 
is true in  the case o f butane which has 
a considerable expansion coefficient.
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Electronic Devices 

For Process Control-II
TO CHEMICAL ENGINEERS, SUPERINTENDENTS 

AND PRODUCTION EXECUTIVES

Electronic tubes and photocells have already m ade an enorm ous 

im pact on com m unications, television and sound reproduction. W hat is 

not so w ell known to m any engineers is the fact that these devices  

are beginning to take an important p lace in industry applications, 

including m easurem ent and control, and the handling and conver

sion of electric currents. For m any purposes they furnish a better 

answ er than any other m eans to the problem of sp eed in g  up operations 

and improving processes, so necessary in these critical days. Last 

month Chem. & Met. presented the first of two reports on this im 

portant subject, written b y  a  w ell known authority in the field of 

industrial applications. The earlier article dealt with the fundam entals 

of those devices used in control. The present paper is concerned with  

their industrial uses, and also with several of the more com plex  

varieties, for m easurem ent and current handling.



Electronic D evices For 
Process C ontrol—II

THEODORE A. COHEN V ice -P res id e n t, R ese a rc h  a n d  D e ve lo p m e n t  

W h e e lc o  In stru m en ts  C o., C h ica g o . III.

----------------------------------- C hem . & M et. I N T E R P R E T A T I O N  ---------------------------------

This is  the second of two Chem. & Met. Reports on the subject of e lec 
tronic d evices, their principles and applications to process control. 
The first report, w hich appeared  on p a g e s  99 to 106 of the M arch  
issue, explained  the operation of such equipm ent and described a  
considerable number of types of both thermionic tubes and photo
electric cells. This report g o es som ew hat farther in explaining the 
principles of certain m ore specia lized  typ es w hich are used  primar
ily  for rectification of pow er, for inversion of direct to alternating cur
rents, and for direct m easurem ents of electrical quantities, pH, light, 
opacity and color va lu es. It a lso  covers briefly a  number of types  
of application, of w hich m any are current, in  w hich the electronic 
equipm ent is used  prim arily a s  a  sw itch or relay  for counting, m eas
urement and control of m any factors.— E ditors.

I N t h e  first part of th is  article  
( Ohetn. »£ Met., March 1942, pp. 

99-100) i t  was pointed out that elec
tron tubes are classified into two 
groups: (1) Photoelectric cells, in
which a flow of electrons is  brought 
about or controlled by the action of 
ligh t for the purpose of controlling 
some useful mechanism; and (2 ) non
photoelectric electron tubes, in  which 
electrons are emitted from a surface 
w ithin the tube w ithout lig h t im pinge
ment, also for the purpose of con
trolling a useful mechanism. To make 
i t  easier to  visualize some of the ram i
fications of these two general types, 
Fig. 1 is presented, giv ing in  simplified 
form an outline of the principal types 
and their general fields of application.

Referring to the non-photoelcctric 
types, the first article explained that 
in general, high-vacuum tubes are em
ployed for rectification, amplification, 
generation of alternating currents 
(oscilla tors), measuring, and as relays. 
Gas-filled tubes, in general, are used 
for rectification, generation of direct 
current (inverters), and as relays. The 
fundamentals underlying the operation  
of both high-vacuum and gas-filled 
tubes were explained.

This second article has a two-fold 
purpose: F irst, it  goes somewhat far
ther into some of the more specialized  
tube types, particularly those which  
are used for industrial purposes other 
than control, such as rectification and 
inversion of currents, and the direct

measurement of certain quantities. Its  
second purpose is to describe a number 
of the commoner applications of the 
less specialized tubes and photocells.

There lias been a certain am ount of 
confusion in the study arid application  
of electronics, since tubes m ay be de
scribed in at least three w ays: (1)
By function; (2) by construction; and 
(3 ) by a trade name. Certain of the 
trade names are so commonly employed 
that any confusion on th is score should  
be cleared up here and now so far  
as th is discussion is concerned. The 
following definitions deal only with  
non-photoelectric tubes. In the high- 
vacuum class there are two well-known  
types which <ve often referred to by 
trade names. The Kenotron is defined 
as a high-vacuum thermionic tube in 
which no means is provided for con
trolling the uni-directional current 
flow. Such tubes have two elements 
and are used solely for rectification. 
The Pliotron is a high-vacuum ther
mionic tube which in addition to an 
anode and cathode has one or more 
electrodes for controlling the uni-direc
tional current flow. Such tubes are 
used as amplifiers, oscillators, m eas
uring devices, relays, and for sim ilar  
purposes. A variety of other names, 
some generic and some trade names, 
are applied to  th is class of tube includ
ing Radiotron, radio tube, Thermion, 
tetrode (four electrodes), triode (three 
electrodes), and Oscillion.

As the first article explained, there

is an im portant fundamental difference 
in the characteristics of high-vacuum, 
and gas- or vapor-filled electronic tubes, 
owing to the process of gas am plifica
tion which occurs in the second class. 
Consider the comparative character of 
rectifiers of the two types: In either 
type p late current can flow, of course, 
only when the anode is  positive. In 
the high-vacuum type the amount of 
current that flows is dependent on the 
difference in potential of the anode 
and cathode and so, for any applied 
potential, the more electrons there are, 
the more current can he carried, con
sisten t with the heat d issipating abili
ties of the tube. In a high-vacuum  
rectifier a considerable voltage drop 
ex ists across the tube, which decreases 
the available voltage across the output 
term inals of the rectifier.

On the other hand, when an inert 
gas is present in  the tube, or a vapor 
such as mercury, the collisions of the  
electrons w ith the gas or vapor mole
cules produce new electrons and m a
teria lly  augm ent the electron stream  
flowing from the cathode to the anode 
(gas am plification). The number of 
electrons flowing continues to increase 
as the voltage is raised until a point 
is  reached where the current in the 
gas space rapidly increases to  some 
ultim ate value at the “break-down” or 
glow point of the tube. W ien  th is  
has occurred, the current through  
the tube is lim ited only by the re
sistance of the circuit, and the tube 
is illum inated w ith a glow character
istic  of the gas or vapor filling. Many 
tim es the current can be carried that 
can be passed by an equivalent high  
vacuum tube. Furthermore, voltage  
drop in the tube is  low, and a greater 
external rectifier voltage is available  
across the output term inals o f the 
tube. Fig. 2 illustrates the relations 
between rectifier current and applied 
voltage in the two typos of tube.

The gas- and vapor-filled groups of 
tubes comprise three general classifi
cations including: (1) The cold-
cathode type; (2) the hot-cathode type 
w ith filament-heated cathode; and (3) 
the mercury-pool type employing arc 
discharge.

1. The cold-cathode tube was not 
mentioned in the first article since it  
has relatively litt le  application in the 
field of industrial control. Very briefly, 
a tube containing a gas or vapor at 
low pressure w ill contain a number of 
free ions and electrons and if a poten
tia l difference is  applied between the 
electrodes, the tube w ill become con
ducting by the process of gas am plifi
cation. In such a tube either electrode 
(since neither is heated) can serve as 
the anode, depending upon the direction 
of polarity. ' I f  a third element,1 sim i
lar to a grid, is added to serve as a 
starter, th is grid can be biased more 
negatively than a certain critical value  
(depending on the plate poten tia l), and 
thus prevent what few electrons orig i
nally are present from reaching the 
anode. Such a tube is extrem ely
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sensitive to slight grid potential 
changes; even bringing one’s hand near 
the grid connection is sufficient to cause 
the tube to break down and produce a 
glow discharge.

2. Hot-cathode tubes of the gas- and 
vapor-filled variety, like the high- 
vacuum type, are divided into those 
tubes w ith but two elements, and 
those w ith three or more. Among the 
two-element type are the three well- 
known trade names of Tungar and 
Phanotron (G.E.) and Rectigon (W est- 
inghouse). Gaseous tubes having one 
or more additional electrodes for the 
purpose of controlling or starting the 
flow of uni-directional current include 
the well-known Thyratron type. These 
tubes are used as high capacity current 
contactors, relays and as inverters.

3. Tubes of the mercury-pool type 
have in recent years become extremely 
im portant as industrial rectifiers. In
cluded in  th is type are the older 
mercury-pool rectifiers employing a 
continuous arc as a “keep-alive” 
mechanism. An industrial modifica
tion  of th is early type is  the tank- 
type m ulti-anode mercury-arc rectifier. 
A  more recent development is the Ign i
trón mercury-arc rectifier developed by 
W estinghouse and now also manufac
tured by several other concerns.

Mercury-pool type tubes may be built 
either w ith or w ithout control grids. 
The use of a control grid, as in tank- 
type m ulti-anode rectifiers and in 
Ignitrons, makes possible control of the  
point in the voltage cycle a t which the 
tube becomes conducting and hence 
perm its accurate regulation of the 
quantity of current flowing.

INDUSTRIAL RECTIFIERS

Large capacity mercury-arc rectify
ing devices are im portant industrial 
tools, particularly in electrochemical 
industries. In recent, years, the tend
ency has been away from motor-gcn- 
erators and synchronous converters for 
this purpose, and toward the more 
efficient mercury-arc devices. The first 
of these, the steel-tank, multi-anode 
rectifier, was introduced from Europe 
shortly after the la st war and gained 
commercial importance about ten years 
later. The arc rectifier was rather slow  
in being introduced to electrochemical 
uses because of its  considerable voltage 
drop (25-30 v o lts) , which made it  rela
tively  inefficient except a t high voltages 
(000 v o lts). This difficulty wqs to a 
large extent overcome with the develop
ment by W estinghouse in 1937 of the 
Ignitrón rectifier, a type of mercury- 
arc rectifier in which each anode and 
cathode pair are individually inclosed 
in an evacuated steel chamber, as com
pared with the practice of employing 
(Î to 12 anodes and a single mercury- 
pool cathode in the tank-type rectifier. 
Another difference is that, w hile the  
multi-anode type is continuously ex
cited, for the continuous maintenance 
of a “cathode spot” on the, surface of 
the mercury, in the Ignitrón this ca
thode spot is permitted to go out a t

the end of each positive half of the 
cycle (conducting portion of the cycle) 
and then is re-ignited by means of a 
liigh-resistance ignitor rod dipping in 
the mercury, when the cycle again be
comes positive. This construction per
mits the anode and cathode to be placed 
quite close together so that the arc 
voltage drop is small.

The Ignitrón is the type of rectifier 
being employed in the new aluminum  
and electrolytic magnesium installa
tions. I t  operates on a basically new 
principle which permits a closer ap
proach to the theoretical efficiency of 
the mercury arc than any other type 
of rectifier tube. The Ignitrón at pres
ent is the most efficient method of pro
ducing direct current by rectification. 
As shown in Fig. 3, it  consists essen
tia lly  of a metal chamber cooled by 
water circulation. In the lower por
tion of the chartber is a mercury pool 
into which dips a high-resistance 
ignitor rod of a suitable refractory 
m aterial, such as silicon carbide or 
boron carbide. An anode suspended in 
the chamber above the mercury is su it
ably insulated from the vessel with a 
vacuum-tight insulating hushing. S tart
ing is accomplished by passing a cur
rent between the high-resistance rod 
and the low-resistance mercury pool. 
When this is done a sm all spark occurs 
at the junction, a t a definite value of 
voltage and current, producing what is 
termed a cathode spot which liberates 
sufficient electrons to in itiate electron 
flow to the positively charged anode. 
This process requires less than 25

micro-seconds. When the anode be
comes negative during the succeeding 
portion of the alternating current cycle, 
the discharge ceases. Thus the Ignitrón  
is extinguished every half cycle. The 
illustration  shows a grid which has 
been added for current control.

The Ign ition  principle makes possi
ble practically unlim ited emission and 
therefore extrem ely high overload ca
pacity. As the mercury is vaporized 
from the pool, it condenses upon the 
cold surface of the Ignitrón shell and 
runs down again, replenishing the pool. 
The life of a pool cathode is many 
tim es longer than that of a hot-cathode 
or thermionic type rectifier. To insure 
high efficiency, water cooling is neces
sary in the larger units and generally  
continuous vacuum pumping as well.

For full-wave rectification, two Ign i
trons are used, one rectifying each half 
of the wave. For three-phase rectifica
tion, three units are used for each half 
wave, or a total of six. Because the 
arc is extinguished every half cycle 
when the anode becomes negative, and 
since the source of ionization is elim i
nated during this half cycle, the Ign i
trón can withstand high reverse vo lt
ages w ithout danger of the árc-back 
which is relatively common in other 
forms of mercury rcctifier. Smaller 
Ignitrons w ith glass inclosures are 
capable of passing single-cycle pulsea 
up to 1,000 amp. for m aking spot 
welds a t 00 spots per m inute. For 
larger power capacity, the water-cooled 
metal-incased type is  capable of passing  
single-cycle pulses up to 3,500 amp.

Fig. 1— "Organization Chart" of principal types of photoelectric and non-photoelectric 
devices used primarily in industrial applications



Iii addition to tneir uses in  electro
chemical industries, Ignitrons are now 
being used extensively for controlling  
currents in the spot welding of m etals, 
particularly stain less steel and alum i
num. In th is application, a pulse of 
current having a  large m agnitude and 
a carefully controlled short duration  
m ust be fed into the weld. Such a 
hook-up is illustrated in Fig. 4, in 
which two Ignitrons control the current 
flow through the prim ary of a welding 
transformer. The system  is caused to 
fire by some form of starter such as a 
pushbutton or, more frequently, by a 
specially sot tim er which completes its  
circuit through both ignitor electrodes 
and their respective cathodes. S tarting  
arcs are formed at both cathodes and 
the tube whose anode is positive con
ducts during a half cycle. A t the 
next half cycle the previously conduct
ing tube is extinguished, while the 
anode of the second tube becomes posi
tive and conducts for a half cycle. 
Because of the very low internal volt
age drop, a large current can flow to 
the welding transformer and such flow 
w ill continue in pulsea as long as the  
control circu it remains closed. Under 
these conditions the Ignitrons act as 
contactors which close their circuits 
in a m atter of micro-seconds and open 
them positively. Only a sm all amount 
of energy in the pool circuit is required 
to perm it control of tremendous 
am ounts of current in the anode cir
cuit of the Ignitrón tube. Control of 
the pool circu it can be accomplished by 
sm all grid-controlled rectifiers, such as 
Thyra trons.

THYRATRONS

Tliree-electrode gas- or vapor-filled 
tubes w ith  heated cathodes, of the type 
known commercially as the Thyratron

(and sometimes called grid-controlled  
hot-cathode rcctiflers), are becoming 
extrem ely im portant from the indus
trial standpoint. Basically, such tubes 
are sim ilar in construction to the three* 
elcctrode liigh-vacuum tube, w ith  the  
exception that in some cases they are 
filled w ith an inert gas such as noon 
or argon, w hile in other cases a mer
cury vapor filling is employed.

As has previously been pointed out, 
the gaseous tube gains tremendous 
current carrying capacity a t the loss 
of linearity of response, but the re
sponse m ay be “triggered” so that  
large current values can readily be con
trolled. Hencc, such tubes as the Thy
ratron have become increasingly valu
able industrial tools, ranging in appli
cation from relay tubes to contactors 
and inverters in power transm ission.

Thyratron Inverters— Broadly ap
plied, the term inverter is  any m a
chine or mechanism capable of con
verting direct current to alternating  
current. In  the past the term has 
been applied to arc-tube power oscil
lators which are capable of producing 
inversion but only a t relatively low  
efficiencies. The advent of the Thyra
tron inverter has supplied a highly  
efficient apparatus for this necessary 
function. The Thyratron is glass-in
closed for lower power output, and 
m etal-inclosed, usually  w ith  water  
cooling, for higher power output. In 
the larger types, Thyratrons (like  
Ignitrons) are kept continuously  
pumped by autom atically  controlled  
vacuum pumps.

Basic inverter circuits are essentially  
of two types. The first group, termed 
“external-excited inverters,” are illu s
trated by the typical diagram of Fig. 5. 
The second group, termed “self-excited  
inverters,” are illustrated by F ig. 6.
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(2) Comparative current outputs of high-vacuum  and gas-iilled  rectifiers under influence 
of varying potential. (3) Cross section of fgnitron rectifier. (4) Circuit using Ignitrons to 
control w eld in g  current. (5) Thyratron inverter circuit w ith external excitation. (6) Thy
ratron inverter circuit w ith self-excitation. (7) Vacuum lube voltmeter of plate detection  
type. (8) Vacuum tube microammeter. (9) Vacuum tube ohmmeter. (10) Potentiometer 
circuit for low -resistance pH cell. (11) pH cell circuit illustrating grid current error.

(12) pH cell circuit em ploying grid current error eliminator.
f

External-Excited Inverters— The out
put of an inverter of the external- 
excited type (F ig . 5) is  directly related  
ia frequency and phase to the alternat
ing current grid excitation. I t  w ill be 
noted th at a  low value alternating  
voltage is placed across the primary  
of the grid-control transformer 2'r The 
secondary of th is transform er, which 
is center-tapped, is  connected to the  
grids of two Thyratrons. A battery II 
applies a negative bias to the control 
grids of the Thyratrons. Hence, upon 
excitation by the exciting alternating  
voltage, one grid w ill be positive* w hile  
the other grid w ill remain negative. 
During the positive half cycle of grid 
excitation, Tube M  w ill conduct, while 
the anode of Tube 0  is a t line poten
tial. Thus, during th is half cycle, a 
current flows in  the anode circuit of 
Tube M, through the prim ary of the  
output transformer 'l\. This current 
flow takes place from the direct current 
input source which m ay be a direct 
current power line. During the nega
tive half cycle, the Tube 0  conducts, 
thus lowering its  anode voltage to the 
tube drop. Since the anodes of both 
tubes are connected through the con
denser G, the anode voltage of M  goes 
negative because th is condenser has 
previously been charged and cannot 
discharge im m ediately.

The circuit constants are chosen so 
that the exciting ions w ithin the tube 
cannot diffuse before the anode voltage  
becomes positive, and thus the grid of 
Tube M  resumes control. When the  
grid of Tube 0  is  made positive, and 
that of Tube M  negative, the current 
again sh ifts tubes! The action is 
equivalent to a pair of interconnected  
mechanical sw itches which sw itch the 
direct current first in one direction 
through the transformer, and then in 
the other, at the desired frequency. 
This alternating sw itching of the two 
tubes continues indefinitely as long as 
the exciting voltage is maintained.

The sw itching of anode current 
through the prim ary of the output 
transformer 7'„ produces an induced 
alternating voltage in  its  secondary. 
The frequency of this alternating v o lt
age is directly dependent upon the 
frequency of alternating exciting vo lt
age at Tv  which m ay be obtained from  
a sm all alternator or sim ilar device.

Self-Excited Inverters— The self-ex
cited circuit illustrated  in F ig . (i shows 
the original external-excited circuit 
converted so that the grid-exciting  
transformer '1\ has its  prim ary con
nected to the anode supply system  
which" contains an inductance L  and a 
capacitive resistance network, C\ and 
7?,. This network supplies an a lter
nating current pulse -whose frequency 
is dependent upon the constants of the 
network and the transformer T v  This 
alternating current is used to supply  
grid excitation in a manner sim ilar to 
the externally excited circuit above 
described. Such a circuit can supply  
alternating current in the frequency 
range from 10 cycles to w ell over 5,000



cycles, depending upon the constants 
chosen for the circuit.

D. G. Transmission— It is common 
knowledge that it  is much more eco
nomical to transm it electricity at high  
voltage than at low, when a large 
am ount of power is to be handled, 
owing to the sm aller line losses. How
ever, distribution problems arise in 
alternating current system s, both in line 
losses due to corona at high voltages, 
and in the difficulty of interconnecting  
system s of different frequencies. To a 
considerable extent it  is possible to 
overcome these problems by the trans
m ission of high-voltage direct current. 
This can be done electronically, and 
has been carried out on a consider
able experim ental scale. The method 
w ill doubtless become an im portant 
one in the future.

The maximum alternating current 
that can be transm itted is less than 
the maximum direct current because 
it  is the crest of the alternating vo lt
age wave which determines the corona 
loss. A lso direct current transmission  
elim inates dielectric loss and line re
actance. I t  is quite sim ple to produce 
high-voltage direct current from high- 
voltage alternating current through the 
use of hot-cathode and arc-discharge 
rectifiers. And w ith the Thyratron 
inverter i t  is possible to re-convert this 
high-voltage direct current to alter
nating current w ith good efficiency and 
w ithout the need for expensive con
verter sub-stations. The scheme is to 
take low-voltage alternating current 
supply, step it  up w ith transformers 
to high voltage, and then convert to 
direct current w ith rectifiers. The 
high-voltage direct current is sent out 
over the transm ission line and at the 
point of \ise inverted to high-voltage 
alternating current and finally stepped 
down w ith  transformers to yield the 
desired lower alternating voltage for 
distribution. -Delivery can be either 
single- or multi-phase, and of any  
frequency desired. This therefore solves 
the problem of interconnecting alter
nating current sources of different fre
quencies and elim inates the difficulty 
of synchronization. Furthermore it 
makes available the most efficient fre
quency for the machinery used.

CURRENT CONTROL

In reference to the use of grids 011 
gaseous tubes, supplied with an alter
nating potential, it  has previously been 
mentioned that these elements can be 
used to control the point in  the a lter
nating cycle a t which the tube fires, 
and hence control the current output. 
Grids are used in two alternative ways, 
the first called am plitude control, and 
the second, phase control.

Am plitude control may be explained  
as follow s: For each voltage of the
anode there is a certain critical voltage  
of the grid which w ill ju st perm it the  
tube to fire. I f  now the grid is biased 
negatively w ith a certain voltage less 
than the maximum critical value, this 
voltage w ill be critical for some anode

(13) Basic photocell circuit lor .use with amplifiers. (14) Standard photocell and am pli
fier circuit. (15) Photocell-amplifier circuit sim plified to elim inate the cell battery. 
(IS) Line supply photocell amplifier relay. (17) Single-tube photocell circuit w hich oper
ates relay on break in illumination. (18) Single-cell photocell circuit which operates 
relay when cell is illuminated. (19) Special light source delivering a  fine light beam .

potential less than the peak value  
that w ill be imposed during the alter
nating cycle. Hence, the tube w ill fire 
at some point before the peak of the 
cycle is reached, dependent 011 the value  
of grid bias. By controlling the value  
of the bias, the conduction of the tube 
can be made to start a t any point in 
the first half of the positive half of 
the cycle, and thus the passage of 
rectified current will continue from 
this point until the end of the posi
tive half of the cycle.

Phase control differs in that the bias 
is applied to the grid by means of an 
alternating voltage, which varies in 
phase from the alternating voltage 011 
the anode. Hence, as the grid becomes 
less negative during each positive cycle 
of the anode, the critical voltage will 
be reached and the tube will fire. By 
sh ifting phase, it  can be made to fire 
at any  point during the positive cycle 
of the anode, and hence to conduct for 
any part of the period.

MAGNETIC CONTROL

So far in the discussion, all tubes 
with grids have been controlled by elec- 

• trostatic  charge on the grid. One class 
of tube, not much used for industrial 
purposes, employs electromagnetic con
trol, by virtue of the fact that elec
trons can be deflected by a magnetic 
field. When such a field is produced in  
the proper direction in the electron 
space of the tube, electrons can be pre
vented entirely from reaching the 
anode, and forced back to the cathode. 
Such tubes are being used in exploring 
the strength and direction of magnetic 
fields, as in a special aircraft compass.

MEASURING INSTRUMENTS

Since a three-element high-vacuum  
tube acts as a voltage amplifier, and 
can be designed for linearity of output, 
a group of interesting measurement 
applications hinges on this am plifying  
property. Uses of this sort fall into 
five classes: (1) Voltage-unbalance
sensing instrum ents (galvanometers 
and electrom eters); (2 ) vacuum tube 
voltm eters (electrometers, etc.) ; (3)
vacuum tube ammeters; (4) vacuum  
tube wattm eters; and (5) vacuum tube 
ohmineters.

W ith the advent of the electronic

tube, this field of measurement has been 
able to advance greatly in range, and 
many types of apparatus rugged 
enough for industrial use have become 
available where heretofore apparatus 
for equivalent measurement was neces
sarily  relegated to the research labora
tory. I 11 addition to ab ility  to measure 
voltage, current, power and resistance, 
electron tubes have been adapted to  
the measuring of variables such as 
time, speed and frequency. S till other 
variables such as hydrogen-ion concen
tration are regularly being measured 
in terms of voltage w ith vacuum tubes.

Probably the most useful of the elec
tronic measuring instrum ents is  the 
vacuum tube voltmeter. One of its  ad
vantages over the electromagnetic or 
electrostatic m easuring instrum ents is 
the high sensitiv ity  that can be a t
tained in an instrum ent of rugged form. 
Its principal value is in the m easure
ment of voltages in circuits in which 
the available power is so sm all that 
appreciable flow of current would m eas
urably alter the voltage. Such meas
urements are involved in those of 
charged condensers and ion-concentra- 
tion cells. This voltm eter is known in 
many different forms, one of the m ost 
useful of which appears in Fig. 7.

This circuit is  of the plate-detection 
variety. A m illiam m eter of the D ’Arson- 
val type, connected in the plate cir
cuit of the voltm eter tube, is calibrated  
in terms of input voltage. I t  w ill be 
noted that as the input voltage changes, 
the grid bias of the tube is  changed, 
which in turn causes a plate current 
change through the calibrated meter. 
The circuit is self-com pensating against 
voltage variation of the batteries and 
against tube aging.

A vacuum tube m illiam m eter or am 
meter is essentially  a vacuum tube 
voltm eter designed to measure current 
flow by means of the drop across a 
higli resistance through which the cur
rent flows. Special tubes have been 
developed for th is type of application, 
which allow very high resistances to be 
used. They attain high sensitiv ity  by 
lim iting  the external leakage present in 
the grid circuit of ordinary tubes. 
Such a circuit is illustrated in Fig. 8.

For measurement of high resistances, 
electron circuits have been developed
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which measure such resistances in terms 
of grid-current flow. In the circuit of 
Fig. 9, the m illiam m eter in  the plate  
circuit of the tube is calibrated in 
terms of resistance.

pH MEASUREMENT

From the standpoint of process in 
dustries, one of the m ost important 
applications of electronic tubes in  the 
field of measurement is in g lass elec
trode pH meters. It is not the purpose 
of this paper to go into pH measure
ment in detail ( it  was treated at con
siderable lengtli in  the Ghem. <C- Jlet. 
Report for A ugust 1040.— E d ito r ) .  I t  
w ill be worth while, however to indi
cate the part which the electronic tube 
is playing.

When a m etal is immersed in a so lu
tion, the electrode potential produced 
is the algebraic sum of the electrolytic  
solution pressure and the osm otic pres
sure. The measurement of pH is accom
plished by determ ining the potential 
between an electrode immersed in the 
solution, and a standard reference 
electrode whose potential w ith respect 
to the solution is known. Thus the 
unknown potential of the test electrode 
can be determined.

To allow the potential produced by 
such a cell to cause current llow 
through the cell, however, would cause 
rapid polarization of the electrode, so 
that the apparatus used for m easur
ing the cell potential m ust be of a non- 
current variety such as a potentiom 
eter, which balances the cell potential 
against an equal and opposite voltage  
drop in the potentiometer slide wire, 
using a galvanometer to indicate the 
balance point of no current flow. Since 
an electronic voltm eter can measure 
such a potential w ithout appreciable 
current flow in the grid circuit, this 
method is available for energizing a 
rugged indicator.

Compared w ith the g lass electrode 
for pH measurement, the earlier elec
trodes were considerably lim ited in 
range. However, these were generally  
of not over 1,000 ohms resistance, and 
their potentials were measurable w ith  
the potentiom eter and galvanometer 
arrangement of Fig. 10. In th is draw
ing the potential of the pH cell is bal
anced against the potential drop of the 
potentiometer P , the galvanom eter G 
indicating when the potentials are 
equal. The voltm eter V  can then be 
used to read the potentiometer drop 
(i.e., the cell poten tia l). I t  can be cali

brated in pH rather than voltage.
The g lass electrode, however, is not 

a low resistance device and if made 
rugged enough for ordinary use would 
require a galvanom eter of too great 
fragility , which fact brought the elec
tio n  tube into use. The g lass electrode 
is a thin bulb of special glass, into  
which is sealed an internal electrode 
dipping into an inner reference solu
tion. The cell is completed by means of 
a standard calomel electrode. This 
combination, w hile not a  cure-all, gives 
excellent results in range, freedom from 
poisoning and from oxidation and re
duction efTccts. W ith the use of the 
electronic tube for m easuring the ex
ceedingly sm all energy output of the 
cell, its  disadvantage of fragility  is 
overcome, for it  has been found that 
the cell wall resistance can be increased 
by m any m illions of ohms and still 
supply sufficient energy for operating  
the electronic meter. The apparatus 
used is essentially  that shown in Fig. 
11, em ploying an electron tube elec
trometer whose grid voltage is depend
ent on the difference between the po
tentiom eter and the concentration cell 
potentials. The exceedingly m inute 
energy is amplified through successive 
stages until sufficient energy is avail
able for a com paratively rugged meter.

This combination of high resistance  
electrode and electronic meter, however, 
introduced new possibilities for error 
not formerly met. I t  was first neces
sary to elim inate leakage between the  
inner electrode and the immersed outer 
glass surface, which were a t different 
potentials. This was accomplished by 
Satisfactory design and sealing. The 
second and more im portant problem 
was to find a means of connecting the 
cell w ith the electron amplifier, which 
would not add the self-generated grid 
potential of the tube to the potential of 
the potentiom eter. In F ig. 11 it  w ill be 
noted that the grid circuit of the 
vacuum tube is connected directly into  
the circuit. The potentiometer, there
fore, reads not only the potential gen
erated by the g lass electrode, but also 
the grid potential of the tube, thus 
introducing an error in measurement.

By use of specially designed elec
trometer tubes, self-generated grid po
tentials m ay be elim inated and accu
rate measurements made possible, but 
such electrometer tubes are expensive 
and fragile and are hardly applicable 
to a rugged industrial application. 
This objection has been elim inated by 
the development of special circuits, one 
of the m ost satisfactory of which is 
illustrated  in F ig. 12. In th is circuit, 
the grid-current error is elim inated by 
so-called im pulse amplification.

In F ig. 12 it  w ill be noted that the 
grid is insulated from the potentiom 
eter circu it by a low  capacity con
denser G. The other side of C is  
norm ally connected to ground through 
a sw itch S. On depressing S, the con
denser C is connected to the glass elec
trode. I f  the cell-potentiom eter circuit 
is in balance, th is point is  a t  ground 
potential and no change in the con
denser charge takes place in 0.  If  
the potentiometer is out of balance 
when the sw itch S  contacts T, the con
denser G w ill be charged to the differ
ence of potential in the circuit, and 
the grid potential of the tube will 
m om entarily be altered, w ith a conse
quent pulse of power to the output 
meter, indicating the lack of poten
tiom eter balance. The potentiometer 
is then balanced correctly, using the  
sw itch S  after each trial until no de
flection occurs a t the meter. The con
denser G is  made sm all so that its  
momentary energy consumption cannot 
polarize the electrode.

In a properly proportioned circuit, 
it  is impossible to polarize the glass 
electrode, even when the potentiometer  
is  far out of balance. Furthermore, it 
is im possible for the grid current to 
enter the measurement and upset the 
accuracy of the potentiometer circuit. 
The system  is entirely independent of 
battery voltages or tube aging, owing to 
its use as an im pulse amplifier. Some 
circuits provide an additional resist
ance L  and condenser C, in order to 
make the electronic circu it independ
ent of stray electrostatic interference, 
thus elim inating the necessity for lead 
shielding.
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COLOR AND OPACITY

Photoelectric cells also are being ’ 
employed extensively in m easuring ap
plications, notably in the measurement 
of such variables as ligh t reflection and 
transm ission of m aterials, and for the 
analysis and comparison of colors. 
This branch of electronics lias become 
so specialized and extensive that it  
can only be mentioned here. In general, 
there are three classes of instrum ents 
for these purposes : ( 1 ) Spectrophoto
meters capable of producing a complete 
analysis of the color reflected or 
transm itted by a m aterial; (2) com
parators capable of determining 
whether two colors are a visual match ; 
and (3) instrum ents which measure 
the in tensity  of ligh t of desired wave 
length (or m ixture of wave lengths) 
transm itted or reflected by a substance.
In the last class are the opacity, tur
bidity and reflection meters. Both bar
rier cells and photo em issive tubes are 
used in the various types of instru
ments. Generally some method is em
ployed to rule out the characteristics 
of the cell, together w ith other vari
ables of the system . Otherwise a means 
is provided for ready recalibration in 
the event of changes in the system.

Some of the instrum ents of this 
group are extrem ely ingenious, espe
cially the spectrophotometers. One of 
the latter autom atically draws a con
tinuous color curve, based on either 
the reflection or transm ission of the 
sample, for the entire visible wave 
length range, in about 2 i  minutes. An
other produces a sim ilar curve photo
graphically in  a few seconds. In spec
trophotometers the illum ination of the 
sam ple is supplied by a lens and prism  
system  (spectrom eter) which permits 
successive production of all the wave 
lengths o f ligh t desired. Comparators 
and other instrum ents generally use 
only the lig h t produced by an incan
descent filament, w ith or w ithout filters.

"SWITCH" APPLICATIONS

W hereas the measurement applica
tions just described generally employ 
electronic devices, directly for their 
measuring  ability, there are a tre
mendous number of applications, well 
in the thousands, where the tube or 
photocell operates as a sensitive switch 
or relay, under control of a beam of 
ligh t or some measuring element. In 
many of these applications more than  
one method is possible and, when 
feasible, parallel solutions w ill be given.

The applications discussed here, of 
course, deal only w ith those for indus
trial control. The more common ones 
of sound recording and reproduction, 
television and radio communication are 
entirely om itted since they have no 
bearing on control problems.

Fig. 13 illustrates the basic photo
cell circuit for use w ith either high- 
vacuum or gas-filled photo em issive 
cells. In this circuit it  w ill be noted 
that the battery polarizes the anode 
of the cell through a resistor. When

ligh t fa lls on the cell and the cell in 
turn becomes conducting owing to the 
flow of electrons, the current flows from 
the anode, through the resistor, caus
ing a voltage drop in the resistor which 
varies as the ligh t upon the cell varies. 
As shown in several other diagrams, 
this voltage drop is then led to one 
or more amplifiers. Figs. 14 and 15 
shows two ways this may be done.

In Fig. 14 the photocell is shown in 
series with a battery and resistor, the 
resistor being placed across the grid- 
catliode circuit of an electron amplifier. 
Variations in voltage across the re
sistor with variation in ligh t upon 
the cell cause variation in the grid 
voltage of the tube. Flow of anode 
current, in turn, causes operation of 
the relay. A somewhat simpler cir
cuit, shown in Fig. 15, elim inates the 
cell battery. In this case the anode of 
the photocell is polarized by the poten
tia l applied to the anode of the am pli
fier. A commonly used industrial 
photocell amplifier assembly which op
erates direct from the power supply 
lines is shown in Fig. 10. This circuit, 
i t  w ill be noted, is analogous to the 
circuits of Figs. 14 and 15. Where 
greater sensitiv ity  is  required, so as to 
operate a relay w ith less ligh t, a two- 
stage amplifier may be employed.

Two different methods of relay op
eration are required in industrial prac
tice. Fig. 17 shows a circuit designed 
to operate the relay mechanism when a 
ligh t beam falling on the photocell is 
broken. This circuit is  commonly em
ployed for counters, safety devices and 
sim ilar applications. Fig. 18 is a cir
cuit used when it  is  desired to operate 
the relay of a norm ally dark cell when 
light fa lls on the cell. This is a com
mon application for such problems as 
daylight control of signs, store ligh t
ing, road safety mechanisms, etc.

In addition to the photocell, am pli
fier and relay, photoelectric applica
tions commonly require use of a light 
source which w ill project a beam of

light through an appropriate lens sys
tem on to the photocell receiver and 
thus operate the relay mechanism. Fig. 
19 illustrates the construction of a 
ligh t source for producing a fine beam 
of ligh t suitable for interruption by 
sm all objects, and for level control.

N ot all photoelectric applications re
quire complete interruption of the 
ligh t beam, however. A change in the 
ligh t intensity is the method used for 
detection of dust, smoke and fumes. 
A beam of ligh t traversing a duct or 
stack falls on a photocell. Should smoke 
or fumes appear in greater than a pre
determined concentration, the drop in 
ligh t intensity can be used to operate 
an alarm or signal, or to control some 
autom atic correcting means.

In most of the rem aining applica
tions to be mentioned here, both photo
electric and non-photoelectric solutions 
are possible. Although the former type 
has gained many adherents, a new typo 
of control mechanism lias become promi
nent in recent years, employing the 
oscillator relay circuit illustrated in 
Figs. 20 and 21. The electronic oscil
lator circuit illustrated in F ig . 10c of 
the first article of this series (March 
1942) is employed in combination w ith  
an electromagnetic relay in the anode 
circuit. As described in the first 
article, the anode current of an oscil
lator is low if the strength of oscilla
tion is high due to efficient feed-back. 
In such a case, the relay w ill remain 
open because of low anode current. 
If the strength of oscillation is de
creased by decreasing the feed-back 
energy, however, the anode current in 
creases, thus closing the relay. The 
feed-back energy m ay be decreased by 
changing cither the inductance or the 
capacity of the oscillator system , or 
both. Hence, the anode current w ill 
increase and close the relay. Use can 
be made of this system  in a variety of 
ways, several of which are illustrated  
in later figures. One method is to use 
a m etal flag inserted by the function-

A Few  Typical Applications of Electronic D evices

(K e y :  Am p., a m p lif ie r ; R ect.. r e c t i f ie r ; P .E .. p h o to e le c tr ic ;  M /O , m e a su re m e n t a m l /o r  
c o n tro l ;  Osc., o s c i l la to r ;  E lec t., e le c tro n ic  in s tru m e n ts )

D e tec tin g  bu rled  p ipe  leaks (A m p.) 
G eophysical p ro sp ec tin g  (Osc., A m p.) 
T h ickness  o f sh ee t m e ta l (O sc.)
C o n tro l o f  c o a tin g  th ic k n ess  (P .E ., O sc.) 
P a p e r  m ill p u lp  c o n tro l (P .E .. Osc.) 
P re - ro u tin g  on conveyors (P .E ., O sc.) 
S y n ch ro n iz in g  conveyors OP.E., T h y ra .)  
L eveling  e le v a to rs  (P .E .. Osc.)
E le v a to r  d oo r g u a rd  (P .E ., Osc.) 
A u to m a tic  b a tc h  w e ig h in g  (P .E ., Osc.) 
B ag  p ilin g  by conveyors ( I ’.E .)
Sm oke, w a te r  h a rd n e ss  a la rm  (P .E ., O sc.) 
W eld ing  c u r r e n t  a n d  tim in g  (R ect., A m p.) 
T rav e lin g  bed th ick n ess  (P .E ., Osc.)
L im it sw itch es  fo r  m ech an ism s (P .E ., O sc.) 
M oto r speed c o n tro l (A m p.)
H igh-speed  c o u n tin g  (T h y ra .. Osc.) 
T u rb id ity  m easu rem e n t (P .E .)
C olor m easu rem en t (P .E .)
C olor m a tch in g  (P .E .)
O pacity  m ea su re m en t (P .E .)
B u rn e r  s a fe ty  devices (P .E .. A uip.) 
T ra n s p a re n c y  m ea su re m en ts  (P .E .)  
D angerous  gas d e tec tio n  (V a rio u s) 
D e tec tin g  m issin g  labe ls  (P .E .)
L ig h tin g  c o n tro l (P .E .)
A u to m a tic  v o ltag e  c o n tro l (A m p., Osc.) 
C irc u it b re a k ers  (T h y ra ., Osc.) 
T e lem e te rin g  (A m p.. Osc.)
S y n ch ro n iz in g  pow er c irc u its  (T h y ra ., 

A m p.. Osc.)

T re s p a ss  a la rm s  (P .E ., Osc.. T h y ra .)  
T e m p e ra tu re , p re s su re , liq u id  level, flow, 

d en sity , e tc . M /C  (P .E .. Osc., V a rio u s ) 
T i t r a t io n  c o n tro l (A m p., O sc.)
D is tilla tio n  c o n tro l  (O sc.)
Ion  c o n c e n tra tio n  M /C  (A m p.. Osc.) 
P o la r ig ra p h  c o n tro l (P .E ., Am p., Osc.) 
In te r f a c e  leve l c o n tro l (A m p.. Osc.) 
S accharim etr.v  M /C  (A m p.. Osc.) 
R e fra c to m e try  M /C  (P .E .)
C o n ta m in a tin g  g a s  M /C  (P .E .. Osc.) 
C en tr ifu g e  c o n tro l (P .E .. Osc.)
V acuum  fil te r  c o n tro l (O sc.)
V itam in  d e te rm in a tio n s  (P .E ., Osc.)
D u st co u n tin g  (P .E .)
A cid ity , a lk a l in i ty  c o n tro l  (P .E .)
S o r tin g  o p e ra tio n s  (P .E .)
B o ttle  fillers  (P .E .)
T u b e  fillers  (P .E .)
T a n k  a n d  b in  leve l co n tro l (P .E .. A m p.) 
P a p e r  m ill d ig e s te r  c o n tro l a n d  w h ite  

w a te r  re co v ery  (P .E ., O sc.)
M o istu re  c o n tro l in s h e e t m a te r ia l  (O sc.) 
S troboscopes  (G rld -G low )
E le c tr ic a l q u a n t i t ie s  M /C  (V a rio u s )  
I fo ta tio n a l speed  M /C  (V a rio u s  E lec t.)  
V iscosity  m e a su re m e n t (P .E ., O sc.) 
H u m id ity  c o n tro l (A m p., P .E ., O sc.)
H ig h  c a p a c ity  c o n ta c tin g  (T h y ra .)  
C u r re n t  re c tif ic a tio n  (R e c t.)
C u r re n t in v e rs io n  (T h y ra .)
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ing mechanism into the grid coil of the 
oscillator (F ig. 2 1 a ), whereupon the 
relay contacts w ill operate. Another 
method is to change the capacity of the 
grid tank condenser to achieve the same 
effect (F ig . 216). The capacity of the 
condenser or the inductance of the coil 
can be altered by m oving objects. This 
mechanism is as flexible as m ost photo
electric assem blies, it  is extrem ely 
sim ple and requires no light source.

U se of the oscillator relay of Fig. 20 
is often made interchangeably in indus
trial applications w ith photoelectric 
apparatus. Several applications which 
follow m ay be handled either way. For 
example, an electronic micrometer can 
be made to function w ith  either a 
photoelectric or oscillator circuit. In  
the first case an optical lever carrying 
a  mirror w ill be brought to bear on 
the m aterial being “miked,” w ith a 
beam of ligh t reflected by the mirror 
on to a photocell so th a t changes in 
thickness of the m aterial a lter the in 
tensity  of ligh t fa lling  on the cell. The 
cell output is amplified and thus op
erates an indicator, recorder or alarm. 
I f  the same result is to be accomplished 
with an oscillator, a sty lus for sensing  
the thickness of the m aterial can be 
connected to a sm all variable condenser 
used to control the plate current of the 
oscillator.

Other applications for both photo
electric and oscillator equipment are 
common in industrial weighing opera
tions and also in liquid level control. 
Fig. 22 shows diagrammatical]}' the 
oscillator type control applied to a 
platform scale beam. Figs. 23 and 24 
show both photoelectric and oscillator  
equipment employed for liquid level 
control. In the photoelectric applica
tion, a change in ligh t fa lling  on the 
photo head as the level increases causes 
the relay to operate, w hile in  the osc il
lator application a capacity pick-up 
placed on the gage column controls the  
oscillator through change in the capac
ity  of the pick-up as the liquid level 
rises. Such a control m ay be applied 
equally well to a manometer tube for 
flow control. S till another method of 
level control is to use a probe, inserted 
through the tank wall, em ploying con
ductivity as the measured factor.

Figs. 2.5 and 2(5 illustrate  an im 
portant electronic application in which  
cither photoelectric or electronic relay 
equipment may be used. In order to 
prevent the entry of raw fuel into the  
combustion chamber of an industrial 
boiler in the case of flame failure, a 
method of detecting the absence of 
flame which is capable of operating a 
relay to close off the fuel valve is 
necessary. The photoelectric type of 
Fig. 25 employs a photo-head sighted  
on the flame. The electronic type de
pends upon the fact that a flame is 
capable of conducting an electric cur
rent., An electrode contacting the flame 
causes a voltage change on ttie grid of 
an electronic relay. As long as the 
flame is present, the relay m aintains 
the fuel valve open. Should the flame

Reprints of this 8-page report are a v a il
able at 25 cents per copy. A ddress the 
Editorial Department, Chem . & M el.. 330 
W. 42nd St., N ew  York, N. Y . '

lie extinguished, the conducting circuit 
of the electrode is broken, whereupon 
the grid bias of the tube changes, op
erating the relay and closing the valve.

Many instrum ents for the indica
tion, recording and control of such 
variables as temperature, pressure, 
flow, liquid level and pH are now em
ploying electronic relays. D elicate in
strum ents are disturbed in  their meas
urement if  required to do any consider
able mechanical contacting work. Many 
ingenious contacting mechanisms based 
on electronic means have been developed 
to overcome th is difficulty. Since such 
mechanisms can be made to function 
w ith  a m inute expenditure of energy, 
they have become increasingly impor
tant.

System s of th is type are divided 
roughly into two classes: (1) Contact- 
making system s; and (2) non-contact- 
making system s. The latter class in
cludes relay mechanisms of both photo
electric and oscillator types. Fig. 27 
shows an exam ple of the first type in  
which it  w ill be noted that the m easur
ing instrum ent M carries on its pointer 
an extrem ely ligh t contact which is 
placed in the grid circuit of an am pli
fier tube. When the contact is open the 
grid of the tube is negatively biased 
to m aintain the plate current low and 
hold the relay open. When the contact 
is  made, a posith'e bias is  applied to  
the grid of the relay tube from the 
biasing battery, whereupon plate cur
rent rises sufficiently to close the relay  
contacts. Because of the m inute quan
tity  of energy present in  the grid cir
cuit, the contact system  carries no ap
preciable current.

F ig. 28 shows how a sim ilar result 
may be accomplished w ithout contact, 
by photoelectric means. The m easur
ing system  .If carries a sm all mirror 
which reflects a beam of ligh t into or 
aw ay from a photoelectric pick-up head 
whose output controls a relay through  
an amplifier stage. Several different 
methods including s lits  and special 
mirrors are used for sharp cut-off.

A second non-contact method using  
an oscillator relay is illustrated  in 
Fig. 29. Here the m easuring instru
ment pointer M carries a sm all m etallic  
flag capable of passing into the field of 
the pick-up system . When such action  
takes place the oscillator relay changes 
its tun ing so as to cause relay contact 
operation. In any of the three system s 
ju st discussed, the m easuring system  
m ay be a galvanom eter, m illivoltm eter, 
microammeter or sim ilar instrum ent, 
depending on the m easuring problem.

Both photoelectric and oscillator re
lays are often used as lim it sw itches 
in the lim iting  of various kinds of 
mechanical m otion. The application, of 
course, is sim ilar to level control.

Counting objects passing on a con
veyor, or objects or persons approach
ing a given point, is another common 
type of application. Photoelectric  
counting is readily accomplished by 
connecting an electrom agnetic counter 
to the relay mechanism and arranging 
the ligh t source and photo-head so that 
each object passing interrupts the light 
beam, causing the relay to operate 
and add one digit to the counter. Such  
apparatus m ay be arranged to count 
one un it for every five or ten objects 
passing, in which case i t  is  called a 
m ultip lying counter. Objects passing  
at considerable speed can be handled. 
O scillator relays m ay be used sim ilarly  
for sm all objects by passing the objects 
between the plates of a condenser in 
the grid circuit.

In the case of larger objects, one of 
several varieties of “approach relay” 
can be used. Such relays operate by 
the approach or recession of a body or 
m ass which in m ost cases is a conduc
tor. The circu it m ay be bu ilt around 
either a liigh-vacuuin or gas-filled tube 
circuit. In the former ease an oscil
lator, amplifier and relay mechanism  
w ill be used, and in the latter, a tube 
of the Thyratron variety. Figs. 30 and 
31 show the two alternate circuits. The 
circuit in F ig. 30 consists of an oscil
lator which is tuned to resonance, as 
described in the first article of this 
series. An approach plate or antenna 
is  connected across the oscillator in 
ductance. Upon approach of a mass 
to this plate or antenna, the capacity  
of the antenna to ground is varied, 
whereupon the oscillator is detuned or 
retuned as desired. The oscillator con
sequently varies its  plate current which 
in turn varies the bias on the grid of 
the amplifier and operates the relay.

F ig. 31 shows the Thyratron type of 
approach relay, w ith a plate or an
tenna connected to the control electrode 
of the Thyratron. Norm ally, because 
the control electrode is  “free” (i.e., no 
external voltage is applied to i t ) ,  an 
accum ulation of electrons collects on 
the control grid, from the space charge 
w ithin the tube. The electrode is  there
fore negative and no discharge occurs 
in the tube. When a body approaches 
the antenna, electrons leak from the 
control electrode to the body, perm it
ting  the tube to fire and thus operate 
the relay mechanism. Such system s are 
used for counting m etallic objects pass
ing on conveyors, as lim it switches, 
conductivity alarm s, ign ition  alarm s, 
for liquid level control, for the detec
tion of intruders and for personal 
safety  controls about machinery.

M anifestly, th is article and the one 
that preceded it  have been unable to 
do more than scratch the surface of a 
subject which has already grown be
yond the bounds of many volumes. The 
electronic art is a tremendous one and 
it  is still expanding rapidly. I f  these  
pages have given chemical engineers 
some conception of the th ings electronic 
devices are doing, or can do for them, 
they w ill have served their purpose.
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SS PROCESS 
EQUIPMENT

From the cross section it  is evident 
that the liquid to be filtered enters in 
the space surrounding the stack of 
lilter elem ents, then passes through 
boles in the spacing rings and flows 
upward and downward through adja
cent filter disks. H aving passed  
through a disk, the liquid drains 
through a  perforated screen support 
to the center tube and leaves the filter. 
Spacing rings are of various designs, 
depending on the quantity o f solid 
material (im purities, activated carbon, 
lilter aids, etc.). In cleaning, the screw  
at the top is removed, after which the  
cover and outer cylindrical w all lift  
off and the individual filter elem ents 
may then be removed, the disks thrown 
away and replaced w ith new ones. F il
ters are regularly supplied 011 a sup
porting stand equipped w ith a pump 
and motor.

Fuse Holder
S i m p l i f y i n g  the changing of fuses 

in close quarters is an im portant fea
ture of the spare fuse holder and 
puller, recently announced by Littel- 
fuse, Inc., 4797 Ravenswood Ave., Chi
cago, 111. Adapted to all 4 AG and

New D esign Jaw  C rusher

Light-w eight w e ld e r tra ile r  pu3e ho lder a n d  pu lle r

Outlet

T h e  c ru s h e r  show n h e re  is  a  n ew  design  re c en tly  
co m ple ted  by A llis -C lia line rs  -Mfg. Co., .M ilwaukee, 
W ls. W eigh ing  a b o u t 130,000 lb., th e  c ru s h e r  h a s  
a  re ce iv in g  o p en in g  48x42  in. a n d  is  in te n d e d  fo r  
c ru sh in g  o f ex trem ely  h a rd  o re . T h is  m ach ine, 
one o f sev e ra l b e in g  b u ilt ,  is  m ade  w ith  ro lled -s te e l 
w elded side  fram e s  to  o b ta in  g re a te r  s t r e n g th  a n d  
t a s  w e igh t, re p la c in g  the  o ld e r ty p e  o f c ru s h e r  
m ad .' w ith  c a s t  iro n  f ra m e s  a n d  re in fo rce d  by 
s te e l ten sio n  bo lts .

Machinery, Materials and Products

Vibrating Screen
S m o o t h e r  o p e r a t io n , maximum flex

ib ility , greater overloads and the abil
ity  to handle more capacity arc claimed 
for the new Type M vibrating screen 
recently announced by Robins Convey
ing B elt Co., Passaic, X. J. This screen 
is of the high-speed type, rubber-cush
ioned and supported on leaf springs, 
w ith  a sharp vibrating action produced 
by adjustable counterweighted arms. 
E lim ination of flywheels and their high 
inertia, coupled w ith the use of oil- 
lubricated bearings, equipped with  
double bronze centrifugal flingers to 
prevent lubricant loss and contamina
tion, arc said to minimize power re
quirements. Screen cloth sections are 
rubber-cushioned and m aintained under 
arched transverse spring tension. I t  
is  claimed that vibration cannot be 
transm itted to the building structure, 
w h i l e  objectionable start-and-stop 
bounce is  elim inated. Floor mounting 
is possible and foundation requirements 
minimized. Screen inclination, oper
ating speed and vibration amplitude 
are all readily changed to fit the 
requirements.

W elder Trailer
R oad  t o w in g  at speeds up to 35 

m.p.li. is  possible w ith the new two- 
wheel ligh t weight pneumatic-tired 
welder trailer recently announced by 
Hobart Bros. Co., Troy, Ohio. This 
trailer, intended for the mounting of 
200, 300 and 400 amp. Hobart electric 
drive welders, is designed particularly  
for hurry-up trips to different locations

Type M v ib ra tin g  screen

for emergency repair and maintenance 
work. Mounting is accomplished easily  
by means of three bolts through the 
trailer frame which register w ith three 
holes in the legs of the welding machine. 
A combination tow bar and standing  
support has a hand-operated ratchet for 
locking the support arm in position. 
Owing to under-slung construction, 
narrow tread and careful balancing, 
the unit m ay readily be moved by hand.

Disk Filters
A n e w  DESIGN of filter known as the 

Sealed Disk type, intended prim arily  
for the clarification of liquids con
taining relatively sm all amounts of 
solids, has been announced by Alsop 
Engineering Corp., M illdale, Conn. Ac
cording to the manufacturer, the new 
design provides more filtering area in 
proportion to the space occupied by 
the filter than lias heretofore been 
available in filters of th is type. The 
new filter, shown in cross section in 
the accompanying drawing, employs 
throw-away filter disks composed of 
fibers. A single disk is formed from 
a large number of superimposed layers 
with the fibers on one side long and 
loosely m atted, and each succeeding 
layer toward the other side containing 
shorter and more closely packed fibers. 
Thus the loose side can catch coarse 
particles while each additional layer 
stops finer particles. Various disk  
densities arc available for different fil
tration jobs.

'S ea led  D isk" filter
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5 AG fuses, the device consists of a 
soft rubber rectangular holder which, 
as shown in the accompanying illu s
tration, is  put to use by inserting two 
fuses through the holes in opposite 
directions. The block is  employed as 
a handle in inserting one fuse in  the 
circuit, while the second fuse is held 
as a spare. When the fuse blows, the 
holder is then used to pull the fuse 
and to insert the spare in position. One 
end of the holder is painted red. U ntil 
a fuse change is necessary, the red 
end is concealed but when a reverse is 
made, putting the spare fuse into the  
circuit, the red end is brought into 
view  to indicate to all concerned that 
another spare is required.

Evaporative Cooler
R a p id  c o o l in g  of many industrial 

liquids such as oils, chemicals and 
jacket water is possible w ith  a new 
unit type evaporative cooler introduced 
by the N iagara Blower Co., Buffalo, 
N. Y. The new unit consists of a cas
ing containing tubes through which the 
hot liquid passes. A spray system  
drenches the tubes constantly w ith re
circulated water while air, drawn 
through the sprayed coils by a fan, 
evaporates about 5 percent of the 
water in producing the desired refriger
ation effect. Provision is  made for by
passing the air, under control of 
therm ostatically operated dampers, to 
m aintain constant liquid temperature. 
A heating coil in the liquid tank  is  
provided for preventing freezing in  
winter and also for preventing the 
separation of high-m elting-point com
pounds from solution. The un it is built 
in a variety of refrigeration capacities 
and is  particularly recommended by 
the manufacturer for use where cooling 
water economy is necessary. I t  is  
pointed out th a t water consumption 
amounts to only about 5 percent of 
that required by shell and tube heat 
exchangers.

Tubing Joint

A n e w  j o i n t  for thin-walled sta in 
less steel tubing which can be used in 
conjunction w ith standard threaded
i.p.s. fittings of all kinds is now being 
offered by Tri-Cover Machine Co., 
Kenosha, W is. The W allace jo int, for 
the m anufacture of which th is company 
possesses an exclusive license, consists 
of a specially threaded enlarging fer
rule which is inseparably joined to a 
length of stainless tubing by expanding 
the tubing into grooves in the ferrule. 
The joint can be furnished either at
tached permanently to tubing or sepa
rately, to be attached by the customer. 
No welding or soldering is. necessary 
and the pipe may be attached to valves 
and fittings by sim ple plumbing. Owing 
to the high strength of thin-walled  
stain less tubing, it  is able to replace 
much heavier pipes of standard i.p.s. 
thickness (which m ust be much thicker 
than necessary to accommodate the

D eh y d ra tio n  set-ups io r g a se s  a n d  liqu ids

Split-core te st transfo rm er

ducts dehydrated by this means, ac
cording to the company, are natural 
gas, propane, gasoline, air, nitrogen  
and carbon dioxide. The m aterial is 
said to m aintain high drying efficiency 
under difficult conditions, adsorbing 
water instantly  w ithout swelling, d is
integrating or appearing wet a t the end 
of the adsorption cycle. It is hard, 
stable, non-corrosive and non-poisonous, 
selectively adsorbing 4 to 20 percent of 
its  w eight of water, depending on the 
particular application. I t  is regener
ated by heating to 300-350 deg. F. Sug
gested flow diagram s for the desicca
tion of gases (a t to p ), and liquids (a t  
bottom ), are shown in the accompany
ing drawing.

Foam  M ixing Chamber
Foit t h e  p r o t e c t io n  of petroleum pro

ducts and other flammable liquid sup
plies against fire, Anierican-LaFrance- 
Foam ite Corp., Elm ira, N . Y., has 
developed a new “E vertite” foam m ix
ing chamber designed especially for in
sta llation  on modern oil storage tanks 
of the pressure type. The purpose of 
the chamber is to m ix the two solutions 
used in foam production and perm it the  
foam to flow on to the burning oil 
surface in  the tank. The chamber is 
equipped w ith a vaporproof glass d ia
phragm so installed as to prevent 
vapors in the oil storage tank from

In d u s tria l ev ap o ra tiv e  cooler

Joint io r th in -w a lled  tube

threads). For example, a 1J in. stand
ard pipe weighs 2.717 lb. per ft. 
whereas the tube used w ith  the W allace  
jo in t to do a comparable job, weighs 
0.759 lb. A saving of about 05 percent 
in m aterial is said to result without 
loss in effectiveness. Sizes are avail
able from A to 4 in. iron pipe size, to 
accommodate tub ing of the same nom i
nal outside diameter.

Testing Transformer
A n e w  split-core current transformer 

for the testing of a.c. power circuits 
has been introduced by R. B. Annis Co., 
1101 North Delaware St., Indianapolis, 
Ind. This transformer elim inates any 
need for opening a circuit to be tested, 
since it  is  only necessary to close the  
separable core of the transformer 
around the cable or buss to effect a read
ing. The instrum ent is then connected 
to the transformer secondary term inals. 
An im portant feature is  th at the ac
curacy of this current transformer is  
said to be practically independent of 
the tightness of closing of the magnetic 
core. By looping the cable through the 
transformer two or three times, two 
additional prim ary current ranges are 
made available.

D esiccating A gent
W h a t  i s  c l a im e d  to be a suitable  

desiccating agent for' bdth gases and 
liquids is F lorite Dcsiceant, a new 
granular drying agent1' now being 
marketed by the Floridin Co., 126 Lib
erty St., W arren, Pa. Among the pro
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entering the body of the m ixing cham
ber or escaping therefrom. The
diaphragm, glazed in a m etal frame, 
holds gas tank pressure yet ruptures 
fully under foam pressure at tiie tim e 
of fire, allowing free access of the foam  
blanket to the burning surface. D ia
phragms are readily replaced. The
chamber is of the expansion type with 
increasing cross-sectional area to pro
vide intim ate m ixing of the foam chem
icals and permit low delivery velocity.

Convertible Chem ical Pumps
A s m a n y  a s  480 combinations of 

alloys, types and sizes, w ith heads and 
capacities to meet alm ost any require
ment, are found in a now series of 
corrosion resisting pumps announced by 
The Duriron Co., Dayton, Ohio. Con
vertible features said to be obtainable 
only in th is series of Durcopumps, 
which are made of the high-silicon 
irons, Duriron and Durichlor, permit 
them to be converted to stainless steel 
pumps sim ply by substitu ting stainless 
steel wet-end parts. The exchange can 
be made w ithout disturbing the setting  
of the pump, a feature said to be 
especially valuable where frequent 
changes in process or in chemicals han
dled m ust be met.

In te rc h an g eab le  D urcopum p

Flow  control 
tran sm itte r

'■7

Other features of interchangeability  
include newly designed interchangeable 
open and closed impellers, w ith nega
tive pressure on the stuffing box. The 
pumps feature over-sized ball bearings 
throughout, and micro-adjustment of 
the impeller for maximum operating  
efficiency.

Rotameter Controller
C o m b in a t io n  of electrical transm is

sion of the flow indication, w ith pneu
matic control of the flow, is featured in 
the new Rota-M atic flow controller 
recently announced by Fischer & Porter 
Co., Hatboro, Pa. The indicating in
strum ent consists of a Rotameter flow
meter, the sensitive element of which 
may be either of conventional type, or 
may employ the company’s new Ultra- 
Stablvis float which is unaffected by 
changes in viscosity of the liquid me
tered. Connected to the float is a soft 
iron armature which is positioned by 
the float in the coils of a self-balancing 
induction bridge beneath the metering 
tube. A sim ilar pair of impedance coils 
in the receiving instrum ent causes the 
receiving armature to be positioned 
sim ilarly to the sending armature, and 
hence adjusts the indicating pen or 
pointer of the receiver.

The pen arm is so connected w ith a 
control index arm that if the two are 
not in identical position in respect to 
the indicator scale or recorder chart, 
a flapper is moved nearer to or farther

V iscosity-density
reco rder

Three-roller ja r  rolling m achine
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from a fixed air nozzle, resulting in 
changed air pressure within a bellows 
type control system . This in turn 
results in a change of air pressure on 
the diaphragm motor valve installed in 
the pipe line being "controlled. The 
bellows control mechanism has a 0-150 
percent throttling range adjustm ent 
and an adjustable reset mechanism.

The receiving instrum ent may be of 
either indicating-controlling, recording- 
controlling or recording-integrating- 
controlling type. Two instrum ents 
may, if desired, be mechanically 
coupled together for ratio control of 
two flows. Time cycle variations of the 
control point are also possible. Visual 
flow rate indication at the Rotameter 
can be used for manual control in event 
of power failure. The instrum ent is 
built in suitable construction m aterials 
for handling a wide variety  of m aterials 
of both high and low viscosity, ranging 
from acids, tars and organic liquids to 
caustics and other chemicals.

V iscosity Recorder
E m p l o y in g  a new recording instru

ment recently introduced by the P e
troleum Instrum ent Corp., 738 East 
3d St., Los Angeles, Calif., it  is possi
ble to make accurate continuous meas
urements of both viscosity and specific 
gravity of liquids. Originally designed 
for measurements on fluids used in drill
ing oil wells, the instrum ent has been 
adapted for employment in m any other 
industries. The continuous record is 
recorded on a 12-in., 24-hr. chart, with 
viscosity in centipoises and gravity in  
units as desired. The viscosity m eas
uring element is a smooth cylindrical 
solid m etallic rotor, revolving at con
stant speed in the liquid and turning  
inside a cage which contains six  sta 
tionary blades. The motor torque is a 
measure of the viscosity, which is trans
mitted to the recording mechanism. 
Furthermore, the rotor is suspended 
on a weighing mechanism so that the 
buoyant force of the liquid, which is 
proportional to the specific gravity, is 
also transm itted to the instrum ent in 
terms of liquid density. Features in
clude light weight, sim ple design, 
rugged construction, operation from an 
ordinary lighting circuit, and case of 
calibration against water.

Jar Rolling M achine

Fok b a t c h  g r in d in g  and m ixing of 
process m aterials of all kinds, Abbé 
Engineering Co., 50 Church St., New 
York, N. Y., has developed a new line 
of jar and bottle rolling machines built 
in a variety of sizes and types. In its 
sim plest form, the machine consists of 
two parallel rubber-covered steel roll
é is, mounted in large bearings and 
driven by means of a geared head 
motor, the assembly being mounted oil 
a welded steel base. Jars or bottles of 
various sizes can be placed on the 
rollers and turn as the rollers turn.
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One design employs three parallel roll
ers for two lines of hottles or jars. An
other is a double-decked model w ith  
four rollers arranged in two tiers, 
capable of handling eight 2.75-gal. jars.

Equipment Briefs
I n c r e a s e  in combustion efficiency in 

boiler furnaces is claimed by I’lioto- 
sw itch, Inc., 21 Chestnut St., Cam
bridge, Mass., when its new photoelec
tric smoke alarm Type A 2->C is em
ployed for indicating the degree of 
smoke density passing through the 
stack. The equipment includes a photo
electric control, ligh t source and ind i
cator. The photoelectric control and 
ligh t source are mounted on opposite 
sides of the Hue or stack, so aligned  
that the ligh t beam, fa lling on the 
photoelectric cell, is  modulated depend
ing 011 smoke density. The design of 
the lens system  mounting is said to 
m inim ize effects of soot and dust. The 
indicating equipment may be located 
at any point to facilita te  observation by 
the operator. A green signal ligh t indi
cates efficient combustion, while a red 
ligh t indicates excessive smoke density  
passing through the stack.

C M  M e t e o r  is the designation of a 
new line of heavy duty electric hoists 
announced by Chisholm-Moorc H oist 
Corp., Tonawanda, X. Y. The hoist is 
compact and designed to elim inate ex
cess weight. Cooling fins are provided 
for quick dissipation of heat generated 
by gears and load brake. Construction 
is fu lly  inclosed and weatherproof, with  
a specially designed electrical system  
which perm its only 110 volts to pass 
through the pushbutton station. Sizes 
range from J ton capacity, up.

M a n u f a c t u r e  of reclaimed rubber V- 
belts has been announced by B. F. Good
rich Co., Akron, Ohio. These belts-are  
claimed to give 80 percent of custom ary  
service w ithout requiring any crude 
rubber. Thus, unless additional ra
tioning of reclaimed rubber is required, 
the company believes that these V- 
belts w ill continue to be available for 
the m ultitude of uses to which Y-belts 
are now being put.

To f a c i l i t a t e  attachm ent of its  air- 
motored agitators to 30- and 50-gal. 
drums, Eclipse Air Brush Co., 400 Park  
Ave., Newark, X. J-, has developed two 
sizes of V-shaped brackets which clamp 
across the top of the drum by means of 
a screw clamp which allow s for varia
tions in drum size. The mixer, attached  
to the bracket, can be adjusted to any 
angle.

Carbon M onoxide Recorder
A n  im p r o v e d  carbon monoxide re

corder, available either for high sensi
t iv ity  or wade range, has been developed 
by Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., P itts 

burgh, Pa. The new instrum ent is a 
refinement of the company’s original 
carbon monoxide recorder. I t  consists 
of a dryer, analyzer and potentiometer 
recorder. Range and sensitiv ity  can be 
varied to su it the conditions. I f  sensi
tiv ity  is of primary importance, the 
instrum ent is calibrated to cover a 
range from 0 to 500 p.p.m., perm itting  
a sensitiv ity  o f 1 p.p.m. When a wider 
range is needed the instrum ent is de
signed to cover a range from 0 to 2,000 
p.p.m., perm itting a sensitiv ity  of 4 
p.p.m. Both ranges can be provided in 
the same instrum ent, by providing two 
calibrations. This sensitiv ity  is said 
to be about ten tim es greater than that 
of the m ost refined analytical determ i
nation.

In operation a motor-driven pump 
draws a sam ple continuously from the 
point of sam pling and forces a  part of 
th is sample through the dryer and then 
through an analyzer em ploying a 
“H opcalite” cell. Carbon monoxide in 
the sample is oxidized to carbon dioxide 
with the liberation of heat proportional 
to the amount of CO present. The heat 
liberated is measured by thermocouples 
imbedded in the “H opcalite” and the 
resultant current is measured by the 
recorder potentiometer, indicating on 
a chart as percent CO. Up to six  con
tactors can be provided 011 the potenti
ometer to operate valves, ventilation  
controls, or warning signals.

Porous Iron Bearings
S a id  to  b e  stronger than porous 

bronze bearings, a new line of porous 
iron bearings which are interchangeable 
with comparable bronze bearings, in 
most applications, has been introduced 
by the K eystone Carbon Co., 1935 State  
St., St. Marys, Pa. The new Selflube 
porous iron bearings are made of pow
dered iron, molded to  size, in the shape 
desired, then baked and finally sa tu 
rated with lubricating oil. H aving an 
average porosity of 25-35 percent, these  
bearings hold sufficient oil to last, in 
many cases, for the entire life  of the 
application. A low’ coefficient of fric
tion, combined w ith self-lubrication, 
is said to prevent excessive temperature, 
speed reduction, noise and scoring of

N ew  porous iron  b e a r in g s

shafts. The accompanying illustration  
shows a variety  of types including (1) 
sleeve or plain cylindrical bearing, (2) 
washer or thrust bearing, (3 ) spheri
cal or self-aligning bearing, (4) flanged 
bearing, w ith  special shapes shown at
(5 ) and (0) .

Stain less Steel Tubing
A NEW, closely controllable electric 

welding process is now’ being used in 
the production of stain less steel tubing  
by Globe Steel Tubes Co., M ilwaukee, 
W is. This process, developed after a 
long period of research and experiment, 
is said to produce tubing of high  
strength and corrosion resistance, and 
uniform ity of structure. The process 
welds the stain less strip with a m ini
mum of “flash”, hence m inim izing work 
in producing a smooth-finished tube. 
The weld m etal structure is said closely  
to approxim ate th a t of the tube. I t  
is claimed that the new tubing can be 
readily bent, coiled, swaged and formed. 
Marketed under the name of “Gloweld”, 
it  w ill soon be available in a wide range 
of diameters and w all thicknesses, in 
practically a ll sta in less steel analyses.

Multi-Point pH Recorder
To p e r m it  the recording of pH from 

separate and independent points in a 
lluid-flow system  and thus enable the 
operator to see continuously the before- 
and-after picture of the pH as i t  re
sponds to the treatm ent used, Cam
bridge Instrum ent Co., 3732 Grand 
Central Terminal, New York, N. Y., 
has developed a m ulti-point pH recorder 
incorporating a new advance in circuit 
design. The accompanying illustration  
shows an actual record from the con
densate system  of a large steam-gener
ating plant where the m ulti-point con
trol is used in observing the effect of 
treatm ent to elim inate turbine blade 
deposits. Many other types of use of 
m ulti-point instrum ents arc suggested, 
among them being applications in the 
brewing, pulp and paper, and oil-refin
ing fields as well as in sugar refineries 
and in water treatm ent.

Two-poinl pH  record

pH

3 4 5 6 7 8 «  10 11
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"The development of Swenson 
cast lead filters has certainly 
b een  a life  sa v e r  for us in 
handling corrosive liquors. The 
use of cast and heavy sheet 
lead in the construction of these 
units means that they are excep
tionally satisfactory in resisting 
corrosion. As a result, we have 
less interruptions to our proc
esses, less repairs, lower main
tenance ch arg es, and low er 
operating costs.

"Not only that, but the rotary 
drum design gives us high capac
ities. Cloth blinding is practically 
eliminated, the filtrate is clear, 
and the cake uniform and easy  
to wash. These are  the reasons 
why w e prefer Swenson cast 
lead filters."

The main foundation is of heavy sheet lead . G rids and discharge head are  of cast 
lead. Filter screens may be of Monel metal, stainless steel, or perforated rubber. 
Some of the external parts are  constructed of rubber-lined steel.

Swenson cast lead filters have proven 
re m a rk a b ly  successful in handling  
Glauber's salt, zinc sulphate, copperas, 
etc., from acid solutions.

The simple mechanical construction of the 
lead type rotary drum vacuum filter 
and its resistance to corrosion greatly 
reduce maintenance costs.



Sm okeless
Pow der

W iiEX p e a c e  co m es to a country the 
smokeless powder industry has the 
unusual liabit of almost entirely vanishing 

fo r the duration. However, when trouble 
appears 011 the horizon great smokeless 
powder p lants reappear as vegetation 
does in the spring of the year. Already 
they are to he found scattered over the 
country.

The base of smokeless powder is n itro
cellulose m ade, by n itra ting  cellulose. 
Wood or cotton ! inters are used as the 
source of the cellulose. Purified cellulose 
is conveyed to the n itra ting  house where 
it is charged into dipping pots along with 
acids. A fter dipping the contents is 
dropped into the wringer and from  there 
into the immersion basin, drowned with 
water and flushed into slurry  tanks. 
Im purities are removed in the boiling 
tub procedure. A fter the boil is complete, 
the m aterial is run  out of the tubs and 
into another interm ediate slu rry  tank. 
Any free acid is neutralized with sodium 
carbonate. F inal neutralization is accom
plished in  the poacher house by addition 
of more carbonate. Boilings, settlings, 
decantations, and rewaterings follow, and 
the residual carbonate and salts are re 
moved by cold water washes. Each high- 
grade and pyro poacher charge is analyzed 
and then pum ped to huge Vats with um 
brella baffles and agitators in the blending 
and w ringer house. Blending produces the 
desired nitrogen content.

The product is now ready fo r the 
smokeless pow der area. The first action 
is the substitution of alcohol fo r  w ater in 
the powder. The mass is pressed leaving 
enough alcohol to satisfy the colloidizing 
action in the mixers. H ere blocks are 
broken and partia lly  mixed with insoluble 
compounding agents and then ether, con
taining a stabilizer and plasticizer, is 
added. In  the case of cannon powder the 
colloidal form ation is completed in  macer- 
ators, then blocked in presses fo r conveni
ence in handling. I t  is screened and 
pressed into strings and cut in desired 
lengths. Solvents are removed and re 
covered. The powder is blended, weighed 
into containers which are then sealed, air- 
tested, stenciled, and routed to shipping 
and storage departments.
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1  In the purification oi the nitrated cellu lose it is  necessary  to p a ss  it 
through a series oi three jordan refiners with an  a lkaline slurry

2  Final neutralization of the nitrocellulose is accom plished in the poacher 
house b y  the addition of more sodium carbonate

INCOMING
COTTON

PURIFIED COTTON 
STORE HOUSE

PICKER DRYER
DUSTER



Chem & Met 
F L O W  

S H E E T

3  Alcohol is forced in at the bottom of the 
press disp lacing the w ater

5  The colloidal formation is com pleted in mixers of a  slightly different 
type and then blocked in p resses for convenience in handling

*7 This pow der is blocked once more and sent to graining p resses which  
extrude the pow der through screens follow ed by a  perforated die

9 Powder is put into covered cars w hich are sent to 
the solvent recovery building

11 The m ass is dumped into a bin and hot air is p a ssed  through the pow der for a sufficient 
length of time to bring the moisture content dow n to an  average value

12 Blending is next In order, and blending towerB with drop 
hoppers are provided for this purpose

SOLVENT
RECOVERY

SCREENING

W ater

Weak
Alcohol

DEHYDRATING

BOILINGNITRATING
W RINGING
DROWNING

PULPING POACHING BLENDING W RINGING M IXING WATER DRYM ACARONI
PRESS

GRAIN ING CUTTER SOLVENT 
RECOVERY CAR

PRELIMINARY
BLOCKING

FINAL
BLOCKING

£  Actual colloidizing is done in the mixer house w here the dehydrated  
alcohol-containing blocks are charged  into mixers

3  Strings of pow der so obtained are sent to a  
cutter w here pow der grain lengths are regulated

10 In the water-dry house the rem aining solvent is rem oved. Preheated  
w ater is pumped through the tanks so that solvent m ay be d issolved

I Powder is put through m acaroni press in order to rem ove lumps 
and impurities. It com es out in rope-like form

To Shipping House 
Or Storage

PACKING BLENDING TOWER


