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EDITORIALS
R E C E N T jS Y N T H E T IC  S T U D IE S  IN  T H E  T A N N IN  G R O U P 1

T h ere exist in n ature a considerable num ber of sub­
stan ces whose aqueous extra cts  h ave th e prop erty  
of tu rn in g hide into  leather. Substan ces w hich show 
th is p ro p erty  h ave also certain  other general ch arac­
teristics. T an n in g substances are am orphous and 
have an astrin gent taste . T h e y  u su a lly  p recip itate  
ge latin  from  its solutions and form  com pounds w ith  
m etals, those w ith iron, for exam ple, being freq u en tly  
colored and su itab le  for use as inks. H yd ro lytic  
agen ts sp lit th em  into  a v a r ie ty  of products. One of 
these is alm ost a lw a ys a sugar, usually  ¿-glucose, 
w hile th e other com ponen t is som e h y d ro xy  acid  of 
th e a rom atic  series. C affetan n ic  acid, for exam ple, 
w hich is found in coffee and P a ra q u a y  te a , yields a 
sugar and caffeic acid. T h e ta n n in g  m aterial of oak 
b ark  yields ellagic acid  and quercite. S till others 
y ield  phloroglucinol in stead  of sugar.

T h e m ost th o ro u g h ly  studied  of these substances 
is ord in ary  tannin,  w hich occurs in  th e n ut-galls of 
th e oak and is also found in  sum ach, tea  and other 
plants. I t  is a colorless, am orphous substance, w hich 
is rea d ily  soluble in w ater and on ly s ligh tly  soluble 
in alcohol and ether. I t  can be prepared in a state  
of com p arative  p u rity , and its  stru ctu re has interested  
organic chem ists for a long tim e.

T h e m ost im p o rtan t of th e  earlier in vestigation s 
w as carried  on b y  Strecker in  1852 [Ann. der Chemie, 
81 (1852), 248; 9°  (1854), 328]. H e h yd ro ly zed  tann in  
and found th ree m olecules of ga llic  acid  associated  
w ith one of ¿-glucose. M a n y  chem ists w ho studied  
th e problem  later  cam e to  th e  conclusion th a t sugar 
w as not an essential con stitu en t, a t least in all kinds 
of tann in, and th e ob servation  th a t ga llic  acid, b y  m eans 
of phosphorus oxych loride and other d eh yd ratin g  
agen ts, could be changed to  d igallic  acid,

H O x

2H O— ^  )>— C O O H  =

h o /
HOs

H O -  

H O /

CO
Ä | ° \
H O — <( )>C O O H  +  HoQ 

h o /

led Sch iff,.in  1871 [Ber., 4 (18 7 1), 232, 967; 12 (1879), 
33; and A n n.,  170 (1873), 43], to accep t th is sy n th etic  
d igallic  acid  as, a t least, the principal com ponen t of 
tannin. Such a conclusion le ft the op tical a c t iv ity  
of tann in  unexplained, since d igallic  acid  contain s no 
asym m etric carbon atom . I t  could n ot be certain , 
how ever, th a t o p tica lly  a ctiv e  im purities m ight n ot 
be present, inasm uch as tann in  is an am orphous su b ­
stan ce and th e usual criteria  of p u rity  and h om ogen eity  
in organic substances are lacking.

W alden, in  1897 [Ber., 30 (1S97), 3 15 1; 3* (1898), 
3x67], m ade an exten sive com parison of th e sy n th etic

1 A ddress before the E astern  N ew  Y ork  S ection  of th e  A m erican  
C hem ical S oc ie ty , S ch en ectad y , M arch  27. 1914.

digallic  acid  w ith  tannin, and foun d th a t their physical 
properties were not iden tical. T h e m olecular weight of 
tan n in  is fa r too  great for d igallic  acid, and neither the 
electrical co n d u ctiv ity , th e absorption  of light, nor the 
beh avior w ith  arsenic acid  were foun d sufficiently 
p arallel for W alden to  believe in th e id e n tity  of the 
substances concerned. Q uite recen tly , Nierenstein 
m ade th e suggestion  th a t tan n in  m ight be a mixture 
of d igallic  acid  w ith its o p tica lly  a ctiv e  reduction 
product, leuco-tannin. Such a m ixture, however, 
should be m ore acidic th a n  tan n in  and h ave a smaller 
ap p aren t m olecular w eight. S till m ore recen tly  Feist 
[Ber., 45 (1912), 1493] has suggested  a m ore complex 
com position, b u t his conclusions h a ve  now been 
superseded b y  th e w ork of E m il F ischer [Gen. rdsum6, 
Ber., 46 (19 13 ), 3253; see also 41 (1908), 2875; 45 
(19 12), 915, 2709, 3773; 46 (19 13 ), 1116 ], which it is 
the principal o b ject of th is paper to  describe.

E m il F isch er’s a tten tion  w as first d evoted  to the 
purification  of tan n in  w ith  th e idea of obtaining as 
hom ogeneous a m aterial as possible. F or th is purpose, 
th e  purest product from  Chinese n ut-galls was shaken 
from  a d ilute a lkalin e solution b y  eth yl acetate. It 
is ob viou s th a t a substance so purified could contain 
no free carb o xyl group, and we can assum e this to 
be th e fa c t concerning th e m aterial in vestigated  by 
Fischer. W hen purified in th is w a y, th e  substance is 
am orphous, b u t it is doubtless as pure a tann in  as has 
h ith erto  been prepared. I t  is o p tica lly  active, the 
specific ro ta to ry  pow er being abou t 70 °.

T h e n ext step w as th e h yd ro lysis of la n n in . This 
w as carried  out in acid  solution, since alkali would 
a ct upon a n y  sugar form ed. T h e m ethod w as checked 
b y  b lan k  tests m ade w ith  m ixtures of gallic  acid and 
sugar, and a fter m akin g a n y  n ecessary corrections of 
this kind, it  w as foun d th a t  h yd ro lysis  had decom­
posed th e tann in  into a m ixture of one m olecule of 
¿-glucose and ten  of gallic  acid. N o other hydroxy 
acid  w as found. Since there are five h y d ro xy l groups 
in  ¿-glucose, a sim ple in terp retation  of the results 
w ould suggest th a t we had to  do w ith  an ester of glu­
cose in  w hich each of the five h y d ro xy l groups was 
esterified w ith a m olecule of d igallic  acid. Such a 
substance w ould  not be a glucoside in  th e ordinary 
a ccep tation  of th e term . E m il F ischer is of the 
opinion th a t  th e la tte r  nam e should be reserved for 
p roducts analogous in  their stru ctu re to  m ethyl glu­
coside,

C H 2O H . C H O H . C H . C H O H . C H O H . C H . O C H 3  
1------------- 0 ------------- 1

T h e best proof of the stru ctu re suggested  for tannin 
w ould  be its  synthesis, b u t in v iew  of the difficulty 
of prep aring sy n th etic  d igallic  acid, it  seem ed best to 
begin  w ith  the sim pler problem  of preparing glucose 
p en tag allate . T h e m ethod w hich first suggests itself 
for th e prep aration  of such a com pound is the treat­
m ent of the sugar b y  the chloride of the acid; but 
chlorides of substances like ga llic  acid  are difficult to
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prepare. T h e usual easy reaction  of the chlorides of 
phosphorus upon th e free acids is com plicated  in  th is 
case b y  the fa c t  th a t th e h yd ro xy l groups also present 
are attacked  b y  th e reagen t. E m il F ischer w as able to 
avoid this d ifficu lty  b y  a m ethod w hich he had pre­
viously used in less com plicated  cases. T h is consisted 
of treating a h yd ro xy  acid  w ith  m eth yl ch lorcarbon ate. 
This form s a carb o m eth o xy  d eriva tive ,

CH 3O .C O .C l +  H O — < ^ ^ > C O O H  =

H C 1 +  C H 80 .C 0 -0 <( ) - C O O H

which is stab le enough to to lerate  reactions upon th e 
carboxyl group, b u t when these reactions h ave been 
carried out, gentle h y d ro ly tic  agents exchange the 
carbom ethoxy group for h y d ro xy l again.

It  is obvious th a t under these circum stances gallic 
acid would y ield  a trica rb o m eth o xy  d erivative ,

C H 3O .C O .O \

C H 3O .C O .O — <\ _ ^ > — C O O H

C H 3O .C O .O / ~

which, when trea ted  w ith  phosphorus chloride, would 
yield th e corresponding acid  chloride. T h is chloride 
was finally trea ted  w ith  ¿-glucose in d ry  chloroform  
solution, quinoline being in troduced  for the purpose 
of takin g up th e  hyd roch loric  acid  form ed. T h e 
product w as a p en ta-trica rb o m eth o xy-ga lla te  of g lu ­
cose,

. r 0  j
C H 2 .C H .C H .C H .C H .C H .O R
I I  I I '

OR O R  O R  O R  O .C O .O C H s

R  = CO<(  ^ O .C O .O C H s

o . c o .  o c h 3

It was carefu lly  saponified b y  m eans of a sm all excess 
of alkali dissolved in  aqueous acetone. U nder these 
circum stances th e carb o m eth o xy  groups were sp lit oil 
at ordinary tem p eratu re and th e p en tagallate  of g lu ­
cose was isolated. T h e  sim ilarity  of th is substance to 
ordinary tann in  w as strik in g. T h e o n ly  difference 
was in the ro ta to ry  pow er and th e q u a n tity  of gallic 
acid form ed b y  hyd rolysis. L ik e tan n in , the substance 
is am orphous, and it  can n ot be stated  w ith  certa in ty  
that it is p e rfe ctly  hom ogeneous. E m il F ischer be­
lieves th a t there are p ro b ab ly  a t least tw o  isom ers 
present w hich stan d  to  each other in the sam e rela­
tion as a- and /3-glucose. T h is condition  of th in gs 
is certain in th e case of glucose pentab en zoate.

The n ext step w as th e  p rep aration  of m eth ylotan - 
nin, which p roved  easier to carry  ou t th a n  th e synthesis 
of tannin itself. H erzig [B er ., 38 (1 9 0 5 ) , 9 S 9 ; Monat- 
shefle, 30 ( 1 9 0 9 ) , 5 4 3 ]  had a lread y  prepared this su b ­
stance b y  th e action  of d iazom ethane upon tann in, 
and had obtained, b y  h yd ro lysis, tr im eth y lg a llic  acid  
and un sym m etrical i«,^)-dim ethylgallic acid.

CH3O H O

CH 3Q<( )>— C O O H  and C H 3Q<( — C O O H

C H sO c h 3o

These fa cts  suggest th a t tan n in  m ight be an ester

of glucose w ith  five m olecules of »»-digallic acid. T h e 
synthesis w as carried on m uch as before. T rim e th y l- 
ga lloyl chloride w as first com bined w ith  m,^-dim ethyl- 
gallic  acid,

C H 30 \  H O \

C H sO— C O C 1 +  C H 30— <( )>— C O O H  =

c h 3o /  c h 3o /

C H 3Ox  |— --------- Ox

H C I +  CH3O— <(* )>— C O  C H 3Q<( )>— C O O H

C H 3 O /  C H 3 O /

and this, in its  turn, changed to its  chloride and com ­
bined w ith  ¿-glucose. T h e p rod u ct w as str ik in gly  
sim ilar to  th a t  of H erzig, b u t there rem ains, of course, 
the sam e d ou b t as to  its perfect h om ogen eity  as in 
th e  other case.

T h e success of these experim ents seem ed to w arran t 
an a ttem p t to  prepare tan n in  itse lf: «¡-digallic acid, 
w hich had  p reviou sly  been' synthesized, w as changed 
to  th e  carb o m eth o xy  com pound as in th e sim pler case 
of o rd in ary  ga llic  acid, b u t th e  p roduct w as foun d to 
be am orphous, and th e sam e is tru e of th e chloride 
w hich is prepared from  it. F in a lly , the com bination  
w ith  sugar too k  place on ly w ith  d ifficu lty  and th e sy n ­
thesis can not be regarded as successful. T h e essential 
n ature of th e tann ins seems, how ever, to h ave been 
d efin itely  settled  b y  th e in v estigation  and we can be 
confident th a t the stru ctu re of tan n in  is typ ified  b y  
the p en ta-gallate  of glucose. I t  is still possible, of 
course, th a t  tann ins from  different sources have not 
e x a ctly  th e sam e com position, and th a t a n y  given  
sam ple of tann in  is n ot hom ogeneous. I t  is also pos­
sible th a t  th e ¿-glucose is n ot rea d y  form ed in the 
m olecule, b u t th a t there exists in stead  som e p o ly ­
saccharide which gives ¿-glucose upon h yd ro lysis.

T h e in vestigation  w as continued b y  com bining 
gallic  and other h y d ro xy  acids w ith  other sugars and 
p o lyato m ic  alcohols, and a v a r ie ty  of substances were 
th us prepared which show ed th e chief tan n in  ch arac­
teristics. DoublAess the s tu d y  of com pounds of this 
class w ill be of considerable valu e to  p la n t p h ysio lo gy  
since it  is v e ry  lik e ly  th a t  th e  p lan t builds up such 
substances as a m eans of n eutralizin g acids b y  esteri- 
fication. Som e p ra ctica l results m ay also be expected, 
since sm all q u an tities of tann in-like substances h ave 
a m arked influence upon th e ta ste  of such articles of 
food as tea, coffee and sw eet fruits. I t  is, therefore, 
possible th a t sy n th etic  m aterials of th is ty p e  m ay find 
use as; flavoring m aterials.

A n  interestin g result of th e in vestig atio n  is to  be 
foun d in th e fa c t th a t syntheses of th is kind lead  
n atu ra lly  to  products of extrem ely  high m olecular 
w eight. In  th is p ro p erty  th e y  surpass even  th e  highest 
po lyp eptides. E m il F ischer expects to  carry  in v es­
tigatio n s of th is sort further, believin g th a t  it  is the 
d u ty  of th e  O rganic C hem ist to  build  up as large 
m olecules as possible, w hile th e  m odern p h ysicist 
is co n stan tly  dissecting th e  atom  into  sm aller and 
sm aller units.

B y  com bining tr ib e n zo y lga llo y l chloride w ith  the
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^-iodophenylosazone of m altose, E m il F ischer was 
able to  prepare a sub stance of th e form ula

C220H142O5SN.4I2,

and m olecular w eigh t 4021. T h is  substance has the 
highest m olecular w eigh t of a n y  organic com pound 
w hich has y e t been prepared b y  synthesis. Its  graphic 
form ula  is g iven  below .

C H  =  N — N H — S  \  I

I
C  =  N — N H — < >1

C H — O— R

r - 0 -
C H — C H — CHa— 0— C H — C H — C H — C H — C H — C H 2

O
R

0
R

0
R

0
R

0  ' 0  
R  R

and th e on ly  exp lan ation  n ecessary is th a t  th e radical 
R  signifies trib en zo ylga llo y l,

O .C O .C 6H s 

R  =  CO<^ ^ O .C O .C eH s 

O .C O .C 6H 5

I t  is interestin g to  n ote th a t th is sub stance follows the 
law s of R a o u lt v e ry  well. D eterm in ation s of the molec­
ular w eigh t b y  th e freezin g-point m ethod, in bromoform, 
y ield ed  num erical results w hich are surprisingly good 
w hen th e m agn itude of th e m olecule is taken  into 
consideration.

T h is  in v estig a tio n  has n ot led to  th e production of 
a n y  substances w hich are sufficien tly  cheap to be of 
use to  th e  tan n er as a su b stitu te  for his extracts, but 
there has been b rought upon th e m ark et w ithin the 
last few  m onths a lab o rato ry  p roduct w hich is a promis­
ing su b stitu te  for tan n in , and w hich is said  b y  those 
in th e  trad e to  g iv e  good results and shorten  the time 
required  for tan n age. T h is is th e  so-called  “ Neradol” 
of S tia sn y  [Collegium, 1913» p. 142]. I t  is prepared by 
trea tin g  phenol w ith  sulfuric acid  and adding for­
m aldehyde in  th e proportion  of one m olecule of 
form aldeh yde to  tw o of phenol. T h is  m ethod of 
prep aration  suggests th e  w ell-know n B akelite , but 
th e p roduct differs from  th e la tte r  in being soluble 
in w ater. I t  enters the pores of th e  hide readily, and 
w hen used as a prelim in ary trea tm en t increases the 
v e lo c ity  of tan n age b y  other m aterials. I t  also pro­
duces leathers of good q u a lity  and ligh t color.

F . J. M o o r e

ORIGINAL PAPERS
A T H E R M O E L E C T R IC  M E T H O D  F O R  T H E  D E T E R M IN A ­

T IO N  O F  T H E  P U R IT Y  O F  P L A T IN U M  W A R E 1
B y  G e o r g e  K . B u r g e s s  a n d  P . D . S a l e

A t th e request of D r. W . F. H illebrand,2 C hairm an  
of th e  C om m ittee on “ Q u a lity  of P latin u m  U te n sils ,”  
of th e A m erican  C hem ical Society , experim ents on th e 
loss in w eigh t due to  continued  and repeated  heatin g 
of p latin um  crucibles of v a ry in g  degrees of p u rity  
h ave been un dertaken , in  con tin uation  of sim ilar 
experim ents carried ou t under th e  im m ediate super­
vision of m em bers of the above-m en tion ed  com m ittee.

From  som e of these earlier experim ents, and from  
th e w ork of other experim enters on th e  evap oratio n  
of m etals of the platin um  group, it  appears to  have 
been hoped to  be able to  c lassify  p latin u m  w are as to 
p u rity  in term s of its evap oratio n  a t a definite tem p era­
ture, sa y  i2 o o °  C . T h is seem ed plausible in v iew  of 
the fa c t  th a t  the usually  predom in an t im p u rity , irid ­
ium , is v e ry  m uch m ore vo latile  th an  platinum . E ven  
if th is m ethod, how ever, w ould g ive an indication  of 
th e platin um  p u rity , w hich appears d ou b tfu l in th e 
ligh t of som e of our more recent experim ents, it  is a t 
best a som ew hat tedious and d elicate operation to  
carry  out.

T hese experim ents showed th e d esirab ility  of h a v ­
ing an accu rate  and rapid  m ethod for determ ining 
p latin u m  p u rity  and one th a t  could be applied  to 
crucibles w ith ou t defacin g them .

T h e m ost exa ct m ethod for th e  determ in ation  of 
p u rity  of p latin u m  appears to  be b y  m easurem ent 
of its  tem p eratu fe  coefficient of electrical resistance,

1 Presented a t  th e 49 th  M eetin g  of the A. C. S ., C incinnati, April 6 -1 0 , 
1914.

'  See report of P la tin u m  C om m ittee in th is  issue.

w hich q u a n tity  has a m ean va lu e  of abou t 0.00391 
per degree cen tigrade for th e  in terva l o° to  106° C. 
for th e  purest ob tain able p latin um , and decreases 
w ith  the addition  of a n yth in g  to  th e  platinum . This 
m easurem ent can be m ade co n ven ien tly  and exactly 
o n ly  w ith  w ires and is therefore of little  interest for 
th e determ in ation  of th e p u rity  of p latinum  ware 
such as crucibles.

T h e  therm oelectro m otive force of p latin um  against 
m an y of its  a llo ys has also been determ ined with 
considerable exactn ess.1

T h is p rop erty  m ay ev id en tly  be m ade use of, there­
fore, in devising a m ethod for th e determ ination of 
p latin um  p u rity  and one th a t  possesses, furtherm ore, 
th e a d van tages of accu racy , speed, convenience, and 
p reservation  in ta c t of th e ob jects  tested .

T h e m ethod as developed  for use w ith  crucibles is 
show n in F ig . 1. T o  th e rim  of th e  crucible C  are 
arc-soldered, at e and /, tw o  pure p latin um  wires of 
sm all d iam eter (0 .1  or 0 .2  m m .); these wires are con­
n ected  to  an ord in ary  p yrom eter-galvan om eter or 
m illivoltm eter, G; th e ju n ction  e is h eated  b y  a small 
o xy-gas or oth er b last flam e from  d and th e junction 
/ is k ep t cool b y  an air b last, c; a sheet of asbestos, A , cut 
as shown, serves to  p reven t rad iation  from  th e  heated 
portion  of th e crucible reaching th e  cold ju n ctio n /.

T em p eratu res are m easured b y  m eans of a 90 Pt- 
10 R h , P t  therm ocouple using th e cold  junction  as 
ab ove and  a P t-R h  w ire arc-soldered to  th e crucible 
near c, m ost co n ven ien tly  a d ja cen t to  (o. 5 to  1 mm. 
d istant) b u t n ot tou ch in g th e P t  w ire a t e.

1 See in  particular: W . G eibel, Z . anorg. Cltem ., 69 (1910), 38; 70 
(1911), 240; B urgess and LeC hatelier, " T h e M easu rem ent o f High
Tem peratures,"  3rd E d ., 1912, p . 171.
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T he wires are a tta ch ed  a t c and /  b y  th e well know n 
arc-soldering m ethod, w hich consists in m akin g the

L E G E N D  ^ t >
a sb e sto s  fl.-.commutator d .-  éas tube 

C - c r u c i b l e  b-* poles
G  -  ¿alvanomeferC - a i r  tube f - t  junctions 

F 10. I — D e t e r m i n a t i o n  o f  P u r i t y  o p  P l a t i n u m  W a r s  

crucible one term inal of an electric  circu it of a b ou t 40 
volts and a sharpened grap h ite  pencil th e  other, w ith  a

e  -^thermoelectric

crucible and a t th e sam e in stan t tou ch in g th e wire 
to th e crucible at th is point. T h e end of th e w ire is 
th u s fused to  the crucible. W ith  a little  p ractice  
th is  operation  m a y be m ade so th a t  there is h a rd ly  
a n y  n oticeable effect on th e appearance of th e cru ci­
ble a fter the wire is rem oved.

Q uite sa tisfa cto ry  results m ay also be obtained  b y  
sim p ly  tou ch in g the P t  wires to  th e crucible a t e and /, 
or b y  clam pin g w ith  platin um  clips, w ith ou t any 
soldering. W ith  th e ap p aratu s once set up, a 
te st m ay then be m ade in a few  seconds and the 
crucible rem ains, of course, abso lu tely  in ta ct. T h e 
hom ogen eity  of th e  crucible m a y also be determ ined 
b y  th is m ethod.

B y  m eans of a com m utator a t a b, m easurem ents 
m a y be m ade a ltern a te ly  of th e  tem perature a t e and 
of th e E . M . P. developed across the crucible when e 
is a t th is  tem perature. T h e com m utator m ay also 
be designed so as to  reverse e and /  if i t  is desired to 
m ake /  th e hot junction .

I t  is, of course, essential th a t th e tw o p latin um  
w ires be m ade of s tr ictly  pure platinum . F or th is 
purpose, use is m ade of H eraeus norm al therm oele­
m ent wire draw n dow n; th is p latin um  has shown 
itse lf to  be a stan dard, uniform  product, th e  p u rity  of 
w hich is easily  controlled  b y  th e electric resistance 
m ethod above m entioned.

In  the ta b le  are given  th e results of a series of m eas­
urem ents a t a b o u t 1050° C . of th e  E . M . F . of pure 
p latin um  again st “ p la tin u m ”  crucibles of various 
m akes. In  P ig. II  are show n th e isotherm al curves, 
a t 900°, io o o 0 and xxoo° C ., for irid ium  con ten t of 
p latin um  in term s of E . M . F . again st pure platinum . 
T h ere is also shown here th e irid ium  eq u iva len t of the 
im purities in the crucibles c, h and k of the ta b le , in 
term s of th eir stated  and observed iridium  contents.

I t  w ill be noted th a t all im purities are, for conve-

SU M M AR Y OF T lIB R M O E L B C T R IC  T E S T S  OF PLA T IN U M  C R U C IB L E S

S o u r c e  o r 'M a k e r

Heraeus.

American^Platinum W orks.

Baker & C om pan y.

Johnston M ath ey  & C om pan y .

J* Bishop.

Quenessen D e  B elm on t, L egendre et  
Cie....................

2

S ta ted

3

P rev iou sly

4 5 6 7 
E q u iva ­

len t
E .M .F .:  Ir 

P t  vs. con- E . M . F . from  
T em p , cru- te n t  P t-Ir  curve

8

E . M . F .
excess  

due to  Ir or

9

R ef­
R e m a r k s D ate

of
Ir  con ten t heated of test cib le Per (See 2 and 4) im purities erence pur­

Per cen t Hrs. 0 C. M v. cen t M v. M v. letter chase
0 . 0 17 1050 0 .0 0 0 .0 0 0 . 0 0 0 . 0 0 a N orm al th erm oelem ent P t 1911

0 .7 H eated 1050 2 . 0 0 0 .7 0 2 . 0 0 0 .0 0 b N orm al T iegel p latin 1911
0 .7 0 1050 2 .6 0 0 .9 0 2 . 0 0 0 .6 0 c N orm al T iegel p latin 1911

< 0 . 2 24 1050 0 .6 3 0 .1 9 0 . 1 0 0 .5 3 d “ T iegel p la t in ” H eraeus 
“ T iegel p la t in ” H eraeus

1911
< 0 . 2 16 1050 1 .0 0 0 .3 5 O.IO 0 .9 0 e 1911
0 .5  to  1 .5 11 1075 6 .6 0 2 .5 5 1 .5 0  to  4 .1 0 2 .5 0  to  5 .1 0  / Com m ercial 1911
0 .5  to  1 .5 4 1085 6 .4 0 2 .5 0 1 .5 0 4 .9 0 g Com m ercial 1911

? 0 .5 1100 3 .5 0 1 .19 3 .5 0 h Loaned  b y  purchaser 1913

? 10 1050 6 .7 5 2 .7 2 6 .7 5 i C om m ercial 1908
? 20 1050 6 .9 5 2 .7 8 6 .9 5 j C om m ercial 1908
2 .3 7 0 1030 6 . 0 0 2 .3 7 6 .0 0 0 . 0 0 k Special analyzed  m ake 1912
0 .7 0 2 12 1050 1 .9 0 0 . 6 6 2 .0 5 — 0 .1 5 I Special analyzed  m ake 1912

R efined 0 1040 0 .3 3 0 . 1 0 0 .3 3 m Specia lly  refined 1911
? 3 yrs. 1100 3 .0 0 1.01 3 .0 0 m U sed  3 yrs. in  lab. 1909
? 0 1100 1.71 0 .5 5 1.71 A verage o f seven

? 67 1050 0 .4 8 0 .1 5 0 .4 8 n
com m ercia l crucibles 

B est crucible ware
1914
1911

? 0 1070 0 .6 8 0 .2 3 0 .6 8 0 B est crucible ware 1911
? 20 1050 0 .6 3 0 . 2 2 0 .6 3 P B est crucible ware 1913

? 9 m o. 1100 2 . 1 0 0 .6 8 2 . 1 0 Q L oaned  b y  purchaser. U sed

' ? 0 .5 1100 2 . 2 0 0 .7 2 2 . 2 0 r \
con tin u ou sly  9 m o. 

Loaned  b y  purchaser. U sed
1913

.R efined 31 . 1050 0 .6 0 0 .2 1 0 .6 0 s )
con tin u ou sly  9 m o. 

Specia lly  refined
1913
1911

? 10 1050 2 .7 9 0 .9 8 2 .7 9 I 1911
? 0 1060 2 .8 0 0 .9 8 2 .8 0 u 1911
? 4 1030 1 .6 0 0 .5 6 1 .6 0 V 1911

rheostat in  series. T h e  operation  of soldering con­
sists in draw ing a m inute arc betw een pencil and

nience, expressed in term s of irid ium  conten t. Of p a r­
ticu lar in terest is th e com parison of colum ns 2 and 6,
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the form er g iv in g th e stated  irid ium  conten t (and often 
accom panied b y  th e statem en t th a t  there are no other 
im purities) and th e la tter  g iv in g the irid ium  content 
as determ ined th erm oelectrica lly  b y  experim ent and 
use of F ig. II . In  several instances, n o ta b ly  for th e

crucible of norm al therm oelem en t p latin u m  (a), of 
H eraeus and for B a k e r ’s crucible (k), of 2 .3 7  per cent 
iridium , th e sta te d  and found irid ium  conten ts agree 
ex a ctly . On th e other hand there is a wide divergence 
from  th e  supposed and actu al irid ium  con ten t for 
several of th e crucibles; for exam ple, /  of th e A m erican  
P latin u m  W orks, supposed to  contain  n ot over 0 .5 0  
to  1 .5  per cen t iridium , a ctu a lly  contain s an iridium  
eq u ivalen t of 2 .5 0  per cen t; and even  in  th e  case of 
refined, sp ecially  refined and b est crucible w are, the 
eq u iva len t irid ium  con ten t is n ot inconsiderable. 
A m o n g th e 22 crucibles exam ined there is b u t one,
(i ), of B ak er & C o., contain ing less irid ium  th an  
is stated .

In  com paring th e sta te d  contents, colum n 2 of the 
table , it  should be borne in m ind th a t som e of these 
crucibles, excep tin g perhaps those m arked refined or 
sp ecia lly  refined, m ay contain  iridium  w hich is p u t or 
le ft in th e  crucible m aterial purposely, u su ally  for the 
purpose of stiffening, or in the case of com m ercial 
w are, because such P t  a lw ays carries Ir, T h e  m ethod 
here described, how ever, provides a delicate m eans 
of determ ining w hether or n ot the desired lim itatio n  
of im p u rity , expressed in term s of iridium  conten t, 
and as m easured th erm oelectrica lly , has been m et b y  
th e m an ufacturer. For the exp erim ental arrangem ent 
here given , th e am oun t of im p u rity  is rea d ily  deter­
m ined to  0 .0 1 per cent and th is a ccu racy  could be im ­
p roved  upon if necessary.

T h e m ethod does n ot distinguish th e  various possi­
ble im purities from  each other b u t is n everth eless a

certain  check on th e p latin um  p u rity .1 One of the most 
undesirable im purities often  foun d in  com m ercial 
p latin um  ware is iron; th is is readily  d etected  b y  igni­
tion  and subsequent w ashing w ith  hot H C 1 and apply­
ing th e  usual color te st for Fe. Iron-, if present in

re la tiv e ly  considerable q u a n tity , w ill also discolor 
th e crucible on ignition.

I t  w ould p ro b ab ly  be ad va n ta geo u s to substitute 
rhodium  for irid ium  in p latin u m  crucibles when stiffness 
is desired and when ex a ct w eighings h ave to  be taken 
before and after ign ition , for th e reason th a t  rhodium 
is fa r  less vo la tile  th a n  iridium , and som ew hat less so 
th an  platin um , a lthough it  appears n ot y e t  to  have 
been proven  th a t th e more vo la tile  m etals alloyed in 
sm all am ounts w ith  p latin u m  reta in  th eir vo latility  
in d epen d en tly  of th e presence of th e  platinum .

T h e ab ove described th erm oelectric  m ethod will 
not alone distin guish  betw een  sm all am ounts of rho­
dium  and iridium , b u t a com bin ation  of th e therm o­
electric  and loss of w eight m ethods m ight be devised 
th a t  w ould be sa tisfa cto ry . A n  electric discharge 
m ethod operated  at high tem peratures m ight possi­
b ly  be m ade sufficien tly  selective  to differentiate 
betw een  p latin um  alloys of irid ium  and rhodium. 
T h ere is e v id e n tly  room  for m uch more w ork along 
these lines.

B u r e a u  o f  S t a n d a r d s  
W a s h in g t o n

T H E  D E T E R M IN A T IO N  O F  T H E  D U S T  F A L L  IN  T H E  
N E IG H B O R H O O D  O F  C E M E N T  P L A N T S

B y  J .  P .  M it c h e l l  

R eceived  M a r c h  18, 1914

T h e determ in ation  of th e dust fa ll in the neighbor-
1 A ll th e  m etals found associated  w ith  p latinum , such as palladium, 

iridium , rhodium , etc ., w hen alloyed  w ith  p latinum  (up to  90  per cent only 
of palladium ) give, a t  high tem peratures, an IS- M . F . of th e sam e sign against 
pure platinum . Therefore, there is no am b igu ity  in balancing one im purity 
again st another.
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hood of cem en t p lan ts has recen tly  becom e a m atter 
of considerable im portance, large ly  as a result of 
litigation w hich has arisen betw een certain  com ­
panies engaged in th e m anufacture of cem ent, and 
the residents of the region in the im m ediate n eighbor­
hood of the plants. T h is litiga tio n  has ta k en  th e form  
of suits on th e p a rt of th e residents either to  secure 
damages, or obtain  in jun ctions again st th e operation 
of the plants, based upon in ju ry .a lle g e d  to  have been 
inflicted upon th e p rop erty  of th e residents. T w o 
entirely d istin ct claim s of in ju ry  h a ve  been advanced. 
One is based upon th e alleged infliction of actu al 
damage to  vegetation , either th e a ctu al destruction  
of plants and a ctu al destruction , in  whole or in part, 
of crops, or th e  lessening of th e m arket va lu e  of p lants 
and crops b y  th e  presence of cem ent dust on the p lan t 
foliage and fru it. T h e other claim  is based upon 
the less specific ground of “ n uisan ce.”  I t  is alleged 
that the cem ent dust enters the houses of th e  com ­
plainants, causes m uch personal inconvenience, and 
in general interferes w ith  the righ t of ev ery  land 
holder to the en joym en t of norm al and unpolluted  
atm ospheric conditions. W h a tev er be the basis of 
the com plaint, it  is a m atter of record th a t such com ­
plaints are_ becom ing m ore com m on in  all p arts of 
the coun try, and in ev e ry  such case it becom es a m atter 
of im portance to  b oth  parties th a t th e true conditions 
be determ ined as accu rate ly  as possible. Such a 
determ ination in v o lves a s tu d y  of th e  am ount and 
character of the dust fa ll th rou gh ou t th e region in 
question, and a correlation  of th e  results of such a 
study w ith  th e  p revailin g  m eteorological conditions. 
It is the purpose of th is paper to  deal w ith  th e m ethods 
available for th e determ in ation  of th e  dust fa ll, and 
the proper in terpretation s of th e results obtained.

Another aspect of th e su b ject deserves m ention. 
From th e cem ent m a n u factu rer’s point of v iew  the 
dust throw n from  th e sta cks of th e p lan t represents 
not only a con stan t source of possible legal expense 
and an xiety , b u t also a v e ry  real econom ic waste. 
The am ount of dust lost from  a k iln  of the ordinary 
rotary ty p e  m ay am ount to  a num ber of ton s in  one 
day, and th is dust is not com posed of a useless w aste 
product, b u t is th e  v e ry  sub stance for th e production  
of which th e whole p la n t is operated. T h e recovery  
of this dust, therefore, should not be regarded en tirely  
as an expense, b u t as a possible m easure of econom y. 
The determ ination  of th e am ount of du st lost in th is 
way from  a g iven  p la n t can n ot be carried out satis­
factorily b y  th e determ in ation  of th e  du st fa ll in the 
vicinity, b u t m ust be arrived  a t b y  a stu d y  of the 
conditions existin g in the stacks of th e p lan t th em ­
selves, and therefore lies outside the scope of this 
paper.

The m ethods w hich h a ve  been used for th e d eterm in a­
tion of the am oun t of dust in th e atm osphere m ay be 
divided into  fou r grou p s.1

The m ost scien tifically  accu rate  m ethod is w ithout 
doubt th a t of A itk in . T h is depends upon condensing

1 For a very com p lete d iscussion  o f  th e  m eth od s ava ilab le, and bib liog­
raphy of th e su b ject, sec  U . S . D ep t, o f A griculture. B ureau of Soils, B u ll. 
No. 68, "T he M ovem en t o f S oil M ateria l by th e  W in d ,” b y  E . E . Free.

w ater vapor on th e dust particles, and counting the 
resulting drops of w ater.

T h is  m ethod is too  refined for th e purpose under 
consideration. T h e present problem  is n ot concerned 
w ith  th e  ultram icroscopical particles n orm ally  present 
in air, or even  w ith  th e increase in their num ber, 
b u t rath er w ith  the v e ry  m uch larger particles of 
solid m atter w hich con stitu te  “ d u st”  in th e  ord in ary  
m eaning of th e term .

E fforts h ave been m ade to  catch  the dust present 
in air in various box-like con trivan ces designed to 
catch  the dust b y  checkin g th e v e lo city  of th e  air 
currents, and create conditions under which th e dust 
will settle  ou t and rem ain w ith in  th e apparatu s. 
Such m ethods m ay be useful in a s tu d y  of the ch aracter 
of atm ospheric dust, b u t g ive  rise to certain  difficulties 
w hen applied to  the problem  of determ ining the am ount 
of dust fa ll in different localities. Since th e  am ount 
of dust rem aining in th e box depends upon th e am nt 
of air passing into  it, th a t is, upon the wind vel 
th e results g ive  w h a t m ay be term ed th e “ dust bu x”  
of the air, as distinguished from  th e “ dust fa ll”  which 
would h ave ta k en  place a t th e sam e point had the 
v e lo city  of th e  air not been checked.

T h e dust present in th e air has been determ ined 
b y  draw ing know n volum es of air through w ater or 
filters, and w eighing or counting th e dust particles 
retained. T h is m ethod again  g ives th e “ dust b urden ”  
of th e air, rath er th a n  th e “ dust fa ll ,”  and w hile it 
is availab le  for determ ining th e am ount of dust in a 
given  volum e of air a t a g iven  tim e, it  is n ot availab le  
for determ ining th e re lativ e  dust fall at different 
points during a som ew hat extended in terv a l of tim e.

T h e fourth  group of m ethods depends upon th e ex­
posure, in a horizontal position, of a surface of know n 
area coated  w ith  a substance th a t w ill retain  dust 
fa llin g upon it, and th e subsequen t rem oval, w eighing 
and exam ination  of th e  dust deposited upon th e sur­
face. W hile no m ethod of th is sort collects th e sm all 
m icroscopic particles present in large num bers in all 
air, it does collect the larger particles ordinarily  
considered “ d u st,”  and does afford a reliable m eans 
of com parin g th e am ount and com position  of the dust 
a ctu ally  fa llin g  upon a horizon tal surface a t different 
points during a g iven  in terva l of tim e. I t  is th ere­
fore a vailab le  for th e  purpose here in  view .

T h e m ethod fin ally  adopted  as m ost efficient and 
p ractical is th e  exposure of glass p lates coated  w ith 
vaseline, and th e subsequent cleaning of th e p lates 
w ith gasoline, and recovery  of th e dust b y  filtration . 
T h e details follow .

T h e p lates used were of glass and m easured five 
b y  seven inches. O rdin ary w indow  glass w as used, 
and th e dim ensions of th e p lates were carefu lly  checked, 
and a n y  p lates w ith variation s greater th an  one- 
sixteenth of an inch were discarded. Old p h oto­
graph ic p lates m ay be used, b u t are thinner and more 
su b ject to  b reakage th a n  ord inary w indow  glass. 
T h eir  ligh ter w eight also m akes them  m ore difficult 
to handle in  th e field in a high wind. T hese p lates 
were laid  on horizon tal p latform s p laced a t th e top 
of high poles. T h e size of th e  p latform s w as such
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th a t th e y  ju s t held th e num ber of p lates exposed, and 
projected  less th an  half an inch beyond th e outer 
edge of th e  outside plates. A  wide projection , w hich 
could serve as a resting place for dust w hich m ight 
sub seq u en tly  be blow n onto th e plates, w as avoided. 
T h e p lates were held in position b y  sm all ta c k s  driven  
into  the edge of th e platform . T h e  p lates m ust be 
set c losely  together, and th e ta c k s  ad ju sted  so as to  
hold th e p lates firm ly in place, otherw ise th e  shaking 
of the pole in a high w ind will dislodge some of the 
plates. A t  the outset of th e w ork som e p lates were 
lost from  th e platform s during a high w ind storm , 
b u t w ith  p ractice it  w as foun d th a t care in th e ad­
ju stm en t of the ta ck s w ould preven t a n y  loss from  this 
cause. A fter  the p lates had  been exposed for the 
desired length  of tim e th e y  were taken  up, p laced in 
tig h t wooden boxes p rovided  w ith  cleats to  hold  the 
p lates apart, low ered to  th e ground, th e box placed 
in a sack to  exclude road dust, and tak en  to the la b ­
oratory . t

T h e lab o rato ry  w ork in vo lved  the preparation  and 
cleaning of th e plates, and th e  w eighing and analysis 
of th e dust collected. B efore use th e  p lates were 
first th o ro u g h ly  cleaned, th en  w arm ed, and while 
w arm  given  a th in  even  coating of th e purest vaseline 
ob ta in able  (K a h lb a u m ). T h e vaseline while w arm  
and liquid  w as best applied  w ith  a wide cam el’s hair 
brush. I t  was free from  m ineral salts, and ga v e  
no w eighable residue when ignited. A fter  exposure 
the p lates were first carefu lly  w iped on the edges and 
bottom s, and then  p laced in a w hite enam el p h oto­
graphic tra y , and covered  w ith  filtered gasoline. 
T h e dust deposit w as then  loosened b y  rubbing w ith 
a cam el’s hair brush, th e p lates held on edge in  the 
tra y , and rinsed on both sides w ith  a fine stream  of 
gasoline blow n from  a wash b ottle. A ll of one set 
of plates, which had been exposed on th e  sam e p la t­
form  for the sam e tim e, were cleaned in  th e sam e 
tr a y  of gasoline. E xam in ation  of th e p lates after 
th e  adhering gasoline had evap orated  often  dis­
closed fine streaks w hich looked like unrem oved 
du st particles, b u t these streaks were found to be 
both  vo la tile  and soluble in alcohol, show ing th a t  all 
the m ineral particles had been rem oved  from  the 
plates b y  th e clean ing process.

T h e dust obtained in  th e tra y s  w as sep arated  from  
the gasoline b y  filtration  through paper filters. Som e 
d ifficu lty  was experienced due to  th e  hardening of 
th e paper b y  th e  gasoline and consequent slow  filtra ­
tion. T h is d ifficu lty  can be overcom e b y  first w ettin g  
the filter paper w ith  alcohol, and b y  the use of m oder­
a te ly  stron g suction. T h e filtrates are never p erfectly  
clear, b u t are s lig h tly  c lo u d y  as a result, ap p a ren tly , 
of th e form ation  of an em ulsion b y  th e  gasoline w ith  
som e con stitu en t of th e vaseline. T h e evap oration  
of the filtrates in a num ber of cases, gave, a fter ign ition , 
no w eighable residue. T h e filter paper contain ing 
th e  dust w as p laced in a w eighed p latin u m  crucible, 
and heated  cau tio u sly  to  incipient redness un til th e 
paper w as reduced to ash and th e  crucible and con ­
ten ts had a tta in ed  con stan t w eight. T h e resu lt w as 
corrected  for th e  know n  w eight of the filter paper ash.

T h e  analysis of th e dust sam ples w as carried out 
according to stan dard  m ethods. T h e sam ple was 
fused  w ith  sodium  carbonate, digested  w ith  concen­
trated  hydrochloric acid, and th e silica determined 
after tw o  evap oration s and dehydrations, and was 
checked w ith  hydrofluoric acid. T h e calcium  was 
precip itated  as calcium  oxalate, a fter rem oval of 
iron and alum inum , from  th e  boiling solution, and 
was ign ited  to  calcium  oxide u n til con stan t weight 
was obtained.

T h e choice of th e locations for th e exposure of the 
plates, th e height of th e p latform s ab ove th e ground, 
th e  num ber of p lates exposed in one set, and th e length 
of tim e of th e exposure in v o lves th e consideration 
of a num ber of factors. T h ese fa cto rs all depend 
to  som e exten t on th e p articu lar problem  under in­
vestigatio n . T h u s th e to p o g ra p h y of th e country, 
th e  character of th e vegetation , th e  clim atic  conditions, 
th e season of th e year, and the direction  and regularity 
of th e  w ind currents m ust all be considered, and 
none are id en tical in tw o specific problem s. How­
ever, th ere are certain  general principles th a t w ill apply 
to  all cases.

F ield  w ork of th is ch aracter is ab so lu tely  dependent 
upon fa ir  w eather. E v e n  a lig h t rain  w ill interfere 
w ith  th e film  of vaseline and adhering dust on the 
plates, causing “ b listers”  and bare spots to appear, 
and a h e a v y  rain  w ill n ot on ly  wash th e dust from  the 
plates, b u t w ill also p reven t th e norm al transporta­
tion  of th e dust from  th e p la n t b y  w ashing it  out of 
th e atm osphere before it  has been carried to any 
distance. A  period of settled  fa ir  w eather must 
therefore be selected. T h is is v ita l, n ot only on ac­
coun t of the interference due to  rain, b u t also on 
accou n t of th e im portance of h a vin g  norm al wind 
conditions during th e  tim e of the in vestigation . In 
general, the spring and sum m er m onths are the most 
sa tisfa cto ry ; th e w inter m onths, when the wind cur­
rents are m ore variab le, are far less desirable.

T h e  locations selected  for th e exposure of the plates 
depend alm ost en tirely  on th e o b jects  of a particular 
in vestigation . I f  a law su it is in vo lved , th a t will 
d ictate  at least som e of th e locations. In  general, 
th e positions selected  should be a t som e distance 
from  roads and buildings, and should be on exposed 
ground n ot sheltered b y  trees or hills. If  a com­
prehensive s tu d y  of th e dust fa ll is under w ay  they 
should be chosen in all directions from  the plant, 
and a t least one should be p laced in a region clearly 
outside of th e  “ dust zon e”  to  serve as a control station.

T h e  p latform s are best p laced on th e  top of poles 
from  tw e n ty -five  to  th ir ty  feet above' th e ground. 
T h is height is im p ortan t for tw o  reasons: First, 
to  place th e plates above th e influence of minor dis­
tu rb an ces of the soil w hether caused b y  m an or wind. 
Second, to  place th e p lates a t an elevation  where 
th e w ind currrents are regular and approach, in velocity, 
those of th e  upper air currents. W hile nothing defi­
nite is kn ow n  as to  th e  distance to  w inch a given 
dust particle will be carried  b y  a w ind of know n velocity, 
it  is know n  th a t th e  v e lo city  of th e  wind decreases 
regu la rly  dow n w ard until w ith in  abou t fifteen feet
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of the surface of th e ground. W ithin  th a t  distance 
of the ground the wind currents v a ry  v e ry  irre g u la r ly .1 
On the other hand, the results obtained would be 
misleading if th e platform s were p laced a t a great 
height above th e surface, for then dust m ight be col­
lected which w ould h ave trav eled  a considerable 
distance before fa llin g to  th e ground. P latform s 
have been placed on the gable ends of barns during 
preliminary w ork, b u t th is is u n satisfactory  on accoun t 
of the unknown effect of th e build in g on the wind 
currents, and th e possib ility  th a t  dust form erly lodged 
in the roof m ay be blow n onto th e plates.

The num ber of p lates exposed in one set, th a t  is, 
on one platform  at th e sam e tim e, is determ ined b y 
preliminary experim ent, and is so selected  th a t a 
sufficiently large sam ple of th e dust will be obtained 
to admit of accu rate  w eighing and analysis. It  
depends upon th e soil and vegetatio n  of the area in 
question, upon th e distance from  th e p lant, and upon 
the length of tim e of exposure. T h e w riter has used 
sets of ten and tw e n ty  plates, and has foun d ten 
usually sufficient.

The choice of th e tim e of exposure is op tion al w ithin 
certain lim its. Sets of tw e n ty  p lates each are abou t 
as large as can be handled to ad va n ta ge , and th e tim e 
of exposure m ust be sufficient to  a llow  th e collection 
of an adequate sam ple under th e existin g conditions. 
On the other hand, th e shorter th e in terva l of exposure, 
the more accu rate ly  can th e results be correlated  w ith  
the corresponding w ind direction  and ve lo city  records. 
The best plan is to use a short period of exposure, 
three to five days, rep eated ly  for a considerable length  
of time such as th ree to  five weeks. In  th is w ay  th e 
results of each exposure can be com pared w ith  the 
corresponding w ind conditions for detailed  stu d y, 
and the sum  of th e  dust fall during th e  whole tim e of 
the investigation  w ill show the to ta l effect of a v a rie ty  
of wind conditions. T h e m axim um  tim e of exposure 
possible is set b y  th e a b ility  of th e vaselin e to  retain  
its power of holding th e  dust th a t fa lls  upon it. A n 
experiment w as carried ou t to  determ ine th is lim it. 
Twenty plates were exposed on a p latform  abou t 
fifteen feet above th e  ground and near a d u sty  road. 
Five of these p lates were le ft un disturbed  for fou r weeks, 
five for three weeks, five were replaced b y  fresh plates 
at the end of tw o  w eeks, and five were replaced w ith 
fresh at the end of each- w eek for four weeks. T h e 
dust collected on the fresh p lates w eek b y  w eek w as 
compared w ith th a t deposited upon those p lates th a t  
were left un touched for tw o, three and four weeks. 
The results in dicated  th a t up to tw o w eeks the p lates 
held all the dust fa llin g  upon them , b u t th a t during 
the third w eek on ly  a b ou t three-fourths of th e dust 
falling was retained, and during th e fourth  w eek only 
about one-third. D urin g th e experim ent th e dust 
fall was h ea vy, am ountin g to  betw een  three- and four- 
tenths of a gram  on five p lates in one week. I t  is 
possible th a t w ith  a ligh ter dust fa ll the holding 
power of th e p lates w ould be sa tisfa cto ry  through th e 
third week, b u t it is p ro b ab ly  unsafe to  depend upon 
the accuracy of the results a fter an exposure of more

1 Cf, Bull, 68, Bureau of Soils, pp. 4 1 -4 4 . U dd en , Jour. Geol., 2 , 318.

th an  tw o  weeks, or one w eek in case of very  h e a v y  
dust fa ll. I t  will be interestin g to  determ ine w hether 
th e decrease in th e holding pow er of th e vaseline 
surface is caused b y  sim ple exposure to  air and su n ­
shine, or w hether it  is dependent only upon the am ount 
of dust w hich has lodged on the p late. T h e d eterm in a­
tion  of th is point can be carried out on ly  b y  exp eri­
m ent, and since th e experim ent requires at least 
four w eeks of continuous fa ir w eather it  w ill be some 
tim e before it  can be com pleted.

T h e  results of th e field and lab o rato ry  w ork are 
obtained  in term s of gram s of dust deposited upon 
a g iven  num ber of p lates during a certain  num ber 
of d ays, hours and m inutes. F or convenience in 
com paring th e dust fa ll a t different points it  is neces­
sary  to  express th e  results in term s of som e selected 
unit. T h e m ost conven ien t unit is th a t of “ pounds 
per acre per d a y .”  F or some purposes it  is interestin g 
to calcu late  th e results in term s of “ tons per acre 
per y e a r ,”  b u t th is la tter  u n it is open to th e  objection  
th a t, since the experim ents n ever exceed a few  d ays 
in len gth , it  presum es th a t th e dust fa ll determ ined 
is constan t th rou gh ou t a year.

T h e sim ple determ ination  of th e to ta l dust fa ll at 
g iven  points does not afford sufficient inform ation  on 
w hich the d istribution  of th e cem ent dust from  a p lan t 
can be determ ined. I t  is n ecessary to  separate th e 
to ta l dust fa ll in to  w h at m ay be term ed “ field d u st,”  
th a t  is, th e dust blow n from  the surface of th e ground 
and n orm ally  present in th e air, and “ cem ent d u st”  
proper. B y  “ cem ent d u st”  is m eant th a t  solid m aterial 
w hich issues from  th e sta ck  of a cem ent p lant. Since 
cem ent proper is prepared b y  the grinding of th e clinker, 
it  can not be present in the dust, b u t th e la tter  w ill 
consist of “ raw  m ix,”  p a rtia lly  calcined b u t not fused, 
of a com position dependent upon th e raw  m aterials 
used a n d  the construction  of the kiln. T h e sim plest 
m ethod for sep aratin g the to ta l dust fall into field 
and cem ent dust, is to  su b tract from  th e dust fall 
found near the p la n t th a t  foun d a t control station s 
located  outside th e  possible p ath  of th e cem en t dust, 
and consider th e difference to  be cem ent dust. W hile 
sim ple, th is m ethod m ay be v e ry  m isleading. I t  
m ight be sa tisfa cto ry  if th e top og rap h y, as well as the 
character of the soil and its  use were uniform  th rou gh ­
ou t the w hole field under consideration. Such, h ow ­
ever, is not lik e ly  to  be the case. T h e dust fall at 
rem ote control station s is not necessarily th a t norm al 
to  th e region near th e p lan t, w here th e soil, agricu ltural 
and wind conditions m a y be v e ry  different, and som e 
m ore accu rate  m eans of sep arating th e dust fa ll into 
its  com ponents is required. T h is separation  m ay 
be accom plished b y  th e  analysis of th e sam ples, and 
on the basis of th eir silica and calcium  oxide content. 
C em en t dust contain s m uch calcium , present either 
as oxide, carbonate or silicate, and re la tiv e ly  little  
silica, while field dust contains m uch silica and rela­
t iv e ly  little  calcium . T o  carry  out th e calculation, 
it  is first necessary to  obtain  a sam ple of th e dust 
as it  issues from  the stacks of th e p lant, and determ ine 
the percentage of silica and calcium , u su ally  expressed 
as calcium  oxide, w hich is present. T h e sam ples col­
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lected  in th e field h ave been found, in v a ria b ly , to 
contain  m ore silica and less calcium  oxide th an  the 
sam ple from  th e stacks, show ing clearly  th e effect 
of th e adm ixture of field dust. T h e percen tage of 
silica increases, while th a t of calcium  oxide decreases, 
w ith increasing distance from  the p lant. T h e silica 
and calcium  oxide contents of the sam ples from  the 
control station s are also determ ined. I t  is then possi­
ble, on the basis of th e calcium  oxide content, to 
calcu late  w h at m ixture of cem en t dust and field dust, 
both  of know n calcium  oxide conten t, w ill give the 
percen tage of calcium  oxide found in th e sam ple 
obtained  at a n y  point in the field. T h e  sam e cal­
cu lation  can be repeated  on th e basis of th e silica con­
ten t, and the results h a ve  been found to  agree ve ry  
closely. I t  is th us possible to  separate th e to ta l 
dust fa ll .a t  a n y  poin t into “ field d u st”  and “ cem ent 
d u st,”  w ith sa tisfa cto ry  accu racy . T w o  possible

dust. .C alcu latio n s m ade in the sam e w a y  on the basis 
of the silica con ten t gave results in good agreement 
w ith  those given  in th e table .

A  num ber of im p ortan t points are brought out very 
clearly  b y  the d a ta  in T a b le  I. I t  is apparent that 
th e dust fa ll does n ot depend on ly  on the distance from 
th e cem ent p lant. T hus D  34 a t 2.8 m iles shows a 
higher cem en t fall th an  D 25 a t 1.2 miles. This is 
due, of course, to  th e difference in the direction from 
th e  p lan t. Sam ple D  34 w as ta k en  in the direction 
of the p revailin g  w ind, w hile sam ple D  25 was taken 
to one side of th is d irection. If  the wind conditions 
are fa irly  stead y, th e dust fall w ill often  be restricted 
to  a v e ry  narrow  zone, b u t its len gth  will depend 
upon the v e lo city  of the w ind. If the w ind be light 
the dust will not tra v e l far, b u t th e dust fall will be 
h e a v y  near the p lan t, while if th e wind has a high 
v e lo city  the dust w ill tra v e l a great distance, but

T a b l e  I — D a t a  S h o w in g  D u s t  F a l l  i n  t h e  N e ig h b o r h o o d  o p  a  C e m e n t  P l a n t

R ef.
N o . 

D  26  
D  22 
D  25 
D  33 
D  30  
D  31 
D  34

D istance  
from  p lan t 

M iles  
1.2 
1.2 
1.2
1 .7  
2.2  
2.0
2.8

N um b er of 
p lates  

10 
10 
10 
10 
10 
10 
10

T im e  
of exposure 

D ays  
3 .6 9 5  
8 .1 4 2  
3 .6 9 1  
3 .8 4 3  
3 .7 7 2  
3 .7 7 1  
3 .8 8 5

W eight 
sam ple  
G rams 
1 .0152  
2 .0 7 8 9  
0 .5261  
0 .5 6 3 9  
0 .0611  
0 .1 6 1 1  
0 .6 3 4 4

Pounds  
per acre 
per d ay  

1 0 .9  
10 .1
5 .6  
5 .8  
0 .7
1 .7  
6 .5

SiO i 
Per cent  

1 7 .9 2 . 
17 .2 9
19 .58
19 .59  
3 4 .8 6  
2 6 .3 2  
18 .52

CaO  
Per cent  
4 7 .9 5  
4 7 .3 9  
44 .6 1  
4 3 .1 9  
3 1 .0 9  
3 3 .5 2  
4 5 . 17

C alculated  
cem ent d ust  

Per cent
9 5 .5
9 4 .3
8 8 .3
8 5 .2  
5 9 .1
6 4 .3
8 9 .5

C alcu lated  pounds  
per acre per day

C em ent
d ust
1 0 .4

9 .5
4 .9
4 .9  
0 .4  
1.1 
5 .8

Field
dust
0 .5
0.6
0 .7
0 .9
0 .3
0.6
0 .7

sources of error in th is procedure are apparent. I t  
m ay  be th a t the calcium  oxide con ten t of the dust 
from  the control station s is not id en tical w ith  th a t 
of th e field dust near th e p lan t. T h is  possible error is 
u n avoidable, b u t since th e am ount of calcium  present 
in soil is low , and fa irly  uniform , it  is not serious. 
T h e presence of cem ent dust from  th e p lan t in the 
soil near at hand, p reven ts th e use of soil analyses 
to control th is possible error. T h e presence of this 
cem ent dust in the ground introduces th e second 
possible error referred to  above. I t  m ay be' th a t 
som e of th e cem ent dust collected  on th e p lates was 
previously  deposited on the ground, and w as blown 
up onto the p lates b y  th e wind currents. T h is possi­
b ility  can not be avoided , b u t can on ly  be m inim ized 
as fa r as possible b y  placin g the p lates well above the 
ground, and a t points rem oved from  d u sty  roads 
or open fields w ith  cu ltiva ted  surfaces.

Som e of th e results a ctu a lly  obtained  in th e field, 
the a n a lytica l d ata, and th e percentage of cem ent 
dust in th e sam ple calcu lated  as explained above, 
are g iven  in T a b le  I.

th e fall near the p lan t will be m uch lighter. It is 
apparen t th a t th e w ind conditions m ust be thoroughly 
know n before th e results of field w ork can be properly 
interpreted.

E xam in ation  of T a b le  I will disclose one very 
im p ortan t point, nam ely, th e re la tiv e ly  constant value 
for th e fall of field dust, expressed in pounds per 
acre per d a y  in th e last colum n of th e table. The 
average valu e for the field dust fall w as 0.6 pound 
per acre per d ay, and the h igh est and low est values 
differed from  th is b y  only 0.3 pound. This, too, 
in sp ite of large variation s in  the fa ll of cem ent dust. 
I t  is apparent, therefore, th a t th is m ethod permits 
th e estim ation  of the fa ll of cem ent dust over and above 
the norm al fa ll of field dust w ith  sa tisfa cto ry  accuracy. 
T h e a b ility  to elim inate disturbin g factors b y  this 
m ethod is also illu strated  b y  th e follow ing case: 
T h e tw o results g iven  below  in T a b le  II  were obtained 
a t the sam e place under v e ry  n early  iden tical weather 
conditions. T h e location  w as near an open sandy 
region. D urin g th e tim e of collection  of the second 
sam ple there w as a short period of high wind from

T a b l e  I I — E f f e c t  o f  D e p o s it i o n  o f  S a n d  o n  C o l l e c t in g  P l a t e s  b y  a  F l u r r y  o f  W in d

R ef. N o . of
N o . C onditions p la tes  
49 N orm al 10
56 W in d  flurry 6

T im e of 
exposure 

D a y s  
2 .9 4 8  
2 .9 5 8

W eight
sam ple
Gram
0 .5 1 2 5
0 .5 2 3 6

Pounds  
per acre 
p er d ay  
6.8 

11 .7

SiOj 
Per cen t  

2 9 .9  
4 5 .0

CaO  
Per cen t  

3 3 .7  
1 9 .2

C alculated  
cem en t d ust  

Per cen t  
6 5 .0  
3 6 .8

C alculated  pounds 
per acre per day

C em en t dust 
4 .4  
4 .3

Field dust
2 .4
7 .4

T h e results given  in th e last three colum ns of T ab le  
I are ca lcu lated  from  th e d ata  given  on the basis th a t 
cem ent dust contains 50 per cent calcium  oxide and 
th a t field dust contain s 4 per cent of calcium  oxide. 
T h is basis w as determ ined b y  averagin g analyses of 
cem ent dust, and  of field dust obtained  on p lates 
exposed at such a distance and direction  from  the p lant 
th a t there was no chance of its contain ing cem ent

such a direction  th a t a large am oun t of sand from this 
area was blow n up on to  th e collecting plates. In 
sp ite of this interference, how ever, it  is clear that 
the cem ent dust fa ll w as n early  iden tical throughout 
th e tw o periods.

I t  is in terestin g to com pare the figures for 
dust fa ll w hich h ave been given  w ith  those which 
have been recorded in connection  w ith great dust
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storms. Such a com parison is g iven  in T a b le  II I .
T a ble  111(a)— C o m p a r is o n  o p  D a t a  o n  E u r o p e a n  S ir o c c o  D u s t  F a l l s  

w it h  T n A T  F o u n d  n e a r  C e m e n t  P l a n t s

D a t e P l a c e

W eight 
of d ust  

in pounds  
per acre 
per day

Oct. 16, 1846 South eastern  France 5 .6 2
March 31, 1847 T yro l 17 .80

1859 W estphalia 2 7 5 .0
Feb., 1862 Salzburg, A ustria 0 .7 5
March 24, 1869 C arniola, A ustria 4 4 .7
March 19, 1901 T aorm ina, S icily 2 4 .1
March 9 -12 , 1901 E urope M axim um 3 2 .4

_ M inim um 3 .0 2
1913 (by author) C alifornia. M axim um  in T ab le I 1 0 .9
1912 (by author) C alifornia. M axim um  found near a

cem en t p lan t 2 2 .9
1913 (by author) C alifornia. L ow est d u st fa ll far from

a cem en t p lan t 0 .4 2
(°) The data used for com parison in th is tab le were obtained  from  Dull. 

68, Bureau of Soils, U nited  S ta tes  D ep artm en t of A griculture, and h ave been  
recalculated into term s of pounds per acre per d ay . W here on ly  the date  
of the dust fall was g iven  th e tim e w as assum ed to  b e  on e day.

The question of th e elim ination  of the loss of cem ent 
dust by the in stallation  of proper devices a t th e p lan t 
does not com e w ithin  th e scope of th is paper. I t  is 
sufficient to s ta te  th a t it  can be accom plished, and 
that it is a m atter of record th a t  am ounts in excess 
of fifty tons per d ay of cem en t dust h a ve  been re­
covered from  a five-kiln  p lan t in such a form  as to 
permit its use in  the m an u factu re of cem ent, and 
that the result has been ad van tageou s to  both the 
cement com pany and its neighbors.

C O N C L U S IO N

In this paper th e problem  arising from  the loss of 
large am ounts of du st th rough  th e sta cks of cem ent 
plants has been outlin ed. T h e m ethods availab le  
for the determ ination  of th e  dust fa ll in the field h ave 
been stated and discussed. A  p ractica l m ethod has 
been given in detail, and a m ethod of calcu lation  b y 
which the cem ent dust can  be d istinguished from  the 
field dust has been explained. T h e  im portance of 
a study of th e w ind and w eather conditions as a 
preliminary to  proper in terp retation  of th e results 
of field w ork has been em phasized. D ata, have 
been presented w hich show  the results ob tain able b y  
the methods given , and th e  relation  of the dust fall 
near cem ent p lan ts to  th a t  of certain  great dust storm s.

The writer wishes to  express his indebtedness to 
_ Mr. G. S. B oh art, of th is U n iv ersity , for his assistance 
in carrying out th e a n a lytica l p a rt of the w ork which 
has been presented.

D e p a r t m e n t  o f  C h e m i s t r y  t
St a n f o r d  U n i v e r s it y , C a l i f o r n i a

t h e  c o m b u s t i o n  m e t h o d  f o r  t h e  d i r e c t  
DETERMINATION OF RUBBER1

B y  I*. G . W e s s o n  

R eceived  M arch  9 , 1914

The m ethod m ost in use a t th e  present tim e for the 
determination of th e  cao u tch ou c con ten t of rubber 
goods is an indirect one, in w hich the sam ple is ana­
lyzed for its m oisture, m ineral m atter, sulfur, resin 
and other contents, these va lu es being then  added to ­
gether and th e sum  su b tracted  from  100 per cent to 
arrive at the percen tage of rubber present. A s m any 
of the best m ethods for estim atin g these constituen ts 
are adm ittedly in accurate, th e  in direct m ethod is not 
a satisfactory one. A  num ber of d irect m ethods

1 Published b y  perm ission  o f th e D irector o f th e  Bureau of S tandards.

h ave been proposed and th o ro u g h ly  tested , b u t as th e y  
depend for their accu racy  on certain  d erivatives of 
rubber, the n itrosite, th e n itrosate, and the tetra- 
brom ide, th a t h ave n ot thus far been obtained  w ith 
u n va ryin g  com position, these m ethods have n ot found 
general accep tance either as technical or research 
m ethods for this extrem ely  im p ortan t estim ation.
It  is hoped th a t the m ethod1 a b ou t to be described 
will lend itself to developm ent not on ly  as a depend­
able one for rubber research w ork, b u t also for the 
com m ercial lab oratory.

T h e procedure, in brief, consists first in form ing 
the nitrosite of rubber b y  the action  of n itrogen  tr i­
oxide gas upon a finely ground and aceton e-extracted  
sam ple of th e rubber suspended in  chloroform . A fter  
the com pletion of the action, the insoluble n itrosite, 
fillers, etc., are filtered from  th e chloroform , and the 
n itrosite is dissolved in acetone. T h e suspension of 
finely d ivided m ineral m atter is th en  allow ed to 
settle  out, or is throw n  dow n w ith  th e cen trifuge. 
A n aliquot portion of th e solution  is tran sferred  w ith  
a p ip ette to a sm all flask, and its vo lu m e reduced b y  
evap oratio n  to  a few  cubic centim eters. T h is sm all 
volum e of acetone solution  of th e n itrosite is now  tra n s­
ferred w ith  th e help of e th y l acetate  to a porcelain  
b oat contain ing alundum , and, a fter th e  acetone and 
eth yl a cetate  h a ve  been expelled b y  w arm ing th e 
b oat for several hours in a d ryin g oven , th e  n itrosite 
is burned in a current of oxygen, and th e carbon d i­
oxide thus form ed is absorbed in soda-lim e and weighed. 
If  all of th e carbon origin ally  in the sam ple as rubber, 
and on ly  such carbon, reaches the soda-lim e ap p aratu s 
as carbon dioxide th rough  the interm ediate nitrosite, 
th e equation

C ioH ig  I0CO2

enables one to calcu late  th e C10H16 or real caoutch ouc 
conten t of th e sam ple.

p r o c e d u r e  a n d  a p p a r a t u s  i n  d e t a i l — T h e proce­
dure and apparatu s em p loyed  in ob tainin g th e results 
g iven  later are th e outgrow th  of m any tria ls  and ex­
perim ents. D oub tless deviations are a llow ab le in 
m any points, b u t there w as n ot o p p o rtu n ity  to stu d y  
the effect of changing various factors.

T h e sam ple should be ground to  pass a 20-mesh 
sieve, if p o ssib le ,. or cu t up fine w ith  the scissors if 
v e ry  soft. A  w eighed am ount of the sam ple, o . 5 gram  
for com pounds con tain in g ab ou t 50 per cen t or less of 
rubber, and 0 .2 5  gram  for those contain ing a higher 
percentage, is w rapped into a bundle w ith a 9 cm. 
filter paper and extracted  for 3 to  4 hours w ith  ace­
ton e in an apparatu s of the W iley  or C o ttle  ty p e , in 

W hich the sam ple is ex tracted  b y  the so lven t at the 
boiling point of th e  la tter. T h e residue, from  which 
th e excess of acetone has been squeezed w ith th e  fin­
gers, is then tran sferred  to  a 50 cc. calib rated , glass- 
stoppered flask and allow ed to  dissolve or swell up in 
abou t 40 cc. of chloroform ,2 w hich action  m ay be has­
tened  b y  w arm ing th e flask.

1 A  prelim inary note on th is m ethod  w as published  in  T h i s  J o u r n a l , 
5 (1913), 398.

2 T h e chloroform  should  n o t be p reviously  dried, as m oisture is  ap ­
paren tly  ad vantageous in  g iv in g  a m ore rapid  action  of th e n itrogen oxides  
on th e  rubber.
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T h e rubber is now su b m itted  to  the action  of n itro­
gen trioxide gas, evo lved  b y  running n itric  acid of 
sp. gr. 1 .3  dropw ise on arsenic trioxide contain ed in a 
flask w arm ed in a boiling w ater b ath . A fter  the 
gases h a ve  been passed through an e m p ty  gas-w ash­
ing bottle  to condense m ost of th e m oisture and nitric

stoppering, for a half hour to ensure com plete solution 
of th e n itrosite in th e acetone. T h e volum e is now 
m ade ex a ctly  to th e  m ark, the flask stoppered 
and shaken, and, to  obtain  a clear solution, the insol­
uble m ineral m atter is allow ed to  settle, or better, is 
q u ick ly-cen trifu g ed  out: 1500 revolution s per minute

A. O xygen  enters
B . M o ist sod a  lim e
C. B u b ble cou n ter con ta in in g  sulfuric acid  

(D en n sted t)
D . C losed tu b e  of Jen a com b u stion  g lass, 8 cm . 

long, to  p rev en t backward diffusion
E . P orcela in  boat
F . H ea tin g  coil of nichrom e ribbon

A p p a r a t u s  f o r  t i i s  D ir e c t  D e t e r m i n a t i o n  o f  R u b b e r  b y  t h e  C o m b u s t io n  M e t h o d

G . P la tin u m  spiral ab ou t 10 cm . lon g  (N o . 20 wire)
H . Porcelain  stem
I. P la tin u m  leg for supporting stem
K . P la tin u m  leads 8 cm . lon g  (N o . 10 wire)
Iy. S hort p la tin u m  w ires sealed  in to  tube  
M . M ercury con tacts
N , N . U -tu b es con ta in in g  g lass beads and HsSO<- 

K 2C n 0 7

O. U -tu b e con ta in in g  30-m esh  granulated zinc 
P , P. S od a  lim e  
Q. C alcium  chloride 
R . A lum ina
S. U -tu b e con ta in in g  pallad ium  chloride solu­

tion  •
T . R h eo sta t

acid carried  over from  the generator, th e y  enter the 
chloroform  through a d elivery  tub e joined b y  a rubber 
connection  to  the gas w ashing b ottle , and fittin g  closely 
end for end to th e sam e. T h e flask con tain in g the 
chloroform  should be im m ersed in a beaker of cold 
w ater during th e reaction, since the so lu b ility  of the 
oxides of n itrogen in chloroform  is increased and the 
danger of the gas exertin g a par.tial oxidation  of the 
rubber to CO2 is p ro b ab ly  dim inished th ereb y. T h e 
gas should be passed into the chloroform  until a deep 
green color is obtained  w hich is perm anent for a t least 
15 to  20 m inutes a fter the d elivery  tu b e has been dis­
connected from  th e gas generator.

T h e n ext m orning th e chloroform  is decanted  off, 
using gentle suction, through a sm all Gooch crucible 
provided w ith  a m at of d ry  asbestos. If  th e filtrate 
is colored brow n from  th e dissolved gases, one can be 
certain  th a t  a sufficient excess of th e n itrogen oxide 
has been used. A fter  the flask has been rinsed out 
several tim es w ith  sm all volum es (5 cc.) of chloro­
form , each tim e decan tin g carefu lly  th rough  the cruci­
ble, the excess of chloroform  and acid  vapors which 
rem ain in th e flask should be expelled  b y  th e  passage 
for a few  m inutes of a gentle air current through the 
original d elivery  tub e. If  some n itrosite from  the 
rubber connection  is on th e upper end of th is tube, 
it m ay be easily  rem oved b y  m oistening it  w ith  acetone 
and w iping clean w ith  a piece of filter paper.

T h e  n itrosite in th e crucible is then  dissolved b y 
p lacin g th e crucible in a 75 cc. beaker, adding succes­
sive sm all portions of acetone, and pouring each into 
the original flask until ab ou t 40 cc. h a ve  been used. 
No harm  is done if  a portion of the asbestos gets into 
the flask. In  the m eantim e, th e d elivery  tu b e has 
been freed from  th e n itrosite b y  suckin g som e of the 
aceton e up into  it  from  th e  beaker, and rinsing the 
outside into th e sam e. L et th e flask now  rem ain 
in a beaker of w ater w ith occasional shakin g, w ith ou t

are sufficient to  g ive a clear solution  in from  5 to 10 
m inutes.

T o  regain the original tem peratu re , the flask is now 
allow ed to  stan d  again  in th e beaker of w ater until 
th e correct volum e is once more atta in ed . A n aliquot 
portion  of the solution  (25 cc.) is now  pip etted  to a 
50 cc. E rlen m eyer flask. T o  reduce the b ulk  of this 
solution  to  a few  cubic cen tim eters, th e flask is warmed 
in a dish of w ater while a curren t of air is blown into 
th e flask. T h e acetone should not be com pletely ex­
pelled. T h e n itrosite is tran sferred  from  the Erlen­
m eyer flask to  a porcelain  b oat 14 cm. long X 1 • 1 cm. 
wide, and abou t tw o-th irds fu ll of alu n d u m ,1 which 
is used to secure an even com bustion  of the nitrosite. 
T h e acetone solution of th e n itrosite should not be 
poured into  th e b oat, b u t should be draw n up into a 
sm all (2 cc.) p ip ette  and run ou t even ly  over the 
alundum . Several 2 to  3 cc. portions of e th y l acetate2 
are th en  used to  rinse ou t th e rem ainder of the nitro­
site, using a sm all wash b o ttle  and th e p ip ette for this 
purpose. E th y l acetate  is used for the expulsion 
from  the n itrosite of acetone which is otherwise re­
tain ed  in small* am ounts, perhaps m echanically by 
th e n itrosite or b y  th e portion of the m ineral matter 
w hich passes in solution w ith th e nitrosite into the 
b oat, or b y  reaction  w ith  the n itrosite during drying. 
W hen enough wash liquid  has been added to the boat 
to  show above th e alundum , th e m ost of it  should be 
expelled b y  p lacin g the b oat for a few  m inutes in the 
d ryin g oven. T h e sam e procedure should be re­
peated  a t least once, using sm all portions' of ethyl 
a ce tate  in th e tran sfer as described above. When 
one is certain  th a t  no n itrosite rem ains in the flask or 
p ip ette, th e b o at is dried for 2 hours at about 85° C.

1 " R R ” alundum , 90-m esh, specia lly  prepared for carbon determina­
tions. N orton  C om pany, W orcester, M ass. A  fresh portion should be 
used for each  com b u stion.

1 T h e so-called  “ ab so lu te e th y l a c e ta te ” con ta in in g  ab out 2 per cent 
of alcohol. I t  should  be redistilled  before use since it m ay contain other 
organic su b stan ces n o t ea sy  to  volatilize.
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A circulation of air in the oven to ca rry  aw ay  the ace­
tone and eth yl acetate vapors will assist th e dryin g 
greatly. T h e nitrosite is now ready for the com bus­
tion.

The com bustion apparatu s as it was finally  d evel­
oped, contains features a lread y used outside of this 
laboratory,1 and others original w ith either m y col­
leagues or m yself. T h e arrangem ent of the parts 
is best understood from  the figure.

The tube is of Jena com bustion  glass, or b etter of 
quartz, 50 cm . long and 1 . 5 cm . bore. T h e nitrosite 
is decomposed b y  the heat of an extern al coil, m ade b y  
winding tw o layers of nichrom e rib b on ,2 leavin g 0 .1  
cm. between th e turns, on an asbestos-covered copper 
or brass tube, 5 cm. long and of such a d iam eter as 
to leave a 0 .3  cm . space betw een th e m etal and the 
combustion tub e; and then coverin g it w ith  asbestos 
paper to form  an insulatin g laye r  1 cm . th ick . D uring 
the com bustion the coil as it m oves forw ard should 
never be m oved so fa st th a t its forw ard end reaches 
more than 1 cm . b eyon d  the border betw een the 
black carbon of th e undecom posed n itrosite and the 
white alundum  of th e  com pletely  burned portion. 
The decom position products are carried forw ard b y  
the current of oxygen over a red-hot spiral of p latinum  
wire which serves as th e ca ta ly zer  for com plete oxida­
tion. T he spiral is m ade from  1 .3  m eters of No. 
20 wire wound into a cylin der 0 .7  cm . in diam eter, 
and is supported in  th e m iddle of the tub e b y  an un­
glazed porcelain or c la y  stem  12 cm . long and 0 .3  cm. 
in diameter, th e return end of th e spiral passing back 
through the stem . T h e leads for th e spiral are 8 cm . 
long and are m ade w ith N o. 10 platinum  wire. One 
end of the pipe-stem  is supported  b y  these leads, 
and the other end b y  a sm all leg of p latinum  wire. 
The leads m ay connect w ith  the outside in one of 
several w ays. There m ay be a rubber stopper at the 
forward end of the tub e through w hich are pushed 
two heavy copper, nickel, or platinum  wires, the ends 
of which are bent into sm all loops into  which the 
platinum leads are placed before th e insertion of the 
stopper. N ickel is th e b etter of the first tw o m etals 
named. The platinum  wires are good, as th e y  m ay be 
sealed into sm all glass tubes which reach ju st through 
the stopper. In an y case the stopper soon deteriorates, 
although th is action  has no n oticeable effect on the re­
sults of the com bustion. T h e m ost satisfactory  
method, how ever, consists in draw ing down the for­
ward end of the com bustion  tub e as in th e diagram , 
joining on a 3 cm . tub e of o . 5 cm . bore, and sealing in 
two 3 cm. lengths of h e a v y  platin um  wire. T hese are 
bent up on th e inside and th e p latinum  leads are slid 
forward so as to  rest upon them .

The oxides of nitrogen form ed during the com ­
bustion of th e n itrosite are absorbed b y  a saturated  
solution of potassium  bichrom ate in concen trated  sul­
furic acid. A cid  vapors and sulfur trioxide are held 
back by 30-mesh granulated  zinc. A tten tio n  is called

1 The m ost im p ortan t of these are th e electrically  heated p latinum  co il 
used as a catalyzer [M orse and T aylor , A m . Chcm. J ..  33 (1905). 591];  
and the electrically  heated  external coil used for th e decom position  of the  
substance to be burned.

’ 0.11 X  R — 1.3 to  1.5 ohm s per ft., D river Harris W ire C o.,
Harrison, N . J.

to  the form  of ap p aratu s in th e figure for the absorp­
tion of carbon dioxide b y  soda-lim e. T h e cap illa ry  
tu b e m akes a good su b stitu te  for a stopcock on a c­
count of its com p arative  lightness, and is effective 
in sep aratin g the m oist soda-lim e from  th e calcium  
chloride. E m p ty , the ap p aratu s weighs 20 to  25 
gram s and will hold 35 gram s of soda-lim e,1 and 7 
gram s of calcium  chloride. I t  w ill absorb 10 gram s 
or more of carbon dioxide w ith ou t renew al. T h e 
second soda-lim e tube contains a lu m in a2 in its second 
arm , w hich, it is th o u gh t, dries th e gas to a degree 
com parable, for the purposes of th e  present w ork, to 
the d ryin g b y  the concen trated  sulfuric acid which 
precedes the soda-lim e apparatu s. T o  be certain  th a t 
com plete com bustion  is obtained, the gas finally  passes 
through a fa in tly  yellow  solution of palladium  chloride 
in w ater. W hile using the apparatu s in its  present 
form , it  has not been necessary to  renew the palladium  
chloride solution, no sign of reduction  h avin g appeared 
in a num ber of com bustions. T h e sulfuric acid-bi- 
chrom ate solution m ust be renew ed in th e first U -tube 
after ev ery  tw o  or three analyses,, w hile the zinc w ill 
last for a larger num ber of determ inations.

c a l c u l a t i o n — If 0 .5  gram  sam ple, and 25 cc. out 
of. 50 cc. of the acetone solution h ave been taken , the 
w eight of C 0 2 foun d m ultiplied  b y  136/440 X  4 X 
100 =  12 3 .6  g ives the percentage of CioH i6 on the 
basis of C10H10 — >- 10CO2.

t i m e  r e q u i r e m e n t s — For a single n itration , about 
15 m inutes per sam ple are necessary; for th e com bustion, 
30 to  45 m inutes. A n alyses of sam ples ground up 
in the forenoon of one d ay are com pleted the next. 
W ith  one com bustion  tub e, tw o analyses m ay be run 
per d ay  along w ith other w ork, while b y  using tw o  
tubes it  is th o u gh t th a t, a fter some proficiency 
has been acquired, as m any as four determ in ations 
can be m ade per day.

F O R M A T IO N  OF C 0 2 FR O M  T H E  R U B B E R  D U R IN G  

n i t r a t i o n — I t  is claim ed b y  A lexan d er,3 th a t during 
the form ation  of the n itrosite and nitrosate of rubber, 
large q uan tities of carbon dioxide are evolved  from  
the oxidation  of the rubber b y  th e  nitrogen oxides. 
G o ttlo b ,4 on the other hand, foun d on ly v e ry  sm all 
am ounts of carbon dioxide. T h e w riter m ade several 
tests of th is im p ortan t point b y  passing th e  gases 
from  th e rubber solution  into  a large volum e of clear, 
satu rated  b a ry ta  w ater. F ine P ara  rubber, p reviou sly  
extracted  w ith acetone and dried, was used for th e  
experim ents. A fter th e chloroform , cooled as in th e  
an a lytica l procedure, had atta in ed  th e deep green 
color, the ap p aratu s w as allow ed to  stan d  three to  
four hours, a fter which a current of carbon dioxide- 
free air w as used to  sweep into the barium  hydroxide 
solution an y carbon dioxide which m ight have form ed 
during th e in terval. O nly a trace  of barium  carbon ­
ate, a sligh t ring in the d elivery  tu b e, w as form ed, 
although the barium  hydroxide solution rem ained 
alkalin e throughout the experim ent.

1 T h e J. T . Baker C hem ical Co. furnishes a 12-m esh soda-lim e con ta in ­
in g  15 per cen t w ater, prepared for carbon d ioxide absorption.

2 F . M . C. Johnson , J . A m . Chem. Soc., 34 (1912), 911.
J Z . angcw. Chem., 20 (1907), 1358; 24 (1911), 684.
< Ib id .. 20 (1907), 2213.
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D E T E R M IN A T IO N  OF T IIE  S U L F U R  O F V U L C A N IZ A ­

T IO N — If th e statem en t of A lexa n d er1 proves to be 
true, th a t the sulfur of vu lcan ization  of th e  rubber 
rem ains q u a n tita tiv e ly  in th e n itrosite, th is m ethod 
could possibly adm it of the sim ultaneous determ in a­
tion  of the su lfur of vu lcan ization . A n  aliq uot por­
tion  of the clear acetone solution of- th e n itrosite 
w ould be evap orated  to dryness, and the sulfur de­
term ined in th e usual w ay.

r e s u l t s — T h e follow ing results were obtained 
b y  th e m ethod ab ove described. A ll are given  th a t 
h ave been ob tain ed  on good q u ality , soft-vu lcan ized  
com pounds sincc the date a fter which no great changes 
in the procedure were m ade. W hether th e m ethod 
is  applicable to  com pounds of poor q u a lity  has not 
been determ ined, and as the author is no longer in a 
position to work on th is point the field m ust be le ft 
to  others. T h is B ureau  m ay be able, how ever, to 
w ork in th is field a t some later date.

A. A w ashed and dried U p-river F ine gave 94 .0 , 95 .1 , 95 .8  and 95.9  per
cen t CioHj«.

A verage =  95 .2  per cen t p lus 3 .3  per cent aceton e extract =  98.5 per 
cent.

B . A  com m ercial com pound con ta in in g  45 per cen t F ine Para g ave  42.0,
42 .2 . 42 .7 , 43.1. 43.3 and 43.4 per cen t CioHi*.

A verage =  42 .8  per cen t plus 1.3 per cen t aceton e extract =  44.1 per 
cent.

C . A com m ercial com pound con tain in g 48 per cen t F ine Para gave 44.8,
45 .1 , 45.1 and 45.3  per cen t CioIIie- 

A verage =  45.1 per cen t p lus 2.4 per cen t aceton e extract =  47 .5  per
cen t.

D . T h e sam e com pound after stand in g  finely ground for a m onth  gave
4 3 .4 , 43.5, 43.5 and  45.0  per cen t CioHi6.

A verage =  43.7 per cent.
12. A com m ercial com pound con ta in in g  25 per cen t F ine Para and 20 per 

cctit C aucho or 45 per cen t gum  gave 40 .3 , 40 .4 , 40 .6  and 41.1 per 
cen t C ioH i«.

A verage =  40 .6  per cen t p lu s 3 .2  per cen t aceton e extract =  43 .8  per 
cen t.

F . A com m ercial com pound con ta in in g  41.5 per cen t C oarse Para gave
39 .5 , 39 .6 , 39 .8  an d  40.1 per cen t CioHis.

A verage =  39 .8  per cen t p lus 2.1 per cen t aceton e extract =» 41 .9  per 
cent

S U M M A R Y

A new m ethod for the d irect determ in ation  o f ru b ­
ber is described, w hich is based upon th e com bustion 
of the n itrosite of rubber in a current of oxygen, and 
w eighin g of the carbon dioxide th u s form ed. T h e 
results in d icate, a fa ir  degree of re liab ility  for both 
raw  rubber and high-grade vu lcan ized  com pounds. 
T h e use of this m ethod for the analysis of low -grade 
■compounds and for th e  sim ultaneous determ ination  of 
sulfur of vu lcan ization  m ay be possible if its applica­
tion  to these fields is fu rth er studied.

D u rin g this w ork m a n y  va lu able  suggestions were 
m ade b y  D r. W. . F . H illebrand, M r. J. B . T u ttle , 
and a num ber of others a t th is B ureau, and I ta k e  th is 
o p p o rtu n ity  to  express to  them  m y appreciation  of the 
sam e.

B u r e a u  o f  S t a n d a r d s  
W a s h in g t o n

O S A G E  O R A N G E — IT S  V A L U E  A S  A  C O M M E R C IA L  
D Y E  STU FF-

B y  F . W . K r e s s m a n n  

IN T R O D U C T IO N

T h is s tu d y  is the result of an in vestigation  on the 
u tilization  of osage orange m ill w aste.

T h e  tru n k  of the osage orange tree is rath er sm all 
in size, m isshapen, an d  gen erally  d efective  as a saw

> Z. an sae . Chem.. 20 (1907). 1364; 24 (1911), 68?; Ber.. 40 (1907). 1077. 
2 Presented at th e 49th  m eeting of the A. C. S ., C in cin n ati, A pril 6 -1 0 , 

1914.

log; and, a lthough because of the va lu able  properties 
of the wood (for w agon felloes especially) closer utiliza­
tion will scarcely  be foun d in th e use of a n y  other 
wood, com p a ra tiv ely  large am ounts of w aste are pro­
duced ann ually.

Osage orange has long been used in T exas in a small 
w ay  as a dyew ood. T h e  roots, bark, and wood are 
chipped and boiled with w ater and a m ore or less perma­
nent yellow  is obtained from  th e ex tra ct. Sargent1 
m entions th e root bark  as a source of a yellow  dye 
and it has even  been suggested  b y  som e2 th a t osage 
orange is superior to fustic  in its d yein g qualities, al­
though no actu al com p arative  experim ents between 
fu stic  and osage orange seem  to have been recorded.

In v iew  of these fa cts, it seem ed ad visable not only 
to determ ine the chem ical n ature of th e  dyestuff but 
also its  d yein g valu e as com pared w ith  the commercial 
dyew ood it  resem bles m ost, nam ely, fustic.

A  q u alita tive  stu d y  of th e aqueous extra ct obtained 
from  the wood showed th a t the d yein g principles 
present were, as in fu stic , m orin or m oric acid, and 
m orintannic acid  or m aclurin. From  a prelim inary 
series of d yein g experim ents m ade a t th is laboratory, 
it was found th a t osage orange, like fu stic , is a poly- 
genetic m ordant dyestuff.

Since the wood seem ed to  contain a sufficient amount 
of d ye to g ive it  com m ercial va lu e, a series of compara­
tiv e  dyeing experim ents on fu stic  and osage orange 
were arranged so as to determ ine _as accurately  as 
possible th e valu e of osage orange in term s of a well- 
know n stan dard  such as fu stic . In  order to  have these 
experim ents perform ed a t in stitu tion s best equipped 
for th e purposes and also to  ob tain  the results of a 
num ber of different w orkers in th is field, the coopera­
tion  of a num ber of th e leading textile  schools3 of the 
co u n try  w as sought and th o  w riter wishes to take this 
o p p ortu n ity  to  th a n k  them  for their cooperation and 
assistance.

C O M P A R IS O N  O F D E P T H  O F C O L O R S P R O D U C E D

r e p o r t  e * — “ It w as noticed th a t dyeings produced 
w ith osage orange were w eaker th an  those obtained 
with fu stic  under th e  sam e conditions. Since the 
osage orange produced a shade of color sligh tly  differ­
ent from  the fu stic  in m ost cases, it is difficult to de­
term ine th e exact re lativ e  stren gth  of th e tw o products. 
I t  seem s, how ever, th a t th e osage orange contains 
som ething like 20-25 Per cen t less coloring matter 
th an  the fu stic .”

r e p o r t  b — “  D yein gs were m ade under identical 
conditions on chrom e m ordanted w orsted yarn with 
th e sam e am ounts of b oth  th e wood and solid extracts 
of both substances (i. e., fu stic  and osage orange).

“ T h e osage orange wood ga v e  th e heaviest shades

1 S argent, C has. S ., “ M anual of the T rees of N orth  Am erica.”
2 U . S . D ep t, of A gr., For. Serv. C ir. 184, " F u stic  W ood, Its  Substi­

tu tes and A d u lteran ts,”  by G. B . Sudw orth  and C. D . M ell.
1 Philadelph ia T extile  School. N ew  Bedford T extile  School. Lowell 

T extile  S chool. T h e N orth  C arolina C ollege of Agriculture and Mechanical 
A rts. G eorgia S chool o f T echn ology . O sage orange saw d u st furnished 
b y  M r. L. C. B um pus, Farm ersville, T exas.

4 R eports on the experim ents, g iv ing  th e resu lts of their test, were sub­
m itted  b y  th e  codperators, and th e inform ation g iven  in th is article is in 
the form  of ex tracts taken  from th ese  reports. T he reports are designated 
b y  letters, th is  design ation  being used to separate th e extracts.
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but, like fu stic  wood, the yellow  obtained had a reddish 
cast.

“ W ith the extracts , the yellow  obtained  in each 
case was of a greenish ton e; b u t th a t of th e osage ex­
tract, while not so h ea v y  as th a t given  b y  the fustic 
extract, was of a m uch purer tone, the fu stic  being 
rather m u d d y.”

r e p o r t  A— “ T h e d yein g properties of Old F u stic  
and osage orange are v e ry  sim ilar, as will be seen b y 
comparing th e shades given  on various m ordants • 
by the tw o d ye-w ood s.”

C O M P A R IS O N  OF A M O U N T  O F E X T R A C T  

r e p o r t  c — “ U pon extractio n  w ith w ater, osage 
orange saw dust w as foun d to  give a w ater-soluble 
extract in the proportion  of 7 .5  gram s of ex tra ct for 
every 100 gram s of sa w d u st.”  

r e p o r t  b— “ A- sam ple each of the osage orange 
and of chip fu stic  w as dried to  con stan t w eight and 
the moisture w as foun d to  be:

Per cent
Osage orange sa w d u st ................................................. 9 .7 0
F u stic .......................................... : ......................................  7 .9 2

“ The dried sam ples were then  extra cted  w ith m ethyl 
alcohol and ga v e  the fo llow ing am oun ts of m atter 
extractable w ith m eth yl alcohol:

Per cen t of the  
dry sam ple

Osage orange sa w d u st................................................... 2 6 .6 3
F u stic ....................................................................................  12 .71

“  The residue in each case w as then extracted  with

shade of yellow , w ith chrom ium  m ordant a tan  color, 
and w ith iron m ordant a dark b row n .”

r e p o r t  e — “ T h e follow ing table shows the results 
ob tain ed  b y  d yein g osage orange and fu stic  wood 
under the sam e conditions on wool m ordanted w ith  
the in dicated  m etallic salts:

P r e p a r a t io n  o p  
W o o l  S a m p l e  
U nm ordantcd

T in  m ordant

A lum  m ordant 

Iron m ordant

Chrom e m ordant

T a b l e  I 
D y e d  w it h  D y e d  w it h  

F u s t ic  O s a g e  O r a n g e  
L ight yellow  L igh t yellow

L igh t yellow  L igh t yellow

B right yellow  B right yellow  

D ark o live D ark o live

O range-yellow  O range-yellow  
to  old gold to  old  gold

R e m a r k s  
. C olor produced of no  

value
C olor m ore pronounced  

than ab ove. M ore  
reddish w ith fu stic  

Y ellow er and brighter 
w ith  th e osage orange  

N o t so  deep and s lig h tly  
greener w ith  th e osage  
orange  

F u stic  sam ple m ore red­
d ish  and deeper in  ton e  
than  orange

F A S T N E S S  TO L IG H T , W E A T H E R , W A S H IN G , E T C .

r e p o r t  E— “ T he colors produced b y  d yein g on 
alum  and tin  m ordanted m aterial were fa irly  good 
in appearance b u t were inferior in fastness to light, 
esp ecially  as com pared w ith colors obtained w ith the 
first tw o  salts (iron and chrom ium ). T a b le  II  
shows the result of test m ade on d yed  sam ples of 
osage orange and fustic w ood w ith respect to fastness 
to ligh t and w eather.

“ It  was noticed th a t the chrom e m ordanted sam ples 
showed a fastness in th is respect superior to th a t of 
the other sam ples. T h e len gth  of exposure necessary

T adlb  II
F u s t ic  W o o d  
T im e exposed

O s a g e  O r a n g e  W o o d  
T im e exposed

Direct dyeing 
Alum m ordant 
Tin mordant 
Chrome m ordant

5 d ays  
F aded
S ligh t fad ing  
S ligh t fading  
N o change

15 days10 d ays
C olor gone ............
F aded  ............
F aded .............
V ery litt le  if a n y  change S ligh t

5 days  
Faded
S ligh t fad ing  
S ligh t fading 
N o  change

10 d ays 15 days
C olor gone .............
Faded ............
Faded ............
V ery litt le  if an y  change S ligh t

water. T he osage orange ga v e  so little  m atter ex- 
tractable by w ater th a t th e am ou n t was not deter- • 
mined. Fustic, on th e other hand, ga v e  4 .7 1  per 
cent of the d ry  w eight. T herefore, the to ta l extract- 
able m atter was:

Per cen t
Osage orange sa w d u st................................................ 2 6 .6 3
F u stic , 12 .71  +  4 .7 1 ................................................ 1 7 .4 2 '’

r e p o r t  e— “ T he results obtained  from  exp eri­
ments made clearly  show th a t the osage oran ge’ prod­
uct does contain  a d yein g principle which is ve ry  sim ­
ilar in most respects to  th a t found in fu stic  wood, and 
also this principle is foun d in a q u a n tity  sufficient to 
give the orange w ood som e com m ercial valu e as a dye- 
stuff.”

C H A R A C T E R  O F D Y E IN G S

R e p o r t  d — “ It  would appear th a t this substance 
(osage orange) could be a d va n ta g e o u sly  used for 
self shades also in conjun ction  w ith logw ood, other 
mordant dyes (i. e., other n atu ra l m ordant dyes), as 
well as w ith alizarine. Its  dyein gs are m ono-chroic. 
If made in the form  of a w ater ex tra ct it could be 
used for printing' for yellows', brow ns, greens, and 
chocolates.”

r e p o r t  c— “ It was foun d th a t th is coloripg m atter 
was of a p o lygen etic ch aracter, g iv in g , w ith a tin  m or­
dant, a com p aratively  b righ t shade of yellow , w ith 
aluminum m ordant a som ew hat duller and greener

to com p letely  destroy th e color in each case on the 
chrom e m ordant was not determ ined, it being sim ply 
noted th a t sam ples from  each product showed v e ry  
nearly the sam e resistance to  fad in g for tim e exposed. 
D urin g th is tim e the fu stic  was p ossibly  more affected  
than  the osage orange in th a t there w as a ten d en cy  
for the color to  lose som e of its  reddish cast.

“ Sam ples dyed  w ith  fu stic  and osage orange were 
exam ined as to  their fastness to  w ashing tests, the 
sam ples in each case show ing a fa irly  good fastness 
in th is resp ect.”

r e p o r t  d — “ T h is substance (osage orange) was 
found to  d ye level shades of good p u rity  and b rig h t­
ness on wool m ordanted w ith  chrom ium  in the usual 
m anner. T hese dyeings show good fastness to light, 
w ater, and w ashing.”

r e p o r t  c — “ T hese dyeings (w ith  osage orange) 
were exposed to  the light for a period of six weeks, 
and to com bined ligh t and w eather for a period of 
8 weeks. W ith  both chrom ium  and iron m ordants 
the dyeings show v e ry  little  change a t th e end of 5 
w eeks’ exposure, to  sun light. W ith  alum inum  and tin  
m ordants the dyeings show the effect of sun light in 
from  one to  tw o weeks, becom ing m uch duller. T h e 
exposure of the sam ple dyed  w ith th e iron m ordant 
to  ligh t and w eather for 8 w eeks shows v e ry  little  
change. ’ T h a t w ith chrom ium  m ordan t for 8 w eeks
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loses its  b rillian cy to a considerable exten t, although 
it  does not becom e m uch lighter in color. T h e d y e­
ings b y  alum inum  and tin  m ordants are decidedly 
changed b y th is exposure to  light and w eather. T h e 
dyein gs b y  chrom ium  and iron m ordants are suffi­
c ien tly  fa st to  p rove of p ractical va lu e, assum ing th a t 
th e coloring m atter could be prepared cheap en ough.”

S U M M A R Y  A N D  C O N C L U S IO N S

I— T h e q u a n tity  and q u a lity  of th e d yestu ff present 
in osage orange is alm ost iden tical w ith  th a t of fustic.

II— Osage orange m ay be em p loyed  as a dyew ood 
in all cases where fu stic  wood is used a t present. The 
yellow s produced b y  d irect dyeing or b y  alum inum  
and tin  m ordants are too  fu g itive  to be of com m ercial 
va lu e. B u t the orange-yellow s, old gold, deep tan , 
olive and chocolate shades obtained  w ith  chrom ium  
and iron m ordants are equal to, if not b etter than , 
those obtained  w ith fu stic  and are of sufficient fa s t­
ness to  be of com m ercial value.

I I I — A  dom estic source of a yellow  dyew ood has 
been foun d th a t can ad va n ta geo u sly  replace a foreign 
m aterial used a t present. T h e m ill w aste alone from  
the present m anufacture of osage orange am ounts to 
over 25,000 ton s a n n u ally ; and if th is w aste could 
be set dow n in the E ast for S io  to  S i 2 per ton it  is be­
lieved  th a t it could com pete successfu lly  w ith  fu stic , 
both  from  cost of production  and q u a lity  of color pro­
duced on dyeing.

F o r e s t  P r o d u c t s  L a b o r a t o r y  
F o r e s t  S e r v ic e , U . S . D e p a r t m e n t  o k  A g r i c u l t u r e  

(I11 C ooperation  w ith  th e U n iversity  of W isconsin)
M a d is o n

T H E  R E S E R V E  S U P P L Y  O F  P H O S P H A T E  R O C K  IN  T H E  
U N IT E D  S T A T E S
B y  W . H . W a g g a m a n 1 

R eceived  M arch 20, 1914

N um erous estim ates h ave been m ade from  tim e to 
tim e on th e ton n age of ph osphate rock a va ila b le  for 
fu tu re use in th is cou n try. T hese estim ates v a r y  so 
w id ely  th a t little  im portance has been a ttach ed  to 
them , and in m any cases th e y  can h ard ly  be considered 
as an yth in g  m ore th a n  wild guesses.

O w ing to the p o ck ety  nature of m any of our deposits 
of phosphorites or am orphous phosphates, careful 
su rveys and thorough and system atic  prospecting are 
n ecessary to  gain a n yth in g  like an accu rate  know ledge 
of their valu e and exten t. T h e expenses of such ex­
am in ations are freq u e n tly  not w arran ted  and are 
seldom  m ade excep t im m ed iately  before actu al m ining 
operations are begun. A gain , m uch of the phosphate 
p rop erty  has been acquired  so ch eap ly  th a t  on ly  a 
superficial exam ination  was n ecessary to  ju s tify  its 
purchase. U nder such circum stances the owners of 
th e lan d  m ay have b u t a h a zy  id ea of the am ount of 
ph osphate contained therein. On th e other hand, 
som e of th e ph osphate deposits, such as those in our 
w estern states and in certain  p arts of A rkan sas and 
Tennessee, are of such a ch aracter th a t  fair approxim a­
tions of their ton n age m ight be m ade b y  careful 
surveys.

1 S c ien tist in In vestiga tion s of Fertilizer R esources.

For som e tim e it  has been ob viou sly  desirable that 
b oth  producer and consum er should h a ve  some idea 
(even th o u gh  a rough one) of th e am ount of phosphate 
rock  still unm ined in th e U n ited  States. A gain  and 
again d isquieting reports h ave been spread th a t our 
supplies of th is m ineral, so im p ortan t to  the American 
farm er, were being rap id ly  depleted, and th a t thereby 
th e agricu ltural interests of th is co u n try  w ould soon 
be seriously im paired. A larm  has also been caused 
b y  th e fa c t th a t several ph osphate com panies are 
ow ned b y  E uropean  cap italists, and fears have been 
expressed th a t foreign cap ital is seeking to  acquire 
control of the A m erican  deposits. I t  has been urged 
even th a t  som e legislation  be en acted  preven ting the 
exp ortation  of ph osphate rock.

In order to  show the actu al basis for such reports 
and w hether or not th ere is an y real need for cur­
ta ilin g  foreign shipm ents of phosphates, th e data  herein 
contained were collected  and com piled w ith  consider­
able care. T h e figures were obtained  b y  correspondence 
and consultation  w ith mine ow ners and operators, 
and b y  d irect ob servation  and field investigations of 
th e various deposits th rou gh ou t the country. So 
little  developm ent w ork has been done in K entucky 
and_ A rk an sas th a t the tonnages given  for these states 
are th o u gh t n ot to  be close; th e y  are regarded, however, 
as u ltra-con servative .

T h e estim ates g iven  below  are for rock  grading from 
58 to  78 per cen t “ bone ph osphate of lim e.”  In 
the case of th e low -grade ph osphate in  th e W est and 
the wash heaps of F lorida, th e m aterial is figured to 
its eq u iva len t in high-grade rock.

T o n s
U tah , Idah o, W yom in g and M ontana:

H igh -grad e..............................................................................................  2,500,000,000
H igh-grade eq u iva len t of all grad es...........................................  7,500,000,000

Florida:
H igh-grade eq u iva lent of all grad es..........................................354,300,000
H igh-grade eq u iva len t of w ash h ea p s ..................................... 20,000,000

T ennessee:
H igh-grade eq u iva len t o f all gra d es................................  115,075,000

S ou th  C arolina:
H igh-grade eq u iva len t o f all g ra d es ................................  10,000,000

A rkansas:
H igh-grade eq u iva len t o f a ll grad es............................................  20,000,000

K entu ck y:
H igh-grade eq u iva len t o f all gra d es................................  500,000

T o ta l .......................................................................................  10,519,875.000

T h e production  of phosphate in 1912, according to 
th e figures of the U n ited  S tates G eological Survey, was 
as follow s:

T ons
F lo r id a ............................................  2 ,406,899
T en n essee ......................................  4 2 3 ,3 3 1(a)
S outh  C aro lin a ............................ 131,490
W estern s ta te s .................................. 11,612(6)

T o ta l ..................................  2 ,973,332
a) Inclu d es production  of A rkansas.
b) Inclu d es U tah , Idah o  and  W yom ing.

E ven  assum ing th a t there are to  be no new discoveries 
in th is cou n try  and th a t th e average consumption 
during th e life of the ph osphate fields will be three 
tim es its  present consum ption, there is sufficient to 
last for over 1 100 years provided  proper m ining methods 
are em p loyed  and m eans for u tilizin g  the lower grade 
m aterial are devised.

A n other feature of the ph osphate ind u stry  which 
in re c e n t years has becom e of considerable interest 
to  th e op erator, th e  fertilizer m anufacturer, and the 
farm er, is the grow in g use of raw  ground rock phos­
ph ate for d irect application  to th e field. While the
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value of this m aterial as a fertilizer still seem s to  be 
an open question, m an y agronom ists and agricu ltu ral 
chemists stron gly  recom m end its  use, sup porting their 
recommendations b y  considerable d a ta  obtained  b y 
actual plot tests. In  1912 th e annual consum ption 
of raw ground ph osphate rock, based on th e am ount 
marketed, was 48,365 tons. W hile th is is less than  
1.29 per cent of th e to ta l ph osphate produced and only 
4.01 per cent of th a t  m arketed  in the U n ited  States, 
the sale of ground rock  is becom ing q uite a fa cto r in 
the phosphate in d u stry.

B u r e a u  o f  S o i l s , W a s h i n g t o n

D E T E R M IN A T IO N  O F  C A R B O N  IN  S T E E L  A N D  IR O N  
B Y  T H E  B A R IU M  C A R B O N A T E  T IT R A T IO N  

M E T H O D 1 
B y  J v R .  C a i n

The d isadvan tages a tten d in g th e use of weighed 
absorption tu b es as m eans for accu rate ly  determ ining 
carbon dioxide ob tain ed  during th e com bustion  of 
steels and irons are in p a rt as follow s:

1— The elaborate precaution s required  to  prevent 
change of w eight of th e tu b e due to  gain  or loss of 
moisture, n ecessitatin g com plications in  th e purifying 
train before and after the fu rn ace and th e use th rough ­
out the apparatu s of d ryin g agents of th e sam e h ygro ­
scopic power.

2— D ifficulties in  w eighing large glass vessels caused 
by electrical effects in  w iping, b y  b u o y an cy  and b y 
changes in tem p eratu re betw een  balance room  and 
laboratory.

3— T he n ecessity  for m ain tainin g constan t condi­
tions with respect to  the atm osphere w ithin  the tube, 
requiring som etim es a long period of aspiration  after 
the com bustion is com pleted.

4— T he lia b ility  to  error from  access of gases con­
taining sulfur and chlorine, w hich m ay be form ed 
during com bustion of th e m etal or of th e carbonaceous 
residue therefrom .

5— T he d ifficu lty  of determ ining w hether the in­
crease in w eight of th e tu b e is due solely to  carbon 
dioxide.

6— The tim e lost in w a itin g  for absorption  tubes 
to reach a condition  of equilibrium  before weighing.

Those w ho have used absorption  tu b es for w ork 
requiring a high degree of a ccu racy  know  th a t neglect 
of one or more of th e precaution s in dicated  above 
may easily occasion errors ran gin g from  several tenths 
of a m illigram  to  one or m ore m illigram s. I t  is evident, 
too, th at if the com plicated  p u rify in g  train  used w ith 
an absorption tu b e gets ou t of order, or if the tube 
itself introduces error in som e of th e w ays enum erated, 
it may often be a difficult m atter to locate  and correct 
the trouble. I t  is not surprising, therefore, th a t 
methods dispensing w ith  the use of w eighed potash 
bulbs, soda-lim e tubes and  the like are beginning to 
be used exten sively  b y  steel analysis. Of such m ethods 
the weighing of the carbon dioxide in  th e  form  of 
barium carbonate p recip itate  d irectly  or after conver­
sion into sulfate h ave been m uch used, the sulfate

1 Published by perm ission of th e  D irector of th e Bureau of Standards- 
Presented a t the C incinnati M e etin g  of th e A m erican C hem ical S ociety  
April 6- 10. 1914.

m ethod a b ro a d ,1 and th e  carbonate m ethod in th is 
coun try. T h u s, of 62 prom inent A m erican  lab o ra ­
tories (representing m anufacturers, consum ers and 
testin g  laboratories) 32 used the potash bulb , 24 
w eighed th e carbon as barium  carbonate, 3 titra te d  
th e excess of barium  hydroxide, 2 used soda-lim e 
tu b es and one w eighed an absorption  tu b e filled w ith  
barium  h y d ro xid e.2 I t  is evid en t, in estim atin g the 
carbon dioxide b y  w eighing th e barium  carbonate 
precip itate, or th e su lfate obtained  from  it, th a t the 
difficulties m entioned above as peculiar to  w eighed 
absorption  tubes, excep t num ber four, are elim inated 
or m inim ized; access of sulfur trioxide w ould still 
tend  to  cause high results.3 If, how ever, th e barium  
carbonate is m easured b y  filtering it  off and titra tin g  
it  again st stan dard  acid, due regard  being had to  proper 
conditions for filtration  and w ashing, there is no lik e li­
hood of error from  a n y  of the causes enum erated. 
T h e principle of this m ethod is described in m ost 
stan dard  text-b oo ks on q u a n tita tiv e  and vo lu m etric 
analysis, b u t there seems to have been b u t little  
application  in steel analysis. Thfe purpose of th is 
paper is to  show the special su ita b ility  of th is procedure 
for accu rate  and fa irly  rap id  steel analysis, ta k in g  up in 
order th e sources of error or d ifficu lty  and the m eans 
of avoid in g or m inim izing these, and fin ally  giv ing 
th e results obtained  b y  a series of analyses of pure 
sugar and of B ureau  of Standards a n alyzed  irons and 
steels. W ith o u t fu rth er consideration  it  can be seen 
th a t the adoption  of th is m ethod a t once sim plifies 
the p u rify in g  train  required after the furnace; nothing 
at all like ly  to be present in th e escapin g gases can 
affect the results if we excep t finely d ivided  oxides 
carried over m echanically  as the result of a v e ry  vio len t 
com bustion. No such oxides were noticed during 
th is w ork or during th e  analyses of m an y other sam ples 
b y  different m ethods; if there is an y reason to  suspect 
their presence, a sim ple filter m ade b y  filling a U -tube 
with 20-mesh q u artz, p reviou sly  carefu lly  washed 
w ith hydrochloric acid  and w ater, will rem ove them .

T h e points in vo lvin g  sources of error w hich were 
in vestig ated  were: (1) com pleteness of absorption  of 
th e carbon dioxide, (2) am ount of w ashing necessary 
to rem ove the excess of barium  hydroxide, (3) solu­
b ility  of barium  carbonate in th e wash w ater, (4) 
exclusion of extraneous alkaline substances. In  ad di­
tion  there were devised  (5) m eans for the rap id  filtra­
tion  and w ashing of the barium  carbonate w ith  ex­
clusion of carbon dioxide from  th e air.

1— c o m p l e t e n e s s  o f  a b s o r p x i o n — T h is was es-- 
tablished  b y  burning sugar in  am ounts g iv in g  approxi­
m ately  the w eights of carbon dioxide obtained  during 
steel analysis, com paring th e  percentages of carbon 
obtained w ith th e theoretical. A s a fu rth er check 
tw o 8-bulb M eyer tu b es (shown in V10 size in F ig. I)

1 Bauer and D eiss, Probenahme und A n a lyse  von E tsen  und Stahl, 1912, 
p. 121.

* D a ta  com m u n icated  to  th e author as m em ber of a  tech n ical com m ittee  
on steel analysis.

3 T here is b u t litt le  likelihood of SOa being produced in burning steel 
and  iron. A n y  sm all am ou nts o f BaSOa resu lting  thereby would be rem oved  
b y  w ashing (see Sec. 5 on F iltra tion  and W ashin g), th e so lu b ility  of BaSO* 
being approxim ately  0.02 gram  per 100 cc. o f w ater a t  2 0 °  (Seidell, “ S o lu ­
b ilities of Inorganic and Organic S ubstances,"  1907).
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were w orked in series. So long as a m oderate rate 
of bubbling w as m aintained no cloudiness w as ever 
observed in th e  second tub e. In  th is connection, 
M c C o y  and T a sh iro 1 h ave show n th a t i .o  X  io -7 
gram s of CO2 can be recognized as a tu rb id ity . If, 
how ever, th e oxygen  is passed too rap id ly , p a rticu la rly  
when burning steels contain ing more th an  1 per 
cen t carbon, som e CO2 m ay reach th e second tube. 
T h e proper rate of gas current to  retain  all th e CO2 
in th e  first tub e is easily  established b y  th e operator 
a fter a few  trials.

2— a m o u n t  o r  w a s h i n g  n e c e s s a r v — B arium  car­
b onate itself reacts alkaline to  phenolphthalein, 
consequently  this indicator can not be used to show 
when all of the barium  hydroxide has been rem oved. 
T h e practical question  as to how m uch w ashing w as 
necessary w as decided b y  w ashing th e barium  car­
b onate obtained  from  th e  com bustion  of accu rate ly  
w eighed am ounts of sugar un til results agreeing w ith 
the th eoretical, w ithin  a sm all experim ental lim it, 
were obtained. T h e am ount of wash w ater th us de­
term ined w as increased b y 25 per cent. A b o u t 150 
cc. w ash w ater were u su ally  foun d sufficient. The 
results are sum m arized in th e recom m endations later, 
under the head “ F iltra tio n  and W ashing of th e Barium  
C arb o n a te .”

3 S O L U B IL IT Y  O F B A R IU M  C A R B O N A T E  I N  W A S H

w a t e r — T h e possible effect of the slight h yd ro lysis 
of the barium  carbon ate in causin g low  results b y  solvent 
action  of the wash w ater w as studied  b y  com paring 
the results obtained  when determ ining th e barium  
carbon ate from  the com bustion  of th e sam e w eights 
of sugar, first b y  w ashing as above described, and 
then w ith  tw ice and three tim es th e am ount of w ater 
recom m ended. T h e results showed th a t th e error 
from  h yd ro lysis is negligible for present purposes. (See 
table and footn otes c and d, p. 467.)

H ollem an2 found the so lu b ility  of fresh ly  precip itated  
B a C O j in C 0 2-free w ater to  be 1 p a rt B a C O i in 64,070 
parts w ater at 8.8° and 1 p a rt in 45,566 p arts w ater 
at 24.2 or a p p roxim ately  1 part in 50,000 at the tem ­
perature of th e lab o rato ry  during th is w ork, i. e., 
20° to 220. On this basis 150 cc. wash w ater (see 
preceding section) w ould dissolve abou t 0.0003 gram  
B a C O i = 0.000018 gram  carbon. T h is w ould be 
negligible for present purposes, and the am ount dis­
solved  w ould  be rea lly  less th an  th is because of the 
repression of so lu b ility  during the first w ashings b y  
the barium  hydroxide still present; also it is quite 
possible th a t in the rap id  passage through th e  filter 
there .has not been sufficient tim e for the wash w ater 
to becom e sa tu rated  w ith barium  carbonate. Holle- 
m an ’s results are in good agreem ent w ith those of 
B in eau.3 H ollem an called  a tten tion  to the fa ct, 
also recorded b y  B ineau, th a t th e presence of carbon 
dioxide in w ater ap p reciab ly  raises the so lu b ility  
of barium  carbon ate and H ollem an explains in this 
w ay  th e so lu b ility  of 1 part in 14,137 parts of w ater 
observed b y  Fresenius, who le ft th e carbon ate in con ­
ta c t w ith  w ater exposed to  th e air for several days.

1 O rig. Com m unication, 8th In t. Congr. A p p l. Chem., 1 (1912), 361.
2 Z . ph ysik . Chem., 12 (1893). 135.
* A n n . chim . Phys., [31 51 , 290.

4  P O S S IB L E  S O U R C E S  O F E X T R A N E O U S  A L K A L IN E

s u b s t a n c e s — These are: (a) substances derived by 
action  of w ater on th e bottles contain ing the C 02-free 
w ater m entioned later; such action  should be avoided 
b y  choosing a good q u a lity  of glass b o ttle ; Jena glass 
containers were found sa tisfa cto ry ; (6) a lka li carried 
over m echan ically  from  soda-lim e gu ard-tubes b y  the 
air used to force ou t C02-free w ater; th ick  plugs of 
glass wool will rem ove this source of danger; (c) action 
of barium  hydroxide on th e w alls of th e M eyer tubes; 
these tu b es should not give up alkalin e substances 
to th e stan dard  acid  a fter barium  hydroxide has stood 
in them  for '■/■< hour and th e tubes h ave then been 
th o rou gh ly  washed w ith  alkali-free w ater; (d) action 
of barium  hyd ro xid e on filtering m aterial; glass wool 
as a filling m aterial is ab so lu tely  excluded on this 
ground; q u artz  has been foun d v e ry  satisfactory  (see 
description  of filtering ap p aratu s); am phibole asbestos 
for th e felt w as found su itab le from  th is standpoint 
as well as because of its  resistance to  a tta ck  b y  N /io  
h ydrochloric acid.

5 — f i l t r a t i o n  a n d  w a s h i n g  o f  t h e  b a r i u m  c a r ­

b o n a t e — T h is is carried out w ith the apparatu s shown 
in th e figure. T h e cu t is a p p roxim ately  one-tenth size

Fic. I

and is self-exp lan ato ry. 5 is a tw o -w a y stopcock 
conn ected  to  the suction  pipe. T h e rubber tubing 
connected to  the M eyer tu b e should be of best grade 
b lack  rubber, and th e len gth s used should be chosen 
so as to  perm it of easy m anipulation  of the tube. 
T h e M eyer tu b e is connected or disconnected by the 
rubber stoppers w hich are eft a lw ays attach ed  to the 
rubber tub es. T h e carbon filter C is fitted  with a 
p erforated  porcelain  p late, sliding easily. T he funnel 
is prepared for filtration s b y  m akin g a fe lt of asbestos 
on th e porcelain  disc, using asbestos which has been 
digested  for several hours w ith  stron g hydrochloric 
acid  and th en  w ashed free of acid. On top of the 
asbestos is p laced  a la y e r  of sim ilarly  washed quartz 
of th e  height show n in th e figure. A  m ixture of grains 
of various sizes (ap p roxim ately  50 per cent passing 
a 20-mesh and  th e rem ainder passing a 10-mesh and 
rem aining on a 20-mesh sieve) is suitable. A mixture 
of q u artz  and asbestos w orks well and m ay be simply 
ob tain ed  b y  filling th e  funnel w ith  a suspension of 
asbestos and deliverin g th e q u artz  to  the funnel from 
a beaker b y  m eans of a stron g je t  of w ater from the 
wash b ottle , while m ain tainin g a gentle suction. 
In th is w a y  the asbestos is prop erly  mixed with the
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quartz. P roper a tten tion  to  these details will be found 
to greatly exp edite filtration . T h e stopper is now 
inserted in the funnel, th e M eyer tu b e conn ected  as 
shown, and the liquid  and p recip itate  sucked into the 
funnel. O nly v e ry  gentle suction  should be used. 
When necessary, P3 is opened to ad m it air b ack  of 
the column of liquid  in th e M eyer tube. W hen the 
contents of th e tu b e h a ve  all been transferred, the 
large bulb nearest B  is half-filled w ith w ater b y  opening 
P i;  the stopcock S  is op erated  during this and subse­
quent operations so as to  m aintain  a gentle suction. 
M is now m anipulated  so as to  bring the wash w ater 
in contact w ith all p arts of the interior, a fter w hich 
the water is sucked ou t th rough  C; P 2 is le ft open 
during this and subsequen t w ashings. A fter  eight 
washings, as directed, allow ing th e wash w ater to 
drain off th o rou gh ly  each tim e before adding more, 
M m ay be detached, th e stopper rem oved from  the 
funnel and the w ashing com pleted  b y  filling C to the 
top with C 02-free w ater, su ckin g off com pletely  and 
repeating th e operation  once. A ir  is now adm itted  
through the side opening of S, C is rem oved  and the 
porcelain disc carry in g  the q u artz  asbestos and barium  
carbonate is shoved, b y  m eans of a long glass rod, 
into the flask used for titra tio n s, rem ovin g from  the 
sides of C a n y  adhering particles b y  a je t  of w ater from  
the wash bottle.

A P P A R A T U S  F O R  C O M B U S T IO N

a p p a r a t u s — T h e m ethod requires no m odification 
of any of th e accep ted  appliances for th e com bustion 
of iron and steel. In  th e present w ork both gas and 
electrically h eated  furnaces were used. A s already 
stated, there w as no p u rify in g train  a fter th e furnace, 
the M eyer tu b e being d ire ctly  a ttach ed . B efore the 
furnace was an electrica lly  h eated  porcelain  tub e 
filled with copper oxide; th en  a calcium  chloride tow er 
filled with stick  potassium  hydroxide. Steels and 
irons were burned on a bed of alkali- and carbon-free 
alundum contained in a p latin u m  boat. T h e blanks 
obtained b y  carry in g  th rough  a com plete determ ina­
tion, including filtration , w ashing, etc., b u t with 
omission of an y carbon-con tain ing substance, were 
usually 0.0 cc. and never m ore th a n  0.05 cc. of N /10  
hydrochloric acid, show ing n ot on ly  th a t th e oxygen 
was sufficiently purified and th e apparatu s in good 
condition, b u t th a t th e operations of filtration, w ash­
ing, etc., introduced  no appreciable p o sitive  error.

S O L U T IO N S  U S E D

t e n t h - n o r m a l  h y d r o c h l o r i c  a c i d — ’Standardized  
by any of the accep ted  m ethods, or as follow s: 20 cc. 
of the approxim ately  N / 10  acid  are m easured out with 
a pipette, 5 cc. of n itric  acid  (1 to  1 b y  volum e) 
added, and the silver chloride precip itated  b y  an ex­
cess of silver n itrate  solution  in a volum e of 50 to 60 
cc. After digesting a t 70 0 to  80° until the supern atan t 
liquid is clear, the chloride is filtered off on a tared 
Gooch filter and w ashed w ith  w ater containing 2 cc. 
of nitric acid per 100 cc. of w ater until freed from  
silver. A fter d ryin g to con stan t w eight at 130°, 
the increase of w eight over the original tare is noted 
and the strength  of the hyd roch loric  acid  calculated  
on the basis of the w eight of silver chloride thus o b ­

tain ed, a fterw ard s ad ju stin g  to  the stren gth  'p re ­
scribed. Several concordan t determ in ations w ith  v a r y ­
in g am ounts of acid  should be m ade. 1 cc. N / 10  
H C1 =  0.0006 gram  carbon.

t e n t h - n o r m a l  s o d i u m  h y d r o x i d e  s o l u t i o n —  

Stan dardized  again st the hydrochloric acid  solution, 
w ith m eth yl orange as in dicator. T h is solution is 
con ven ien tly  stored in a large glass b ottle  fitted  w ith  
a soda-lim e gu ard tub e and arranged for deliverin g 
th e solution b y  air pressure.

m e t h y l  o r a n g e — 0.02 gram  dissolved in too  cc. of 
hot w ater and filtered.

b a r i u m  h y d r o x i d e  s o l u t i o n — A  satu rated  solution 
filtered and stored in a large reservoir from  w hich it 
is delivered  b y  air pressure, protectin g from  carbon 
dioxide b y  a soda-lim e tu b e. T hree or four sm all 
bulbs of the M eyer tu b e are filled, and C 0 2-free w ater 
is added until th e rem aining sm all bulbs are filled. 
W hen burning products high in carbon th e sto ck  solu­
tion  m ay be used undiluted.

c a r b o n  d i o x i d e - f r e e  w a t e r — T h is is con ven ien tly  
m ade b y  passing air for a sufficient length of tim e 
through a soda-lim e tu b e and into  a 6- or 8-liter b o ttle  
filled w ith  pure distilled  w ater. T h e  w ater is delivered 
b y  C 02-free air under pressure.

t h e  m e t h o d

T h e corhbustion is carried out in the usual m anner, 
care being tak en  not to  pass the oxygen too rap id ly . 
A fter filtering, w ashing and tran sferrin g th e contents 
of th e filter to  a flask, as described under “ F iltra tio n  
and W ashing of th e B arium  C arb o n a te ,”  a slight 
excess of the stan dard  acid  is added from  a burette, 
using a portion to  rinse ou t the M eyer tu b e, and the 
excess of acid is then  titra te d  again st th e sodium  h y ­
droxide, using m eth yl orange as indicator.

R e s u l t s  O b t a in e d  b y  B a r iu m  C a r b o n a t e  T it r a t io n  M e t h o d

Carbon Carbon
W eight p resent found D ifference

M aterial Grain Gram  Gram  G ram
Sugar (a ) ................................................ 0 .0 1 0 0  0 .00421  0 .0 0 4 2 7 (c ) + 0 .0 0 0 0 6

0 .0 1 0 0  0 .00421  0 .0 0 4 2 0  — 0 .0 0 0 0 1
0.Q 100 0 .00421  0 .0 0 4 3 0  - fO .00010
0 .0 2 0 0  0 .0 0 8 4 2  0 .0 0 8 4 0  — 0 .0 0 0 0 2
0 .0 2 0 0  0 .0 0 8 4 2  0 .0 0 8 6 0  + 0 .0 0 0 1 8
0 .0 2 0 0  0 .0 0 8 4 2  0 .0 0 8 6 0  + 0 .0 0 0 1 8
0 .0 3 0 0  0 .0 1 2 6 3  0 .0 1 2 8 0  + 0 .0 0 0 1 7
0 .0 3 0 0  0 .0 1 2 6 3  0 .0 1 2 8 0  + 0 .0 0 0 1 7
0 .0 3 0 0  0 .0 1 2 6 3  0 .0 1 2 7 5 (d ) + 0 .0 0 0 1 2

B essem er S teel B . S ., N o . 2 3 . . .  1 .0 0 0  0 .0 0 8 0 5 (6 ) 0 .0 0 8 0 5  0 .0 0 0 0
1 .0 0 0  0 .0 0 8 0 5  0 .0 0 8 0 5  0 .0 0 0 0
1 .0 0 0  0 .0 0 8 9 5  0 .0 0 8 0 5  0 .0 0 0 0

  ____ 0 .0 0 8 0 0 (c )— 0 .0 0 0 0 5
Bessem er S teel, B . S ., N o . 1 0 b .. 1 .0 0 0  0 .00 3 7 3 (6 ) 0 .0 0 3 7 2  — 0 .00001

1 .0 0 0  0 .0 0 3 7 3  0 .0 0 3 7 2  — 0.00001
P ig  Iron C, B . S ., N o . 5 b .............. 1 .0 0 0  0 .0 2 7 2 6 (6 ) 0 .0 2 7 1 0  — 0 .0 0 0 1 6

1 .0 0 0  0 .0 2 7 2 6  0 .0 2 7 1 0  — 0 .0 0 0 1 6

M ean error, su gar .........................................................................  + 0 .0 0 0 0 9 4
M ean error, steels  and iron .................................................................  — 0 .0 0 0 0 5 6
(а) B . S . Standard Sam ple N o . 17. A 1% aqueous so lu tion  w as m ade  

and th e  required am ou nts were delivered in to  a porcelain  b oat from  a b urette. 
A fter careful evaporatioR of th e  w ater th e sam ple w as burned.

( б) C ertificate values.
(c) W ashed w ith  double th e usual am ou nt of w ash w ater. T h e second  

portion of wash w ater w as titra ted  aga in st th e  N / 10 hydrochloric acid; the  
am ou nts used after d ed uctin g  th e b lank w hen titra tin g  th e sam e q u an tity  
of the w ater used for w ashing were 0.10  cc. and 0.15 cc.

(d) W ashed w ith  three tim es the usual am ou nt o f w ash w ater.

T h e results g iven  in th e ta b le  show th a t th e m ethod 
is as accurate as th e w eighing m ethods. I t  is n ot so 
su b ject to  d isturbin g influences and requires less e lab ­
orate apparatu s than  those m ethods do.

n o t e s  a n d  p r e c a u t i o n s

i — A fter a little  practice a p recip itate  can be filtered 
and prepared for titra tio n  in five m inutes.
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2— W hen w orkin g w ith steels high in carbon (above 
i% )  it  is a d visab le  not to  use m ore th an  one gram , 
in order th a t filtration  m ay be sufficiently rapid.

3— F or v e ry  accurate w ork the M eyer tubes should 
be washed w ith d ilute acid  before beginning w ork each 
day. A fter a determ ination  is finished, th e M eyer 
tub e should be com pletely  filled tw o or three tim es w ith 
tap  w ater, then  rinsed w ith  distilled w ater, in order 
to rem ove th e  carbon dioxide liberated  when dissolving 
the carbon ate from  th e previous determ ination.

4— T h e flask containing th e carbon ate should be 
v e ry  th o rou gh ly  ag ita ted  after adding th e acid, since 
the carbon ate som etim es dissolves rather slow ly  if 
this is not done; this is p a rticu la rly  th e case if it  has 
packed m uch during filtration.

5— T h e rubber tube connecting B  (see figure) to  the 
M eyer tub e should be washed w ith  a little  w ater from  
B, before beginning determ inations each day.

I am  indebted to  M r. H. L. C leav es of th is Bureau 
w ho prepared the draw ing of th e filtering ap p aratu s 
and m ade m an y determ inations on steels which will 
appear in a later publication .

B u r e a u  o p  S t a n d a r d s
W a s h in g t o n  ,

T H E  D E T E R M IN A T IO N  O F  A M M O N IA  IN  IL L U M IN A T ­
IN G  G A S 1

B y J. D . E d w a r d s  

R eceived  M arch 21, 1914

T his paper is a sum m ary of th e results of a brief 
in vestigation  of the ap p aratu s and m ethods em ployed 
for the com m ercial determ ination  of am m onia in 
illu m in atin g gas. A  fuller report w ill be foun d in 
B ureau of S ta n d a rd s’ Technologic Paper  N o. 34, 
and the application  of this w ork in  the form  of op eratin g 
directions for carry in g  out th e determ in ation  will 
be included in B ureau of S ta n d a rd s’ Circular N o. 48, 
“ Stan dard  M ethods of Gas T e stin g .”

T h e m ethod gen erally  used for th e determ ination  
of am m onia in purified illu m in atin g gas depends 
upon the absorption  of the am m onia in a stan dard  
acid  solution, the am ount of am m onia absorbed from  
a m easured volum e of gas being determ ined either 
b y  titra tio n  of the acid  rem aining unneutralized, or 
less freq u e n tly  b y  allow ing the gas to  pass un til the 
chan ge in the in d icator used shows th a t  all the acid 
has been neutralized.

T h e choice of th e proper indicator to  use for this 
determ in ation  is of greater im portance th an  th e choice 
of apparatu s, since th e  use of an unsuitable indicator 
m a y introduce large errors, am ountin g in extrem e 
cases to m ore th an  one hundred per cent. M an y 
indicatqrs h a ve  been and still are com m on ly used 
w hich are n ot a t all suited  to  the purpose, fa ilin g to 
m eet one or m ore of th e fo llow ing essential requirem ents:

1— It should show  a sharp end point in dihxte 
solutions.

2— It should be sen sitive to  am m onia and not be 
seriously affected  b y  am m onium  salts.

3— T h e end point should be affected  as little  as 
possible b y  carbon dioxide.

1 Published  b y  perm ission  o f D irector, Bureau o f S tandards. A bstract  
of paper presented a t th e C in cin n ati M eetin g  of th e Am erican C hem ical 
S ocie ty , April 6 -1 0 , 1914.

T h e indicators which were foun d to be m ost suitable 
for the determ in ation  of am m onia in gas were sodium 
alizarin sulfon ate, cochineal and paranitrophenol. Sod­
ium  alizarin sulfon ate is less sen sitive to  carbon dioxide 
th an  eith er cochineal or paran itrophenol and gives 
a  color change from  greenish yellow  to  brown which 
is quite sharp even  w ith  v e ry  d ilute solutions. Sodium 
alizarin sulfon ate was the in d icator used in the re­
m aining experim ental w ork. M e th y l orange, though 
less sen sitive to  carbon dioxide th a n  th e above indi­
cators, does not give sufficien tly  sharp color changes 
w ith w eak solutions. P hen olphth alein  and litmus, 
of course, are too sen sitive to carbon dioxide to be of 
use here.

T h e presence of glass beads w hich arc used in some 
of the absorption  ap p aratu s m ay lead to  erroneous 
results for tw o reasons: ( i)  T h e beads m ay yield
alkali on co n tact w ith  th e absorbing liqu id ; (2) wash­
ing of the beads m ay be incom plete. _ Although 
th e absolute am ount of alkali w hich m ight be dissolved 
from  th e  beads is sm all, it  m ay be eq u ivalen t to a 
considerable percen tage of the to ta l am ount of am­
m onia to  be absorbed. For th is reason, it  is recom­
m ended th a t  th e operator te st the so lu b ility  of any 
beads he m ay use. T h e m ethod of w ashing out the 
ap p aratu s should also be tested  to  insure complete 
w ashing w ith a m inim um  of wash w ater.

F iv e  different form s of ap p aratu s were tested: 
T h e R eferees apparatu s, th e  E m m erling tow er, the 
L acey  apparatu s, the com m on form  of gas wash bottle 
and a m odified form  of th e C um m in g wash bottle. 
T h is la tter  form  (Fig. x) w as designed a t the Bureau

of S tan dards for th is work. In  th is form , .the gas 
passing through the sm all nozzle acts like an injector 
and circu lates the liquid  rap id ly  and continuously, 
thus b rin ging fresh acid  into  co n tact w ith the gas.

T h e re lativ e  efficiency and from  th is the probable 
a ccu racy  of the different form s of apparatus was 
determ ined b y  running the different form s in parallel, 
using gas from  a com m on su p p ly . A  N /50 solution 
of sulfuric acid  w as used as th e absorbing agent. 
I t  w as not considered desirable to  use a stronger solu­
tion  th a n  th is because of the sm all am ount of ammonia 
to be absorbed and the fa ct th a t  sm all errors in the 
m easurem ent of stronger solutions m ake a large error 
in th e am m onia ap p aren tly  absorbed.

A s a result of th is com parison it  w as found th a t the 
E m m erling tow er g a v e  results w hich were s o m e w h a t  

higher th an  those ob tain ed  w ith th e other forms and 
th a t the wash bottle  ga v e  results consistently lower.
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In a series of 10 tests, in each of w hich four different 
apparatus were run in parallel, the m axim um  differ­
ence between th e high and low  results of each test 
(expressed as a percen tage of th e average) was 8.3 
per cent and th e average difference 4.5 per cent. 
The am m onia con ten t of th e gas w as varied  from  
1 to 20 grains per 100 cubic feet. (For full experi­
mental details, see Technologic Paper  N o. 34, above 
referred to.)

A series of tests in w hich th e gas a fter passing through 
the first absorption ap p aratu s passed through an 
Emmerling tow er, showed, in general, th a t  the am ounts 
of ammonia escaping th e first ap p aratu s b u t absorbed 
in the E m m erling tow er were n ot detectab le w ithin 
the limits of error of the titra tio n .

With careful operation, a n y  one of th e five form s of 
apparatus tested  w ould ord inarily  g ive results th a t 
are well w ithin th e lim its of a ccu racy  required for this 
determination, eith er for com m ercial control work 
or for the purpose of gas inspection. T h e wash bottle  
appears to be sligh tly  less efficient as an absorber 
than the other form s, b u t still it g ives satisfactory  
results. It  is difficult to  m ake a n y  com prehensive 
statement defining sa tisfa cto ry  results. In general, 
results on gas contain ing up to a b ou t 5 grains of 
ammonia per 100 cubic feet should be w ithin  10 per 
cent of the am m onia con ten t of th e gas, although 
the percentage error m ay be greater when th e am m onia 
is 1 grain or low er. W ith  gas contain ing more than 
5 grains am m onia, the percen tage error should de­
crease som ewhat.

B u r e a u  o p  S t a n d a r d s , W a s h in g t o n

THE S T U D Y  O F  T H E  C R U D E  P E T R O L E U M  F R O M  
B IO R IT S U , F O R M O S A

B y  T e t s u . K a t a y a m a  

R eceived  A pril 1, 1914

Favorable indications of petroleum  deposits have 
been found in Form osa Islan d  in  m an y d istricts along 
the western slopes of the m iddle m ountain  range. Of 
these oil deposits th a t a t Shukkokosio, abou t seven 
miles south of B ioritsu  station  on th e m ain railw ay  line 
in the island, is th e m ost im p ortan t, and is now worked 
by the H owden P etroleum  C om p an y. I t  is reported 
that about 3,000 gallons of crude petroleum  are ob­
tained daily from  a single well there.

Several years ago the author studied  the physical 
properties of this crude petroleum  and foun d th a t the 
kerosene oil obtained from  th e crude petroleum  b y  the 
ordinary m ethod can not be used for lam p oil, the flame 
being very  sm oky. F u rth er s tu d y  had to  be p ost­
poned, but in M a y , 1913, it  w as again  resum ed. B y  
means of acetic anhydride, the sm ok y constituen t was 
isolated and its n ature studied, and it w as at last found 
that the kerosene oil m ay be refined b y  changing the 
temperature and duration  of th e reaction  on ordinary 
sulfuric acid treatm en t. T h e results th us obtained are 
submitted below.

1 - g e n e r a l  p r o p e r t i e s  o f  t h e  c r u d e  p e t r o l e u m

The crude petroleum  is a clear, m obile, brownish oil 
of specific g ra v ity  0.831 at 15 °  C .; its  smell is rather 
agreeable; it solidifies a t o °  C .

f r a c t i o n a l  d i s t i l l a t i o n — 300 cc. of th e crude p e­
troleum  were introduced  into a side tu b e distilling flask 
of abou t 500 cc. c a p acity , and distilled, the heat being 
so regulated  th a t abou t 2.5 cc. of d istillate passed over 
per m inute. The average results of du plicate d istil­
lations are the follow ing:

F raction s °C . Per cen t b y  vo lu m e Sp. gr. n t 15° C.
below  100...................... 1 .5  .............
100 -1 2 5 ............................. 1 5 .8  0 .7 7 7 0
1 2 5 -1 5 0 ............................. 2 1 .8  0 .7 9 8 0
1 5 0 -1 7 5 ............................. 1 2 .2  0 .8 1 5 5
175 -2 0 0 .......................... 8 . 8  0 .8 2 0 5
2 0 0 -2 2 5 .........................  7 .8  0 .8 3 6 0
2 2 5 -2 5 0 .......................... 7 .6  0 .8 5 8 5
2 5 0 -2 7 5 .........................  7 .5  0 .8 7 9 0
2 7 5 -3 0 0 .......................... 4 .3
R esid u e .............................  1 3 .2  Solid ifies a t  ord i­

nary tem perature

I t  is rem arkable th a t the specific g r a v ity  of each 
fraction  of th is crude petroleum  was v e ry  high— m uch 
higher th an  th a t of the corresponding fraction  of other 
crude petroleum s.

b u r n i n g  t e s t — T h e kerosene fraction , distilling be­
tw een i s ° °  C . and 275° C ., w as refined w ith concen­
trated  sulfuric acid  b y  th e ord inary m ethod, washed 
w ith w ater several tim es, then  w ith  a dilute alkali 
solution, and again w ith  w ater until the oil becam e free 
from  acid and alkali. T h e  kerosene oil th us refined 
was burned in a lam p of ordinary construction, b u t the 
flam e was v e ry  sm oky.

t e s t  f o r  n i t r o g e n  a n d  s u l f u r — T h e crude p etro­
leum  was heated  to  boiling for a long tim e w ith some 
sm all pieces of m etallic sodium , in a flask equipped w ith 
a reflux condenser. A fter  cooling, the sodium  was 
tested  for cyan ocom poun ds and sodium  sulfide, b u t 
no test for either of these com pounds was obtained.

I I  S O L U B IL IT Y  OF T H E  C O N S T IT U E N T S  O F T H E  C R U D E

P E T R O L E U M

A t first an a ttem p t w as m ade to isolate the sm oky 
constituen t in the petroleum  b y  d istillation, b u t it  was 
im possible. E v e ry  fraction  sep arated  b y  cautious 
fraction al d istillation  ga v e  a sm oky flame. T h en  an 
a ttem p t w as m ade to  separate the sm oky con stitu en t 
b y  a solven t. E deleanu suggested th a t arom atic com ­
pounds and other hydrocarbons, rich in carbon  atom s, 
m ay be dissolved a w a y  from  th e  oil b y  liquefied sulfur 
dioxide, and Prof. E ngler recom m ended th is m ethod 
as e ffe ctive .1 I t  w as considered desirable to  tr y  th is 
m ethod, b u t the tem perature of the lab o rato ry  at th a t 
tim e, a lw ays above 30° C ., did not perm it of th is 
procedure. Therefore another solven t, w hich w ould ex­
tract the sm oky con stituen t from  the petroleum  at 
ordinary tem perature, w as sought, and a t last it  w as 
found th a t acetic anhydride w as m ost su itab le for this 
purpose.

e x p e r i m e n t  i — 250 cc. of th e fraction  distilling be­
tw een 150° C. and 275° C . were introduced into  a 
separating funnel and acetic anhydride w as added, 
little  b y  little , sh akin g well betw een each addition. A t 
th e beginning the added acid dissolved in the p etro­
leum , b u t when 60 cc. of acid  had been added th e fluid 
separated  into  tw o layers, th e low er laye r  being 9 cc. 
A fter  th e  low er layer w as draw n off, 10 cc. more of the 
acid were added to  th e upper layer, when 27 cc. sep­
arated  as a low er layer. T h e low er layer w as draw n

* Zisehr. angciv. Chem., 1913, p. 177.
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off and added to  the form erly  sep arated  fluid. These 
operations were repeated until 200 cc. of acid had been 
used. T h en  th e to ta l fluid draw n off was 295 cc., 
w hile the residual upper lay e r  was 155 cc. B oth  the 
fluids were w ashed well w ith  w ater until th e y  becam e 
free from  acid, when the oil in th e upper laye r  was 140 
cc.- and th e oil in th e tapp ed  fluid w as n o  cc.; th a t is to 
say, the upper lay e r  contain ed 140 cc. of oil and 15 cc. 
of th e acid , w hile the low er layer contain ed n o  cc. of 
oil and 185 cc, of the acid. T hese results showed th a t 
th e petroleum  contains tw o different constituen ts, 
one im m iscible w ith acetic anhydride and the other 
easily  soluble in  acetic anhydride. T h eir specific 
g ra v ities  at 300 C. are:

T h e fraction before the tr e a tm e n t ..................................  0 .8 3 0
T h e im m iscib le o i l ...................................................................  0 .8 0 4
T h e oil easily  soluble in acetic  an h yd rid e...................  0 .8 6 4

It  m ight be th o u gh t th a t these tw o con stituen ts 
w ould h ave different boiling points, b u t th e d istillations 
of these con stituen ts showed th a t their boiling points 
were the sam e.

T h e burning q u a lity  of these tw o con stituen ts was 
next tested ; th e oil w ith  th e low er specific g ra v ity  
burned b rillian tly  while the other ga v e  a v e ry  sm oky 
flame.

From  the above experim ent it  w as ev id en t th a t the 
con stitu en t w hich gives a sm oky flam e on burning m ay 
be sep arated  from  the petroleum  b y  th is difference of 
so lu b ility  in acetic anhydride. T h is separation  de­
pends, of course, upon th e difference of so lu b ility  in 
acetic an hydride; it  varies accordin g to  th e q u an tity  
of the added acetic  anhydride, and the m ethod of 
addin g. T hough it was, of course, im possible to sep­
arate  these con stitu en ts from  each other abso lu tely , 
the division  w as sufficien tly  com plete for practical 
purposes.

e x p e r i m e n t  2— T h e ab ove experim ent w as repeated 
for the crude petroleum  and ev ery  fraction  of it. To 
io o  cc. of each fraction  of the oil, acetic anhydride was 
added little  b y  little , and the q u a n tity  of th e acid used 
when the m ixture ju st sep arated  into  tw o layers was 
noted. W hen the added acetic  an h yd rid e reached 
io o  cc. th e q u an tities of the tw o layers, and the q uan ­
tities and specific gravities of th e oils contained in 
these tw o  layers were determ ined.

S e p a r a t i o n  o p  t h e  O i l  a n d  I t s  F r a c t io n s  b y  A d d in g  100  c c .  o p  A c e t ic  
A n h y d r id e

Acid
added U p p e r  L a y e r L o w e r  L a y e r

^  . S P- in ­fr a c t io n s  original 
T em p , in oil at

when
layers

form ed
T ota l

vol. Oil in
Sp. gr. 
oil at

T ota l
vol. Oil in

Sp. gr. 
oil a t

0 C . 3 0 °  C. Cc. Cc* cc. 3 0 °  C. Cc. cc.

doOr>

C rude p etro­
leum ............0 .8 2 1 5 6 7 .5 6 3 .0 0 .8 0 4 132.5 3 7 .0 0 .8 5 1 5

R esid ue  
ab ove 250 0 .8 7 7 8 6 .0 8 0 .0 11 4 .0 2 0 . 0

2 2 5 -2 5 0 ......... 0 .8 4 8
2 0 0 -2 2 5 ......... 0 .8 2 4

1 3 .3 8 3 .0 7 5 .5 0 .8 2 3 117 .0 2 4 .5 0 .9 2 0
1 5 .0 7 5 .0 6 8 .0 0 .8 0 5 12 5 .0 3 2 .0 0 .8 8 0

175 -2 0 0 ......... 0 .8 0 9 3 0 .0 7 0 .0 6 0 .0 0 .7 9 6 130 .0 4 0 .0 0 .8 3 2
150 -1 7 5 ......... 0 .7 9 5 6 6 .0 4 6 .0 3 6 .0 0 .7 8 8 1 5 4 .0 6 4 .0 0 .7 9 8

L ow er fraction s were m ore soluble in acetic anhydride 
th an  higher fraction s, and fraction s boiling below 
150° C . g a v e  no separations into  layers when large 
am ounts of acetic  anhydride were added. T h e con­
stitu en ts in these fraction s could  be sep arated  b y  dis­
solvin g in acetic an h yd rid e and adding w ater, drop b y  
drop. T h e fluid sep arated  at first into tw o layers, then

into  three layers, of which th e low est did not contain 
oil; th e m iddle layer contained the sm ok y constituent 
and m ost of th e  acid, w hile th e  upper contained the 
non-sm oky con stitu en t and a little  acid.

m — p r o p e r t i e s  o f  t h e  s m o k y  c o n s t i t u e n t  

T h e fraction  boiling betw een 150° and 250° C. was 
m ixed w ith half its volum e of acetic  anhydride and sep­
arated  into  its tw o  con stitu en ts b y  th e  above described 
m ethod; th e oil ob tain ed  from  th e upper layer burned 
b rillia n tly , while the oil from  th e  low er layer burned 
w ith a v e ry  sm oky flame.

O riginal S m ok y Non-sm oky
fraction con stitu en t constituent

Sp. gr. a t 15° C .................................  0 .8 3 0  0 .8 5 5  Ô.822
R efractive index a t  2 0 °  C.

(A b b é)............................................  . . .  1 .4932  1.4437
Iod in e num ber (H ü b l)  . . .  0 .7 6  0 .37

T h e low  iodine num bers showed th e com parative 
absence of open chain un satu rated  com pounds.

n i t r a t i o n  t e s t . — C on cen trated  n itric  acid acts 
upon all th e un saturated  com pounds a t a low tempera­
ture. A  m ixture of 20 gram s of su lfuric acid  (sp. gr. 
1.84) and 16 gram s of n itric  acid  (sp. gr. 1.375) was 
troduced  into  a sm all grad u ated  cylin der equipped with 
a glass stopper: 10 cc. of the oil were added and mixed
slow ly, avoid in g rise of tem peratu re b y  cooling with 
w ater. A fter  stan din g, th e fluid sep arated  into three 
layers: th e upper lay e r  contained non-reacted oil and 
a sm all q u an tity  of n itrated  substance; the middle 
layer consisted of n itrated  oil and acid m ixture; the 
low er laye r  consisted of th e acid  m ixture and a little 
n itrated  substance. T h e upper lay e r  was separated, 
washed well w ith w ater and d ilute a lk ali solution, and 
m easured; th is oil contain ed a sm all q u a n tity  (2-3 per 
cent?) of n itrated  substance w hich was considered prac­
tic a lly  negligible. T h is volum e w as subtracted  from 
10 cc. and the difference w as recorded as the volume of 
th e n itrated  portion in the fraction .

F raction  before S m ok y Non-smoky
P ercentages separation  con stitu en t constituent

N itra ted  p o r tio n .......................... 42 73 36
N 'on-nitrated p ortio n .................  58 27 64

T h e sm oky con stitu en t contained much nitrifiable 
portion. T h e specific gravities of both the non­
n itrated  portions ob tain ed  from  the sm oky constituent 
and the non-sm oky con stitu en t were 0.804 at 300 C. 
and both the n on-nitrated  portions burned brilliantly 
in an ord inary lam p. From  these results, it was con­
cluded th a t th e n itrifiable oil w as the cause of the smoky 
burning.

T h e n itrated  portion obtained from  the fraction 
boiling below  1 1 5 0 C . w as reduced w ith hydrochloric 
acid, and m etallic tin  and excess of an alkali solution 
were added to it  and distilled. A  colorless oily substance 
w ith anilin-like odor w as obtained. T h is substance 
w as s lig h tly ' soluble in w ater; th e solution turned 
vio le t gra d u ally  on being exposed to  air; the sam e, 
change of color occurred also when bleaching powder 
solution w as added; th is sub stance form ed a difficultly 
soluble crysta llin e sa lt w ith  d ilute sulfuric acid. These 
fa cts  in d icated  th a t th e  substance contained aniline 
and its higher hom ologues.

r e a c t i o n  w i t h  p i c r i c  a c i d — Picric acid forms 
crysta llin e com pounds w ith  m an y of arom atic com-
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pounds: 12 g. of picric acid  were dissolved in 100 cc'.
of the fraction, w arm ed. A fte r  one d ay the fraction  b e­
came filled w ith  yellow  crystals.

c h e m i c a l  c o m p o s i t i o n — T h e sm oky constituen t 
was treated w ith  acetic  anhydride and a com p a ra tiv ely  
insoluble portion sep arated  from  it. A fter repeatin g 
this operation several tim es a pure sm oky con stituen t 
was obtained w hich yielded  no non-nitrated  portion 
on nitration. S im ilarly  a con cen trated  non-sm oky 
constituent was ob tain ed  w hich yield ed  10 per cent 
nitrated portion on n itration . C om bustion s of the 
two constituents ga v e  th e fo llow ing results:

Per cen t Per cen t R atio  of
C on stitu en t C H  C to  H

Pure sm ok y ......................................  8 8 .9 8  10 .75  1 :1 .44
Concentrated n on -sm ok y   8 5 .4 3  14 .3 4  1 :2 .00

The form er is rich in carbon atom s. B eing a m ixture 
of compounds boiling betw een  150° C. and 250° C ., 
its molecular form ula can n ot be determ ined b y the 
above com position, b u t it  is supposed from  the boiling 
point th at the num ber of carbon atom s is betw een 9 

and 15. If  these num bers are applied  to  C iH i.4J, it
becomes CsH^.se CuHji-e, i- c., C„H2,<—5.04-----
ChH2b—8.4- These form ulas are richer in carbon atom s 
than paraffins, n aphthenes, or olefins: th e y  correspond 
to arom atic com pounds. T h e ab ove form ulas indicate 
that the non-sm oky con stitu en t is com posed of p a raf­
fins or naphthenes.

From the ab ove described experim ents it  was con­
cluded th a t th e n itrated  portion  consisted of arom atic 
compounds, and abou t 42 per cen t b y  volum e of 
the kerosene fraction  w as nitrifiable. On th a t  account 
the kerosene fraction  was richer in carbon atom s than 
an ordinary kerosene oil from  another origin, and 
burned incom p letely  in  an ord in ary  lam p.

IV  R E F I N I N G  T H E  K E R O S E N E  O IL

In the previous paragraph it  w as concluded th a t the 
smoky burning of th is oil w as due to  the presence of 
large am ounts of arom atic  com pounds. T hough this 
smoky constituent could be sep arated  b y  acetic a n h y ­
dride as described in Section  II , th is m ethod could 
not be used econ om ically  for the com m ercial refining 
of burning oil, on accou n t of th e high price of acetic 
anhydride. A ccord in gly , another refining m ethod for 
this oil was sought. On ord inary sulfuric acid  trea t­
ment, the q u a n tity  of th e acid and tem perature and 
duration of the trea tm en t were changed variously.

e x p e r i m e n t  3— 100 cc. of th e kerosene fraction  
boiling betw een 1 5 0 °  C. and 2 5 0 ° C . were m ixed w ith 
100 cc. of concen trated  sulfuric acid  (sp. gr. 1 .8 4 ) , 

stirred with an a g ita to r  conn ected  to  a w ater turbine. 
In the course of tim e the acid  layer absorbed some por­
tion of the oil, and increased gra d u ally  in q u an tity . 
After agitating for tw e n ty  hours, th e oil layer was sep­
arated, washed well w ith w ater and a dilute rflkali 
solution. T h e specific g r a v ity  of th e oil decreased 
from 0.825 to  0 .7 9 1 ,  and the oil burned brillian tly. 
Next the kerosene fraction  w as trea ted  w ith sm aller 
quantities of th e acid, and th e results obtained follow .

1 he nitrifiable portion in th e  follow ing ta b le  was 
determined b y  the m ethod described above.

T reatm ent  
of kerosene 

agitated
R efractive

index
,-------- *---------, Sp. gr. of Vol. N itrifiab le of
w ith treated of acid portion  in treated

HiSO< for oil at • layer treated  oil oil at
Cc. hrs. 3 0 °  C. formed Per cen t 2 0 °  C.
100 20 0 .8 2 5 4 2 .0 1 .4705

75 20 0 .7 9 7 125 .’4 1 2 . 0 ) 1 .44680 .7 9 7 9 8 .0 1 5 .0 )
50 20 ... « 6 7 .0 1 9 .0
25 20 0Í803 4 4 .0 2 3 .0
10 20 0 .821 2 0 . 0

25 5 0 .8 0 8 4 3 .0 2 3 .0 1 .4577
10 5 0 .8 2 1 1 7 .0 3 5 .0

R epeated
la st treatm ent 2 8 .0 1 .4682

C h a r a c t e r  
o f  F l a m e  

V ery sm oky  
V ery good

V ery good  
Good
N o t  sm oky  b ut 

easily  undulated  
Good
N o t  sm ok y b u t  

easily  und u lated  
Good

From  th e above ta b le  it w as ev id en t th a t there was 
no difference betw een  th e reactions for 20 hours and 
5 hours, and th a t on the reciprocal proportion  of th e 
acid  used, specific gravities, refractive  indices and n itri­
fiable portions of th e treated  oil gra d u ally  decrease.

It  w as also seen th a t  when less sulfuric acid  than  
25 cc. was used, th e  n itrifiable portion in th e trea ted  
oil decreased in the ratio  of abou t 7 cc; for xo cc. of 
sulfuric acid used, and in th e sam e ratio  the acid  layer 
absorbed the oil. W hen m ore sulfuric acid  was used, 
the ratio  decreased.

e x p e r i m e n t  4 — 100 cc. of th e kerosene fraction  
were introduced into a flask provided  w ith a reflux con­
denser, and m ixed w ith  various q uan tities of concen ­
trated  sulfuric acid  (sp. gr. 1.84). T h e m ixture, 
w arm ed on a w ater b ath , w as a g ita ted  for five hours 
b y  a d ry  air current. A fter  treatm en t, the oil w as sep­
arated  from  th e acid layer, and w ashed. T h e oils 
thus obtained were yellow  in color; their q uan tities 
are ta b u la ted  below :

Sulfuric 
acid used  

Cc. 
Original oil 

20 
15 
10 
5 
3

A cid layer 
separated  

Cc.

44
33
22
11
7

N itrifiable  
portion  
in oil 

Per cen t  
42  
18 
24  
30  
36  
38

C h a r a c t e r  
o f  

F l a m e  
V ery sm oky  
V ery good  
V ery good  
V ery good  
Good
N o t sm oky b ut  

easily  undulated

From  the above it  w as clear th a t sulfuric acid acts 
more effective ly  a t io o °  C. th an  at ordinary tem pera­
ture. T h e increase of acid  layer b y  the trea tm en t was 
proportional to th e q u a n tity  of sulfuric acid  used. 
For 10 cc. of sulfuric acid  used, the increase of acid 
layer w as 12 cc., and the decrease of nitrifiable portion 
in the treated  oil w as also 12 cc. From  th is result, it 
w as concluded th a t the n itrifiable portion b y  which th e 
kerosene fractio n  w as contam in ated , w as absorbed b y  
the acid  in alm ost definite proportions. T h e sulfuric 
acid acted  upon nitrifiable oil in the kerosene fraction  
1.7 (12/7) tim es m ore effective ly  at io o °  C . th an  a t 
ordinary tem perature.

If th e kerosene fraction  was treated  b y  sulfuric acid  
at io o ° .C . for five hours, a usable oil w as obtained b y  
5 per cent of sulfuric acid, and the m ore sulfuric acid 
used, the b etter the oil obtained.

A fterw ard s tw o sam ples of new crude petroleum  were 
obtained and tested  as to  so lu b ility  in acetic anhydride: 
th e n itrifiable portions were determ ined in them  b y  
the m ethod described in th is paper and it  w as found 
th a t th e ab ove m ethods were applicable for th e  testin g  
of oil for the presence of com pounds rich in carbon.

T h e  I n s t i t u t e  o f  S c i e n c e , G o v e r n m e n t  o f  F o r m o s a  
T a iw a n -S o t o k u - F u  K e n k y u j o  

N ovem b er 29, 1913
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T H E R M A L  R E A C T IO N S  IN  C A R B U R E T IN G  W A T E R  G A S  
P A R T  II— E X P E R IM E N T A L

B y  M .  C . W h it a k e r  a n d  W . F .  R it t m a n  

R e c e iv e d  April !3, 1914

In the design of an experim ental ap p aratu s for c ra ck ­
ing oil in accordan ce w ith th e  th eo ry  set forth  in T h i s  

J o u r n a l ,  6 , 383, i t  is necessary to  provide accu rate  con­
trol over the three variab les: tem perature, pressure, 
and concen tration. T h e plan of research has been: (1) 
T o  keep pressure and concen tration  constan t un ­
til th e effect of changing tem perature is understood; 
(2) to  keep the tem perature constan t and change the 
to ta l pressure on th e system ; (3) to  hold both  te m ­
perature and pressure constan t and crack  th e oil 
in the presence of other gases in order to  v a r y  th e con­
centrations.

C onsiderable tim e was sp ent in  designing and b u ild ­
in g an ap p aratu s w hich would be stab le, durable, 
easy  of access and replaceable in  all its  parts, as well

brand w rought iron pipe, 32 in. long. For a length 
of 18 in. the pipe is w rapped w ith  No. 15 Nichrome 
resistance wire, seven  turns to  th e inch. B etw een the 
w rought iron pipe and resistance wire five layers of 
asbestos paper serve as insulation. In  series w ith the 
nichrom e wire of th e furnace is a large rheostat, with 
grad u ated  steps betw een 2V2 and 9 am peres. An 
incandescent te ll-ta le  lam p is conn ected  across the 
binding posts of the furnace, to indicate when the 
curren t is on as well as to give a rough idea of the 
w a tta ge  in use. B o th  vo ltm eter and am m eter are con­
nected in th e circuit. (See F ig. I.)

T h e nichrom e w ire w indings are enclosed in a five- 
inch in sulation  of m agnesia-asbestos pipe covering 
to m inim ize radiation. A 3/4 in. w rought iron pipe is 
w elded a t righ t angles into  the 1V2 in. w rought iron 
furnace b o d y  to  serve as a contain er for the pyrometer 
point. T h is side tub e is likew ise insulated  with as­
bestos and is fitted  w ith a stuffing box surrounding the

ADMIXTURE GAS TANKS OIL CRACKING 
MACHINE

GAS COLLECTOR

F í g . I — A p p a r a t u s  f o r  O il  C r a c k in g  a n d  G a s  M a k in g

as under com plete control w ith respect to tem p era­
ture, pressure and concen tration. T h e m achine was 
fu rth er designed to  be of such dim ensions and c a p acity  
as w ould in d icate results w hich m ight be expected  
in the com m ercial a p p licatio n  of th e principles in ­
vo lved . In  its  com pleted  form  th e ap p aratu s covers 
a floor space sixteen  feet b y  four feet and th e oil feed 
cup at th e top  of th e m achine is nine feet from  the 
floor. W ith  th is equipm en t it  is possible to  m ain ­
ta in  a n y  tem p eratu re up to  10000 C . w ith in  five de­
grees, and an y pressure ran gin g from  on e-th irtieth  
of one atm osphere absolute to  three atm ospheres 
absolute.

F U R N A C E  b o d y  

T h e furnace b o d y  is m ade from  1V2 in- “ R e a d in g ”

pyrom eter rod. W ith  th is side tube it  is possible 
to keep th e pyrom eter point d irectly  in the furnace 
b o d y  at all tim es. T h e p yrom eter couple is of the 
iron-nickel ty p e  connected w ith  a m illivoltm eter cali­
b rated  in degrees C en tigrade.

A fter  continued use a t th e higher temperatures 
th e furnace b od y w arps or the nichrom e wire burns 
out. D u p licates for all p arts are k ep t on hand, and 
th e ap p aratu s is so designed th a t  a n y  part m ay be re­
p laced w ith in  a few  m inutes.

In  order to vaporize th e oil before it reaches the 
crack in g zone, th e upper p a rt of th e furnace tube is 
filled w ith  5/s in. steel balls. T hese are held in place 
b y  a th in  post w hich runs v e rtic a lly  through the fur-1 
nace sup portin g a perforated  p late. T h e vertical rod
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is bent to perm it the centering required for the p yrom ­
eter. The o b ject of the steel balls is to spread the 
oil in - thin films and fa c ilita te  va p o rization , b u t not 
to serve as crack in g surface; in order to accom plish 
this they are k ep t a t a safe h eigh t above the crackin g 
zone. Low ering them  into  th e crackin g zone has a 
marked influence on the products obtained  from  the 
cracking process. T h e furnace, togeth er w ith con­
denser, oil feed, pressure gauge and adm ixture gas- 
inlet pipe are v e rtic a lly  supported  b y  iron clam ps a t­
tached to an upright 3 in. X  6 in. yellow  pine tim ber. 
The assembled ap p aratu s was tested  at 100 lbs. h y ­
draulic pressure.

O IL  F E E D

A Powell sight feed  oil cup of one q u art cap acity  
is joined b y a 3/< in. elbow  and nipple to  a 1V2 X 
1V2 X 3A  X 3A  in. cross which form s the upper end 
of the furnace b od y. T h e pressure in  th e oil cup is 
equalized through a sm all internal pipe which com m uni­
cates with the furnace b o d y  below  the point of oil 
discharge. As a result of th is equalizin g tube, regard­
less of whether th e ap p aratu s is under increased or 
reduced pressure, th e oil su p p ly  is a lw ays under a 
supply pressure equal to  its ow n head. A s th is head 
decreases the rate of flow m ay be regulated  b y  the 
needle valve controlling the feed in let. T h e rate of 
supply m ay be determ ined b y coun tin g the drops for a 
given time.

P R E S S U R E  G A U G E S

For all vacuum  w ork th e ap p aratu s is connected with 
a mercury m anom eter calib rated  in inches. A  m e­
chanical vacuum  gauge is also p laced a t th e top of the 
apparatus to in d icate a free path  in the crackin g tube. 
In the course of th e experim ents under certain  condi­
tions, sufficient carbon w as deposited to clog up the 
apparatus and show  a considerable difference in the 
pressure between th e  tw o  gauges. Such a condition, 
however, is lim ited  to  experim ents in v o lv in g  high tem ­
peratures and pressures (atm ospheric or greater), 
where the deposition of carbon  is a t its  m axim um . 
There is never a n y  clogging under reduced pressures. 
For pressure w ork, th e m ercu ry colum n is disconnected 
and a m echanical pressure gauge is sub stituted .

C O N D E N S E R

At the lower end, the gen eratin g tu b e or furnace 
body discharges through a L iebig  ty p e  condenser 
into a tar drip for the collection  of liquid  condensates. 
The cooling w ater enters a t th e b otto m  of the con­
denser and on leavin g continues th rou gh  the ja c k e t 
°f the vacuum  pum p. T h e condenser pipe is off­
set from the furnace b od y rath er th an  placed d i­
rectly under it  so. th a t th e furnace m ay be cleaned 
by simply rem oving the low er plug and w ithdraw in g 
the contents. I t  is th u s possible to  rem ove and 
weigh the deposited carbon from  the furnace body 
after each run.

TA R  D R IP S

For vacuum  w ork th e ta r drips are of glass, as th is 
acilitates observation  of th e gas, as w ell as the n ature 

and the rate of ta r  form ation. In  vacu u m  w ork it 
"as soon found th a t th e ligh ter condensates would con­

tinue through the vacuum  pum p because of the low  
pressure in th e first ta r  drip. T o  collect th e liquids 
draw n through, a second ta r  drip w as placed beyond 
the vacu u m  pum p. Upon reaching the second drip 
these lighter h ydrocarbon s condense, as th e pressure 
is then ap p roxim ately  atm ospheric. W hen w orking 
under on e-th irtieth  of an atm osphere it  was foun d th a t 
only a sm all percentage of the hydrocarbon s w ould 
collect in the first ta r drip. F or pressure w ork a steel 

■ ta r  collector was sub stituted .

V A C U U M  P U M P

V acuum  in the system  is m aintained b y  a M ay- 
N elson tw o-ring vacu u m  pum p. B y  m eans of a b y ­
pass connection jo inin g th e ou tlet and in let of the 
pum p, it is possible to  regulate the v a lv e  so as to  m ain­
tain  a n y  desired vacu u m  dow n to  on e-thirtieth  of an 
atm osphere.

C O N N E C T IO N  F O R  P R E S S U R E  W O R K

T h e vacu u m  pum p is m ounted on a m ovable con­
crete foun dation  and b y disconnecting a few  couplings 
the vacu u m  a ttach m en ts m ay be rem oved. For 
pressure w ork there is su b stitu ted  an all m etal tar 
collector, conn ectin g pipe, and release pressure va lve , 
as shown in F ig. II . T h e ap p aratu s m ay be changed 
from  vacu u m  to  pressure, or vice versa, in tw e n ty  
m inutes. W hen w orking under pressure, the gas

CUT SHOWING

generated in the furnace b od y creates its  ow n pres­
sure. T h is pressure is controlled  b y  an ordinary 
release v a lv e  placed a t the inlet to  the gas collec­
tor. B y  regulating the release of th is va lv e , the 
ap p aratu s m ay be set to  w ork under a n y  pressure 
from  atm ospheric to 30 lbs. per square inch above 
atm ospheric, w hich seem ed to be the upper safe w ork­
ing lim it of the furnace under the conditions of op era­
tion. A  pressure gauge is placed in th e discharge line 
and used as a check on the pressure gauge near the oil 
feed.

G A S C O L L E C T O R  A N D  A D M IX T U R E  G AS T A N K S  

T h e gas generated  is collected  in a 12 cu. ft . c a p acity  
gas holder, m ade b y  the A m erican M eter C om pan y. 
T h e ta n k  is graduated  in tenths of a cubic foot. B y  
m u ltip lyin g th e num ber of cubic fe e t  b y  28.32 the 
volum e is reported in liters. T o  a void  relyin g upon 
n atural diffusion for m ixing the gases, the bell of the. 
holder is fitted  w ith an internal m echanical stirrer 
d irectly  connected through a stuffing box to  an elec­
tric  m otor located  on top of the bell. P erfect m ixing 
of the gases m ay be atta in ed  in tw o m inutes w ith  this
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equipm en t whereas n atural diffusion would require 
from  one to tw o hours.

T h e equipm en t also contains tw o 6 cu. ft. c a p acity  
adm ixture ta n k s of the sam e design as the large holder. 
These serve as gas sup ply ta n k s when crackin g oil in 
the presence of other gases such as H 2, C O , or m ix­
tures of th e tw o. A  in - steel pipe, fitted  w ith 
needle control va lves, connects these tw o tan ks w ith  
the in let end of the furnace b ody. T he pip ing is so 
arran ged as to  connect a n y  tw o of th e three tanks.

M E T H O D  O F M A K IN G  A R U N

W hen th e ap p aratu s is op erated  under vacu u m  the 
furnace b od y is first heated b y  the resistance coils 
to the desired tem perature for crack in g th e  oil into 
fixed gases. T h e oil is perm itted  to enter the upper 
p a rt of the generatin g tu b e  where it  spreads over the 
steel balls and is vaporized. In th e m eantim e, the 
vacu u m  pum p has been set in operation and draw's 
the oil vapors dow nw ard into th e crackin g zone of 
th e furnace b od y, whereupon these vapors are im m e­
d iate ly  cracked  into fixed gases and other products. 
T hese products, before op p o rtu n ity  is offered for 
p o lym erization  or decom position of the hydrocarbon  
gases, are w ith d raw n  b y  the vacu u m  pum p from  the 
crackin g zone and their place is taken  b y  a q u a n tity  
of oil vap o r from  the vaporizin g zone above. In 
th is m anner the hydrocarb on  gases are w ithdraw n  
continuously and as q u ick ly  as th e y  form . A fter 
th e y  pass through the condenser and receiver for the 
rem oval of th e condensable vapors, th e y  are fo r­
warded b y  w ay  of the pum p to  th e gas holder.

T a b l e  I — T y p ic a l  V a c u u m  R u n  R e c o r d  

Oil used, 400 cc. R oom  tem perature, 15° C. B arom eter, 756 m m .

T em p. Vacuum
Oil feed  
D rops in Cu. ft. gas

T im e ° C. Inches 10 sec. observed
11.43 900 2 9 .0 0
12 .0 0 903 2 8 .5 0 24
12.15 905 2 8 .0 0 26 2 .1 6
12 .3 0 895 2 8 .7 5 23 3 .01
12 .45 895 2 8 .7 5 21 3 .7 6

1.0 0 895 2 8 .5 0 24 4 .8 6
1 .3 0 895 2 8 .5 0 26 6.8 6
1 .45 895 2 8 .5 0 25 7 .7 6
2 . 0 0 895 2 8 .7 5 17 8 .3 6
2 .0 7 R un  ended 8 .7 5

C orrected  to  stan dard  conditions as follow s:

8 75 X I S  x  X 28.32 =  234 liters 
288 760

A n a l y s is  o f  P r o d u c t s  f r o m  T a b l e  I — G a s  A n a l y s is

Per cent L iters at
b y  vol. std . cond.

CO2........................................................... 0 .1
I l l .............................................................. . 5 2 .1 • . 1 2 2 .0
O7.............................................................. 0 .9
C O ............................................................ 0 .4
C H i.......................................................... . 2 4 .0 5 6 .0
CsHe........................................................ 1 .3 3 .0
H j.............................................................. . 1 7 .3 4 0 .0
N j (d ifference)................................... 3 .9

• ----- ---

C arbon, 3 grams.
" T a r ” 60 cc. Sp. gr. 2 0 °  Be.

1 00.0

G A S S A M P L IN G  A N D  A N A L Y S IS

A fter  the gas in th e holder is th o rou gh ly  m ixed 
b y  the m echanical stirrer, three or fou r sam pling

tu b es are filled for analysis. A s a guide for all meth­
ods of gas analysis, D en n is’ 1913 edition  of “ Gas 
A n a ly s is ,”  using the H em pel eq uipm en t, is followed. 
T o  determ ine the hydrogen  in a m ixture of hydrogen, 
m ethane and ethan e, H em pel’s fraction al combus­
tion m eth od 1 is used. A ll analyses are m ade in dupli­
cate.

D A T A  O B T A IN E D  F R O M  A R U.N

In this w ork all conditions outside of temperature, 
pressure, and concen tration  were m aintained as uni­
form  as possible. F ou r hundred cc. of oil were used 
per run, fed at the rate of a b ou t 3 cc. per minute. 
T h e oil used is tech n ica lly  know n as “ 150° (F.) water 
w hite o il;”  its specific g ra v ity  at 1 5 0 C. is 0.7984; 
boiling point betw een 150° and 2900 C . Oil from 
the sam e ta n k  w as used th rou gh ou t th e experiments. 
A ll runs were m ade in duplicate.

E F F E C T  OF T E M P E R A T U R E  C H A N G E S

T h e experim ental d ata  on changes in temperature 
in th e crack in g of th e oil, w ith  pressure and concen­
tratio n  m aintained con stan t, agree w ith  the data re­
corded in the literatu re from  th e experim ents b y  Haber,2 
H em pel,3 R oss and L eather,'1 L ew es,5 Fulweiler,6 
and others. I t  is difficult to  m ake accu rate  compari­
sons of tw o experim ents conducted  in different appa­
ratu s on accou n t of the great v a r ie ty  of conditions 
in vo lved . S u b jectin g  a gas to  a tem peratu re of 9000 
C . for five seconds is quite different from  subjecting it 
to  th e sam e tem p eratu re for five m inutes.7 Leading 
the gases through a 1/a in. pipe h eated  to 900° C. 
w ould g ive different results from  those obtained by 
leading the sam e gases through a 2 in. pipe heated to 
9000 C . W hile th e difference due to  experimental 
ap p aratu s w ould not be so great as th e exam ples cited, 
there is sufficient difference to  affect the value of direct 
com parison.

T a b l e  II  

Oil used, 400 cc.

G as liters
T em p. Standard Carbon Tar
°C . Press. conditions Grams Cc.

650 atm os. 135 3 . 163
750 atm os. 206 18 80
900 atm os. 382 115 11

A nalysis of G as from T ab le II

T em p. C2H« CH< H 2 III
0 C. Per cent Per cent Per cen t Per cent

650 10.2 3 3 .7 9 .1 4 3 .6
750 4 .9 4 1 .1 1 9 .2 3 0 .6
900 N o n e  . 4 6 .7 3 8 .6 13.1

H ow ever, th e general results obtained at different 
tem p eratu res b y  different experim enters are compara­
ble. A s the tem perature increases, the quantity of 
v a lu ab le  gas from  a given  am oun t of oil increases to 
a m axim um , after w hich th e gaseous hydrocarbons 
rap id ly  decrease and the deposited carbon increases.

1 Ztschr. angew. Chem ., 1912, 1841.
2 Jou r. f .  Gash., 1896, 799, 813, 830.
8 Ib id ., 1910, 53.
4 Jou rn al o f  Gas L ighting, 1906, 825.
5 Jou r. Soc. Chem. In d ., 1892, 584.
6 R ogers’ "Industrial C hem istry .”
7 L ew es, Proceedings o f  R oya l Soc., 1894, 90; W .r A . Bone, Jour. .<• 

Gasb., 1908, 803; B on e and C ow ard, Jou r. Chem. Soc., 1908, 1197.



The q u an tity  of ta r decreases, b u t th is is due to a dis- expan d to m any volum es of gas than  under reduced 
sociation of th e h ydrocarb on s and can not be construed pressure,
favorably. U pon su b jectin g  th e oil to  tem peratures In  th e system
of 650°, 750° and 9000 C ., under atm ospheric pressure, • O IL  G A S  T A R
the results are as shown in T a b le  II . (F ew  volum es) (M an y  volum es) (F ew  v o g u e s )

e f f e c t  o f  i n c r e a s e d  p r e s s u r e  o n  g a s e o u s  r e a c -  one w ould exp ect th a t th e application  of high pres-
t i o n s  sures w ould increase the d ifficu lty  of generatin g gas,

It seems reasonable to  exp ect th a t a high pressure and after the Sas is generated  it w ould m ake easier
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F ig . H I — V a r ia t io n s  in  Y ie l d s  o k  P r o d u c t s  a t  7 5 0 »  C „  u n d e r  V a r y in g  F ig . I V - V a r ia t io n S i n  Y ie l d s  o f  P r o d u c t s  a t  7 5 0 °  C . .  u n d e r  V a r y in g  
P r e s s u r e s . ( T a b l e s  I I ,  I I I ,  IV  a n d  V I )  P r e s s u r e s . ( T a b l e s  I I ,  I I I ,  I V  a n d  V I)

wiU assist m aterially  in condensing three volum es of th e condensation reactions which proceed to th e ta r
acetylene into one volum e of b enzene: 3 C îH 2 ^±1  C 6H 6. stage. Since th e  un satu rated  hydrocarbons, eth ylen e
On the other hand, it  seem s reasonable to  expect th a t, and acetylene, polym erize m ost readily , increased
under a high pressure, it  will be considerably more pressure should preferably condense them  « ith  the
difficult for one volum e of oil vap o r to  b reak up or form ation  of ta r  com pounds. In  addition  to  the d irect



Pressure Ibs./sq.In,

Carbon

F i g . V I— V a r i a t io n s  i n  Y ie l d s  o p  P r o d u c t s  a t  9 0 0 °  C., u n d e r  V ary 
i n c  P r e s s u r e s . ( T a b l e s  I I , I II , IV  a n d  V I)

is low er th an  the m axim um  obtained  under atmospheric 
pressure.
E F F E C T  OF D IM IN I S H E D  P R E S S U R E  O N  G A S E O U S  REAC­

T IO N S

B y  referring to  the o i l - g a s - t a r  system  cited

-V a r i a t io n s  i n  Y ie l d s  o e  P r o d u c t s  a t  90 0 °  C ., u n d e r  V a r y ­
in g  P r e s s u r e s . ( T a b l e s  I I , I I I , IV  a n d  V I)

carbons are sub jected  to  th e influence of heat for a 
longer tim e, which fu rth er tends tow ards th e fo rm a­
tion  of h e a v y  condensation prod u cts at th e  expense 
of th e illum in an ts. T h e series of exp erim ental reçults 
in  T a b le  I I I  appears to  ju s tify  these conclusions.
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T a b l e  III  
Oil used, 400 cc.

Pressure
T em p. A bsolute Gas Carbon Tar

° C . Lbs. L iters Grams Cc!

650 45 145 8 133
750 45 194 26 87
900 45 310 165 9

influence of pressure, it  m ay be assum ed th a t when 
w orkin g under increased pressure th e gaseous hydro-

A nalysis of G as from  T able III

T em p. CjH* CH« H j 111
° C. Per cen t Per cen t Per cent Per cent

650 11 .5 4 5 .1 9 .3 3 0 .5
750 6.1 5 6 .6 1 7 .5 15.5
900 N o n e 4 1 .6 5 0 .0 5 .0

T h e yields of gaseous h ydrocarb on s are lower than 
those show n in T a b le  II, w hich were obtained at the 
sam e tem peratures, and likew ise the m axim um  yield
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T a b l e  IV — O il used, 4 0 0  cc . A nalysis of G as from  T ab le IV

Temp. Pressure Gas Carbon “ T a r ” T em p. CaH« CH< Hz III
°C . A bsolute Liters Gram s Cc. ° C . Per cent Per cen t Per cent Per cen t

750 1 /2 0  to  1 /3 0  atm os. 146 1 153 750 12.5 5 6 .1
850 1 /2 0  to  1 /3 0  atm os. 211 3 100 850 3 .4 2 0 .5 15 .6 5 2 .9
900 1 /2 0  to  1 /3 0  atm os. 234 3 60 900 1 .3 . 2 4 .0  • 17 .3 5 2 .1
950 1 /2 0  to  1 /3 0  atm os. 235 12 58 950 Trace 2 7 .0 2 0 .8 4 6 .9

F ig . V II—-Pe r c e n t a g e s  o f  I l l u m i n a n t s  u n d e r  V a r y in g  T e m p e r a t u r e s  
a n d  P r e s s u r e s . C o m p il e d  f r o m  T a b l e s  I I ,  I I I  a n d  IV

above, it becom es ev id en t th a t  a high vacu u m  w ould 
favor the increase in vo lu m e due to  crackin g th e oil 
into gas and a t th e sam e tim e w ith d raw  the gas from  
the heat zone before it could form  tar. - T h e effects of 
this reduced pressure can best be observed from  the 
results of the experim ents in T a b le  IV .

This strikin g difference in  end products due to  d i­

F ig . V III— L it e r s  o f  I l l u m in a n t s  u n d e r  V a r y in g  T e m p e r a t u r e s  a n d  
P r e s s u r e s . C o m p il e d  f r o m  T a b l e  V I

m inished pressure seem s to h ave been overlooked, 
perhaps because for th e  first few  pounds per square 
inch vacu u m  the increase is n ot m arked.

I N F L U E N C E  OF C O N C E N T R A T IO N  C H A N G E S  O N  G A S E O U S  

R E A C T IO N S

T h e present in v estigation  has m erely opened th is
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field. I t  has been established th a t  oil cracked  in  an 
atm osphere of a gas, such as h ydrogen , w hich reacts 
chem ically  w ith  th e end products of th e crackin g 
process, will y ield  products which are n ot analogous 
to  those resu lting from  a ph ysical m ixture of th e tw o 
gases. N o t on ly does the mere presence of the ad ­
m ixed gas influence th e end products, b u t as is to be 
exp ected  from  th e th eoretical consideration., the q uan ­
t ity  of the adm ixed gas is influential.

T o  stu d y  th e various gases and their q u a n tita tiv e  
relation  w ill require m uch fu rth er experim ental w ork. 
T h e results of prelim inary stu d y  in d icate th a t there is a 
v ita l relationship betw een th e resulting gases in a cra ck ­
ing process and th e atm osphere in which th e oil is 
cracked. T h is  relationship  is lik e ly  to  be o f  com m er­
cial significance in practical w ater gas carburization . 
T he q u a n tity  of C O  and H2 adm ixed per gallon  of 
oil cracked  is an im p ortan t factor, ju st as the tem p era­
ture and the pressure h ave been show n to  be im por­
ta n t factors. Jon es,1 in his im proved  all oil w ater 
gas process, recognizes the im portance of adding an 
“ a ctiv e  g a s ”  to  th e crack in g zone, b u t considers 
th e effect of th e presence of the adm ixed gas to  be 
c a ta ly tic . H em pel2 found th a t b y  crackin g oil in the 
presence of hydrogen  n ot on ly did none of th e h yd ro ­
gen split off from  the hydrocarbon s, b u t p art of the 
adm ixed hydrogen  a ctu a lly  com bined for the form ation  
and preservation  of hydrocarbons. On th e other 
hand, on the basis of a single experim ent reported, 
he m aintains th a t  the presence of C O  in the crackin g 
zone is sim ilar to th e  presence of a n eutral gas and is 
w ith ou t m aterial influence on th e end products o b ­
tained  from  the oil. A s to the hydrogen , th e results 
of th is research agree w ith  the observation s of both 
H em pel and Jones. T h e q u a n tity  and q u a lity  of 
gas per cc. of oil increase, and q u a lita tiv e  results show  
th a t th e ta r  and deposited carbon decrease.

T a b l e  V

Pressure Hj Liters Shrinkage
T em p. A bsolute adm ixed. --------N in Hs

° C . Lbs. L. C jH« CH« 111 h 2 Liters
750 1 5 .0 358 1 5 .4 12 5 .0 7 0 .6 308 50
800 1 5 .0 412 1 8 .0 1 1 6 .0 8 3 .2 335 77

750 0 .7 5 400 9 .5 5 2 .0 1 1 2 .0 381 19
810 0 .7 5 413 86 :5 14 0 .0 378 35
860 0 .7 5 388 9 9 .5 13 3 .0 350 38
900 0 .7 5 ‘ 292 9 2 .0 1 2 0 .0 272 20
960 0 .7 5 382 9 5 .0 1 1 3 .0 348 34

From  these r e s u lts jit  appears th a t a greater per­
cen tage of the adm ixed hydrogen  enters into com bin a­
tion  to form  satu rated  h ydrocarb on s when the c ra ck ­
ing process is carried ou t under atm ospheric pressure, 
th a n  is the case under g rea tly  reduced pressure. T he 
percen tage increase in yield  of th e illum in an ts when 
th e crack in g process is carried out under reduced 
pressure in the presence of hydrogen  is abou t as great, 
how ever, as is th e  percen tage increase in illum in an ts 
when the reaction  is carried out under atm ospheric 
pressure.

1 The Gas Age, 1913, p . 369; A m erican Gas L igh t Jou rn al, 1913, p. 272; 
Gas W orld, 1913, 916.

2 Jour. / .  G a s b 1910, p . 53, el al.

I N F L U E N C E  OF T E M P E R A T U R E , P R E S S U R E  A N D  C O N C E N ­

T R A T IO N  C H A N G E S  O N  C O M P O S IT IO N  OF R E ­

S U L T A N T  T A R S

If chan gin g tem perature and pressure h ave a marked 
influence on th e q u a n tity  and q u a lity  of gaseous hydro­
carbons obtained  from  crackin g petroleum  oil, one 
should exp ect sim ultaneous changes in  the condensa­
ble hydrocarbon s, w hich differ from  the permanent 
gaseous hydrocarbon s on ly  in th a t  th e y  are liquid or 
solid at ord inary tem peratures. T h ere should be equi­
librium  betw een  all h ydrocarb on s of a series at the 
high tem peratures p revailin g in the furnace where 
p ra ctica lly  all the h ydrocarb on s are gaseous. That 
th e end products should contain  eth ylen e and then 
sudden ly  ju m p  to  hexene is n ot to  be expected, any 
m ore th an  th a t th e hydrocarbon s in  coal ta r would 
jum p from  benzene to  nap hthalene or anthracene. 
In  industria l practice th e “ illu m in a n ts”  are usually 
said to consist of 75 per cen t eth ylen e and 25 per cent 
benzene vapor.

W hen the gas m ade b y  crack in g oil in the apparatus 
under on e-th irtieth  of an atm osphere pressure abso­
lute is passed over palladium  in th e  presence of an 
excess of hydrogen, over 90 per cen t of the illum inants 
are con verted  into  satu rated  hydrocarbon s, prin­
cip a lly  ethan e, in d icatin g  th a t the illum inants con­
ta in  b u t little , if an y, benzene vap o r. If th e gas con­
ta in s no benzene, it is on ly logical to believe th a t the 
condensable hydrocarbon s contain  no arom atic hydro­
carbons. It  is fu rth er found th a t  th e vacuum  tar 
will com bine w ith  1.8 2  sp. gr. su lfuric acid. I t  has a 
low  specific g ra v ity , and on perm ittin g the higher 
boiling point fraction s to stan d, no naphthalene or 
anthracene sep arate out. T a rs resulting from  crack­
ing oil in  carburetin g blue w ater gas under atmos­
pheric pressure contain  q u an tities of benzene, toluene 
and other arom atic hydrocarbon s in sufficient amounts 
to  be of com m ercial im portance. In  v iew  of these 
facts, there is ju stificatio n  for the statem ent that 
tars which result from  crack in g petroleum  under 
low  pressures are different from  those which result 
from  crackin g under atm ospheric or higher pressure. 
In stead  of benzene, toluene and other arom atic hydro­
carbons, th e vacu u m  ta r  contains m em bers of the more 
un satu rated  h ydrocarbon  series. T h e com position of 
these tars is now  the su b ject of a further investigation. ■ 

S U M M A R Y

In th e theoretical discussion on the influence of dimin­
ished pressure on oil gas m anufacture, it  was pointed 
out th a t one should exp ect an increase in the yield 
of gaseous h ydrocarb on s from  a given  am ount of oil 
b y  reducing the pressure below  atm ospheric. This 
increase should reach a m axim um  as the absolute zero 
of pressure is approached. T h e  correctness of this is 
shown b y  results recorded in T ables IV  and V I. N ot only 
are the gaseous hydrocarb on  yields grea tly  increased, 
b u t th e deposited carbon is p ra ctica lly  eliminated, 
and there is m uch less gaseous hydrogen p ro d u ced  

th a n  in the p roduct obtained  a t the same tempera­
tures under higher pressure.

I t  w as poin ted  ou t th a t increasing the to ta l pressure 
under w hich the oil is cracked  to several atmospheres
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will decrease th e gaseous hydrocarb on  yields from  a 
given am ount of oil. E xp erim en tal results, shown 
in Table III , h ave proven th is correct.

It was pointed ou t th a t v a ry in g  th e pressure on the 
system would enable one to  b etter control the quan ­
tity and q u ality  of “ t a r ”  obtained  th a n  a t present 
where all tar is m ade under atm ospheric pressure. 
Experimental results in d icate considerable flexibility.

It has further been established th a t  th e end prod­
ucts resulting from  crack in g oil in  an atm osphere of a 
gas, such as H 2, w hich reacts ch em ically  w ith  the end 
products of the crackin g, are a fu n ctio n  of both the 
composition and th e q u a n tity  of th e gas adm ixed, 
per Table V .

Experim ents, T a b le  IV , h ave proven  th a t it  is possi­
ble to “ c ra c k ”  oil a t a tem peratu re of 900° C . w ith ­
out depositing more carbon th a n  1 per cent b y  w eight 
of the oil used.

T a b l e  V I — S u m m a r y  o f  G a s  T a b l e s

(All based on 400 cc. oil and calcu lated  to  0 °  C „ and 760 m m . pressure)

Pressure
Temp. Lbs. per G as Carbon T ar CjH« CH< H i 111

°C . sq. in L. G. Cc. L . L. L. L.
A tm ospheric Pressure'G roup (See T ab le II)

650 15.0 135 3 163 1 3 .8  4 5 .5 12.1 5 8 .8
750 15.0 206 18 80 10 .1 5  8 4 .5 3 9 .6 6 3 .0
900 15.0 382 115 11 T race 178.1 148 .2 5 0 .0

H igh  Pressure Group (See T ab le  III )
650 4 5 .0 145 8 133 16 .7  6 5 .2 13.1 4 4 .3
750 4 5 .0 194 26  . 87 1 1 .8  11 0 .0 3 3 .9 3 0 .1
900 4 5 .0 310 165 9 N o n e  12 8 .9 155 .0 15.5

L ow  Pressure G roup (Sec T ab les I and IV )
750 0 .7 5 146 1 153 18 .3 8 2 .0
850 0 .7 5 211 3 100 7 .1 6  4 3 .2 3 2 .9 111 .5
900 0 .7 5 234 3 60 3 .0  5 6 .0 4 0 .0 1 2 2 .0
950 0 .7 5 235 12 5 8 T race 6 3 .4 4 8 .8 11 0 .0

A dm ixed G as G roup (See T ab le V)

750 15.0

H ydrogen
adm ixed

L.
358

H ydrogen
shrinkage

L.
50 1 5 .4 12 5 .0 3 0 8 .0 7 0 .6

800 15.0 412 77 1 8 .0 11 6 .0 3 3 5 .0 8 3 .2

750 1 .0 400 19 9 .5 5 2 .0 3 8 1 .0 11 2.0
810 1.0 413 35 8 6 .5 3 7 8 .0 140 .0
860 1.0 388 38 9 9 .5 3 5 0 .0 > 133 .0
900 1 .0 292 20 9 2 .0 2 7 2 .0 12 0 .0
950 1.0 382 34 9 5 .0 3 4 8 .0 11 3 .0

Through a proper consideration  of equilibrium  and 
mass action conditions under various degrees of tem ­
perature and pressure, m uch can be expected  in gaseous 
reactions. I t  soon becom es ev id en t th a t the single 
stage method wherein en dotherm ic and exotherm ic, 
expansion and contraction  reactions are com bined in 
a single apparatus, is open to  question.

C h e m ic a l  E n g i n e e r i n g  L a b o r a t o r y  
C o l u m b ia  U n i v e r s i t y , N e w  Y o r k

n o t e  o n  a  b l a c k  b a n d  i r o n  o r e  f r o m  t h e  
STEARNS COMPANY’S COAL MINES AND ON 

THE CALCHIM-MAGNESIUM RATIO IN 
KENTUCKY CARBONATE ORES1

B y  A l v k e d  M .  P e t e r  

In Septem ber,, 1913, th e  Stearns C oal C om pan y sent 
to this E xperim ent Station , for analysis, a sam ple of

‘ Presented a t  th e regular m eeting of the L ex in gton  Section  of the  
meriean Chemical S ocie ty , Febru  ary 11, 1914.

iron ore foun d im m ed iately  over th e coal in their m ines 
at Stearns, M c C re a ry  C o u n ty , K e n tu c k y . T h e  ore 
occurs in a layer of ab ou t i8  inches m axim um  thickness, 
resting on the coal, and is cap able of being m ined w ith 
the coal. It  is seal-brow n in color, has a horizon tal 
lam in ation  or ban ding 'w ith carbonaceous m atter b e­
tw een  the lam inae, and breaks tran sversely  to  the lam i­
nae, g iv in g  a rath er sm ooth surface. On accoun t of 
its stru ctu re and the presence of carbonaceous m atter, 
it  is here classed as “ B la ck  B a n d ”  ore, though dis­
tin c tly  brow n, not b lack, in color and contain ing m uch 
less carbonaceous m atter th an  is usual in  b lack  band.

A n analysis b y  M r. J. S. M cH argu e follow s:

A n a l y s is  o f  t h e  A i r -d r i e d  S a m p l e  N o . 4 3 2 5 5  
Specific g ra v ity  ( 1 8 ° /1 8 ° )  3 .2 6 8

Ferrous o x id ...................................................    5 1 .7 7  per cen t
Ferric o x id  .................................................................. 0 .8 5
A lu m in a .............................................................................. 0 .6 0
M anganous o x id ............................................................. 0 .5 1
C alcium  o x id . . ...............................................................  1 .9 4
M agnesium  o x id .............................................................  3 .5 7
Phosphorus p en tox id ....................................................  0 .0 8
S u lfu r .. . .............................................................................. Trace
S ilica ...................................................................... . ............ 1 .1 6
Organic m atter.........................................    2 .7 7
Carbon d ioxid , e tc ., b y  d ifference......................... 3 6 .6 9

T o ta l............................................................  100 .00
T ota l iron ..........................................................................  4 0 .8 7
T ota l phosphorus...........................................................  0 .0 3 5

T reatm en t w ith  carbon disulfide extracted  an appre­
ciable am ount of brow n, b itum inous m atter, th e q u an ­
t ity  of which was not determ ined. T h e figure for o r­
ganic m atter w as ob tain ed  b y  d igesting a portion of 
the ore in  H C 1, filtering on a G ooch filter, w ashing, 
dryin g a t io o ° , w eighing and burning, th e loss in w eight 
being ta k en  to represent organic m atter.

P r o b a b l e  C o m b i n a t io n s , C a l c u l a t e d  f r o m  A b o v e  A n a l y s i s

Ferrous carbon ate.......................................................... 8 3 .5 0  per cen t
Ferric o x id ......................................................................... 0 .8 5
A lu m in a .............................................................................. 0 .6 0
M anganous carb on ate ................................................  1 .29
C alcium  carbon ate........................................................ 3 .3 0
M agnesium  carbonate.......................................................  7 .4 9
T ricalcium  p h osp h ate ....................... .......................... 0 .1 7
S u lfa te ................................................    Trace
S il ic a . ........................................................................................ 1 .16
Organic m atter ................................................................ 2 .7 7

T o ta l ..................................•.......................... 101 .13

The analysis shows th a t th is is quite a pure iron ore, 
containing, how ever, considerable q u an tities of m an ­
ganese, calcium  and m agnesium . A  n otable feature 
is th a t there is more than  tw ice as m uch m agnesium  
carbonate present as calcium  carbonate. C alcu latin g  
to m olecular proportions and including th e m anganese 
in th e com parison, g ives i M n C O j : 2.94 CaCOis : - 
7.81 M gCOa, or, in round num bers 1 : 3 : 8 .  T he 
ratio of calcium  carbonate to m agnesium  carbon ate is 
1 C a C 03 to  2.66 M gCO s. Of course th is m a y be o n ly  
a chance relation, b u t there is room  to sp eculate w h y 
there is more m agnesium  carbon ate th a n  calcium  ca r­
bonate. H as it a relation  to  the greafer so lu b ility  
of m agnesium  carbonate in carbonated  w ater? Or is 
it because there w as more m agnesium  than  calcium  
in the original m aterial from  w hich th is ore was form ed? 
No answ er is suggested, b u t  a fa ct like  this, in th e hands 
of a well inform ed chem ical geologist, m ight help to 
explain  the process b y  which this kind of iron ore is 
form ed.

T o  show th a t m agnesium  usually  predom inates over 
calcium  in the ferrous carbonate ores of K e n tu c k y , all 
the analyses of such ores m ade for th e first K e n tu c k y
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G eological Su rvey , 1856 to  i860, b y  D r, R o b ert P eter, 
C hem ist of th e  S u rv ey , and published in the first four 

•chemical reports, h ave been ta b u la ted  and com pared.
T he to ta l num ber of sam ples a n alyzed  w as 71 from  

20 counties, as follow s: B ath  3, B u llitt  2, B u tler 2,
C arter 3, C ritten den  2, Edm ondson 1, E still 4, Greenup 
26, H an cock 1, H opkins 2, Laurel 4, Lincoln  1, M ont- 

' gom ery 1, M organ  1, M uhlenberg 7, N elson 2, O w sley 
2, Pow ell 1, P u laski 2, W h itley  3.

T h e geological form ations represented were m ainly 
the C oal M easures and the D evon ian , w ith som e from  
the “ Sub-C arb on iferous”  of Owen, or M ississippian, 
and th e Silurian.

T h e kinds of ore were various, including k idn ey ore, 
oolitic  ore, m assive kinds, b lack  band, b lock ore and 
tw o sam ples w hich would b etter have been classed 
as ferruginous lim estones. P ro b a b ly  m ost of the 
b lock ores should n ot h ave been included because, in 
these, th e proportion  of ferric oxid often exceeds th a t 
of ferrous carbonate.

T h e whole tab u latio n  would o ccu p y  too  m uch space 
here. Inspection  of it  brings out th e follow ing facts:

N o .
A n alyses tab u la ted ................................................................................  71
Per cen t MgCOa exceed s per cen t CaCO j................................. 57
Per c e n t M gC O i equals per cen t C aCO j...................................  1
Per cen t M gC O j is less than  per cen t C aC O j........................  13
Per cen t Inso lu b le m atter exceeds 10 per c e n t ......................  45
P e r c e n t  CaCOj exceeds 10 per c e n t ...........................................  2

These last tw o, of course, are included in the thirteen  
which contain  more C a C 0 3 than  M g C 0 3. T h e large 
num ber contain ing more th an  10 per cent insoluble 
m atter shows th a t the collection  includes m any im ­
pure ores.

T o  gain  a general idea of the com position of the 
sam ples in w hich th e M g C 03 predom in ated  over the 
C a C 03, th e 57 analyses of th is class have been averaged, 
g iv in g  th e  figures in th e follow ing tab le , which includes 
also th e extrem e range of each con stituen t, all stated 
as per cent of th e  ore, dried at 1000 C .:

C o m p o s it io n  o f  57 S a m p l e s A verage H ighest L ow est
Ferrous carbonate, F e C 0 3 ..................... 6 0 .7 8 8 7 .5 3 2 0 .1 9
Ferric oxid , F e iO i....................................... 8 .0 9 5 1 .3 1 Trace
A lum ina, AIjOj ............................................ 1 .40 5 . 15 Trace
C alcium  carbonate, C aC O j................... 2 .71 7 .2 5 Trace
M agnesium  carbonate, MgCOij........... 5 .9 2 13 .9 9 0 .8 3
M anganous carbonate, M n C O j........... 1 .57 5 .0 3 0 . 12
Insolub le re s id u e ........................................ 16 .3 6 4 0 .8 8 4 .8 7
C om bined H îO, b itu m in ou s m atter

and u nd eterm in ed ............................ 3 . 17

T o ta l............................................. 10 0.0 0

It  is seen th a t th e proportion  of m agnesium  carbonate 
is m ore than  tw’ice th a t of the calcium  carbonate and 
th a t th e proportion  of m anganous carbonate is the 
sm aller of th e  three. C alcu lated  to  m olecular pro­
portions, th e relation  is 1 M n C O j : 2 C a C 03 : 5.1 
M g C 03. I t  is presum ably on ly an acciden t, how ever, 
in such a calcu lation  as th is, th a t the m olecular ratios 
are alm ost ex a ctly  w’hole num bers. T h e ratio  of cal­
cium  carbon ate to  m agnesium  carbon ate is 1 C a C 0 3 
to 2.55 M g C 0 3, w hich does not differ v e ry  far from  the 
ratio  foun d in the Stearns sam ple, viz., 1 C a C 0 3 to
2.66 M g C 0 3.

K e n t u c k y  A g r i c u l t u r a l  E x p e r i m e n t  S t a t io n  
L e x i n g t o n

A  K O T E  O N  T H E  U T IL IZ A T IO N  O F  M U D S  A N D  SCUM S 
F R O M  S U G A R  R E F IN E R IE S

B y  R . F . G a r d in e r 1 
R eceived  M arch 3, 1914

A description of the m uds and scum s in the sugar 
refining processes can be foun d in m ost w orks on in­
dustrial ch em istry. T horp says th a t  “ these muds 
h a ve  been throw n  a w a y .”  T h e p o ssib ility  of their 
u tilization  is now  being seriously considered b y  some 
sugar producers, as is shown b y  recent correspond­
ence betw een  th is lab o rato ry  and a prom inent Amer­
ican  sugar producer, who says: “ T h e m ud was thrown 
aw ay  for quite a tim e and now we are try in g  some ex­
perim ents in d ry in g the sam e for th e phosphoric acid 
co n ten t.”

Sam ple I w as an alyzed  b y  th e author; th e nitrogen 
determ in ation  was k in d ly  m ade b y  M r. T . C. Tres- 
cott, of th e B ureau  of C h em istry . T h e analysis of 
Sam ple II , b y  P licque, is c ited  because it  also shows 
a considerable am ount of w ater.2

T a b l e  I — S h o w in g  C o m p o s it io n  o p  M u d  p r o m  a  S u g a r  M il l

I II
Percentages G ardiner P licque

H 2 0 .....................................................  6 7 .3 2  5 2 .7 0
S u gar ............................................................ 3 .5 0
N itrogen ou s m a tter ..............................  3 .7 2
N .......................................................... 1 .14
K 2O .....................................................  T race . . .
P jO s .     ................................... 8 .3 3  4 .7 7
Lim e, silica, iron, e tc .........................................  2 6 .0 7

In order to  econ om ically  recover th e valuable 
fertilizer elem ents, such as phosphoric acid  and nitro­
gen, it will be necessary to  find some satisfactory 
dryin g process, for w hich m odern im provem ents in 
dryin g processes m ay offer u ltim ate success in the 
utilization  of th is p o ten tia lly  va lu ab le  fertilizer, now 
en tirely  lost.

B u r e a u  o f  S o i l s , D e p a r t m e n t  o f  A g r i c u l t u r e  
W a s h in g t o n

T H E  E F F E C T  O F  H IG H  T E M P E R A T U R E  O N  YE A ST
B y  C . B. C o c h r a n * a n d  J .  H .  P e r k i n s 4 

R eceived  O ctober 17, 1913

In the experim ents recorded below , the yeast was 
added to  30 cc. of sim ple syru p  in sterilized test tubes 
plugged w ith  cotton, raised to  th e tem peratures indi­
cated  and held there for th e stated  periods of time. 
The tu b es were then  placed in an incub ator and kept 
a t a tem peratu re of abou t 31 0 C.

R e s u l t in g  F e r m e n t a t io n

S p . G r . o f  S y r u p , 
a n d  T im e

S p . G r . .  1.125...........
T i m e , 5 m in ..............

S p . G r ., 1 .120........
T i m e , 30 m in .........

S p . G r ., 1.125...........
T i m e , 30 m in ............

S p . G r ., 1 .126(a).. . 
T i m e , 15 m in . . . .

T u b e  N o . 0

1 & 2 35
1 & 2 40
1 & 2 45
1 & 2 55
1 68
2 68

[1  & 2 85
I 1, 2 & 3 48
1 1, 2 & 3 58
( 1, 2 & 3 65
\  1 & 2 70
( 3 70
j 1, 2 & 3 68
t 1, 2 & 3 72

T e m p . 
C .

F leisch- 
m an n ’s (6) M a g ic  (6)

P rom pt and vigorous

S ligh t } A ctive  after 2 days 
N on e N on e

P rom pt and vigorous

S low
N on e
N on e
N on e
N on e

Slow
N one
Slow
N one
N one

(a) In  th ese  tes ts  th e h ea t w as applied  a fter leav in g  th e yeast in the 
syrup for 24 hours a t  a  tem perature of ab ou t 12° C. .

(b) T o  each 30  cc. of syrup, l/ n  of a F leisch m an n ’s or */m a 
y east cake w as added.

P h il a d e l p h i a

1 S c ien tist in S oil Laboratory Investigation s.
H andbook for P lanters and R efiners,” Lock and N ew lands Bros 

1888, p. 489.
3 C hem ist for T h e D a iry  and F ood  D ep artm en t of Pennsylvania.
* C hief C hem ist for T h e C harles E . H ires C om pany.



June, 1914 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 481

PHYSICAL FACTORS W HICH INFLUENCE TH E PE R ­
CENTAGE OF W ET AND DRY GLUTEN IN  

W H EATEN FLOUR
B y  B . H . K b p n r r  

R eceived  January 28, 1914.

The determ ination of crude w et and dry gluten is 
affected b y  so m any ph ysical conditions and is so 
unreliable th a t it has been alm ost w h olly  given  up 
and the proteins are now determ ined in m ost lab o rato ­
ries by the more accurate K je ld a h l m ethod. In  ex­
ceptional cases when it  is n ecessary to  know  the q u ality  
of the gluten, a q u a lita tiv e  determ in ation  is made. 
Arpin1 recognizes th e fa c t th a t  there are num erous 
sources of error in the separation  of th e  gluten. Jag o 2 
states th a t it  is difficult and in m an y cases im possible 
to wash aw ay th e whole of th e starch  from  flour w ithout 
also washing aw ay  som e of the more soluble parts 
of the gluten itself. In  consequence, gluten  determ in a­
tions va ry  according to  the thoroughness of washing 
and this differs in different hands. In  spite of th is 
assertion Jago still continues to  a tta ch  im portance to 
properly conducted gluten  determ inations, holding 
that the estim ation  of th e q u a n tity  and q u a lity  of 
the wet gluten  determ ines the q u a lity  of the resu ltant 
dough and bread. I t  has been m y experience th at, 
within the sam e grade, S traig h t, P ate n t, B akers, etc., 
the higher th e percentage and th e b etter the q u ality  
of the wet gluten, the b etter b ak in g result's are ob­
tained.

Because there is no stan dard  m ethod, each lab ora­
tory at present uses a m ethod w hich is th e m ost su it­
able for its use. R esults are affected  b y  the conditions 
and m ethods of m anipulation  b y  which th e y  are ob­
tained. T h e y  are n ot abso lu tely  com parable from  
.different laboratories because of th e difference in 
physical conditions.

The follow ing m ethod we h a ve  adopted as being 
especially su itab le for routine w ork: W eigh out
thirty gram s of flour in a large size coffee cup. M ix 
in enough w ater, abou t 17 cc., w ith  a stiff b laded knife 
to make a dough of stan dard  stiffness and continue 
the mixing until an ab so lu tely  uniform  dough is ob­
tained. C over th e dough w ith cold w ater, let stand 
one hour and th en  wash in a sm all stream  of w ater 
at exactly  65° C . (over a sixty-m esh  sieve) until nearly 
all the starch is w ashed a w ay. R etu rn  gluten  to cup, 
cover w ith cold w ater, le t stan d  one-half hour longer 
and then wash until free from  starch . T h e wash w ater 
should be clear and n ot m ilky. C o ver th e gluten  w ith 
cold water until it  is rea d y  to  w eigh, then  d ry  between 
the hands, w iping th e excess of w ater on a clean, lint- 
free towel, place on w hite tared  paper 2" X 2" and 
weigh. P lace in oven at 170 ° C . to  expand the gluten 
to a porous m ass and b ake it, then  d ry  for tw en ty-fou r 
hours at 10 50 and again  weigh.

It was foun d v e ry  difficult to  check the determ ina­
tions from  d ay to  d ay, hence, th e effect of the different 
physical conditions were determ ined.

It is necessary to  m ake an abso lu tely  uniform  dough 
of the w ater and flour, otherw ise portions of flours 
are washed aw ay like starch . P oorly  mixed sam ples

1 Jour. Soc. Chem. In d ., 1902, pp. 1417 and 1560.
2 "Technology of B readm ak in g,” p. 296.

give results which are i per cen t low er in w et gluten  
and 0.2 to  0.5 per cen t low er in  dry gluten  th a n  a well 
m ixed sam ple. T h e poorer the m ixing, as a rule, the 
greater th e loss.

If an excess of w ater is used for m akin g the dough, 
the y ield  of w et gluten  is increased from  x to 3 per cen t 
for th e different grades, w hile insufficient w ater causes 
th e percentage of gluten  ob tain ed  to  be low er. T h e 
percentage of d ry  gluten  is n ot affected  b y  this condi­
tion, show ing th a t the higher or low er percentage of w et 
gluten  is due w holly  to  w ater held b y  it.

If the doughs are k ep t covered  w ith  cold w ater before 
washing the percentage of w et gluten  obtained  in m ost 
cases increases w ith  the length  of tim e th e y  are allow ed 
to  stan d  up to eight hours. T h e y  are k ep t cold in order 
to  offset the influence of tem perature and a n y  ferm en­
tatio n . A rp in 1 shows th a t  the w et gluten  is increased
1.66 per cent b y  stan din g four hours, w hile the p ercen t­
age of d ry  gluten rem ains unaltered. I find th a t v e ry  
short p aten ts and flours w hich h ave aged a t least nine 
m onths are exceptions to th is because there is on ly a 
v e ry  slight increase for even eight hours. B akers and 
stra ig h t grades, when freshly groun d,show ed an increase 
of 1.50 to  3.50 per cent on stan din g eight hours. Low  
grades show an increase of on ly  0.3 per cen t on stan din g 
one hour and a decrease of 2.5 per cen t on stan din g 
eight hours. T h e low  grades being high in n atural 
ferm ents or b acteria  suffer a loss b y  their action. 
T h e aged flours and short p aten ts are un affected  b e­
cause th e y  contain  less of these n atu ral ferm ents than 
the freshly ground bakers and stra ig h t grades. A ll 
grades begin to  decrease a t th e end of sixteen  hours 
which w ould stren gthen  th is supposition. T h e per­
centage of dry gluten  rem ains th e sam e up to  sixteen 
hours on all flours w ith  the exception  of the low  grade, 
which suffers a loss. A fter glutens are w ashed and 
allow ed to  stan d  for even tw en ty -fo u r hours there 
is no change in w eight. T h is shows th a t th e increase 
or decrease in w eight on stan din g eight hours before 
w ashing is due to som e agen cy in the flour w hich is n ot 
included in the crude w et gluten.

T he thoroughness of washing affects th e results to 
a great degree. W hen glutens are washed in  the usual 
m anner, weighed, and then vigorou sly  w ashed for 
five m inutes more there is a loss of 5 per cen t on th e 
low  grades, 3 to 4 per cent on the stra igh ts and bakers 
and 2.5 per cen t on the high p aten ts and old flours. 
There is also a loss of d ry  gluten . T h is loss varies 
w ith the m anipulation  and the vigorousness of th e 
operation.

A rp in 2 states th a t  the y ield  of gluten  is increased
1.16  per cen t w ith  an increase of io °  in tem perature 
of the w ater used for w ashing. W e find th a t w et 
gluten increases 1.50 per cen t for th e sam e increase 
of tem perature for all grades excep t the low  grade, 
which shows a slight decrease. T h is can perhaps also 
be explained b y  th e more a ctiv e  action  of n atural 
ferm ents caused b y  higher tem perature. A rpin  also 
found an increase of 1.16  per cen t for the sam e range of 
tem perature in the d ry  gluten. T h is point we h ave

1 Jou r. Soc. Chem. In d ., 1902, 1417 and 1560.
2 Chem. Centr., 2  (1902). 1019 and 1347.



482 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 6

carefu lly  in vestig ated  and a t no tim e did we find an in ­
crease in the percentage of the d ry  gluten  due to the 
increase in tem perature.

In  order to test the effect of tem perature on the 
w ashed glutens th e y  were allow ed to  stan d  tw elve  
hours a t 25° C ., h avin g veen w ashed a t 15° C. T he 
glutens had becom e v e ry  stic k y  and hard to  dry. 
T h e low  grades all showed th a t ferm en tation  had 
started . T h e low  grades showed a m arked decrease 
while the high grades showed on ly  a slight decrease. 
T h is  w as also true of the d ry  glutens. W h a tev er 
a g e n c y  causes the increase in w eight, when the tem ­
p era tu re  of the wash w ater is higher th an  ordinary, 
is w ithin  the flour itse lf and is not contain ed in  the 
w et gluten.

A higher percentage of gluten  is ob tain ed  b y  washing 
in  hard  w ater th an  in  soft. H ardy1 is of the opinion 
th a t e lectro lytes or salts, which m ay be organic or 
inorganic, im press th e p rop erty  of te n a city  and d u ctility  
on the gluten. W oo d ’s2 researches also prove th a t 
inorganic salts have a b in ding effect on gluten. A ll 
authorities agree th a t gluten  can not be w ashed from  
flour w ith  pure distilled  w ater because the glu ten  will 
n ot hold together. A t first it form s a coherent mass 
b u t as soon as th e salts, n atural to the flour, are d is­
solved, the gluten  scatters and can not be collected  again. 
If  it be subm erged in hard  w ater when it first starts 
to  scatter it  form s again  a coherent mass. T h ere w as 
an increase of 1 to  2 per cent in w et gluten  for all 
grades when th e  glutens were w ashed in v e ry  hard 
w ater. T here was on ly a slight change of abou t 
0.25 per cen t for the d ry  gluten  at the m ost, showing 
th a t the hard  w ater u sually  increased the w ater- 
absorb in g c a p a city  of the gluten.

C O N C L U S IO N S

I t  can rea d ily  be seen th a t conditions m ay be so 
different in various laboratories th a t th e determ in a­
tion s of w et gluten  are not com parable. E ven  for 
ord in ary  routine w ork, where com p arative  results 
alone are required, unless the utm ost care is taken , the 
determ in ation  is unreliable. Since the percen tage of 
d ry  gluten  is v e ry  s ligh tly  affected  b y  these sam e con­
ditions it  is more reliable.

1— Thoroughness of m ixing affects both the per 
cent of w et and d ry  gluten.

2— A n excess of w ater used in m akin g the doughs 
increases, and insufficient w ater decreases th e per cent 
of w et gluten. T h e d ry  g lu ten  is the sam e.

3— T h e len gth  of tim e the dough is allow ed to stan d  
increases the percen tage of w et gluten  up to  eight hours. 
H igh patents, old flours and low  grades are exceptions. 
T h e d ry  gluten  rem ains un altered excep t in the low 
grade w here som e ferm en tation  has ta k en  place.

4— O verw ashin g decreases th e  percentage of both the 
w et and d ry  gluten.

5— A  larger per cen t of w et gluten  is ob tain ed  w ith  
w arm  wash w ater th a n  w ith  cold. T h e d ry  gluten  is 
unaffected.

6— M ore w et gluten  is ob tain ed  w ith  “ h a rd ”  wash

1 Supplem ent Jou r., 4 (1910), 52; Jou r. B oard o f A gric.
2 Jou r. A gric . Science, 2  (1907), 267,

w ater th an  w ith  soft. T h e d ry  g lu ten  is slightly 
increased b y  th e hard  w ater.

W h e a t  a n d  F l o u r  T e s t i n g  L a b o r a t o r ie s  
M a p l e  L e a p  M il l in g  C o ., L t d .

P o r t  C o l b o r n e . O n t .

T H E  D E T E R M IN A T IO N  O F  T H E  A C E T Y L  N U M B E R  OF 
O IL S , F A T S , E T C .1

B y  E d w a r d  B . H o l l a n d  

R eceived  January 13, 1914

IN T R O D U C T IO N

T h e variou s h yd ro xy  com pounds th a t occur in oils, 
fa ts  and w axes form  d eriva tive s  on heatin g w ith  acetic 
anhydride, the a ce ty l radical displacing th e hydrogen 
of the alcoholic h y d ro xy l groups. T h is property 
serves as the basis of a n a lytica l m ethods for the 
q u a n tita tiv e  determ in ation  of these com pounds. The 
proposed a ce ty l num ber in d icates th e m illigram s of 
potassium  hyd ro xid e required for th e saponification 
of th e a ce ty l assim ilated  b y  one gram  of an oil, fa t or 
w ax on a ce ty la tio n .2 On sap on ifyin g w ith  alcoholic 
p otash  th e a ce ty l is h y d ro ly zed  to  acetic  acid  and com­
bines w ith th e alkali to form  potassium  acetate. The 
results are expressed in term s of m illigram s of potassium 
h yd ro xid e to  conform  w ith  th e general p ractice in fat 
analysis. T h e com pounds in vo lved  are mono- and 
d ih yd ro xy  acids and their glycerides, m ono- and 

.d ig lycerid es and free alcohols.

U S E  OF T IIE  T E S T

In  th e  exam ination  of oils and fa ts  a determ ination 
of a ce ty l num ber is n ecessary, in m ost instances, for 
a thorough un derstan ding of th e  n ature and quality 
of th e p roduct. Som e of th e h y d ro xy  compounds 
are n atural and others are the result of hydrolysis or 
of oxidation. G lycerid es of h y d ro xy  acids are a 
n atural con stitu en t of certain  oils and fa ts  although 
th e y  do n ot appear to be v e ry  w id ely  distributed in 
an y considerable am ount. C asto r oil, composed 
larg e ly  of ricinolein, is a n otable  illustration . H y­
d ro xy  acids p ro b a b ly  occur m ore freq u en tly  as the 
result of oxidation  of u n satu rated  acids. Oleic acid 
has been shown rep eated ly  to  be com p aratively  un­
stab le. B y  the assim ilation  of oxygen  and water it 
m ay be con verted  into d ih y d ro xystearic  acid, a satu­
rated  com pound.
C 17H 33C O O H  +  H20  +  O = C 17H33(O H )2COOH. 
W hether th e oxidation  ta k es  place in th e glycerides 
or in  th e  fa t ty  acids a fter h yd ro lysis is uncertain, 
although th e  la tte r  appears th e m ore probable sup­
position.

M ono- and diglycerides result from  the hydrolysis 
of trig lycerid es and free fa t ty  acids condition their 
presence. T h e  absence of free fa t ty  acids in a com­
m ercial prod u ct, how ever, does not necessarily preclude 
the presence of mono- and diglycerides.

Solid alcohols of th e cyclic  series (sterols) occur in 
oils and fa ts  both in com bin ation  as esters and as-free

1 T h e w riter is  p leased  to  acknow ledge m an y suggestions and helpful 
criticism s b y  D r, J. S . C ham berlain , M r. F . W . M orse, M r. J. C. R eed, and 
M r. J. P . B u ckley .

3 B en ed ik t and  U lzer and L ew k ow itsch  report on the basis of the 
acety la ted  p roduct.
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alcohols.1 T h e am ount of cholesterol or ph ytosterol 
is generally sm all, often inappreciable, and is indicated  
approxim ately b y  th e  unsaponifiable m atter which 
it characterizes. A lcohols of the ethane and other 
series, free and in com bin ation, com pose a considerable 
proportion of waxes.

Oils and fats, therefore, m ay contain  glycerides of 
mono- and d ih yd ro xy  acids, possibly free h yd ro xy  
acids, mono- and diglycerides and free alcohols; and 
the insoluble acids, separated  from  th e oils and fats, 
may contain m ono- and d ih yd ro xy  acids and free 
alcohols. A  portion, a t  least, of th e free alcohols 
found in the insoluble acids p ro b ab ly  occurred in the 
fat as esters. W ith  th e exclusion of the n atural 
glycerides of h yd ro xy  acids and a sm all am ount of 
free alcohols, th e a ce ty l num ber of m any oils and fats 
may be deemed an index of q u ality  and when considered 
in conjunction w ith  th e  acid  and iodine num bers, 
may serve to m easure (m ore or less im p erfectly  to be 
sure) the am ount of h yd ro lysis  and of oxidation  the 
product has undergone. T o  differentiate betw een 
products of h yd ro lysis and of oxidation, th e acetyl 
number of th e insoluble acids should also be deter­
mined.

E A R L IE R  M E T H O D S

The several a n a lytica l processes th a t have been 
offered are based on th e sam e chem ical reactions b u t 
differ in application  and in details of procedure. The 
original m ethod w as devised b y  B en ed ikt and U lzer2 
and applied to  th e insoluble acids. T h e a cety l num ber 
indicated the m illigram s of potassium  hydroxide 
required to n eutralize th e acetic  acid  obtained on 
saponifying one gram  of a ce ty la te d  insoluble fa tty  
acids and was determ ined b y  the difference between 
the acid and saponification  num bers of th e a cetylated  
acids (acetyl ether n um ber). T h e actu al procedure 
consisted in sapon ifyin g th e  a ce ty la te d  acids after 
neutralizing in alcohol. L e w k o w itsch 3 has shown, 
however, th a t the results so obtained  were generally 
in excess of the true values due to th e conversion of a 
part of the fa t ty  acids, on heatin g w ith  a large excess 
of acetic anhydride, into  their anhydrides as illus­
trated by the fo llow ing eq uation:

2RCOOH +  (C H 3C 0 ) 20  =  ( R C 0 ) 20  +  2C H 3CO O H  
fa tty  acetic  anhydride of acetic
acid anhydride fa t ty  acid  acid

These fa tty  anhydrides are fa irly  stab le com pounds 
but may becom e h yd ro lyzed  to some exten t on washing 
with boiling w ater. Subsequent treatm en t w ith cold 
alcohol in the determ in ation  of th e a cety l acid num ­
ber will continue the hyd rolysis although a portion 
is likely to rem ain un chan ged, th ereb y  yield ing too 
low an acid num ber due to  th e  in a b ility  of the an­
hydrides to com bine w ith a lkali. A s com plete h y ­
drolysis occurs on saponification  the a cety l (ether) 
number would be too high and even appear when 
none exists.

L ew k o w its ch4 p ro p o se d  t h e  a c e t y la t io n  of th e  nat-
1 See num erous references: A bderhalden, "P hysio logical C hem istry,”

U908); Ham m arsten, Ib id . (1911); L eathes, " T he F ats"  (1910).
1 Monatsh. Chem., 8 (1887), 4 1 -4 8 .
1 "Analysis of Oils, F a ts  and W axes,"  1 (1909), 344-5 .
* Loc. ti t . ,  1 (1909), 3 37 -8 .

ural product. In con form ity th ereto  the a cety l 
num ber indicates the m illigram s of potassium  h y ­
droxide required for th e n eutralization  of the acetic 
acid obtained on sapon ifyin g one gram  of an a ce ty la te d  
oil, fa t  or w ax. T his m ethod requires the sapon ifica­
tion of the a cety la ted  fa t and the determ ination  of 
the resulting acetic acid  b y  either a filtration  or d is­
tillatio n  process. T h e form er process is an a d ap tatio n  
of the regular m ethod for the d irect determ in ation  
of soluble acids, and th e la tter  process is a m odified 
R eichert-M eissl test w ith repeated distillation  of the- 
aqueous solution until the d istillate is free from  acids. 
The presence of n atural soluble or vo latile  acids, 
necessitates a sim ilar treatm en t of the u n acety la ted  
fa t in order to  determ ine th e am ount of alkali 
assim ilated b y  those acids for which proper correc­
tions m ust be m ade to  obtain  th e true a cety l num ber. 
T h e occurrence of the low er acids m akes the d eter­
m ination a long and tedious operation.

P R O P O S E D  M E T H O D

A n a lytica l m ethods for th e  exam ination  of oils and 
fats is a su b ject th a t has been given  considerable s tu d y  
by the w riter in connection w ith feeding experim ents 
and other investigation s m ade a t the M assach u setts 
A gricu ltural E xperim ent Station . D uring the past 
few  years the determ ination  of a cety l num ber has 
received particu lar atten tion  w ith a v ie w  of ev o lv in g  
a process th a t m ight be free from  the ob jections cited  
for the B enedikt and U lzer and L ew kow itsch  m ethods. 
B elievin g th a t th is o b ject has been obtained in som e 
m easure, a report of progress is now offered in the 
hope th a t it m ay lead to  fu rth er im provem ent.

T h e custom  of reporting a ce ty l num ber on the basis 
of the a cety la ted  product appears unw arranted. I t  
is con trary  to  general practice in a n a lytica l w ork and 
is the exception in fa t analysis. T h e defin ition ' 
adopted places the a cety l num ber 011 a par w ith other 
tests and is as follow s: T h e a ce ty l num ber in dicates
the m illigram s of potassium  hydroxide required for 
the saponification of the a cety l assim ilated b y  one 
gram  of an oil, fa t or w ax on a cety lation .

M E T H O D  I N  D E T A IL

T h e developm ent of the m ethod extended over a 
period of several years and finally resolved into  an 
ad ap tation  of several well know n processes. For 
instance, ceresine is used to solid ify the a ce ty la te d  fa t 
so th a t it m ay be w ashed b y decantation  as in the 
determ ination of insoluble acids. T h e saponification 
num ber of the acety la ted  fa t is determ ined b y  the 
sam e process as th a t of the original fa t and th e d iffer­
ence m easures the am ount of a cety l th a t has been 
assim ilated. T he process m ay be ap p rop riately  de­
scribed as a m ethod of analogy.

T h e reagents em ployed in the determ ination  are 
sum m arized so th a t  their application  m ay be clearly  
understood:

A cetic  anhydride, K ahlb au m ’s.
Ceresine, pure w hite, filtered.
Alcohol, redistilled, free from acids and aldehydes.
A lcoholic potash, 50 cc. of a saturated solution of potassium

1 T h e hydroxyl va lu e of T w itch ell is  reported in a sim ilar m anner. 
Jou r. A m er. Chem. Soc., 29 (1907), 5 6 6 -71 .
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hydroxide, free from carbonate, to  1000 cc. of alcohol. T he 
solution should be allowed to stand a t  least 2 4  hours and filtered 
im m ediately before use.

N /2 hydrochloric acid.
A lk a li blue (6B), 1 gram  to 100 cc. of alcohol. T h e  indicator 

should be digested in a  stoppered bo ttle  for several d ays a t  room 
tem perature, w ith occasional shaking, and then filtered.

Phenolphthalein, 1 gram  to 100 cc. of alcohol, neutralized.

A f t e r  w h a t  h a s  b e e n  s a id , t h e  d e t a i ls  o f  t h e  m e th o d  

s h o u ld  b e  s u f f ic ie n t ly  e v id e n t  a s  t o  r e q u ir e  n o  f u r t h e r  

e x p la n a t io n .

In to  a  300 cc. Erlenm eyer flask are brought 5 gram s of fat 
together w ith 10 cc. of acetic anhydride. T h e flask is connected 
w ith  a spiral or other form of reflux condenser and heated in a 
boiling w ater bath  (immersed in the w ater) for from  1 to  1.5 
hours. Longer heating yields higher results b u t is accom panied 
b y  partial decom position of the fa t w ith  form ation of aldehydes 
or other bodies th a t give a  reddish color w ith  caustic alkali. 
A fter acetylatin g, the flask is rem oved from the b ath  and suffi­
cient ceresine added to form, w ith  the fat, a  solid disc when 
chilled in cold water. T h e  am ount of ceresine required will 
v ary  w ith  the consistency of the product under exam ination. 
F or b u tter fa t  0.4 to  0.5 gram  is am ple, for softer fats and oils 
rather more, and for harder fats less. T h e  flask is heated on 
the w ater b ath  and the contents rotated until the ceresine and 
acetylated  fat form  a  homogeneous m ixture. 150 cc. of boiling 
w ater arc then poured carefully  into the flask w ith  as little  
disturbance of the fat layer as possible and the solution heated 
on the bath w ith occasional agitation  to  rem ove occluded acetic 
acid. T he flask is immersed in cold w ater to solidify the ceresine 
fat, a fter which the solution is decanted through a  dense, ether- 
extracted filter, care being taken  not to  break the insoluble 
cake. A nother 150 cc. of boiling w ater are added, thoroughly 
agitated , heated as above, cooled and decanted, the process 
being repeated until the final filtrate gives a decided color 
w ith  2 or 3 drops of N/10  alkali, using phenolphthalein as indi­
cator (about 6 tim es). Prolonged washing is likely  to cause 
slight dissociation of the acetyla ted  product.

T h e  filter and inverted flask containing the cake o f ceresine-fat 
are allowed to  drain in a  cool place until p ractica lly  dry. T he 
sm all particles adhering to the filter are then scraped into the 
flask, and 50 cc. of alcoholic potash, accurately  measured w ith 
a  burette, 50 cc. of alcohol and several glass beads added. T h e 
flask is connected w ith  a  spiral or other form of reflux condenser 
and the solution boiled on a w ater bath until saponification is 
com plete— about 60 m inutes. T h e flask is placed in a  w ater 
bath  a t 60° C . and the solution, a fter cooling to th at tem perature, 
titra ted  w ith  N /2 hydrochloric acid, using 1 cc. of alkali blue as 
indicator. Phenolphthalein m ay be em ployed, though less 
satisfactory for eolored solutions. T h e alcoholic m ixture is 
again  brought to  boil to free any alkali occluded in the ceresine 
and retitered, if necessary. Several blank determ inations 
should be run w ith  every  series of tests under precisely sim ilar 
conditions as to tim e and treatm ent except th at the ceresine 
m ay be om itted. H ow ever, every  lot of ceresine m ust be tested, 
should be free from  soluble m atter and n ot assim ilate any alkali 
on saponification. T h e difference betw een the titration  of the 
blank and th at of the excess a lkali in the test is the acid equ iv­
alent of the fa t a fter acetylation, which should be calculated 
to m illigram s of potassium  hydroxide for 1 gram  of fat.

1 cc. of N /2 acid is equ ivalen t to 28.054 m illigram s of potassium  
hydroxide.

T h e difference betw een the saponification num ber of the fa t 
before and after acetylation  is the acetyl num ber. In  case the 
original fa t contains free soluble acids, their titer should be de­
term ined and proper correction made for the same.

L im it of error 0.50 acetyl num ber.

S Y N O P S IS  OF R E A C T IO N

A  b e t t e r  c o n c e p t io n  o f  t h e  m e th o d  m a y  b e  o b ta in e d  
b y  a  s u m m a r y  o f  t h e  r e a c t io n s .

A cety la tion  of g lycerides of m ono- and d ih yd roxy acids, m ono- and 
diglycerides and free alcohols (sec form ulas).

S apon ification  of the acety la ted  p roduct (see form ulas).
Saponification  of the original or u nacety la ted  product.
T itra tion  of excess alkali.
A cety l num ber b y  difference.

G l y c e r i d e s  o f  M o n o - a n d  D ih y d r o x y  A c id s  

A cetyla tion  
(R .OH.COO )aCaH i +  3(CHaCO)jO =

(R.OCHaCO.COO)aCaHs +  3C H aCOOH
triglyccride o f acetic  ace ty la tcd  acetic

m on ohyd roxy acid  anhydride g lyceride acid

E x a m p l e : R icinolein , (C i7Hai.OH.COO)aCaH*

Saponification  

(R.OCHaCO.COO)aCjHs +  6K O H  =  
alkali
3R .O H .C O O K  - f  3CHaCOOK +  CaHi(OH)i 

ace ty la ted  potassium  potassiu m  glyccrol
g lycerid e sa lt  o f accta tc

hydroxy acid

[R(OH)iCO O]aCaHj +  (CHaCOhO -  [R(OCHaCO)sCOO]aCaHs +  HtO 
triglyceride of acety la ted
d ih yd roxy  acid  glyceride

E x a m p l e : D ih ydroxy  stearin, [Ci7H j3(O H )2COO]aCaHs
[R (O C H 3CO)iCOO]3CaH5 +  9K O H  =

3R (O II)2C O O K  +  6C H 3C O O K  +  CaHs(OH), 
M o n o - a n d  D i g l y c e r i d e s  

(R C O O )C alls(O H h  - f  (C H jC O )jO  *=» (R CO O ) (CHaCOO)2CaH6 +  HjO 
m onoglyceride d iaceto-glyceride

(R CO O ) (CHaCOO)tCaHs +  3K O II =
R C O O K  +  2CIIaCOOK +  CaHj(OH)i 

(R C O O )2CaH6(O H ) - f  (CHaCO)jO «
(R C O O )i (CHaCOO) CaHs +  CHaCOOH 

d iglyccride m onoaceto-glyceride

(R CO O )i(C H aC O O )CaH 6 +  3K O H  =
2R C O O K  +  CHaCCOK +  CaH»(OH)j 

F r e e  A l c o h o l s  

R O H  +  (CHaCO)jO =  CHaCOOR +  CHaCOOH  
m onobasic aceta te

a lcohol of alcohol
CHaCOOR +  K O H  -  R O H  +  CHaCOOK  

E x a m p l e s : C holesterol p liy tostero l, C j7H «O H

C o n s id e r a b le  v a r ia t io n  is  p o s s ib le  in  w r it in g  the 

a b o v e  fo r m u la s  w h ic h , a t  b e s t ,  p o o r ly  e x p r e s s  the 

s t r u c t u r e .  I n  s o m e  in s t a n c e s  t h e  r e a c t io n  is  in d ica ted  

a t  s o m e  s a c r if ic e  o f  fo r m .

C A L C U L A T E D  D A T A  F R O M  T H E  A C E T Y L  N U M B E R

T h e  a c e t y l  n u m b e r  (c) s e r v e s  t o  m e a s u r e  t h e  am ou n t 

o f  h y d r o x y  c o m p o u n d s  in  a n  o il , f a t  o r  w a x  and in 
c a s e  o n ly  o n e  s u c h  c o m p o u n d  o f  k n o w n  m o lecu lar

w e ig h t  ( m) a n d  n u m b e r  o f  h y d r o x y l s  (d ) is  p resent, 

i t s  a m o u n t  ( H )  c a n  b e  r e a d i ly  c a lc u la t e d  b y  th e  fo llo w ­

i n g  f o r m u la :
cm

H  =  —  - ,
56108d

T h e  d e r iv a t io n  o f  t h e  f o r m u la  is  c o m p a r a t iv e ly

s im p le .  T h e  t h e o r e t ic a l  a c e t y l  n u m b e r  o f  a  com ­

p o u n d  c o n t a in in g  (d) h y d r o x y l  g r o u p s  is :

56108^

m

T h e  a m o u n t  o f  s u c h  a  c o m p o u n d  in  a n  o il, fa t  or 

w a x  is , th e r e fo r e :

c cm

56108d 56108d

VI
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The same results m ay be calcu lated  more easily 
from the follow ing tab le , d ivid in g the determ ined 
acetyl num ber b y  the th eoretical a ce ty l num ber or 
m ultiplying b y  its reciprocal:

T h e form ation  -of anhydrides during the a ce ty la tin g  
process w ill affect th e a ccu racy  of th ese c a lcu ­
lations.

T h e com putation  of th e am ount of h y d ro xy  com -

A c e t y l  N u m b e r  o n  O r ig in a l  P r o d u c t , M a s s a c h u s e t t s  M e t h o d

N am e
G l y c e r id e s

F orm ula

M o n o g l y c e r id e s

M onopalm itin ,

D ig l y c e r id e s

H y d r o x y  A c id s

F r e e  A l c o h o l s

M olecular Saponification T heoretical
w eight num ber ace ty l num ber R eciprocal
9 3 2 .8 3 2 180 .444 180 .444 0 .0 0 5 5 4 1 9
9 8 6 .8 8 0 170 .562 3 4 1 .1 2 4 0 .00 2 9 3 1 5

3 3 0 .3 0 4 169 .868 3 3 9 .7 3 6 0 .0029435
3 5 8 .3 3 6 156 .579 3 1 3 .1 5 9 0 .00 3 1 9 3 3
3 5 6 .3 2 0 157 .465 3 1 4 .9 3 0 0 .00 3 1 7 5 3

5 6 8 .5 4 4 197 .374 9 8 .6 8 7 0 .0 1 0 1 3 3 0
6 2 4 .6 0 8 179 .658 8 9 .8 2 9 0 .0 1 1 1 3 2 3
6 2 0 .5 7 6 180 .826 9 0 .4 1 3 0 .0 1 1 0 6 0 4

29 8 .2 7 2 188 .110 188 .110 0 .0 0 5 3 1 6 0
3 1 6 .2 8 8 177 .395 3 5 4 .7 9 1 0 .0 0 2 8 1 8 6

3 8 6 .3 6 8 « 145 .219 0 .0 0 6 8 8 6 2
38 6 .3 6 8 145 .219 0 .00 6 8 8 6 2

G R A V IM E T R IC  P R O C E S S 1

After a cety la tin g , a' gravim etric  process for a cety l 
number m ay be conducted  in a m anner sim ilar to th a t 
for the q u an tita tive  determ in ation  of insoluble fa tty  
acids, observing all th e precaution s therein noted as to  
ceresine, w ashing, d ryin g, w eighing, etc.

This m odification is a p p a ren tly  rath er more diffi­
cult, tedious and su b ject to  error th an  the saponifica­
tion or vo lu m etric process (M assach u setts m ethod). 
A certain am ount of loss arises from  th e dehydration  
of free fa tty  acids b y  acetic  anhydride during acetyla- 
tion, and is difficult to  p reven t, a lthough of little  con­
sequence where th e am ount of free acids is re latively  
small.

The a cety l num ber (a) is calcu lated  from  the in­
crease in w eight (i ) b y  th e  fo llow ing form ula:

561081
a =  or 1335.39604«

42.016

In case on ly one h y d ro xy  com pound of know n m ol­
ecular w eight (tn) and num ber of h yd ro xyls  (d) is pres­
ent, its am ount can be calcu lated  from  the increase in 
weight (i) of th e oil, fa t  or w ax  on a cety la tin g . T h e 
theoretical increase for a h y d ro xy  com pound is: 

42.oi6<f 

nt

The am ount (H ) of such a com pound in an oil, fa t 
or wax is therefore:

i  i mH = —  or
42.016 a 42.016 a

m
m o l e c u l a r  w e i g h t  o f  h y d r o x y  c o m p o u n d s

The m olecular w eight of th e  h yd ro xy  com pounds 
can be calcu lated  from  the w eight (w) of fa t taken  and 
the increase (i) on a ce ty la tin g , provided the num ber 
{d) of hydroxyls in the m olecule is know n:

w : w +  i  =  m : m +  42.016J 

_ 42-Ol6iilU
i

1 H as not received sufficient stu d y  in th is  laboratory to  warrant positive  
statements, b u t is sim ilar to  the m eth od s described b y  Lewlcowitsch (Loc. 

■c‘‘:  1, 3 5 8 -6 3 . 4 6 6 -6 7 ) .

pounds b y th e  gravim etric  process is g rea tly  facilita ted  
b y  use of th e fpllow ing table:

A c e t y l  G r a v im e t r ic  P r o c e s s  o n  O r ig in a l  P r o d u c t

T heoretical

M olecular
M olecular  

w eight after

increase in 
w eigh t per  

gram  on
N am e w eight acety la tin g acety la tin g (°) R eciprocal

G l y c e r id e s

R icin o le in ................... 9 3 2 .8 3 2 1058 .880 0 . 135124 7.40061
D ih yd roxystearin .. . 9 8 6 .8 8 0 1238 .976 0 .2 5 5 4 4 7 3 .91471

M o n o g l y c e r id e s

M on op a lm itin .......... 33 0 .3 0 4 4 1 4 .3 3 6 0 .2 5 4 4 0 8 3 .9 3 0 6 9
M on ostearin ............. 3 5 8 .3 3 6 4 4 2 .3 6 8 0 .2 3 4 5 0 6 4 .2 6 4 2 8
M o n o le in ................... 3 5 6 .3 2 0 4 4 0 .3 5 2 0 .2 3 5 8 3 3 4 .2 4 0 2 9

D ig l y c e r id e s

D ip a lm itin ................. 5 6 8 .5 4 4 6 1 0 .5 6 0 0 .0 73901 13 .53162
D istear in .................... 6 2 4 .6 0 8 6 6 6 .6 2 4 0 .0 6 7 2 6 8 14.86591
D io le in ......................... 62 0 .5 7 6 6 6 2 .5 9 2 0 .0 6 7 7 0 5 14 .76996

H y d r o x y  A c id s

R icin o le ic................... 2 9 8 .2 7 2 3 4 0 .2 8 8 0 .1 40865 7 .0 9 9 0 0
D ih yd roxystearic .. . 3 1 6 .2 8 8 4 0 0 .3 2 0 0 .2 6 5 6 8 2 3 .7 6 3 9 0

F r e e  A l c o h o l s ,
C holestero l................ 3 8 6 .3 6 8 4 2 8 .3 8 4 0 .1 0 8 7 4 6 9 .1 9 5 7 4
P h y to stero l............... 38 6 .3 6 8 4 2 8 .3 8 4 0 .1 0 8 7 4 6 9 .1 9 5 7 4

(a) A cety l num ber =  1335.39604t.

A C E T Y L  N U M B E R  OF I N S O L U B L E  F A T T Y  A C ID S

T h e a ce ty l num ber of the insoluble fa t ty  acids is 
determ ined b y  th e M assachusetts m ethod in precisely 
the sam e w ay  as th a t of th e original fa t. T h e g r a v ­
im etric process is n ot applicable on accou n t of the 
form ation  of anhydrides of the fa tty  acids. T h e 
m ethod for preparing th e sto ck  of insoluble acids for 
analysis is th e sam e as th a t for the determ ination  of 
“ Insoluble A cid s,”  w ith  th e elim ination  of such fea ­
tures as are necessary only for q u a n tita tiv e  work.

In  order to interpret the results sa tisfa cto rily  it  is 
necessary to know  the percentage of insoluble acids 
so th a t the a ce ty l num ber of the acids m a y be con­
sidered in conjun ction  w ith th e a cety l num ber of the fat.

R E S U L T S  B Y  D IF F E R E N T  M E T H O D S

For convenience, th e theoretical a cety l num bers 
of some h yd ro xy  com pounds b y  th e B en ed ikt and U lzer 
and L ew kow itsch  m ethods are ta b u la ted  to  perm it 
com parison w ith  the a cety l num bers b y  th e M assa­
chusetts and gravim etric  processes p rev iou sly  stated . 
W hen o n ly  one h y d ro xy  com pound of know n com -
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A c e t y l  N u m b e r  o n  A c e t y l a t e d  P r o d u c t , B e n b d ik t  a n d  U l z e r  a n d  L e w k o w it s c h  M e t h o d s  

N a m e  M o le c u la r  S a p o n i f ic a t io n  T h e o r e t i c a l
( A c e ty l a te d )  F o r m u l a  w e ig h t  n u m b e r  a c e ty l  n u m b e r  R e c ip ro c a l

G l y c e r id e s

R ic in o le in ,  (C u H m.O C H i C O .C O O J j C j H s ................................................................. 1 0 5 8 .8 8 0  . 3 1 7 .9 2 8  1 5 8 .9 6 4  0 .0 0 6 2 9 0 7
D ih y d r o x y s . te a r in ,  [ C i -H sjC O C H i C O j C O O I j C j H s............................................. 1 2 3 8 .9 7 6  4 0 7 .5 7 2  2 7 1 .7 1 5  • 0 .0 0 3 6 8 0 3

M o n o g l y c e r id e s

M o n o p a lm i t in ,  ( C is H jiC O O K C H jC O O ^ C s H i ..........................................................  4 1 4 .3 3 6  4 0 6 .2 5 0  2 7 0 .8 3 3  0 .0 0 3 6 9 2 3
M o n o s te a r in ,  ( C w H iiC O O K C H iC O O J s C jH i ............................................................  4 4 2 .3 6 8  3 8 0 .5 0 7  2 5 3 .6 7 1  0 .0 0 3 9 4 2 1
M o n o le in ,  ( C n H u C O O K C H a C O b j iC jH s ................................................................. 4 4 0 .3 5 2  3 8 2 .2 4 9  2 5 4 .8 3 2  0 .0 0 3 9 2 4 2

D ig l y c e r i d e s

D ip a lm i t in ,  ( C is H jiC O O )a (C H 3 C O O )C jH i ..................................................................  6 1 0 .5 6 0  2 7 5 .6 8 8  9 1 .8 9 6  0 .0 1 0 8 8 1 9
D is te a r in ,  ( C u H m C O O M C H j C O O )C sH s ......................................................................  6 6 6 .6 2 4  2 5 2 .5 0 2  8 4 .1 6 7  0 .0 1 1 8 8 1 1
D io le in ,  ( C i jH u C O O M C H a C O O iC jH i ..........................................................................  6 6 2 .5 9 2  2 5 4 .0 3 9  8 4 .6 8 0  0 .0 1 1 8 0 9 2

H y d r o x y  A c id s

R ic in o le ic ,  C u H i i .O C H iC O .C O O H ..................................................................................  3 4 0 .2 8 8  3 2 9 .7 6 8  1 6 4 .8 8 4  0 .0 0 6 0 6 4 9
D ih j ’d r o x y s te a r ic ,  C i 7H m (O C H i C O ) i C O O H .............................................•............ 4 0 0 .3 2 0  4 2 0 .4 7 4  2 8 0 .3 1 6  0 .0 0 3 5 6 7 4

F r e e  A l c o h o l s

C h o le s te r o l ,  C H j C O O C h H o .............................................................................................  4 2 8 .3 8 4    1 3 0 .9 7 6  0 .0 0 7 6 3 5 0
P h y to s te r o l ,  C H jC O O C u H u ............................................................................................  4 2 8 .3 8 4    1 3 0 .9 7 6  0 .0 0 7 6 3 5 0

p o s i t i o n  is  p r e s e n t  in  a n  oil  o r  f a t ,  t h e  r e s u l t s  c a n  b e  o b t a i n e d  b y  n e u t r a l  a m m o n i u m  c i t r a t e .  T h i s  f a c t  

r e a d i l y  c o n v e r t e d  f r o m  t h e  b a s i s  o f  t h e  o r i g i n a l  t o  w a s  f u r t h e r  c o n f i r m e d  b y  u s  in  t h e  d e t e r m i n a t i o n s

t h a t  o f  t h e  a c e t y l a t e d  p r o d u c t  a n d  vice versa.  I n  o n  a  s a m p l e  o f  a c i d  p h o s p h a t e  s h o w n  in  T a b l e  I.

o t h e r  c a s e s  c o n v e r s i o n  is  g e n e r a l l y  i m p r a c t i c a b l e  o n  T h e s e  d e t e r m i n a t i o n s  w e r e  m a d e  s u b s t a n t i a l l y  ac- 

a c c o u n t  o f  t h e  m a r k e d  d i f f e r e n c e s  in  a s s i m i l a t i o n  o f  c o r d i n g  t o  t h e  o f f ic ia l  m e t h o d s  o f  t h e  A .  O . A .  C . ,1

a c e t y l  b y  t h e  s e v e r a l  c la s s e s  o f  h y d r o x y  c o m p o u n d s .  e x c e p t  t h a t  t h e  n e u t r a l  a m m o n i u m  c i t r a t e  so lu t io n

F o r m u l a s  m a y  s h o w  t h e  r e l a t i o n ,  h o w e v e r ,  t h a t  t h e  w a s  p r e p a r e d  a s  d e s c r i b e d  in  o u r  p r e v i o u s  p a p e r .1

r e s u l t s  b y  d i f f e r e n t  m e t h o d s  b e a r  t o  e a c h  o t h e r ,  (m )  T h e  p h o s p h o r i c  a c i d  w a s  in  a ll  c a s e s  d e t e r m i n e d  b y

i n d i c a t i n g  t h e  m o l e c u l a r  w e i g h t  o f  t h e  h y d r o x y  c o m -  t h e  v o l u m e t r i c  m o l y b d a t e  m e t h o d .  T h e  p r o p o r t i o n s

p o u n d ,  (d ) t h e  n u m b e r  o f  h y d r o x y l s ,  a n d  (i ) t h e  i n -  o f  r e a g e n t ,  w h e t h e r  n e u t r a l  a m m o n i u m  c i t r a t e ,  so d iu m

c r e a s e  in  w e i g h t  o n  a c e t y l a t i n g :  c i t r a t e  o r  N / i o  c i t r i c  a c i d ,  t o  t h e  w e i g h t  o f  sa m p le

M a s s a c h u s e t ts  M e th o d  G ra v im etr ic  M e th o d  t a k e n ,  w e r e  t h e  s a m e  a s  in  t h e  o f f ic ia l  m e t h o d .

r m  : m  T a b le  I — D e t e r m in a t io n  o f  I n s o lu b le  P h o s p h o r ic  A c id  w it h  Sodium
7/1 C itrate  an d  N eutr al  A mmonium  C itr ate

; 6 l o 8 d  A 2  O l 6 d  Sodium  c itra te ................  1 .46%  A m m onium  c itr a te ............ 0 .30%
^ ‘+ ‘”  1 .4 2  0 .3 4

B e n e d ik t  and  U lzer  a n d  L e w k o w itsc h  M e th o d s  ' v ........................................ 4 ° ' 3‘

c (m  +  4 2 . 0 1 6 d)  s p e c i f i c  g r a v i t y  o f  t h i s  s o d i u m  c i t r a t e  solution-

~ - 6 i o 8 d w a S  I ' I ^3 a s  a g a i n s t  1 .0 9  f o r  n e u t r a l  a m m o n i u m  c it­
r a t e  s o l u t i o n .  V a r i o u s  t r i a l s  s h o w e d  t h a t  m o r e  con-

S U M M A R Y
c e n t r a t e d  s o l u t i o n s  o f  s o d i u m  c i t r a t e  g i v e  r e s u l t s  ap-

T h e  a c e t y l  n u m b e r s  o f  a  f a t  a n d  of  t h e  i n s o l u b l e  p r o a c h i n g  m o r e  n e a r l y  t h o s e  o b t a i n e d  b y  th e  use of

a c i d s  a f f o r d  v a l u a b l e  i n f o r m a t i o n  r e l a t i v e  t o  t h e  n a t u r e  n e u t r a l  a m m o n i u m  c i t r a t e ,  a s  s h o w n  in  T a b l e  I I .
a n d  t h e  q u a l i t y  o f  a  p r o d u c t .  A p p a r e n t l y  m a n y  „  „  _

1 T a b l e  I I — D e t e r m i n a t i o n  o p  I n s o l u b l e  P h o s p h o r ic  A c id  in  A c id .
a n a l y s t s  h a v e  b e e n  d e t e r r e d  f r o m  m a k i n g  t h e  d e -  P h o s p h a t e  w it h  V a r y in g  C o n c e n t r a t io n s  o p  S o d iu m  C it r a t e  as 

, - . ,  C om pared  w ith  Ammonium C i t r a t e
t e r m i n a t i o n s  o n  a c c o u n t  o f  t h e  t i m e  r e q u i r e d ,  t e d i o u s  Percentages

m a n i p u l a t i o n  i n v o l v e d  o r  i n a b i l i t y  t o  i n t e r p r e t  t h e  G. per 1. g r a v i ty '" I  2_ ' 3 T '
r e s u l t s .  T h e  p r o p o s e d  m e t h o d  i s  c o m p a r a t i v e l y  s h o r t  A m m o n iu m  c i t r a t e ........................................  1.09 0.53  2 .5 8  0.77 0.62

a n d  s i m p l e  a n d  r e a d i l y  u n d e r s t o o d  b e c a u s e  o f  i t s  S o d iu m  c i t r a t e ...................... so!o 1.643 K 83 ' . . . .

s i m i l a r i t y  t o  o t h e r  f a t  m e t h o d s  i n  c o m m o n  u se .  I t  is  \7V.s 1!093 !! 3 ' U  "  1 ¿ 3 -
• 1 59

p r a c t i c a l l y  f r e e  f r o m  t h e  o b j e c t i o n s  c i t e d  f o r  t h e  e a r l i e r  24?!7 i ’.i23 3.06
m e t h o d s  a n d  t h e  r e s u l t s  a r e  d i r e c t l y  c o m p a r a b l e  w i t h  2 9 3 ,8  1 , 1 4 7 .......................................; ¡ ; | f

o t h e r  f a t  d e t e r m i n a t i o n s ,  b e i n g  o n  t h e  s a m e  b a s i s .  ?i2.8 •• 2"
^ 3 2 6 .6  1 .163

M assac h u setts  Ag ricultur al  E xp e r im e n t  S tation  4 4 3 .0  1 .2 2 0  . .  2 .9 2
a m herst  4 9 6 .8  1 .231 0 .9 2  ...............................
AMHERST 5 6 8 .8  1 .2 8 2  . .  . .  0 .4 9
........................................   0 .4 6

A  C O M P A R I S O N  O F  N E U T R A L  A M M O N I U M  C I T R A T E  N ote— T he con centration  of sodium  citrate is expressed in grams of
W I T H  S O D I U M  C I T R A T E  A N D  N / l O  C I T R A T E  A C I D 1 crysta llized  sodium  citrate [ (G .H s a N a s h .l lH jO ]  per liter.

By Paul rudnick, w . b . Derby and w . i ,. Latshaw T h e  d i s a d v a n t a g e s  o f  w o r k i n g  w i t h  s u c h  h e a v y  solu-

S i n c e  t h e  a p p e a r a n c e  o f  a  p r e v i o u s  p a p e r 2 o n  t h e  t i o n s  s u g g e s t e d  t h e  p o s s i b i l i t y  o f  u s i n g  a  c i t r ic  acid

s u b j e c t  o f  n e u t r a l  a m m o n i u m  c i t r a t e ,  t h e  u s e  o f  s o d i u m  s o l u t i o n  of  s u i t a b l e  c o n c e n t r a t i o n  a s  a  s u b s t i t u te .

c i t r a t e  a s  a  s u b s t i t u t e  f o r  a m m o n i u m  c i t r a t e  h a s  b e e n  A f t e r  t r y i n g  v a r i o u s  s t r e n g t h s  r a n g i n g  f r o m  t w o  per

p r o p o s e d  b y  B o s w o r t h .3 T h e  v a l u e s  o b t a i n e d  b y  h i m  c e n t ,  a s  u s e d  f o r  b a s i c  s l a g  a n a l y s e s ,  d o w n w a r d ,  it

w i t h  a  s o l u t i o n  o f  s o d i u m  c i t r a t e  o f  t h e  s a m e  m o l a r  w a s  f o u n d  t h a t  a  N / i o  s o l u t i o n  o f  c i t r i c  a c id  g a v e

c o n c e n t r a t i o n  a s  t h e  o f f ic ia l  a m m o n i u m  c i t r a t e  so lu -  r e s u l t s  a p p r o x i m a t i n g  q u i t e  c l o s e l y  t o  t h o s e  o b ta in e d

t i o n  a r e ,  h o w e v e r ,  n o t  i n  g o o d  c o n c o r d a n c e  w i t h  t h o s e  w i t h  n e u t r a l  a m m o n i u m  c i t r a t e .  T h e  r e s u l ts  are-
1 Presen ted  a t th e 49th  M eetin g  of th e  A m erican C hem ical S oc ie ty . i n  T 'o 'K lo  TTT

C i n c in n a t i ,  A p r i l  6 - 1 0 .  1914 . S n o w n  i n  I  a D l J  I I I .
> T h i s  J o u r n a l ,  5 (1 9 1 3 ) ,  1013 . 1 R e v .  B u r .  o f  C h e m .,  B u ll.  1 0 7 , p p .  1 -5 .
1 I b id . ,  6  (1 9 1 4 ) , 2 2 7 . 2 T h i s  J o u r n a l ,  5 (1 9 1 3 ) ,  1013.
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T ab le  III— D e t e r m i n a t i o n  o i-‘ I n s o l u b l e  P h o s p h o r ic  A c id  w it h  N / 10 
C it r ic  A c id  a n d  N e u t r a l  A m m o n iu m  C it r a t e  ( P e r c e n t a g e s )

N eu tra l N / 10 • N eu tra l N /1 0
am m onium  citric  am m onium  citric

c itrate  acid citra te  acid
Acid phosphate.................  2 .6 0  2 .5 0  R aw  bone m ea l  18 .75  2 0 .5 0

2 .5 8  2 .4 5  18 .75  20 .3 5
A v ...................................... 2 .5 9  2 .4 8  A v ............  18 .75  2 0 .4 2

Acid phosphate.................  2 .0 7  1 .9 4  C om plete fertilizer. 1 .6 4  1.57
2 .0 1  1 .95  1 .6 0  1 .55

A v i .................... 2 .0 4  1 .95  A v ............................  1 .62  1 .56

Tankage...............................  6 .5 3  6 .9 0  C om plete fertilizer. 0 .1 4  0 .2 3
6 .4 9  6 .8 8  0 .1 8  0 .2 5

A v......................................  6 .5 1  6 .8 9  A v ............  0 .1 6  0 .2 4

N/10  citric acid, therefore, is en titled  to careful 
consideration as a prom ising su b stitu te  for neutral 
ammonium citra te  solution, as it not only gives re­
sults sub stantia lly  iden tical w ith  those obtained w ith 
the present official reagen t for determ ining insoluble 
phosphoric acid, b u t has, m oreover, a t least tw o im ­
portant advantages over am m onium  citrate:

1— iV/10 citric  acid  is m uch more easily  prepared 
and standardized th an  neutral am m onium  citrate 
solution.

2— E xtraction  w ith  N / i o  citric  acid  is as easy  and 
rapid as w ith hot w ater, the tim e of filtration, p articu ­
larly in bone, ta n k a ge  and com plete fertilizers, being 
cut down to a v e ry  few  m inutes.

C h e m ic a l  L a b o r a t o r y  o f  A r m o u r  & C o..
U n io n  S t o c k  Y a r d s , C h ic a g o

THE E F F E C T  O F  E N S IL A G E  F E R M E N T A T IO N  AND  
A N IM A L D IG E S T IO N  O N  T H E  S O L U B IL IT Y  OF 

P H O S P H O R IC  A C ID  IN  P H O S P H A T E  R O C K
B y  C . A . M o o b r s  

R eceived  M arch 20, 1914

A recent a rtic le1 b y  Forbes and F ritz  reports some 
laboratory results w hich, in d icate th a t the ensilage 
process m ay be used to render floats soluble and hence 
available both to  anim als and plants. W ith  the ob­
ject of showing th e  p ractica l exten t to  w hich the solu­
bility of the rock was increased, the w riter has pre­
pared Table I from  their d ata. T h e ta b le  should be 
considered, how ever, as a t best on ly  a close approxim a­
tion, for the article referred to  did not furnish either 
the composition of the ph osphate rock  or other data 
which would have been of v a lu e  in th is connection. 
In making the calcu lation s of T a b le  I, the w riter as­
sumed the floats to  contain  14 per cen t of P, and th a t 
there were used 83 parts, b y  w eight, of green silage 
corn to 1 part of floats. A ccord in g to  this table, 0 .2

T a b l e  i — C a l c u l a t io n s  B a s e d  o n  F o r b e s  a n d  F r it z  T a b l e

Inorganic P 
soluble in 

Inorganic P  0 .2  per cent 
soluble in HC1 per gram  

T ota l P  0 .2  per cen t of phosphate 
HC1 rock

G ram  Gram Gram
0 .0 6 8 9

0 .0 7 5 6

A m oun t of 
dry m atter  

taken for 
basis of 

„  calculation
Material Grams

Green corn (whole p lant) 8 3 .0
Orecn corn..........................  8 3 .0 )
Phosphate rock ....................  l o i
£ ns!.la8 e ................................ 7 6 .7
5Ps,laP ...............................  8 1 .2 )
1 nosphate rock .................  1 .0 }

0 .1 7 1 8  
0 .3 1 1 8  
0 .1 7 1 8  
0 .3 1 1 8

0 .1 4 4 5  
0 .0 8 5 1  
0 .1 9 2 4 0 .1 0 7 3

In the proportions used b y  Forbes and F ritz , a ioo- 
ton  silo w ould require 800 pounds of floats, a q u a n tity  
which, even  w ith full allow ance for the increased solu­
b ility , w ou ld ’ am ount to a m oderate application  for 
only tw o acres. N ot to m ention the v e ry  narrow  
m argin of profit which th is indicates, tw o questions 
arise a t this point: (1) W ould  there be a n y  d e tr i­
m ental effect on the feeding value of ensilage treated  
w ith floats? (2) W h at w ould be the effect of the 
process of anim al digestion on the so lu b ility  of the 
floats?

T o  answ er the first question sa tisfa cto rily  would 
require m any m ore data  th an  th e author has a t hand, 
b u t T ab le  II gives the results of som e feedin g exp eri­
m ents m ade at the Tennessee A g ricu ltu ral E xperim ent 
Station  in 1909. In these experim ents abou t 2 pounds 
of finely ground phosphate rock  were m ixed w ith

T a b l e  II— F e e d in g  T e s t  o p  E n s i l a g e  T r e a t e d  w i t h  F l o a t s  a s  C o m - 
p a r e d  w it h  U n t r e a t e d  E n s il a g e  

T h e " trea ted "  ensilage w as prepared b y  m ixing a b o u t2 lbs. of finely ground  
phosphate rock w ith  100 lbs. of chopped corn (w hole p lant) a t tim e  
silo  was filled.

Feed  per d ay
W eight ✓----------------—*--------------- s

of C ottonseed  Eusilage
D ate  anim al E nsilage m eal uneaten

(1909) A nim al Lbs. Lbs. Lbs. Lbs.
E n silage con ta in in g  floats  

F eb . 2 C ow  N o . 30 875 38
Feb. 3 C ow  N o. 30 . . .  28
Feb. 4 Cow N o . 30 . . .  22b'2
Feb. 5 C ow  N o. 30 . . .  20
Feb. 6 C ow  N o . 30 830 10(a)
Feb. 2 B lue heifer 480 2 2 y 3
Feb. 3 Blue heifer . . . 22 V-
Feb. 4 B lue heifer . . .  20
Feb. 5 B lue heifer . . .  20
Feb. 6  B lue heifer 463 10(a)

Feb. 2 C ow  N o . 10
F eb . 3 C ow  N o . 10
Feb. 4 C ow  N o . 10
Feb. 5 Cow N o . 10
F eb . 6  C ow  N o . 10
Feb. 2 F aw n  heifer
Feb. 3 F aw n  heifer
Feb. 4 F aw n  heifer
F eb . 5 F aw n  heifer
F eb . 6  Faw n heifer

2 
2 
2 
2 
2 
1 
1 
1 
1 
I

E n silage w ith ou t floats  
1000 441/2 2

45 2
45 2
45 2

990 22*/*(a) 2
460 25 1

28 1
28 1
25 1

480 12»/s(a) 1

5
18
16
14
10
2»/t
4
I
7
4 »/*

0
0
0
0
0
0
0
0
1
2'A

per cent H C 1 dissolved 54.0  per cen t of the P  of the 
floats when m ixed w ith  th e green silage corn, b u t be­
fore passing through the ensilage process, and 76.65 
Per cent after going through the ensilage process. 
This amounts, therefore, to  an increased solubility  
of 3- i 7 pounds of P , or 7 .26  pounds of P2O5 per 100 
pounds of phosphate rock (floats).

1 T h is  J o u r n a l , 6  (1914), 222, 223.

(a) M orning feed on ly.
N ote— B oth  groups were fed plain ensilage and m eal for tw o d ays  

previous to beginning of record, each anim al ea ting  th e am ou nts g iven  for 
Feb. 2 w ith out w aste for th a t period.

every  io o  pounds of the corn at th e tim e th a t the silo 
was filled. T h e results show  p la in ly  th a t in this case 
too  m uch rock was present, for the anim als soon re­
fused to  eat more th an  a .small part of the treated  
ensilage, although- its odor and appearance in dicated  
excellent m aterial.

In connection w ith the feeding experim ent, some 
data  were obtained  bearing on th e second question, 
in regard to  the a va ila b ility  of the P2O5 of the phos­
phate rock when voided b y  th e anim als. Sam ples of 
dung were saved  from  each anim al, and T a b le  II I  
gives the per cent of to ta l P 2O5 in each sam ple when 
calcu lated  to  a m oisture-free basis. A ssum ing th a t

T a b l e  I I I — T o t a l  P h o s p h o r ic  A c id  (P*O s) i n  D u n g  f r o m  A n im a l s  
U s e d  i n  F e e d in g  E x p e r im e n t  

R esu lts  on m oisture-free basis
Per cent  

P*Os
A nim al K ind  of feed in  dung

C ow  N o . 10 C ottonseed  m eal and u np h osphatedjensilage 1 .17
C ow  N o. 30 C ottonseed  m eal and p hosphated  en silage 5 .9 5
Faw n heifer C ottonseed  m eal and unphosphatcd  en silage 1 .78
B lue heifer C ottonseed  m eal and phosp h ated  ensilage 9 .3 4

with the sam e kind of feed the dung from  the cow s 
would be of sim ilar com position, and th a t in like 
manner the dung from  the heifers w ould be com ­
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parable, th e am ounts of phosphate rock in th e dung 
of cow No. 30 and of the blue heifer were calcu lated  
from  the analyses given  in T a b le  I I I . T a b le  IV  gives 
•the q u an tities of th e various m aterials ta k en , the 
am ount of o. 1 per cen t citric  acid  used as a solven t, 
and th e percen tages of P2O5 found. T h e finely 
ground ph osphate used th rou gh ou t contained 32.0  
per cen t of P2O5. T h e citric  acid  solution w as shaken 
up in con tact w ith  the m aterial for tw o d ays and fil­
tered, and th e P2O5 in th e filtrate  determ ined. From  
these determ in ations th e ca lcu latio n  w as m ade th a t 
th e com bined action  of th e ensilage process and the 
process of anim al digestion resulted  in  an increase 
of 0 .93 pound of P2O5 per 100 pounds of th e rock  in 
th e case of th e cow and 1.17  pounds in th e case of the
T a b l e  IV — P h o s p h o r ic  A c id  (PaOs) S o l u b l e  i n  1000 C c. o p  0.1 P e r  

c e n t  C it r ic  A c id

All percentages are calcu lated  011 a uniform  basis of m oisture-free and
phosphate-free m anure, i. e., th e plain m anure from  th e unphosphated
feed (15 .0  gram s) is tak en  as th e basis of com parison .

Q u an tity  used  
for an a lysis  P 2O5

(W ater-free basis) found  
M ateria l G ram s Per cen t

D u n g  from  cow  N o . 10 (unphosphated  ensilage) 1 5 .0  0 .7 6
D u n g  from  cow  N o . 10 ...................................................... 1 5 .0  ) n as
Ph osph ate ro c k .................................................................... 2 .7 1 3 7  f u *
D u n g  from  cow  N o . 30 (phosphated  en sila g e ).. . 1 7 .7 1 3 7  1 .05
D u n g  from  faw n heifer (unphosphated  ensilage) 1 5 .0  1 .3 8
D u n g  from  faw n h eifer ....................................................  1 5 .0  ) .
P h osp h ate  ro c k .................................................................... 4 .9 2 5 6  )
D u n g  from  blue heifer (phosphated  en silage)  1 9 .9256  1 .8 6

N o tes— 1— A w ater so lu tion  o f m anure is n orm ally  alkaline and hence  
m uch o f th e “ a va ilab le"  PsOs is in a p recip itated  form . O nly a s ligh tly  
acid  so lu tion  is necessary in order to  get a m arked increase in  so lub le PiOs. 
2— If m anure be treated  w ith  a 0.1 per cen t citric acid so lu tion  in  th e pro­
portions used, the so lu tion  is ap t to  becom e alkaline in th e  course of a  few  
d ays, due to th e production  of NH* b y  bacteria; h ence lon g stand in g  m u st be  
avoided .

heifer. T h e increase in soluble P 20 6 was, therefore, 
v e ry  sm all. On the assum ption  th a t  all of th e phos­
phoric acid  w as vo ided  in th e dung, these results, 
taken  into consideration  w ith  those of Forbes and 
F ritz , in d icate a reversion of the P 20 6 m ade soluble 
b y  th e ensilage.

S U M M A R Y

1— From  calcu latio n s based on w ork reported  b y  
F orbes and F ritz , 22. 65 per cent of th e to ta l phosphoric 
acid  of ph osphate rock  (floats) w as rendered soluble 
in  0 .2  per cen t H C 1 through th e  ensilage process, 1 
p a rt of rock being used to  250 p arts of green silage 
corn.

2— Feedin g experim ents b y  th e au th or proved  th a t 
w heii 2 pounds of finely ground ph osphate rock were 
m ixed w ith  100 pounds of green silage corn at tim e of 
filling of th e  silo, th e resu ltan t ensilage, though ex­
cellent in odor and appearance, w as not su itab le to 
be fed  in ord in ary  am ounts, th e anim als soon refusing 
to  eat it.

3— T h e so lu b ility  in 0 .1  per cent citric  acid  of the 
P2O6 of th e phosphate rock in the dung of th e anim als 
fed  ph osphated ensilage w as increased only 3 .2 8  per 
cen t of th e  to ta l P2O5 as an average of tw o trials.

4— B ased  on th e assum ption th a t  all of th e  ph os­
phoric acid  w as vo ided  in the dung, th e  d a ta  a t hand 
in d icate  th a t  a reversion of th e soluble P 20 6 to o k  place 
during th e process of anim al digestion.

5— T h e general conclusion is in dicated  th a t th e silo 
does not offer a p ractical m eans of m aking th e  P 2Os 
of phosphate rock  availab le  for p lant use.

A g r i c u l t u r a l  E x p e r i m e n t  S t a t io n  
U n iv e r s i t y  o p  T e n n e s s e e  

K n o x v i l l e

T H E  T H E O R E T IC A L  B A S IS  F O R  T H E  P R O P O R T IO N S  
O F  L IM E  A N D  S U L F U R  U S E D  IN  T H E  C O M ­

M E R C IA L  P R E P A R A T IO N  O F  T H E  
L IM E -S U L F U R  S P R A Y

B y  H e r m a n  V. T a r t a r  

R e c e iv e d  M a r c h  I I ,  1914

V ariou s form ulas (i. e., proportions of lim e, sulfur 
and w ater) h a ve  been recom m ended for use in  the prep­
aration  of the com m ercial lim e-sulfur spray. In the 
early  literatu re on th is su b ject, th e proportions of 
lim e (C aO ) and sulfur v a ry  w ithin  wide lim its; the 
m ore recent w o rk 1 shows the proper ratio  of lime to 
sulfur to  be a p p roxim ately  1:2. T h ere are, however, 
som e differences still existin g am ong th e recommenda­
tions m ade in th is connection b y  the different agricultural 
experim ent station s. I t  is well know n, too, th a t various 
factors such as concen tration  and len gth  of time of 
boiling, h ave an influence on the am ounts of lime and 
sulfur required. E v e n  th e len gth  of tim e of cooling, 
fo llow ing th e boiling period, m odifies th e composition 
of th e solution and con sequen tly  th e requirem ents of 
raw  m aterial. For exam ple, in one of th e experiments 
at our local station  p la n t where 108 gallons of material 
were prepared, a sam ple ta k en  and im m ediately  cooled 
ju st a t th e close of th e cooking period had a gravity

33 °> while one ta k en  after th e solution  had cooled 
in th e ta n k  for 12 hours, had on ly  a 30° strength. 
T h is decrease in g ra v ity  w as due, no doubt, to the 
decom position  of calcium  th iosu lfate  in the hot solu­
tion. Sim ilar experim ents, in w hich th e  entire solu­
tion  w as cooled im m ed iately  a fter boiling, showed no 
decrease in g ra v ity  upon stan din g. B ecause of these 
num erous factors w hich influence th e composition of 
the sp ray, the form ulas g iven  b y  different investi­
gators h ave been w orked ou t large ly  b y  the “ cut and 
t r y ”  m ethod. D ifferen t am ounts of lim e, sulfur and 
w ater h a ve  been cooked for various lengths of time 
and from  th e analyses m ade of th e resulting solutions- 
and sedim ent (sulfite), th e form ulas have been derived. 
B u t little , if an y, atten tion  has been given  to the exact, 
chem ical reactions w hich occur.

T o  all fam iliar w ith  this su b ject, it  is ve ry  evident 
th a t an y form ula  used in m akin g lim e-sulfur must 
necessarily  be based on the reactions tak in g place. 
In vestigation s carried ou t in th is lab o rato ry2 have 
show n th a t these reactions are represented b y the fol­
low ing equations:

(1) 3 C a (O H )2 +  1 0 S — > 2C a S 4 +  C aS 203 +  3H20

(2) C aS i +  S — CaSs

(3) C aS20 3 — >■ CaSC>3 +  S

T here is also som e oxidation  of th e polysulfides when 
th e m aterial is exposed to  th e  air b u t th is is so slight, 
under ord in ary  conditions of com m ercial p r e p a r a t io n ,  

where large, ta ll cooking v a ts  are used, th a t it need 
n ot be considered here. T h e know ledge of the exact 
n ature of these chem ical reactions affords a theoretical 
basis for determ ining th e proportions of lim e and sulfur 
required in  th e prep aration  of a g iven  sam ple of lirne-

1 C ordley, unpublished  resu lts of th is  sta tion ; S tew art, Penn. Agr. 
E xp. S ta„  Bull. 99 ; V an S lyk e, N . Y . Agr. Exp. S ta . (G eneva), Bull. 339.

2 Jou r. A m er. C h tm . Soc., 27 (1 9 1 4 ) ,  4 9 5 .
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sulfur. T his w ill be b rou gh t out in the discussion 
which follows.

It will be seen from  th e equations given  above th a t 
the compounds form ed b y  th e reaction  betw een cal­
cium hydroxide and sulfur, under ordinary com m ercial 
conditions of m anufacture, are calcium  tetrasulfide, 
pentasulfide, th iosulfate, and sulfite. A ll of these 
compounds are readily  soluble in  w ater with the ex­
ception of the sulfite, which is com p a ra tiv ely  insoluble. 
This being true, th e chem ical analysis of the lime- 
sulfur solution shows th e  am ounts of lim e (slaked w ith 
water to form  h ydroxide) and sulfur th a t have reacted 
in the form ation  of the sam e excep t the am ounts of 
these substances n ecessary to  form  the insoluble sul­
fite produced. From  the know ledge of th e chem ical 
reactions th a t occur, how ever, it  is not a difficult 
matter to estim ate, from  the chem ical analysis of the 
solution, the q u a n tity  of sulfite w hich has been form ed. 
Equation (1) shows th a t when calcium  hydroxide and 
sulfur com bine, one-third of the calcium  is com bined 
as thiosulfate and tw o-th irds as polysulfide. Since 
there is no decom position of th e polysulfide, the quan ­
titative estim ation  of the calcium  com bined in this form  
gives a means for determ ining the am ount of th io ­
sulfate which has been form ed. T h e difference b e­
tween this to ta l estim ated  am ount of th iosulfate and 
the am ount a ctu a lly  present in the solution, is the 
quantity th a t has decom posed; and from  this data the 
amount of sulfite can be easily  calcu lated . T h e in itial 
ratio of lime to  sulfur is also easily  determ ined when one 
knows not only the am ounts of calcium  and sulfur 
present in a given  lim e-sulfur solution, b u t also the 
insoluble sulfite produced in the preparation  of the 
same.

The an alytica l m ethods for determ ining the am ounts 
of calcium com bined as polysulfide as well as the 
amounts of oth er, constituen ts of lim e-sulfur, have 
been very th o rou gh ly  w orked o u t1 and it is unnecessary 
to discuss them  in this paper.

The actual application  of the discussion given  above 
is brought out in T a b le  I. T h e chem ical com positions 
of several sam ples of com m ercial lim e-sulfur solution 
are given; also the estim ated  am ounts of insoluble cal­
cium sulfite form ed and th e  ca lcu lated  ratios of lime

T a b l e  I — C h e m ic a l  C o m p o s it io n  o p  L i m e -S u l f u r  S o l u t io n  
L im e  (C aO ) S u l f u r  (S )

C om bined as E sti-  C om bined as E sti-
* * -» m ated  /■------------*----------- s m ated R a t io

XT P oly- T h io- as insol. P o ly - T hio- as insol. CaO : S
0 . Sp. G r .  sulfide su lfa te su lfite sulfide su lfa te sulfite R e q u i r e d
1 1.2585 9 .4 6 4  1 .8 2 0  4 .0 6 0  2 6 .3 1 3  2 .0 8 0  2 .3 2 0  1 : 2 .0 0
2 1.3335 13 .943  0 .6 7 2  5 .1 5 2  3 7 .4 9 8  0 .7 6 8  2 .9 4 4  1 : 2 .0 8
3 1.2825 11 .357 1 .1 2 0  4 .5 5 8  3 0 .7 8 0  1 .2 8 0  2 .6 0 4  1 : 2 . 0 3
* 1.2560 10 .248  1 .0 0 8  4 .1 1 6  2 7 .9 2 6  1 .1 5 2  2 .3 5 4  1 : 2 . 0 4
5 1.2820 11 .424  0 .8 4 0  4 .8 7 2  3 1 .2 8 3  0 .9 6 0  2 .7 8 4  1 : 2 . 0 4
°  1.3110 11 .802  1 .1 9 8  4 .7 0 3  3 1 .9 3 0  1 .3 7 0  2 .6 8 8  1 : 2 . 0 4
7 (0) 10 .8 3 4  1 .2 8 6  4 .1 3 1  2 8 .9 8 0  1 .4 7 0  2 .3 6 0  1 : 2 . 0 1

(a) N o t determ ined

to sulfur. T h e results relatin g to  chem ical com posi­
tion are expressed as gram s per 100 cc. of solution.

The data given  show th a t th e proportion of lim e 
(CaO) to sulfur w hich rea ct in the preparation of the 
more concentrated com m ercial lim e sulfur solutions 
is but a mere trifle greater th a n  1: 2. U n fortun ately  
the author has not had o p p o rtu n ity  to exam ine more

1 Jour. Am er. Chcm. Soc., 27 (1905), 244; T h is  J o u r n a l ,  2 (1910), 271; 
■Mich. Agr. Exp. S ta ., Tech. Bull. N o . 6.

dilute solutions prepared under com m ercial conditions. 
It  is evid en t, how ever, from  th e w ork of T h a tc h e r1 
and V an  S ly k e 1 th a t th e ratio  in th is case w ould be 
som ew hat greater than  1 : 2; in some cases it  would 
be perhaps i : 2.25.

The theoretical basis given  here w ill not e x a ctly  
apply, of course, to  the preparation  of sm all am ounts 
of solution, sa y  150 gallons or less, where the oxidation  
of the polysulfides occurs to  a considerable exten t 
through con tact w ith  the air.

A cknow ledgm en t is due to M r. R . H. R obinson 
who m ade several of th e chem ical analyses reported 
above.

C h e m ic a l  L a b o r a t o r y , A g r ic u l t u r a l  E x p e r i m e n t  S t a t io n  
C o r v a l l is , O r e g o n

T H E  D E T E R M IN A T IO N  O F  C A M P H O R  IN  T A B L E T S  A N D  
P IL L S

B y  E d w i n  D o w z a r d  

R eceived  M arch 9 , 1914

In so far as the w riter has been able to  learn, the 
m ethods used elsewhere for th e determ in ation  of 
cam phor in tablets and pills have not proved  satis­
fa cto ry . For th is reason a description  of a m ethod 
is given  which has been in use for over five years w ith 
satisfactory  results:

C am phor m ay be rap id ly  and com p letely  rem oved 
from  tablets and pills b y  distillation  in a current of 
steam . T h e w atery  d istillate  contain s both dissolved 
and undissolved cam phor, which can be extracted  
with benzol. B y  determ ining th e op tical rotation  
of the benzol solution, the am ount of cam phor present 
in th e ta b lets  or pills can be readily  calcu lated .

A  special apparatu s is required for the d istillation, 
because an ordinary condenser can not be used as the 
cam phor blocks up the tube.

A fter  a num ber of trials the arrangem ent shown in 
the figure proved  satisfactory.

T h e apparatu s consists of a flask, A , for generating 
steam , a second flask, B, for the steam  distillation, 
and a receiver, C (a retort with the tub e bent as show n), 
for the distillate.

The retort is kept cool b y  tw o stream s of w ater (D  
and E ). D  im pinges on th e wide p a rt of the neck, 
and E  on th e extrem e end of th e  tub e, which is closed 
with a rubber stopper fitted  w ith  a glass tu b e open 
at both  ends; th us every  part of the retort is k ep t co v ­
ered w ith  a film of w ater, ensuring a com plete condensa­
tion, T h e large funnel F  conveys th e w ater to  a 
sink b y  m eans of a rubber tube.

The funnel should be k ep t about half filled w ith 
w ater, th e flow of w ater from  th e funnel being regu ­
lated  b y  pinchcock G.

p r o c e d u r e  f o r  a  d e x e r m i n a t i o n — A num ber of ta b ­
lets or pills containing about 21/ 2 to  3 gram s of cam phor 
are p laced in  the flask B. T h e ta b lets  are ju s t covered 
w ith w ater and th e apparatu s connected. Sufficient 
w ater to cover the bottom  of the tub e H  is placed in 
the retort.

The w ater in A is now boiled, w ith I  closed, the 
steam  passing into B  through the tub e, which alm ost

1 Jour. A m er. Chem. Soc., 30  (1 9 0 8 ) , 63.
2 Loc. cit.
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T o  te st th e apparatu s, 2 gram s of cam phor .were 
distilled  and th e distillate extracted  w ith 25 cc. of 
benzol, as described. T h e follow ing figures were 
obtained:

R o ta tion  in 100 m m . tu be a t 2 5 °  C. =  3 °  5 ' or 185'.
A s th e  ab ove so lu tion  con sists  of 2 gram s of cam phor and 25 cc. of 

benzol, n ot 2 gram s m ade up to  25 cc ., a correction  is  necessary and is de­
term ined as follow s:

185' X  0 .009806 «  1.8144 
^ From  th e figures prev iously  ob ta in ed , we know  th a t the ab ove rotation 

in d icates th e presence of 1.8144 gram s o f cam phor in 25 cc. of the solution. 
I t  is now  necessary to  calcu late how  m uch benzol we h ave in 25 cc. of this 
solu tion .

A s th e specific grav ity  of cam phor a t  2 5° C. is ab out 0.99, 1.8144 grams 
of cam phor d isp lace 1.8324 cc.

T herefore, we have 23 .1676 cc. of benzol in 25 cc . o f th e solution.
2 5 .0 0 0 0  cc.

1 .8324  cc.

touches the bottom  of the flask, carries over th e cam ­
phor from  the disintegrated  tablets. T h e distillation  
is continued until the distillate m easures abou t 500 cc.

If th e pills or tab lets  do not d isintegrate readily, 
th e y  should be coarsely ground in a m ortar, before 
distilling.

T h e w riter has determ ined the rotation  of a number 
of sam ples of cam phor. A ll exam ined had practically 
th e sam e rotation .

T h e fo llow ing figures g ive  the cam phor equivalent 
in 50 cc. of benzol solution for each o° 1 '  of rotation:

R ota tion  taken in 100 m m . tu be at 25 °  C.
G ram s cam phor T o ta l

d issolved  in volu m e
benzol Cc. R ota tion  C am phor

6 50 0 °  I' = 0 .0 1 9 4 0 2
3 50 0 °  1' = 0 .0 1 9 7 4 5
1 .5  50 0 °  I ' = 0 .0 1 9 6 9 2

A verage 0 °  I' = 0 .0 1 9 6 1 3  gram  o f cam phor in 50 cc. or 0 .009806 gram 
cam phor in 25 cc. for each  0 °  1' of rotation.

2 3 .1 6 7 6  cc.
N ow  if 23 .1676 cc. of benzol h ave 1.8144 gram s of cam phor, 25 cc. 

w ill h ave 1.957 gram s.
U 8 1 4 4 X ..2 S  

23.1676 1
or, 97 .85 per ccn t of th e am ou nt taken .

Several determ inations were m ade w ith varying 
am ounts of cam phor, w ith  v e ry  close results. It 
w ill be seen th a t  a slight correction  is necessary for 
loss.

A s each ap p aratu s and th e m anipulation  of different 
chem ists will v a r y  som ew hat, several determinations, 
using know n  w eights of cam phor, should be made and 
the fa cto r for th e  ap p aratu s calcu lated .

T h e  fa cto r for the ap p aratu s used b y  the writer is 
o . o i o o i  gram  of cam phor for each o° i '  of rotation 
in  io o  mm. tu b e at 25° C.

T h e  average am ount of cam phor in the tablet or 
pills is ob tain ed  b y  d ivid in g th e num ber taken into 
th e  w eigh t of cam phor found.

U sing th e ab ove m ethod, a determ ination  m ay be 
com pleted  w ith in  tw o hours.

A n a l y t i c a l  D e p a r t m e n t ,  P a r k e ,  D a v i s  &  Co.
D e t r o it , M ic h ig a n

T h e pin ch cock I  is now opened and th e flam e rem oved 
from  .4 . T h e w ater is allow ed to run over the retort 
for 5 m inutes longer to  th o ro u g h ly  cool th e d istillate.

T h e retort is now  disconnected,, lea vin g  th e tu b e  H  
w ith  th e p in ch cock /  atta ch ed  and screw ed tig h t; 
25 cc. of benzol m easured a t 25° C . are allow ed to flow 
in to  the retort through the neck, a fter rem ovin g the 
rubber stopper fitted  w ith  the glass tu b e opened a t 
b oth  ends. T h e retort is securely  closed w ith  a ru b ­
ber stopper and the conten ts v igorou sly  ag ita ted  for 
several m inutes. T h e position of th e reto rt should be 
freq u e n tly  chan ged to  allow  the benzol to  reach every  
p art, th u s ensuring th a t  all th e cam phor is dissolved 
in th e benzol. T h e m ixture is tran sferred  to a sep a­
rator, th e w ater draw n off, and th e benzol solution 
of cam phor filtered through a sm all plug of cotton  
w ool into  a 100 mm. tu b e, th e rotation  being taken  
a t 25 0 C .

l a b o r a t o r y  a n d  p l a n t

T H E  S T A T U S  A N D  T E N D E N C Y  O F T H E  G A S  
IN D U S T R Y 1

B y  W a l t e r  R .  A d d ic k s

T h e artificial gas business w as n ever in so a d van tage-

1 Presented a t  th e m eetin g  of th e N . Y . Section  of the S ociety  of 
C h em ica l Ind u stry , T h e C hem ists C lub, M arch 27, 1914.

ous a position stra teg ica lly  as at th is w riting, yet two 
influences are fe lt adverse to  progress: the first is an 
obsolete candle pow er stan dard; the second, which 
i s  n ot confined to  the gas in d u stry , a tenden cy to deny 
to  proprietorship a percen tage return  on i n v e s t m e n t s  

com m ensurate w ith  the ch aracter of the service and
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the ability of m anagem ent necessary to  produce 
results dem anded b y  m odern conditions.

Had the incandescent gas m antle, eq u ally  useful 
for coal or carbu retted  w ater gas, been in ven ted  and 
perfected before th e a d ven t of a sup ply  of cheap oil

A n n u a l  Ou t p u t .
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total t 
M y  .
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NCTI: SC /1U  TOR MONTHLY O U TPU T/S /O  T7M ES THAT OP ANNUM  OUTPUT

for gas m anufacture, the m odern carbureted w ater 
gas apparatus w ith  its  form er high candle power 
possibilities w ould not h ave displaced coal gas m anu­
facture or h ave reached its  present im portant place 
in the gas in d u stry ; it  is also probable th a t electricity  
would not have had its encouragem en t to enter the

affected the sup ply  of oil for carbureted  w ater gas 
m anufacture, coal gas, while still an u ltim ate, w ould 
not as y e t  be an im m ediate n ecessity  to  th e gas busi-
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ness. These observations are m ade to  direct yo u r 
atten tion  to a stu d y  of cause and effect in the gas 
industry.
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lighting field, the first im p ortan t step in electrical E lectric ity  has forged ahead in the ligh tin g  field 
development. H ad the perfection  of operation of the and the pow er field, b u t in the heatin g field gas holds
automobile follow ed b y other n atural m echanical a stronger position th an  ever before, and it is still no
developments in volvin g large consum ption of oil not mean com petitor of e lectricity  in  th e  ligh tin g  and
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N o .  
o n  P l a n

T ab le  
N o . 3

T ab le  
N o . 4

T ab ic  
N o . 1

T ab le  
N o . 2

T r a d e  
N o . 
103 
68 

157 
733 B 
732 B  
731 B
105 

34  
13

106 
113 
119

000
00
0
1
2
3

81
82
83
84
85

8 B  
8 C 
8 E  
8 F  

109 
105 
101
148 
91

146 
140
147 
142
149

2 
8
4 
6
5 
3

61 
62
51
52
53 

000
00 

0 
1 
2
3 
1 
2
1

101 
410 A  
626  

17

6 
93 
10
4 
3
2

T yp e S  
2

2
1

M od el R  
3 
I 
I 

12 
1

M ax. P ractica l range
gas consurap- of w orking  

tion  per hr. tem perature  
C u. ft. 0 F .K in d  o f  A p p l ia n c e  

H igh  pow er burner 175
C yclone burner 75
M ou n ted  burner 150
H o t p la te burner 60 J . B u r n e r s
H o t p late burner 40 150 to  1800
H o t p la te burner 20
H igh  power burners 300
Solid  ty p e  burner 700
Triple industria l burner 300
H igh  power burner 200
P ipe burner \ l /t"  X  30" 100
P ipe burner 2 " X  36" 200

H and blow  torch 25
H an d  blow  torch 35
H and b low  torch 40
H an d  blow  torch 50 200 to 2000
H and b low  torch 100
H an d  blow  torch 150
H and blow  torch 30
H an d  b low  torch  75
H and blow  torch 100
H an d  blow  torch 175
H an d  blow  torch 225
H and blow  torch 15
H an d  blow  torch 30
H an d  blow  torch  50
H and blow  torch 100
P ipe burner IV*" X  24" 60
P ipe burner 1" X  18" 30
P ipe burner 3/<" X 12" 15
Pipe burner 1" X  18" 25 B u r n e r s
L ongitud inal burner 75 150 to  1800
M ou n ted  burner 75
M ou n ted  burner 20
M ou n ted  burner 35
M ounted  burner 18
M ou n ted  burner 60
3-ring concentric burner 100
3" core w ith  8 N o . 7 B unsens 100
A dju stable burner 15
A djustable burner 25
S tud en ts' burner 10
B u n sen  burner 10
Standard  burner 15
H a n d y  burner 8
C yclon e burner 15
C yclone burner 20
B unsen  burner 5
B unsen burner 7
B u n sen  burner 9
Stand  b low  torch  25
S tand  b low  torch 35 200 to  2000
S tand  b low  torch 40
S tand  b low  torch 50 ,
S tan d  blow  torch 100
S tand  b low  torch  150
Buzzer soldering iron heater 15 2t>0 to 1500
Buzzer soldering iron heater 30
Johnson soldering iron heater 15
Johnson soldering iron h eater 30
S oft m etal furnace 40  250
G lue heater 15 150
C andy b atch  w arm er 35 120
2 ft. ribbon burner 200 200
S oft m eta l burner 250 200
L ongitud inal burner 150 200
C luster burner 75 200
U m brella  burner 50 200
Pattern  radiator burner 100 200
B a b b itt  m elter 60 400
T w o  m otor heads 150 ca 200
Soldering iron heater 25 200
Soldering iron heater 40 200
B ench  forge 25 1000
B ench  forge 100 1000
B ench forge 25 1000
3-q uart glue heater 10 150
Soldering iron heater 60 200
M uffle furnace 50 1000
R iv e t  heater * 100 1000
S oft m etal furnace 90  1000
M eltin g  furnace 25 1000
3 l/ j  H i P . s team  boiler w ith  standard  

au tom atic  w ater feeder and feed w ater  
h eater 280

to  800

to  150 
to  1000  
to  1600  
to  1600 
to  1000  
to  1000 
to  1000 
to  1700 
to  2000  
to  1500 
to  1500 
to  2300  
to  2300  
to  2300

to  1500 
to  2300  
to  2300  
to  1700 
to  2200

2 1 H . P . steam  boiler, w ith  Law ler w ater 
feeder 100

3 4 S team  superheater 75
4 40 gal. copper-jacketed  k ettle— tinned
5 San itary  vacuum  cleaner 150
6 22 3 H . P . steam  boiler, w ith  L aw ler w ater  

feeder 240
7 2 M elter 100 1000 to  2500
8 1 R ound annealer 100 1000 to  1600
9 2 Bar annealer 75 1000 to  1600

10 7 Forge 125 1000 to  2500
11 1 T oo l room  forge * 100 1000 to  2500
12 4 Oil tem pering furnace w ith  hood 50 200 to  1000
13 34 O ven  furnace 250 1000 to  ?000
14 3 T em p erin g  furnace 200 1000 to  1500
15 692 R iv e t  heater 200 1500 to  2800
16 722 M uffle furnace 200 1000 to  1500
17 36 O ven furnace 240 1000 to  2400
18 43 Lead hardening 95 1000 to  1800
19 7 S oft m etal furnace 125 1000 to  1600
20 3 M uffle furnace 125 1000 to  1600
21 87 P ortab le m elter 60 200 to  800
22 430 A S oft m eta l furnace 150 200 to  800

S o m e  U s e s  ( N o t  A l l )
B u r n e r s

M eltin g  gum , h eatin g cylinders, tinn ing, soldering, floor 
finishing, replacing coal in  con fection ery  stores, raising 
steam , can d y m anufacture, annealing, sm oking meats, 
h eatin g  rubber com pounds, etc ., h at drying, heating 
p latin g  tanks, d rying p hotos, um brella  steam ing, syrup 
m anufacture, heating p leating  and singeing ovens, steam 
boilers, cold  cream , etc .;  ben din g glass, etc .; drying nuts, 
foodstuffs, e tc .; soap m anufacture, glue manufacture, 
m elting  m etals, h eatin g  w ater-jack eted  kettles, manu­
facturing ink. h eatin g drying tanks, heating oil, drying 
b lue-prints, h ot w ater for soda fountains, singeing, hat 
renovating, feather steam ing, p itch  k ettles, general 
b oiling, sterilizing, heatin g, sw eatin g on tables, sawdust 
drying, em b ossing, wood d rying, brush drying, drying 
v a ts , kegs, e tc .; ch in a and glass k ilns, japanning, lac- 

, quering and general d rying ovens; drying feathers, 
bending w ood, p ain t burning, testin g  oil, general roasting.

B l o w  T o r c h e s  
G eneral brazing, soldering, b ending, hardening, annealing, 

shaping.

S t e a m  B o il e r s

G arm ent m anufacture, cask et m anufacture, necktie manu­
facture, vu lcan iz ing, c lean in g jewelry,- draperies, feather, 
glove and h a t m anufacture; p leating, glue, umbrella 
lace d rying room s, silks and v elvets , jacketed kettles, 
b utton  m anufacture; extracts and fruit, syrups, etc. 
Bakers, restaurants, sterilizing, d istillin g , butter melting, 
paper m anufacture, b lue-prints, p latin g, dyeing, soap 
com pounds, etc .; can d y  m anufacture, foundry, tobacco 
m anufacture, soda fou ntains, wood bending, water 
heating, rubber m anufacture, stam ps, etc.; armature 
drying, coffee roasting.

M eltin g  so ft m etals.
G lue h eatin e.
W arm ing can d y
S ingeing, roastin g and cylin der heatin g.

Japanning oven s, d ry in g  oven s, m elting. 
S oft m etal m elting .
B raz in g /b en d in g .

B razing, hardening, bending.
B razing, hardening, bending.
B razing, hardening, bending.

H eatin g  soldering irons.
E nam eling.
R iv et h eatin g , hardening sm all parts.
M eltin g  so ft m etals, lead and  cyan id e hardening. 
M eltin g  precious m etals, etc .

S uperheating  steam , h eatin g  air. 
T o  d em on strate boilers.
?

M eltin g  precious m eta ls. M eta l com positions. 
A nnealing  precious m etals. H ardening, annealing. 
A nnealing  precious m eta ls. H ardening, annealing. 
B razing, h eatin g  to  harden, bending, drop forging. 
B razing, h eatin g  to  harden, bending, drop forging. 
T em p erin g steel.
H ea tin g  to  harden, annealing, case hardening. 
H eatin g  to  harden, annealing, case hardening.
R iv e t  heating.
E nam eling, hardening, tem pering.
H eatin g  to  harden— case hardening.
L ead hardening, cyan id e hardening, m etal m elting. 
L ead hardening, cyan id e hardening, m etal melting. 
E n am eling , hardening, tem pering.
S o ft m etal m elting .
S o ft m etal m eltin g , oil tem pering, sweep reducing.
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M ax. Practical rang
gas consum p­ of working

No. T rade tion  per hr. tem perature
on Plan N o . K in d  of A pplia n c e Cu. ft.

23 2 B razing tab le 100 200 to  2000
24 M odel C 10 gallon  g lu e heater 35 150
26 M odel C H eigh t 2 jap ann ing  oven 150 120 to  800
25 3 A C loth es pressing m achine 50
27 046 Jap ann ing oven 125 120 to 800
28 4 Incinerator 120
29 6 C hina kiln 360 1000 to  2000
30 95 gallon cauldron furnace 150 200 to  800
31 F . 503 Cauldron furnace w ith  p um p and agitator 300 200 to  800
32 R. 590 B u tch er’s boiler 90 200 to  212
33 S aw d u st drier 70 150 to 212
34 1052 L aundry s to v e 80 .
35 F  7 R cct. cyan id e furnace w ith  hood 260 1000 to  1800
36 G 4 Crucible furnace 210 1000 to  2000
37 E  4 Lead hardening furnace w ith  hood 135 1000 to 1800
38 649 W agon tire heater 500 1200
39 C 9 Sem i-m uffle furnace 280 1000 to  2000
40 D  9 M uffle furnace 280 1000 to  1700
41 A 4 Forge 250 1000 to  2500

42 {
3 y* R oot's  acm e blow er

T yp e G
48 304 * /t H . P . D ieh l m otor autom obile tire

vulcanizer /250 200 to  300
49 13704 6 H . P . gas engine 120
50 325706 7 1/a  H . P . m otor
51 9 P o sitiv e  pressure blow er
52 F P o sitiv e  pressure blow er

1000 to  170053 29 A u tom atic h eatin g  m achine 400
54 26 A u tom atic h eatin g  m achine 60 300 to  1000
55 8 A u tom atic h eatin g m achine 300 1000 to  1700
56 C lay annealer 75 200 to  250
57 S a lt w ater bath
58 Oil bath
59 Fresh  w ater bath

21243 0 S ty le  C  w ater sterilizer 2
44 331 C onfection er’s furnace fan blow er 250 150 to  400
45 635 C onfection er’s furnace p ositive  pressure

150 to  400C onfection er’s air 360
46 330 C onfection er’s furnace 300 150 to  400
47 695 C onfection er’s furnace 135 150 to  400

Out 60 650 A utom ob ile  tire heater 1300(a) 1200

S o m e  U s e s  ( N o t  A u ,) 
B u r n e r s  

B r a z in g ,  b e n d in g ,  h a rd e n in g .
G lu e ,  w a x , c o m p o u n d s .

Japanning, lacquering, drying.
G arbage, sw eep  reducing.
C hina firing, silver deposit.
W ater heating, syrups, p otash , general boiling. 
W ater heating, syrups, p otash , general boiling. 
G eneral boiling.
C leaning m eta l parts.
General boiling.
T in n in g, cyan id e hardening, lead hardening. 
M etal m elting
Lead hardening, cyan id e hardening.
E xp an ding  tires.
H ardening and  case hardening, tem pering. 
E nam eling, hardening, tem pering.
H eatin g  to  harden, brazing, bending.

R e-tread ing au to  tires.

H eatin g  to  harden, annealing. 
T em pering, bluing.
H eatin g  to  harden.
B oiling ou t for jew elers.

H ardening baths.

S terilizing w ater.
C andy, syrups, etc.

C andy, syrups, etc.
C and y , syrups, etc.
C and y, syrups, etc. 
E xp an ding tires (steel bands), 

(a) G as consum ption  g iven  is m axim um  and n ot op erating  con sum p tion .

A p p l ia n c e s  A c t u a l l y  I n s t a l l e d

A p p l ia n c e  
Mould drying oven and crucible 

furnace 
Indirect heated oven

Annealing oven
4 HP boiler
Direct heated oven  mould  

drying 
Steam pleating box 
1 HP boiler 
9 HP boiler
5 HP boiler
1 ton coal s tereotyp e m elting  

furnace converted  to  gas  
Furnace, forge and vulcanizer 
Soft m etal furnace 
Tire heater

Oven furnace— oil tem pering

Water still 
Glass firing kilns 
Wood drying oven  and glue 

heater
Indirect heated japanning  

oven
Glass annealing oven  

Tire heater

Air blast gas furnaces

Oven furnaces
Air blast gas furnaces

ovens for drying raw silks 
100 gallon caldron  
Steely muffle china kiln  
M elting furnaces for gold  
Assay furnaces 
Burners for d istillation  
Water still

B u s i n e s s  
Jew elry  m anufacture

Jew elry  ** drying
lacquer  

Brass goods m anufacture 
F eath er 44
B ronze goods

D ress p la iting , etc. 
C loth in g m anufacture  
H at
S ilversm ith s
N ew sp ap er

A rtificial lim bs 
E lectrotyp es
W agon repair— stable of de­

partm en t store 
H ack  saw  blade m anufac­

ture
C arbonated w aters
G lass sta iners and enam elers
W oodw orkers— m arquetry

P laters and japanners

T h erm os b o ttle  m anufac­
ture

A u to  and w agon w heel 
m anufacture 

C ase hardening, engravers’ 
s tee l p lates  

L ava  tip  m anufacture  
E lectrica l n ovelties  
Silk  testin g  
S yru p  m anufacture  
C hina w are, etc.
A ssayin g  
See N o . 46  
See N o . 46  
See N o . 46

1913 
C onsum ption  

cu . ft .

5 9 4 .3 0 0

8 3 9 .7 0 0
2 7 5 .9 0 0  

2 ,1 7 2 ,3 0 0

2 0 3 .7 0 0
4 9 3 .9 0 0
9 8 4 .5 0 0
5 8 9 .9 0 0  
8 7 5 ,2 0 0

5 6 3 .3 0 0  
4 7 2 ,8 0 0

5 5 ,2 0 0

135 ,400
2 1 ,9 0 0
3 3 ,5 0 0

126 .500

5 9 6 ,0 0 0

1 ,7 0 0 ,9 0 0

N otw ith stan d in g th is  d isadvan tage the incandescent 
gas ligh t is b etter th an  electric ligh t in m any circum ­
stances and more often so th an  is generally  realized, 
in th e hom e th e fa cto ry  and the office; d istan t con­
trol of gas is now used and w ill sh o rtly  be per­
fected  for gas lightin g, w ith  all the sa fe ty  desirable; 
the pilot light is v e ry  satisfa cto ry  w ith  the ordinary 
hand control in single fixtures.

5 4 1 .0 0 0  

3 3 .0 0 0
6 5 4 .0 0 0  

9 ,2 2 9 .6 0 0  
1 .5 0 9 ,2 0 0

3 6 9 ,5 0 0
1 ,1 1 8 ,5 0 0

4 ,2 5 1 ,1 0 0

power field. W here th e gas engine is used as the prime 
mover for m anufacturin g e lectricity , all phases of 
light, heat, and pow er in all industria l industries are 
com petitively open to  the artificial gas industry.

The electric system  of ligh tin g  has superseded gas 
lighting in m any cases because electric lightin g units 
may be con ven ien tly  located  as required and be still 
controlled from  a distant con ven ien t point w ith  ease 
and yet no great care m ust be exercised to  provide 
against local overh eatin g as in case of gas lighting.

F i g . 4— G a s  L a b o r a t o r y , G e n e r a l  V i e w

F or pow er purposes gas used in the gas engine is an 
active  com petitor as against the steam  engine, b u t 
m ust be used w ith a belt drive when applied to  a 
m u ltip licity  of m achines unless used to drive an 
electric generator.

In dom estic apartm ent cooking, gas has a lread y  
displaced coal and is likew ise rap id ly  d riv in g coal 
from  use in p rivate  houses and hotel and restau ran t 
w ork. The gas in d u stry  does n ot fear the in vasion
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F i g . 5 — J a p a n n in g  O v e n s , C o r e  D r y i n g , I n c i n e r a t o r , C h in a  K il n

F i g . 6 — C a u l d r o n  F u r n a c e , B u t c h e r ’s  F u r n a c e

of e lectric ity  in th is field, and even in the fireless 
cooker field gas is developing ty p e s  th a t w ill m eet an y 
probable electrical developm ents in sight.

In house and office heating, gas is co n stan tly  a d ­
van cin g and w ith  the increase of m anufacture of gas 
from  bitum inous coal large q uan tities of gas house

m antle lightin g, and (2) surface com bustion which 
g rea tly  increases the efficiency of gas used in heating,

coke will com e on the m arket, w hich, w ith  gas as an 
a u xilia ry  heatin g  agen t, w ill reduce the use of mined 
coal in cities.

For general industria l uses, including dom estic and 
industrial lau n d ry  purposes, gas is progressing very  
rap id ly  as will be shown later. F i g . 8 — F o r g e s . A n n e a l in g  a n d  M e l t in g  F u r n a c e s

T w o  in terestin g developm ents are a ttra c tin g  the 
a tten tio n  of all engineers and give  prom ise of wide 
ap p licatio n ; both  require com bustion  under greater 
pressures th a n  are com m on in street d istribution  to ­
d a y : (1) H igh pressure ligh tin g in which the effi­
c ien cy  is double the present ord inary incandescent

F i g . 9 — A s s o r t e d  B u r n e r s  a n d  B l o w  T o r c h e s

cooking and  th e industria l appliances where radiant 
heat will be of value.
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High pressure gas lightin g m ay be seen outside of 
many of the gas offices; good exam ples m ay be noted 
at 16th Street and 4th A ven u e, and 41st and 42nd 
Streets, W est of 6th A ven u e, N ew  Y o rk  C ity .

It  is quite w ithin the range of practical dream s to 
foresee gas sup plyin g heat for hot w ater, cooking and 
industrial operations in sum m er; heatin g of liv in g  
spaces in spring and fall and au xiliary  to  gas house

F ig . 13— E l e c t r o t y p e s . S o f t  M e t a l  F u r n a c e

coke burned in low pressure boilers in w inter. E le c ­
tr ic ity  will supply pow er for e levator and pow er use 
and for lightin g, where gas is n ot so easily  applicable, 
though gas for lightin g and pow er m ay be found m ost 
valuable under certain  circum stances.

F i g . 1 1 — F e a t h e r  S t e a m e r , S t e a m  G e n e r a t o r s

F ig . 12— A r t i f ic ia l  L im b s  M e l t i n g  F u r n a c e , F o r g e , G a s  S t e a m

V u LCANIZER

Surface com bustion  to m y m ind has m ost fascinating 
possibilities to -d ay. T h e problem  is one of develop­
ment of design and application  to  present uses.

F r o .  14— H a c k  S a w  B l a d e s , O i l  T e m p e r i n g , O v e n  F u k n a c b

It  is being recognized th a t th e electrical and gas 
engineers should w ork together harm on iously  to  pro­
duce the best results in g iv in g the most efficient 
service, to th e public. I t  follow s as an essential

F ig . 10— S o l d e r i n g  I r o n , M u f f l e , M e l t i n g , E t c .



elem ent th a t the recent pernicious p ractice of le a v ­
ing gas pipes ou t of buildings m ust be com batted  
and a rch itects convinced th a t their c lien ts’ interests 
are sacrificed b y  so doing.

T h e new office building of the C on solidated  G as 
C o m p a n y located  at 15th S treet and Irv in g  P lace 
covers an area of 300 b y 84 feet, is n ineteen stories
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F i g . 15— G l a s s  F ir in g  K il n

in height and is com p letely  equipped for both gas and 
electric ligh tin g; th e gas pipes are tested  to carry  
m any pounds per sq. in. as against the present street 
pressure of abou t V9 lb- per sq. in. N o products for 
light, heat and pow er will be used save those supplied 
b y  the cen tral station s of eith er th e gas or electric 
in d u stry. T h is build ing, when com pleted  in all its 
parts, w ill be well w orth atten tion  as all ty p e s  of gas

F i g . 16— I n d ir e c t  H e a t e d  J a p a n n in g  O v e n

appliances for ev ery  conceivable use w ill be d isplayed.
I t  is interestin g to  note the grow th of the gas b usi­

ness over a period of years.
F ig. 1 shows the relative  to ta l 12 m onths o u tp u t of 

gas in 1903, 1909 and 1913, as well as of the d a y  and 
night ou tp u ts in 1909 and 1913. I t  also shows the 
to ta l D ecem ber and J u ly  o u tp u t in 1903 and 1913, as

well as the d a y  and night ou tp u ts in Ju ly  and Decem­
ber, 1909 and 1913.

A  num ber of exam ples of sales of gas have been 
selected from  special industries show ing the annual

A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l.  6, No. 6

F i g . 17— G l a s s  A n n e a l in g  O v e n , T h e r m o s  B o t t l e s

as w ell as D ecem ber and J u ly  sales. One is largely 
for illum in atin g purposes, while the rem ainder are 
fuel users largely. I t  w ill be noted th a t the peak 
load is not a lw ays in D ecem ber as was form erly the 
case when the sales were for illum in ation  only.

F i g . 18— R a w  S il k  D r y in g  O v e n s , S il k  T e s t in g

A ll branch gas offices h a ve  on display m any gas 
burning devices. A t  M adison A ven u e and 42nd Street 
(N ew  Y o rk ) will be found a m odel apartm ent as well 
as a large line of dom estic and industrial appliances.
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At 2nd A venue and 22nd S treet is shown a practical 
working experim ental lab o rato ry  for public use. T he 
gas com pany in vites an y consum er to bring to this la b ­
oratory m aterials for treatm en t in a n y  appliance su ita­
ble, with electricity  and gas furnished free of charge for 
experimental use, and instrum ents for careful m easure­
ments. Figs. 3 -10  giv e  a good idea of this useful 
aid to the chem ist and p ractical operator and m anu­
facturer.

A table (referred to  F ig. 3) of. all the appliances 
in the laboratory, listing th e trad e  num ber, the name 
of appliance, the m axim um , b u t n ot w orking, gas 
burning cap acity , the range of w orking tem peratures 
in practical use and some of the uses for w'hich the 
appliance is now in service. T h is ta b le  is m ade up 
for practical ev ery-d a y  reference w ith  the hope th a t

an uncertain  or irregular dem and for m anufactured 
product, im m ediate answ er to  sudden m axim um  
dem and, absolute un iform ity of tem perature w ith in  a 
wide range, in fa ct flexib ility  to  a degree, m ake gas a

F i g . 19— S t e e l  M u f f l e  C h in a  K il n

it may be of use in selecting possible appliances for 
operations th a t m ay be p ro fitab ly  perform ed b y  gas 
as the heating agent.

The m axim um  hourly  gas c a p a city  varies from  5 
cu. ft. to 1300 cu. ft. and th e w orking tem peratures 
from 120° to  2800° F. H igher tem peratures are a t­
tainable if desired.

The gas engineer no longer assum es th a t gas cannot 
be econom ically used in place of coal for the reason 
that on a unit cost basis gas has a h e a v y  handicap to 
overcome when com pared w ith coal on a heat unit 
basis.

From the point of v iew  of heat units only, no one 
would suppose th a t a gas-fired steam  boiler could be 
economically used, y e t th e y  are being used b y  scores. 
Elimination of d irt and hard  labor, preparedness for

F i g . 20— U . S . A s s a y , A s s a y  F u r n a c e s

most desirable agent for th e m anufacturin g chem ist and 
industrial m anufacturer as well as all engaged in food 
preparation  in dom estic, restau ran t and hotel service.

4  I r v in g  P l a c e , N e w  Y o r k

A S IM P L E  E X T R A C T IO N  A P P A R A T U S
S tand  and C ondenser b y  P e r c y  H . W a l k e r 1 

F lask  b y  L o r in  H . B a il BY5 
R eceived February 20, 1914

A  sim ple apparatu s has been designed in the B ureau 
of C hem istry  for general extraction  work.

T h e condenser proper is of the coil m etal tub e typ e , 
origin ally  designed b y  G. T . C o ttle , but generally 
know n as the U n derw riters’ L ab oratories m odel,3 
m odified b y  lengthening the inlet tub e and lengthening 
and bending th e ou tlet tube, so th a t the condenser 
form s a syphon. T h e stan d  for supporting the. co n ­
densers is m ade en tirely  of m etal and is w ith ou t clam ps. 
F ig. i shows th is stand. A  is the feed w ater pipe; 
the w ater passes through the pipes B and C ; a plug, D, 
closes the end of C ; to  each of th e cocks E is soldered 
a V s - i n c h  copper pipe, bent as shown, to serve as a 
w ater in let for an individual condenser; th e main 
drain pipe F has an outlet to  the sink a t H, and  is 
plugged at I; the vertica l tubes G, w hich a ct as su p ­
ports and at the sam e tim e drain the in dividual con ­
densers, should have an inside diam eter of n ot less than 
y 2 inch.

T h e condenser and stan d  m ay be used w ith p ra c­
tica lly  a n y  ty p e  of continuous extraction . F ig. 2 
shows several hom e-m ade condensers of th is ty p e , 
adapted to various form s of extractors, the whole 
b a ttery  being heated b y  an electric hot p late. B egin ­
ning a t the le ft we h ave: (1) an apparatu s h avin g a 
Soxhlet syphon w ith  K n orr flask and m ercury seal;
(2) a conical flask w ith  a G ooch crucible hung to  the 
coil; (3) a flask w ith a flatten ed  constriction  a t the 
bottom  of th e neck and an alundum  thim b le; (4) a

* C hief, C ontracts Laboratory, Bureau of C hem istry.
s A ssistan t C hem ist, P la n t C hem istry  L aboratory. B ureau of C hem istry .
* T h is  J o u r n a l . 4 (1912), 535 and 856.
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flask holding a . 25 cc. G ooch crucible (this is m uch the 
m ost conven ien t form — see F ig. 5 w ith  description); 
and (5) a condenser alone as it  hangs on th e drain pipe 
when not in use, th e  extrem e righ t space show ing the 
in let and ou tlet tubes w ith ou t a n y  condenser.

T h e a ll-m etal condenser is strong and inexpen sive and 
can be used for alm ost all extractio n  w ork. W hile 
various sizes m ay be used, it  is believed the follow ing 
specification, w hich is being used b y  the B ureau  of 
C h em istry , will prove sa tisfa cto ry  for general w ork.

S P E C IF IC A T IO N  FO R  M E T A L  E X T R A C T IO N  

A P P A R A T U S  C O N D E N S E R

T he condenser is to  be m ade en tirely  of copper, 
n ickel-p lated , in accordance w ith  th e dim ensions indi-

W here it is necessary or desirable to  avoid  contact 
of m etal w ith the solven t, a glass condenser may be 
ad ap ted  to th e stan d b y  th e use of one stra ig h t and one 
bent copper tu b e and a rubber stopper, w hich can be 
securely  fasteifed w ith wire, th e specifications for such 
a glass condenser being as follow s:

S P E C IF IC A T IO N S  FO R  G L A S S  I N S I D E  C O N D E N S E R

T o be m ade en tirely  of well annealed glass as per 
dim ensions given  in the accom p an yin g draw ing (Fig. 4), 
the neck to be 1V2" long and 1"  inside diam eter, with 
the opening sligh tly  flanged to  take a  cork securely; 
the bulb (B) to  be from  21/«" to  23/ 4" diam eter; the 
barrel (C ) to be from  21/ ."  long to 23/i"  and not less

F i g . 1— S t a n d  f o r  S u p p o r t  o p  C o n d e n s e r s

cated  on th e accom p an yin g draw ing (Fig. 3). T h e 
p arts in d icated  on th e draw ing as (a), (b), (c), (d) and 
(e) are to  be one continuous piece of tubing, V /  
inside d iam eter w ith  w alls V32" th ick . T h e coil (b) is 
to  be from  i 3/s" to iV i# " outside diam eter, and from  
23/V' to 3" long from  th e top of the p late  (f) to the b o t­
tom  of th e coil, and to  have not less th an  four com plete 
turns. T h e  cover (f) is to  be one piece of m etal, l/n " 
in th ickness and 21/«" in d iam eter, turned dow n at 
th e  m argin to form  a vertica l flange 3/$" high. T h e 
cover is to  be b razed  to  th e in let and o u ltet tubes in 
v a p o r-tig h t jo in ts. T h e tubes (a) and (c) m ust m eet 
th e cover a t righ t angles, and th e coil (b) m ust be con­
cen tric w ith  the cover (f).

N ecessary conditions for accep tan ce shall be:
(1) T h a t w ater shall circu late freely  through the 

continuous tu b in g and coil.
(2) T h a t th e coil shall enter, w ith ou t bending, a tub e

of i 7/« " inside diam eter.

F ig . 2— H o m e -m a d e  C o n d e n s e r s  A d a p t e d  t o  V a r i o u s  F o r m s  o p  E x tr a c ­
t io n  A p p a r a t u s

than  i 1/ /  nor more than  i 3/s" outside diam eter, with 
a hook (D ) about 1 4" long at the lower end; the 
flange (E) to  be abou t 2V2" in diam eter, and '/ /  deep, 
sealed to  bulb (B) near its  outer extrem ity, and con­
cen tric w ith  (A) and (C ).

F ig. 5 show s the ty p e  of extractio n  llask, mentioned 
above, which accom m odates either a sm all siphon tube 
or a 25 cc. porcelain  G ooch crucible. The tube or 
crucible is held in  position b y  th e  inw ard projections 
in th e side of the flask. W hen th e  extraction  is com­
pleted  th e tu b e or G ooch crucible m ay be removed, 
a solid crucible inserted, and th e solven t thus recovered. 
T h e flask is m ade according to  th e follow ing specifica­
tions.

S P E C IF IC A T IO N S  FO R  E X T R A C T IO N  F L A SK  

T o  be m ade of good glass, well annealed. Height of 
flask 130 m m ., inside d iam eter of top from  39 to 41



June, 1914 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 499

m m ., o u ts id e  d ia m e t e r  a t  b a s e  f r o m  50 t o  56 m m ., f la s k  

to  h a v e  3 e q u i- d is t a n t  in w a r d  p r o je c t io n s ,  m a d e  t o  

touch  th e  c ir c u m fe r e n c e  o f  a  c ir c le  27 m m . (26 t o  2S 

m m .) in  d ia m e te r  a n d  c o n c e n t r ic  w it h  th e  s id e s  o f  th e  

fla sk , p o in ts  o f  p r o je c t io n  t o  b e  30  m m . (29 t o  3 1  m m .)

a b o v e  b a s e . E n la r g e m e n t  o f ' c y l in d e r  t o  fo r m  b a s e  

to  b e g in  i m m e d ia t e ly  b e lo w  p r o je c t io n s ;  b o t t o m  t o  
be e n t ir e ly  f la t  w it h  r o u n d e d  e d g e ,  to p  m a d e  s m o o th  

and p a r a lle l  t o  b a s e , f la s k  t o  b e  o f  a p p r o x im a t e ly  

u n iform  th ic k n e s s  t h r o u g h o u t ;  w e ig h t  o f  th e  f la s k  
to  be fro m  40 t o  50 g r a m s .

T h e  a d v a n t a g e s  o f  th is  a p p a r a t u s  a r e :  ( 1 )  t h e  s t a n d

o ffe r s  a  r ig id  s u p p o r t  fo r  t h e  c o n d e n s e r  a t  a ll  t im e s ,  

w i t h o u t  t h e  u se  o f  t h e  c la m p s ;  (2) a  c h e a p , d u r a b le  

a n d  e ff ic ie n t  c o n d e n s e r , w h ic h  m a y  b e  a d a p t e d  t o  p r a c ­

t i c a l l y  a n y  fo r m  o f  c o n t in u o u s  e x t r a c t i o n  a p p a r a t u s ;

(3 ) t h e  e l im in a t io n  o f  a ll  r u b b e r ,  c o r k s , g r o u n d  g la s s ,

F io .  4 — G l a s s  I n s i d e  F ig . 5 — E x t r a c t io n  F l a s k
C o n d e n s e r  w h ic h  A c c o m m o d a t e s

a  2 5  c c .  G o o c h  C r u ­
c i b l e

o r  m e r c u r y  s e a l c o n n e c t io n s ;  (4) e x t r a c t i o n s  m a y  b e  

s a f e ly  ru n  o v e r  n ig h t ,  s in c e  th e r e  is  p r a c t i c a l ly  n o  d a n g e r  

o f  b r e a k a g e  d u e  t o  c h a n g e  in  w a t e r  p r e s s u r e ;  (5) th e  

f la s k  is  l ig h t  e n o u g h  t o  b e  a c c u r a t e ly  w e ig h e d , c a n  b e  
e a s i ly  c le a n e d , a n d  is  o f  s u c h  a  fo r m  t h a t  a ll  o f  t h e  e x ­

t r a c t  c a n  b e  tr a n s fe r r e d .
B u r e a u  o f  C h e m is t r y , D e p a r t m e n t  o p  A g r ic u l t u r e  

W a s h in g t o n

ADDRESSES
RECEN T IM P R O V E M E N T S  IN  G A S  M A N U F A C T U R E 1

B y  A l f r e d  E . I-'o r s t a l l

Understanding it  to be intended th at I should cover only the 
manufacture of illum inating gas in central station  plants I have 
limited myself to  this phase of the general subject of gas manu­
facture.

The process of m anufacturing illum inating gas divides itself 
into two stages, the generation of crude gas from the raw  m a­
terials, and the purification of this crude gas in order to  m ake 
it fit for general use.

GENERATION OF CRUDE GAS FROM RAW MATERIALS

Taking up first the generation of coal gas, an im portant recent 
improvement has been the developm ent and quite  general in­
stallation of retorts set vertica lly , which were unsuccessfully 
experimented w ith in the early  years of the nineteenth century'. 
Retorts set horizontally were, how ever, finally adopted and used 
solely, until, in 1885, M . Andre C oze developed a setting in which

Read before the N ew  Y ork Section  of the S ociety  of C hem ical In ­
dustry, The C hem ists’ C lub, N ew  Y ork, M arch 27. 1914.

the retorts were inclined a t an angle of from  29 ° to  3 3 0 to the 
horizontal. A t  such angles the coal w ould spread fairly  even ly 
over the whole length of the retort b y  gravitation  and the coke 
w ould run out fairly  easily  when the charges were thoroughly- 
carbonized. T hough adopted quite  generally on the C ontinent 
of Europe and in G reat B rita in  on ly three im portant in stalla­
tions of inclined retorts, and not more than five or six minor 
ones, were m ade in the U nited States.

VERTICAL RETORT SETTINGS 

In  the year 1902 tw o different types of vertical reto rt settings, 
the interm ittent and the continuous, w ere brought to  the a tten ­
tion of gas men. T h e  interm ittent type, in which an  am ount 
of coal which nearly or entirely fills the reto rt is dropped in a t 
one time and allowed to  rem ain until com pletely carbonized 
when the resulting coke is dropped out, also a t one operation, 
was developed b y  D r. B ueb of the G erm an C ontinental G as 
C om pany in the gas w orks a t  D essau, G erm any.

INTERMITTENT VERTICAL RETORTS DESSAU

T h e first patent taken out for these retorts, in the early  part of
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1902, described them as provided w ith  outlets, spaced from  top to 
bottom  along the w hole length of the retort and opening into a 
vertical flue so placed in the settin g as not to  be exposed to a 
high heat, the o b ject being to perm it the gas as it w as driven 
out of the coal to  escape to  the hyd raulic m ain w ithout being 
subjected to con tact w ith  either the h ighly heated coke or the 
walls of the retort. Settings bu ilt under this p atent w ere put 

- into operation in 1903 b u t the side outlets w ere abandoned soon 
after actu a l operation began, and b y  1905 th e design had been 
developed to th at w hich is now being em ployed, in w hich the 
gas evolved from each portion of the charge travels through all 
the superincum bent portions, before it escapes to  the hydraulic 
main.

A s the D essau vertica ls have been developed in Europe the 
retorts are m ade either four m eters or five m eters (13 ft. 2 in. or 
16 ft. 5 in.) long w ith cross-sectional dim ensions of approxim ately 
9 in. b y  22 in. a t  the top and 14 in. b y  27 in. a t the bottom  and 
are set in groups of either tw elve or eighteen, each group being 
heated b y  its own gas producer, or generator furnace, and pro­
vided w ith  its own recuperators. In  the on ly installation of 
this typ e  in the U nited  States, which is a t  Providence, R . I., 
the retorts arc 13 ft. 2 in. long w ith  the sam e cross-section as 
given above and are set ten in a  bench. T h e coal is charged 
into the retorts from overhead bunkers and the coke is dropped 
into buggies or into a conveyor.

T h e  com bustion of the producer gas takes place in a com ­
bustion cham ber surrounding the lower ends of th e retorts and 
the hot products of com bustion pass horizontally to the back 
of the settin g and then up to  a  second set of horizontal flues 
running to  the front, up again  to  a  third set of horizontal flues 
running to  th e back and then into a  fourth set of flues running 
to  the front and pass out from  the top of the bench to  the re­
cuperators and thence to  the chim ney.

INTERMITTENT VERTICAL RETORTS UNITED GAS IMPROVEMENT CO.

In  the U nited S tates the U nited G as Im provem ent C om pan y 
began experim enting w ith  in term itten tly  filled vertica l retorts 
abou t 1908. A s a  result of these experim ents the benches of 
this ty p e  last b u ilt contain  nine retorts each 18 ft. 6 in. long w ith  
an oval section 12 in. b y  22 in. a t  the top and 18 in. b y  30 in. 
a t  the bottom . T h e reasons given  for the use of the larger 
cross-section are th a t w hen it w as sm aller the coal coked too 
rap id ly  a t the top  of the retort causing excessive pressure a t the 
bottom , th a t w ith  the sm all retort the discharge of the coke did 
n ot take place sa tisfactorily  except w hen the whole charge of 
coal w as thoroughly carbonized, w hile a large retort w ill dis­
charge readily  even when the coal has n ot been thoroughly 
carbonized, and th a t th e larger retorts produce larger coke, 
an advan tage  in m any localities.

In  this typ e  of setting the com bustion of the producer gas 
also takes place around the lower ends of the retorts and the 
products of com bustion pass upward to  the top  of the setting.

T h e G erm an practice is to  fill the retorts com pletely w ith  
coal w hile the U nited  G as Im provem ent C om pan y leave 4 ft. 
of the reto rt a t  the top em p ty, to  provide a space in w h ich  the 
h e a vy  hydrocarbon vapors m ay be converted into gas b y  the 
action of radian t heat.

It  is interesting to note th a t in 1880 M r. C . F . D ietrich  ob­
tained a U nited S tates p atent m aking claim s for a  settin g of 
retorts w hich w ere v e ry  sim ilar to those of the original B ueb 
patent, including even the lateral openings into a channcl pro­
tected from  h eat through w hich the gas could pass o u t from  the 
retort. A t  th a t tim e, how ever, conditions in this cou n try  were 
favorable  to the m anufacture of carbureted w a ter gas and 
the field for coal gas did n ot seem to  w arran t the trouble of 
developing a  new m ethod of m anufacture, so th at a p a rt from 
building one experim ental bench nothing w as done b y  M r. 
D ietrich  to  develop these retorts.

PASSAGE OF GAS THROUGH INTERMITTENT RETORTS

T h e reason for the provision of side outlets in the retorts under 
the original B ueb p atent w as the belief that, if com pelled to pass 
up through the incandescent charge, the hydrocarbons first 
evo lved from  the coal w ould be over-decom posed into hydro­
carbons of lesser w orth from  the illum inating and calorific value 
standpoint, and th at carbon and naphthalene would be formed 
and cause trouble during the handling of the gas as it passed 
from  the generating apparatus to the consumer. T he dis­
advan tage  of the side outlets w as th at the retort could not be 
heated around its entire perim eter and th a t therefore more fuel 
w as required for the carbonization of a given w eight of coal 
than where the h eat could be applied around the entire perimeter. 
W hen the lateral outlets w ere bricked up and the gas taken off 
from  the top of the retort the decom position of the hydrocarbons 
was not as great as had been anticipated, provided the retorts 
were heated to  a  v ery  high tem perature and care taken to com­
pletely  fill them  w ith coal. I t  w as claim cd th a t under these 
conditions the generation of gas from the portions of the coal 
in con tact w ith  the internal surfaces of the retorts was rapid, 
ow ing to the high heat, and this coal w as a t once converted 
into a com pact coke, im perm eable to  the gas generated. The 
gas was therefore forced to pass from  all points of the layer in 
which carbonization w as tak in g  place, inward and upward 
through the uncoked and more perm eable portions of the charge. 
Its  tem perature w as thus prevented from  rising beyond the 
point a t  which over-decom position of the h e a vy  hydrocarbons, 
w ith the form ation of carbon and naphthalene, would tako place.

T h is th eory as to the course followed b y  the gas in passing 
through the charge in an in term ittently  charged vertical retort 
w as for a long tim e accepted as correct, b u t recently Dr. H. L. 
Colm an, in England, and M r. O. B . E vans, in the U nited States, 
h ave reached the conclusion, as the result of experiments, that 
in rea lity  on ly p art of the gas travels through the core of un­
carbonized coal and the rest passes through the incandescent 

coke.
D r. Colm an argues th a t if even the largest portion of it 

traveled  through the uncarbonized coal, the gas would -show 
some of the characteristics of a  gas produced at a  low tempera­
ture, modified to  a certain  exten t b y  the gas produced in the latter 
stages as the tem perature of the coke is raised, and th at the tar 
produced w ould be a  low -tem perature tar containing but a small 
am ount of arom atic substances. A s a m atter of fact his analyses 
had shown th a t the gas possessed all the characteristics arising 
from  exposure to  high tem peratures, the proportion of hydrogen 
to  m ethane being even higher than th a t obtained fr6m the same 
coal w hen distilled in h ighly  heated horizontal retorts, and that 
the tar produced, although containing more paraffin derivatives 
th an  did ta r  from  horizontal retorts, consisted chiefly of aromatic 
substances, showing th at, during its form ation, the vapors 
produced a t  low tem peratures m ust have been subjected to a 
considerably higher tem perature before passing out from the 
retort. T h is  could n ot happen if even the larger part of these 
vapors passed through the uncarbonizcd coal, since then the 
travel w ould be in a  direction which w ould expose them to a 
con stan tly  decreasing, instead of to  a higher, temperature. 
M oreover, the existence of a high pressure in the retort at the 
com m encem ent of carbonization w hen the area of the core 
w as the greatest and the dim inishing of this pressure as carbon­
ization proceeded, although the rate  a t  w hich gas w as produced 
did n ot decrease greatly  during th e first seven hours of the 
charge, w hile the area of the core did decrease quite rapidly, 
w as strong evidence th at the gas did n ot find its principal direc­
tion of trav el through the core. H e concludes th at the great 
bulk  of the gas is produced on the outer side of the pasty layer 
form ed b y  the coal as it carbonizes and th at this gas mainly 
travels through the hot coke, m ixing w ith the poorer gas pro­
duced b y  the continued action  of heat on the low-temperature
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coke first produced. T h e gas produced on the inner side of the 
pasty layer w ill pass through the coal and he considers it probable 
that the vapors w hich pass in this direction form  the undesirable 
paraffin constituents of the ta r so th a t as far as travel through 
the core does take place it is disadvantageous.

Mr. Evans, reasoning from  th e pressure conditions existing 
in the interior of an in term ittently  charged vertical retort, cam e 
to the conclusion th a t during the early  p art of the charge, when 
the layer of coke form ed around the perim eter of the retort was 
compact and offered no ready m eans of passage to  the gas, most 
of the gas produced w as obliged to  force its w a y  through the 
pasty layer of coal, in  th e in itial stage of carbonization, and 
pass up through th e uncarbonized coal, b u t th at as the outer 
layer of coke contracted and cracked under further heating 
most of the gas form ed in th e la tter portions of the charge passed 
up through this coke. H e also concluded th a t of the gas 
made during the first six hours of th e charge, which am ounted 
to 70 per cent of th e  to ta l am ount of gas m ade, 45 per cent 
passed up inside of the p asty  la yer through the core and 55 per 
cent through the hot coke n ext to  the reto rt w alls, and th at the 
gas evolved a t  low tem peratures escapes through the core while 
that evolved a t  high tem peratures escapes along the wall. M r. 
Evans considers th a t this is advantageous since the low-tem- 
perature gas is more su bject to  in ju ry  b y  undue exposure to 
heat, and this is correct provided th a t a fter leaving the coal 
this gas is exposed to  h eat in a  free space a t the top of the re­
tort.

This discussion as to  the path  followed b y  the gas in passing 
out from interm ittently charged vertical retorts has been given 
somewhat a t  length because of th e claim s originally m ade th at 
the freedom from  naphthalene experienced w ith gas m ade in 
such retorts was largely  due to  th e fact th a t the travel was 
through the cool core of uncarbonized coal.

ENGLISH DEVELOPMENT OF CONTINUOUS VERTICAL 

RETORTS

W hile the w ork of the G erm ans in  connection w ith  vertical 
retorts was confined entirely  to  those charged interm ittently, in 
England the design of such settings w as approached w ith  the 
idea of adapting them  to  continuous carbonization. T h is had 
been experimented w ith  in connection w ith  the horizontal re­
torts and had given good results as far as th e qu an tity  and 
quality of the gas were concerned b u t had a lw ays proved a 
failure from the m anufacturing standpoint because of mechanical 
troubles.

In 1902 there w as b u ilt in E xeter a  settin g of vertical retorts 
into which the coal, in am ounts v a ry in g  from  2 lbs. to  7 lbs., was 
charged a t regular intervals, the length of which could be varied. 
The retorts, about 9 ft. long, w ere m ade straigh t for p art of the 
distance and then w ere curved so th a t th e coke w as w ithdraw n 
through an opening iii the side of th e settin g a t righ t angles 
to that in the top  through w hich th e coal w as charged. The 
coke was drawn in term ittently  in com paratively  large am ounts 
at one time so th a t the exten t to  w hich the retort was filled 
with coke and coal undergoing carbonization varied quite con­
siderably. A fter being tried in several places in England, 
further use of the settings w as abandoned because of trouble 
experienced w itli the w orking of th e coal-feeding device and in 
keeping the curved portion of the re to rt from  cracking, and 
also with the form ation of lam pblack ow ing to  the large varia­
tion in the volum e of the charge because of the interm ittent 
drawing of the coke and th e consequent variation  in the extent 
to which the gas passing off from  th e  charge w as exposed to heat 
in the vacant space le ft a t  the top  of the retort.

WOODALL-DUCKHAM VERTICAL RETORTS

"While this retort w as being experim ented w ith M essrs. W oodall 
and Duckham w ere developing a t  Bournem outh, England, 
another typ e  of continuously charged and operated vertical

retorts. S tartin g  w ith  a  m echanical coal feed as well as m e­
chanical and continuous extraction  of the coke, the form er was 
soon abandoned because of operating difficulties and the intro­
duction of coal into the retort is now brought about entirely 
as a  result of the extraction  of coke a t  the bottom . T h e  con­
struction of the coke extractors has also been very  m aterially  
changed from  the form shown in th e original p aten t and the first 
plant erected.

A s now b u ilt each retort is surm ounted b y  a  charging m aga­
zine filled through a rotary  v a lv e  from  an overhead coal bunker 
and holding enough coal for tw o hours’ supply. T here is free 
com m unication betw een the m agazine and the top of the retort, 
the coal in the form er being supported b y  th a t in the retort. 
A s the coke extractor w ithdraw s the coke from  the bottom  the 
whole column of m aterial in the retort settles and coal runs in 
a t  the top from the m agazine, the supply of coal in w hich is 
replenished a t  intervals of from  tw en ty  m inutes to  an hour.

The-coke extracting device consists of a  rotatin g horizontal 
shaft provided w ith arms placed spirally around it and of loose 
arm s hung on hinges a t  their upper end and having sufficient 
w eight to  hold back the coke except as their lower ends are 
pushed ou t b y  the action of the revolving shaft. T h e  coke 
is discharged into a  closed hopper w hich w ill hold the am ount 
produced during tw o hours and is in term ittently  em ptied either 
into dum ping wagons running on an industrial railw ay track, 
or into a conveyor. T h e  extractor can be run a t vary in g  rates 
of speed to suit the differing am ounts of coal th at can be car­
bonized under v ary in g  conditions.

A s originally b u ilt the settings consisted of four ova l retorts 
25 ft. long and having cross-sectional dim ensions of p ractica lly  
9 in. b y  23 in. a t the top and 20 in. b y  29 in. a t  the bottom . 
In  recent installations the retorts have been replaced b y  rectangu­
lar ovens, or slots, of the same length and having cross-sectional 
dimensions of 8 in. b y  3 ft. 10 in. a t the top and 20 in. b y  5 ft. 
3 in. a t the bottom . A t  the top of these slots there is a  division 
plate, extending down an adjustable distance, which form s tw o 
separate spaces, into one of w hich the coal m agazine opens while 
the other is kep t free from  coal so th a t the gas can  pass out 
through it and in passing ou t be exposed to  radian t heat for the 
purpose of decomposing the hydrocarbon vapors w ith  low7 
boiling points. A s the settings are operated it  w ould seem th a t 
the desired effect w as obtained to  on ly a  very  lim ited extent, 
if a t  all.

T h e com bustion of the producer gas begins a t the top of the 
setting and the products of com bustion pass down, surrounding 
the retorts and are taken oil into the recuperators a  short distance 
above the bottom . F rom  the recuperators th ey  pass either 
directly to  the chim ney or in some cases are taken through the 
tubes of a w aste heat boiler which furnishes practically  all the 
steam  required for the operation of th e plant.

T h e prim ary air is heated before entering the furnace b y  
passing across the setting in con tact w ith  the side w alls of the 
retorts a t  their lower end, and the coke is sufficiently cooled in 
this w ay to  require no quenching.

GLOVER-W EST VERTICAL RETORTS

W hile M essrs. W oodall and D uckham  w ere developing their 
design, M essrs. Y o u n g  and G lover w ere also doing, a t S t. Helens, 
England, w ork w hich has resulted in w h at is now known as the 
G lover-W est system  of continuous v ertica l retorts. T h e chief 
differences betw een the W oodall-D uckham  and the G lover- 
W est system s are in th e form of the coke extractor and in the 
m ethods of heating the retorts. In  the G lover-W est, as in the 
W oodall-D uckham , coal runs into the retorts, from a  charging 
m agazine in free com m unication w ith  the top, as the coke is 
extracted a t the bottom . T h e  coke extractor is in the form of a 
worm set w ith  its axis vertica l and slow ly revolved, and de­
livers coke into a  receiving cham ber, large enough to  hold th at 
produced during a  period of tw'o hours and regu larly  discharged
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a t intervals of any length less than tw o hours. T h e  retorts are 
o v a l in section and have a to ta l length of 20 ft. w ith  cross- 
sectional dim ensions of 10 in. b y  30 in. a t  the top  and 22 in. b y  
36 in. a t  the bottom . T o  the bottom  of each one is added a 
cast iron cham ber 3 ft. deep, a t  the bottom  of w hich is placed 
the coke extractor. T h e retorts are set in groups of e ight and 
th e settin g is divided into either tw o or four cham bers so th a t 
th e retorts can  be worked in units of four or tw o. T h e  com ­
bustion of the producer gas takes place a t  six points even ly 
spaced along the portion of each cham ber extending from  the 
bottom  to w ith in  abou t 5 ft. of the top, and the products of 
com bustion, after passing horizontally around each set of re­
torts, ascend through vertical flues to cham bers surrounding 
the upper 5 ft. of the retorts, from  which th ey pass to the chim ney. 
T h e  secondary air is heated b y  passing the cast iron cham bers 
a t  the lower end of the retorts and this cools the hot coke on its 
w a y  to  th e  coke extractors, and does a w ay  w ith  the necessity 
o f quenching it  when taken from  the coke cham bers.

OPERATION OF HORIZONTAL RETORTS MODIFIED

S h o rtly  after, and p a rtly  as a consequence of, th e successful 
introduction of in term ittently  charged vertical retorts the 
m ethod of operating horizontal retorts w as su bstan tially  m odified. 
T h is  had been to charge such retorts w ith  a  layer of coal abou t 
4 in. to  5 in. th ick  leavin g a large free space above the coal, 
through w hich the gas passed to  the m outhpiece and standpipe. 
T h e  m axim um  charge for each of the 9 ft. retorts w ith  one end 
perm anently closed, in general use in the U nited S tates, was 
from  340 lbs. to 350 lbs. of coal. T h e  front end of th e retort 
being enclosed in the front w all of the bench for a depth of 
13 in., alm ost a foot of the length w as not effective for carboniz­
ing purposes and the w eight of charge was not more than  45 lbs. 
and in m an y cases not over 40 lbs. per lineal foot of the effective 
portion. T here had been some theoretical discussion of the 
a d visa b ility  of more com pletely filling the retorts, b u t this had 
n ot produced a n y  result in practice until the com pletely filled 
vertica l retorts afforded an ob ject lesson of the freedom from 
carbon and naphthalene troubles secured b y  reducing the exten t 
to  which gas w as exposed to  con tact w ith  the h ighly  heated 
w alls of a  retort. In  England, where the use of through retorts, 
or those open a t both ends, w as comm on, it w as easy to  change 
from  the ligh ter charges to  the heavier ones, b u t in the U nited 
S tates  it w as necessary to  changc to  the use of through retorts 
instead of single end ones before the increase in w eight of charge 
could be made, since where the coke m ust be drawn from  the 
reto rt b y  means of a rake it  is necessary to  leave sufficient 
space above the charge to  perm it the free passage of the rake, 
w hile w ith  the through retorts, from, w hich the coke can  be 
pushed, provision for the passage of the rake does not have to be 
m ade. T h e  present practice, where through retorts are in use, 
is to  charge about 70 lbs. of coal per lineal foot o f the effective 
portion of the retort. W hen so charged from 66 per cent to  70 
per cent of the area of the retort is occupied b y  coal leaving only 
30 per cen t to  34 per cen t of the area for the passage of the 
gas, while when weighing 40 lbs. to  45 lbs. per lineal foot of re­
to rt the charge on ly occupies from  30 per cent to  36 per cent 
o f the area. T h e  expansion of the charge during the coking 
process m akes the actu al free space le ft in the retort still sm aller 
in proportion for the heavy' charges.

T h e use of heavier charges has resulted in a large increase 
in the am ount of gas m ade per pound of coal w ith  a decrease in 
th e operating difficulties caused by the presence of free carbon in 
th e gas and in the tar. In E ngland the yield of gas, w'hich 
form erly averaged on ly  abou t 10,500 cu. ft. per ton of 2240 lbs. 
of coal now averages nearly 12,000 cu. ft., w hile in one p lant 
in the U nited  S tates, th a t a t  W orcester, M ass., the form er 
average yield of 5 cu. ft. per pound has been increased to  5.9 cu. 
ft. In  other w orks in the U nited S tates w hich h ave adopted the 
h e a vy  charges the yields o f gas have been increased abou t 10

per cent as com pared w ith  those form erly obtained. This in­
crease in yield  has n ot been accom panied b y  a decrease either 
in th e illum inating valu e or in the calorific valu e per cubic foot 
and has therefore resulted in obtaining a  greater total illumina­
tin g valu e  and calorific value in the gas from a given quantity 
of coal.

T h e  yield from  the continuous vertical retorts is also greater 
than th a t form erly obtained from  horizontal retorts operated 
w ith  ligh t charges, b u t in this cou ntry has not been as large as 
th a t obtained from  the horizontal retorts a t  W orcester, Mass.

COMPARISON OF GASES FROM HORIZONTAL AND VERTICAL 

RETORTS

Som e analyses have been obtained of the gas made in each of 
tw o plants, one having horizontal retorts and the other vertical 
retorts of the W oodall-D uckham  typ e. T h e  horizontal retorts 
are operated w ith  m oderately h e a vy  charges which, however, 
do not com e up to  7 0  lbs. per lineal foot of retort. These plants 
are under the sam e m anagem ent and the coal used is purchased 
from the sam e com pany and is presum ably practically the same, 
so th at the analyses show, to som e extent, the difference in the 
gas due to the difference in m ethod of carbonization.

H orizontal Vertical 
retorts retorts 

Per cent Per cent
C arbon d io x id e .....................................................................  1 .4 4  1.49
B en zo l  .........................................................................  0 .6 7  0.55
Illu m in a n ts  '.............................................................  3 .1 5  3.98
O x y g e n . . . . . ’ .........................................................................  0 .4 8  0.28
C arbon m on oxid e ................................................................ 4 .7 5  6 .90
H yd rogen ............................................................................... 5 1 .3 6  45.02
M e th a n e .................................................................................  3 3 .6 0  37.33
N itro g en ..................................................................................  4 .5 5  4.44

100 .00  99.99
C andle pow er (Sugg D  burner)............................. 13 .6 0  15.57
Calorific va lu e (B . t. u. per cu . ft. b y  ca lcu la ­

t io n ) ....................................................................................  6 1 0 .0 0
Calorific va lu e (B . t. u. per cu . ft. o b served ). . . . 615.00
Y ield , cu . ft . per pound o f c o a l ..................................  4 .8 5  5 .39

T h e to ta l illum inants run sligh tly  higher, and there is much 
less hydrogen in proportion to  the m ethane, in the gas from the 
vertical retorts th an  in th a t from  the horizontal retorts. The 
illum inating valu e of the gas from  the vertical retorts is also 
higher w hile the yield  per pound of coal w as 1 0  per cent higher. 
D uring th e period over w hich th e analyses of the gas from the 
horizontal retorts w ere taken, v ery  w et coal w as being carbonized 
and this m ay h ave  affected the illum inating value and the yield 
of gas w h ich  w ere low er during this period than the average 
for the preceding m onth, b u t even the averages for that month 
w ere low er than the results obtained from the vertical retorts 
w'hich, however, w ere those m ade during a  test lasting eight days 
and in regular w orking the results h ave  n ot been quite as good.

C om parable analyses of the gas m ade in the working scale 
testing p lant a t  the gas w orks in B irm ingham , England, both in 
in term ittent vertical retorts, of the D essau typ e  but apparently 
charged so as to  leave  a  free space above the coal at the top 
of the retort, and in horizontal retorts have been given by Dr. 
W . B . D avidson  as follows:

D essau
Verticals Horizontals 
Per cent Per cent

COz............................................................................................  2 .4  2 .2
C n H m ..........................................................................................  2.8  •

Oj ................................................................................................  0 -5
C O .............................................................................................  10 .3  9 .7
C H ............................................................................................. 2 8 .0  .3 1 .5
H . ...............................................................................................  5 1 .0
N j ...............................................................................................  5 .0  5 .4

100 .0  100.0
Illu m in atin g  va lu e , ca n d les ............................................. - iln A  o f ’o
N e t  calorific B . t . u. per cu . f t ....................................... 5 0 0 .0
N o t e — T h e illu m in atin g  va lu es g iven  b y  Dr. D avidson ca"??£:ned 

com pared d irectly  w ith  th ose  g iven  p reviously  since th ey  were od three 
from  th e M etropolitan  N o . 2 A rgand burner and are probably aoo . n(j 
can d les h igher than  would h a v e  been ob ta in ed  had th e Sugg v  - 
been used as w as done in th e o ther case.

D r . D a v id s o n  o b se rv e s  th a t  th e  g a s  m ad e  in  th e  vertical re 

to rts  is d efic ie n t in  u n s a tu ra te d  h y d ro c a rb o n s  and  m ethane an 
h ig h  in  h y d ro g e n , an d  th a t  a  c u rs o ry  ex a m in a tio n  o f the anal> *es



June, 1914 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 5°3

leads to the co n clu sio n  th a t  th e  h y d r o c a rb o n  gases a re  su b je c t  
to more d rastic  d e g ra d a tio n  b e fo re  le a v in g  th e  re to r t  in  th e  
vertical system  th a n  th e y  a re  in  th e  h o riz o n ta l s y ste m , b u t  th a t  
it is not u n like ly  th a t  th e  g a s  su ffers b o th  in q u a lity  a n d  v o lu m e 
by the escape u n c ra c k e d  o f a  la rg e r  p ro p o rtio n  th a n  u su al o f 
tar oil vapors.

Experience w ith  th e  U n ite d  G a s  Im p r o v e m e n t C o m p a n y  
verticals o p era ted  w ith  a  la rg e  free  sp a ce  a b o v e  th e  co a l seem s to  
show th at th e  p ro v is io n  o f th is  free  sp a ce  le a d s to  a n  im p ro v e ­
ment in the illu m in a tin g  a n d  ca lo rific  v a lu e  o f th e  gas, w h ich  is 
obtained a t  th e  exp en se  o f th e  e x tr a  q u a n t ity  o f t a r  p rodu ced  
when the re to rts  are  c o m p le te ly  filled  a c c o rd in g  to  th e  s tr ic t  
use of the D e ssa u  sy ste m .

As far as th e  q u a lity  a n d  q u a n t ity  o f th e  g a s  a re  con cern ed  
interm ittent v e r t ic a l re to rts  o f th e  D e ss a u  s y ste m  g iv e  poorer 
results th an  are  o b ta in e d  in  h o r iz o n ta l re to rts , w h ile  th e  in te r­
mittent v e r tic a ls  o f th e  U n ite d  G a s  Im p r o v e m e n t C o m p a n y  
type and th e  co n tin u o u s v e r t ic a ls  d o  n o t  g iv e  a n y  b e tte r  resu lts  
along these lin es th a n  c a n  b e  o b ta in e d  from  p ro p e rly  o p era ted  
horizontal re to rts . T h e  im p ro v e m e n ts  e ffected  b y  th e  u se o f 
vertical re to rts  co n sist in  a  s a v in g  o f la b o r  in m ed iu m -sized  p la n ts  
in which it  is im p o ssib le  to  w o rk  c h a rg in g  and  d isch arg in g  
machinery for h o rizo n ta l re to rts  to  a d v a n ta g e , a n d  in  g rea ter 
freedom from  tro u b le  ca u se d  b y  free  ca rb o n  a n d  n ap h th alen e , 
while the su lfu r co m p o u n d s o th e r  th a n  su lfu rc te d  h y d r o g e n  are 
also produced in  sm aller a m o u n t. I n  a d d itio n  th ere  is a  sa v in g  
in the groun d sp a ce  re q u ire d  a lth o u g h  i t  is  n e ce ssary  to  go 
higher in to  th e  a ir  w ith  v e r tic a ls . T o  th ese  a d v a n ta g e s  th e  
continuous v e r tic a l re to r t  s y s te m  a d d s th a t  o f p r a c tic a lly  com ­
plete avo id an ce o f th e  sm o ke  a n d  s te a m  e m itte d  d u rin g  th e  c h a rg ­
ing and d isch arg in g  o f e ith e r  h o riz o n ta l re to rts  or in te rm itte n t  
vertical ones.

SUGGESTED METHOD 01? DISTILI.ATION OF COAI.

The w ork  re c e n tly  d on e in  d ete rm in in g  th e  c h a ra c te r  o f th e  
products g iv e n  o ff b y  c o a l s u b je c te d  to  d is t illa t io n  a t  d ifferen t 
tem peratures in d ic a te s  t h a t  th e  g r e a te s t  e ffic ien cy , from  th e  gas- 
making sta n d p o in t, in  th e  c a rb o n iza tio n  o f co a l co u ld  b e  o b ­
tained b y  so a d ju s tin g  th e  h e a tin g  o f co n tin u o u s v e r t ic a l re to rts  
that the tem p eratu re  o f th e  u p p e r 2 ft . o r 3 ft . o f th e  c h arg e  sh ou ld  
never exceed io o o °  to  110 0 ° F., w h ile  th a t  o f th e  lo w e r p o rtio n  
of the charge w o u ld  b e  ca rrie d  as h ig h  as 1800° F .  B y  th is  
method of h eatin g , th e  rich  h y d r o c a rb o n s  w o u ld  b e  d riv en  o ff 
from the coal w ith o u t  h a v in g  to  co m e in to  c o n ta c t  w ith  v e r y  
highly h eated  su rfa ces  w h ile  th e  g a s  re m ain in g  a fte r  th ese 

hydrocarbons w e re  d riv e n  off, w h ich  is o f su ch  a  c h a ra c te r  as 
not to suffer to  a n y  g r e a t  e x te n t  fro m  su ch  c o n ta c t, w o u ld  be 
entirely exp elled  fro m  th e  co a l in th e  lo w e r p o rtio n  o f th e  re to rt. 
In order to  d ecom p ose th e  h e a v y  h y d ro c a rb o n  v a p o rs , w h ich  

would oth erw ise con d en se in to  ta r , in  su ch  a  m aim er as to  co n ­
vert them  in to  th e  m a x im u m  a m o u n t o f p erm an en t g a s  m ixed  

with h yd ro carb o n  v a p o r s  t h a t  c o u ld  b e  ca rried  b y  th e  gas, 
"'ith the se ttin g  free  o f th e  m in im u m  a m o u n t o f ca rb o n , a ll of 
the gas le a v in g  th e  to p  o f th e  ch a rg e  sh o u ld  th en  b e  passed  
through a  free sp a ce  exp o sed  to  h e a t  ra d ia te d  from  w a lls  carried  
at a tem p eratu re  a d ju s te d  to  th e  r a te  o f tr a v e l o f th e  gas, b u t  
probably a b o u t 1400° to  15 0 0 0 F . T h is  free  sp a ce  co u ld  be 
maintained e ith e r  in  th e  u p p e r  p a r t  o f th e  r e to r t  or, if  th is  
leads to  d ifficu lty  in  fe ed in g  th e  co a l, it  m ig h t b e  e n tire ly  se p a ra te  
from the re to rt a n d  p o s sib ly  co m m o n  to  se v e ra l re to rts.

This method of m anufacture w ould increase the qu an tity  and 
quality of the gas a t  the expense of the tar and w ould not be 
advantageous unless the valu e of the gas gained w as greater 
than that of the ta r  lost. I t  has never been actu ally  worked 
but in my opinion is entirely  feasible.

IMPROVEMENTS IN MANUFACTURE OF CARBURETED WATER GAS

The recent im provem ents in connection w ith the m anufacture 
of carbureted w ater gas consist in th e devising, and putting into

gen eral use, o f a p p lia n ces  fo r m ea su rin g  th e  a m o u n t o f a ir b lo w n  
th ro u g h  th e  fu e l b e d  d u rin g  th e  “ b lo w ,”  or h e a tin g -u p  p erio d , 
a n d  th e  a m o u n t o f steam  p assed  th ro u g h  th e  fire d u rin g  th e  
" r u n ,”  or g a s-in a k in g  p erio d , to g e th e r  w ith  th e  u se o f e le c tr ic  
p y ro m e te rs  fo r in d ica tin g  th e  te m p e ratu re s  e x istin g  a t  se le cte d  
p o in ts  in  th e  ch e ck e r b r ic k  o f th e  ca rb u re te r  a n d  su p e rh e ate r 
o f th e  ty p e  o f a p p a ra tu s  m o st co m m o n ly  e m p lo y e d  in th e  m a n u ­
fa c tu r e  o f th is  gas. T h e  u se o f th ese  a p p lia n ces  m ak es it  p ossib le  
to  d eterm in e a n d  o p e ra te  th e  a p p a ra tu s  c o n s ta n tly , u n d e r th e  
co n d itio n s o f b la st, a m o u n t o f ste a m  u sed  an d  te m p e ra tu re  to  
w h ich  th e  oil v a p o rs  are  su b je c te d  w h ich  g iv e  th e  b e st re su lts  
a n d  b y  so d o in g  to  d ecrease th e  a m o u n t o f fu e l u sed  a n d  in crease  
th e  e ffic icn cy  o f th e  co n versio n  o f th e  o il in to  oil gas, as co m ­
p ared  w ith  th e  fo rm er m o re or less h it  or m iss o p era tio n .

PREPARATION OF CRUDE GAS FOR DELIVERY TO CONSUMER

In  th e  secon d  d iv is io n  o f th e  p rocess o f g a s  m a n u fa ctu re , 
th a t  o f th e  p rep ara tio n  o f th e  cru d e  g a s  fo r d e liv e r y  to  th e  co n ­
sum er, th e  re ce n t im p ro v e m e n ts  h a v e  b een  ch ie fly  in  co n n ectio n  
w ith  th e  re m o v a l o f h y d ro g e n  su lfide  a n d  th e  o th e r  su lfu r  co m ­
pou n d s p resen t in  th e  cru d e  gas. F o r  m a n y  y e a rs  a tte m p ts  
h a v e  been  m ad e  to  use, fo r th e  re m o v a l o f h y d r o g e n  su lfide  fro m  
co a l gas, th e  am m o n ia  o b ta in e d  from  th e  g a s  itse lf. A b o u t  
1886 a  process fo r d oin g  th is  w a s  d ev ised  b y  C la u s  in  B e lfa s t , 
Ire la n d . A lth o u g h  c h e m ic a lly  co rrec t it  p ro v e d  to o  co m ­
p lica te d  m ec h a n ic a lly  a n d  w a s  fin a lly  a b a n d o n ed  la r g e ly  b ecau se  
it  w a s  im p ossib le  to  k eep  in  w o rk in g  o rd er th e  n u m ero u s p u m p s 
req u ired  fo r its  o p era tio n . I t  is p ossib le  th a t  if  m odern  c e n tr if­

u g a l p u m p s h ad  b een  a v a ila b le  th e  p ro cess m ig h t h a v e  been  

su cce ssfu lly  o p era ted .

AMMONIA FOR REMOVAL OF HYDROGEN SULFIDE

I n  th e  U n ite d  S ta te s  a n  e x tre m e ly  sim p le  m eth o d  o f p u rifica ­
tio n  o f g a s  fro m  su lfu reted  h y d ro g e n  b y  m ean s o f a m m o n ia  h as 
b een  re c e n tly  d ev ise d  b y  M r . Jas. G . O ’N e ill a n d  u sed  o n  g a s  
p ro d u ced  in co k e o v en s a n d  so ld  fo r illu m in a tin g  p urp oses.

T h e  a m m o n ia  in  o rd in a ry  a m m o n iaca l liq u o r is a lre a d y  
la r g e ly  sa tu r a te d  w ith  su lfu r a n d  ca rb o n  d io xide  a n d  on e o f th e  
ch ie f p ro blem s in co n n e ctio n  w ith  th e  u se o f th is  liq u o r  fo r  m ore 
c o m p le te  rem o va l of su lfu re te d  h y d ro g e n  is to  a cco m p lish  its  
co n versio n  in to  a  co n d itio n  s u ita b le  fo r co m b in a tio n  w ith  
su lfu reted  h y d ro g en  w ith o u t in tro d u cin g  to o  m u ch  c o m p lica ­
tio n  o f a p p a ra tu s . M r. O ’N e ill h as  so lv ed  th is  p ro b lem  in  a  
v e r y  sim p le  m an n er b y  u sin g  liq u o r w ith d ra w n  fro m  th e  still 
o f th e  C o ffe y  ty p e , w h ic h  is in  gen eral use in g a s  w o rk s  fo r 
th e  co n ce n tratio n  o f a m m o n iaca l liq u o r. H e  fin d s th a t  w h en  th e  
liq u o r fed  to  th e  still h as  reach ed  th e  p o in t a t  .w h ich  it  lia s  a  
te m p e ratu re  o f 2 1 4 0 to  2 1 5 °  F . it  h as lo st 80 p er c e n t  to  90 
p er c e n t  of th e  h y d ro g e n  su lfide  a n d  70 p er ce n t to  80 p er c e n t  
o f th e  ca rb o n  d io xid e, b u t  still re ta in s  p r a c tic a lly  a ll th e  a m m o n ia , 
w h ich  i t  co n ta in ed  w h en  it  en tered  th e  still. W h e n  b ro u g h t in  
c o n ta c t  w ith  cru d e  co a l gas in  scru b b ers o f th e  o rd in a ry  ty p e , 
th is  liq u o r ca n  ta k e  u p  on  a n  a v e ra g e  500 gra in s o f h y d ro g e n  
sulfide p er g a llo n  a n d  if u sed  in  su fficien t q u a n titie s  w ill re d u ce  
th e  h y d ro g en  su lfide  fro m  as m u ch  as 900 gra in s, d o w n  to  from  
20 to  30 gra in s, p er 100 cu . ft . o f gas. I f  th e  co m p le te  re m o v a l 
o f th e  h y d ro g en  su lfide  w ith  liq u o r is  a tte m p te d  th e  a v e ra g e  
effic ien cy  o f th e  liq u o r is m u ch  less th a n  th is  an d  i t  is m ore 
eco n o m ica l to  u se th e  liq u o r o n ly  to  th e  e x te n t  n am ed  and  th en  
fin ish th e  re m o va l o f th e  su lfu re te d  h y d ro g e n  b y  th e  o rd in a ry  
process o f p u rifica tio n  b y  m ea n s o f h y d r a te d  sesq u io x id e  o f 

iron.
T h e  process d ev ise d  an d  u sed  b y  M r . O ’N e ill a d d s to  th e  a p ­

p a ra tu s  c u sto m a rily  fou n d  in g a s  w o rk s  o n ly  a  h e a t  e xch a n g er, 
in w h ich  h e a t  is tra n sfe rre d  fro m  th e  h o t  liq u o r co m in g  fro m  th e  
co n ce n tra tin g  s t ill  to  th e  co o l liq u o r on its  w a y  to  th e  s t ill an d  a  
co o ler fo r  fu rth e r  co o lin g  th e  tre a te d  liq u o r, b o th  o f w h ich  a re  
s im p le  a n d  in exp en sive. A p p a r e n t ly  th is  p ro cess c o u ld  b e  
a d o p te d  in m a n y  coa l gas w o rk s  w ith  a  sa v in g  in  th e  la b o r  re ­
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quired to operate th e oxide of iron purifiers and also in the 
investm ent in the purifiers required for a  given  q u an tity  of gas.

r e m o v a l  o f  o t h e r  SULFUR COMPOUNDS

In  Europe, where the gas coals contain  as a  rule more sulfur 
than do those in com m on use in the U n ited  States, and on the 
Pacific C oast, where gas is largely m ade from  crude petroleum  
containing a  som ew hat high percentage of sulfur, the problem  
of reducing the am ount of sulfur com pounds, other th an  h y ­
drogen sulfide, contained in crude illum inating gas has had some 
im portance. In  those parts of the world, therefore, attention  
has recen tly  been paid to  new m ethods of rem oving the principal 
one of these sulfur com pounds, carbon bisulfide.

O f the more recent processes having this object, the one first 
brought to  the attention  of gas engineers w as th a t devised b y  
M essrs. H all and P ap st and used since 1908 for the treatm ent 
of all the gas m ade, abou t 3,000,000 cu. ft. per day, in the w orks 
a t  Portland, Oregon. In th is process the gas is m erely heated 
to  a  tem perature of from  1300° to 1600 0 F . b y  being passed 
through ta ll cylindrical vessels, form ed of steel plates lined w ith  
fire c lay  blocks and filled w ith  a  checker w ork of fire brick, 
w hich are heated b y  the com bustion in them  of fuel oil. T h e 
vessels are in pairs, one being in process of heating while gas 
is being passed through the other. T h e  operations are re­
versed as soon as the vessel through w hich th e gas is passing 
becom es cooled below the effective tem perature. U nder the 
effect of heat the carbon bisulfide reacts w ith  the w ater vap or 
present in the gas and is largely  converted into hydrogen sulfide, 
w hich is rem oved b y  passing th e gas through an additional set 
of purifiers containing oxide of iron.

NICKEL CATALYZER FOR DECOMPOSITION OF CARBON BISULFIDE

A n other process which has been em ployed on a  large w orking 
scale is th a t devised b y  M r. E . V . E va n s and used since the 
beginning of 1913 to  trea t all the gas m ade, about 10,000,000 
cu. ft. per day, a t  the w orks o f the South M etropolitan  G as 
C om pany, of London. T h is process utilizes the c a ta ly tic  effect 
of nickel in accelerating the reaction betw een carbon bisulfide 
and steam , b y  w hich hydrogen sulfide is produced and carbon 
set free. T h e  cata lyzer is in the form  of balls, presum ably of 
fire c lay , 1 in. in diam eter im pregnated w ith  nickel obtained 
b y  the reduction of the chloride in a  current of hydrogen. These 
balls are contained in tubes having a  length of 11.5 ft. and a 
diam eter o f 6 in., through w hich th e gas to  be treated is passed. 
B efore reaching the cata ly zin g  tubes the gas passes through heat 
exchangers, or recuperators, in which it  absorbs h eat from  the 
gas passing ou t from  the apparatus, and then  through pre­
heating tubes in w hich its tem perature is raised to  750° F . 
W ith  this preheating of the gas it is possible to  carry  on the 
process while m aintaining a tem perature o f 800 ° F .  in the 
cata lyzin g  tubes and the principal direction in w hich the pro­
cess has been gradually  im proved has been this preheating of 
the gas before it  enters the catalyzers. A  single com bustion 
cham ber, supplied w ith  producer gas from  an outside producer, 
furnishes the h ea t required b y  both the preheating and the 
cata ly zin g  tubes. A fte r  about th irty  d a y s ’ use it  is necessary 
to stop the flow of gas through a  set of cata lyzers and blow  
air through them  in order to  burn  off the deposited carbon 
w hich is found to be, a t  tim es, 50 per cen t in excess of th e q u an tity  
calculated from  the am ount of carbon bisulfide reduced to 
hydrogen sulfide. T h is carbon m ay be obtained from  the de­
com position of hydrocarbons in the gas, b u t analyses of the gas 
m ade before and a fter treatm ent, which are given below, show 
th at the q u an tity  so decom posed is negligible.

N o  inform ation has been given  as to  the cost of operating this 
process and although it does n ot require the m aintenance o f as 
high a  tem perature as is em ployed in the H all and P a p st process 
it  w ould  seem  to be som ew hat more com plicated and expensive, 
even  though no loss of nickel be suffered.

G as before Gas after 
treatm ent treatment 

Per cen t Per cent 
1 .82  1.80
3 .6 1  3 .79
0 .2 7  0.07
8 .8 5  8 .62

2 6 .6 2  27.45
5 2 .4 5  52.19

6 .3 8  6.08

100.00 100.00
14 .05  14.05

5 9 0 .0 0  594.00

SODA-CELLULOSE FOR REMOVAL OF CARBON BISULFIDE

A n oth er process w hich has been tried only a t  an experi­
m ental p lant of the H eidelberg, G erm any, G as W orks consists 
in treatin g  the gas, entirely  freed from  tar, ammonia, sulfureted 
hydrogen and carbon dioxide, w ith  a com pound of soda and 
cellulose obtained b y  treatin g cellulose sulfite with soda lye. 
T h e  resulting m aterial, a fter having been rolled and crumbled 
to  a  powder, is placed on tray s  in purifyin g vessels in the same 
w a y  as oxide of iron. W hen brou gh t into con tact with carbon 
bisulfide the soda cellulose is changed into cellulose xanthogenate 
or viscose, the ra w  m aterial from  w hich are obtained cellulose 
h yd rate  and the form yl-cellulose used in the manufacture of 
non-inflam m able celluloid. In  th e experim ental plant ten tons 
of the soda cellulose m aterial, know n as " A th ion ,”  absorbed 
1.25 tons o f carbon bisulfide so th a t w ith  gas containing 45 
grains per 100 cu. ft., ten tons w ould p u rify  over 35,000,000 
cu. ft. of gas, b u t th e cost of operation is not given.

Since it  is n ot the custom  in th e U n ited  States to remove 
carbon dioxide from  illum inating gas, the em ploym ent of this 
process w ould in volve th e installation o f additional apparatus 
for th a t purpose.

OXIDE OF IRON CATALYZER FOR DECOMPOSITION OF CARBON 

BISULFIDE

A  v e ry  prom ising process, which, however, has not yet been 
tried out on a  w orking scale, is based upon the fact th at at tem­
peratures above 100° F . m etallic iron acts as a catalyzer that 
brings about and accelerates the reaction between bisulfide 
of carbon and m oisture in illum inating gas. T h e fact that gas, 
free from  sulfureted hydrogen originally, contained this sub­
stance after having passed through a w rought iron service pipe 
which, because of running near a  steam  pipe, was heated to 
tem peratures vary in g  betw een 90° and 158° F. attracted the 
atten tion  of M r. J. G . T a p la y  and a  num ber of experiments 
m ade b y  him  showed th a t a t  a  tem perature of 158° F . the re­
action  betw een the bisulfide o f carbon and moisture with the 
form ation of sulfureted hydrogen took place quite rapidly, 
in gas traveling through a  w rou ght iron pipe, and also that 
as th e interior of the pipe becam e rusted the sulfureted hydrogen 
produced w as absorbed b y  th e oxide o f iron and did not show 
a t  th e o u tlet of the pipe.

A  French gas engineer, M . G uillet, observed the same action 
ta k in g  place inside a  gas holder and b y  experim ents determined 
th a t w hen gas containing bisulfide of carbon w as passed through 
ordinary oxide of iron pu rifyin g m aterial a t  temperatures above 
2 5  ° C . (720 F .)  25 per cen t o f the original content of carbon 
bisulfide w as rem oved. H e found io o °  C . (212 0 F.) to be the 
tem perature a t  w hich the change becam e interestingly rapid, 
while a t  a  tem perature of 130° C . (266° F .) more than 67 per 
cen t of the bisulfide of carbon originally  present w as converted 
into hydrogen sulfide and rem oved as the gas passed through 
the m aterial. T h e  percentage rem oved increased with the 
am ount originally present, the treated gas containing only from 
3.01 to  5.82 grains, while the original gas contained from 9  4 ’ 
to  24.42 grains of bisulfide o f carbon per 100 cu. ft.

S ince the efficiency of oxide of iron for the removal of sul­
fureted hydrogen is v ery  m uch increased b y  heating and it 
should not be difficult to  m aintain  the tem perature of the purifj 
ing m aterial a t  the com p aratively  low  tem perature of, sa>,

COi................C»H m.............Oi..................
C O ...............................
CH<.............................
H i ................................
N j (b y  d ifferen ce).

Illu m in atin g  pow er in E n glish  can d les. 
C alorific va lu e, B . t. u. per cu . f t ...........
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250° F. this process w ould seem  to  offer the sim plest and most 
inexpensive means of rem oving from  illum inating gas the larger 
portion of the bisulfide of carbon w hich it still contains after the 
treatment ordinarily given to  it  in gas works, whenever the 
amount of this im pu rity  present is sufficiently large to m ake it 
important th at it  should be reduced.

84 W il l ia m  S t r e e t , N e w  Y o r k

C H E M IST R Y  AW IM P O R T A N T  F A C T O R  IN  T H E  F E R ­
T IL IZ E R  IN D U S T R Y 1

B y  J .  E .  B r e c k e n r id c b

Not so m any years ago the fertilizer m anufacturer looked upon 
the chemist as a  non-producing som ething, w hich was a  necessary 
evil. Friction continually existed betw een superintendent and 
chemist, the superintendent being sure th a t m aterials were 
batched, on correct w eights and th a t the chem ist w as wrong if 
the analyses did n ot com e up to the guarantee. In  one factory 
where a man inspected th e cars of tan kage as th ey  were received 
and classed them  b y  looks, as 8, 9 or 10 per cent goods, the super­
intendent said th a t this m an could guess nearer than the chem ist 
could test. Such conditions w ere n ot unusual in factory m anage­
ment. Rock, acid, potash salts and am m oniates were all com ­
bined wet, and it  w as n ot unusual to h ave  to  allow 10 per cent 
excess for potash, because it  w ould n ot show as water-soluble 
in the final product. N o  account w as tak en  of the actual chem ­
ical action when phosphate rock containing iron, alumina, silica 
and fluorine w as m ixed w ith  sulfuric acid and potash salts added.

Conditions a t  th e present tim e are entirely changed. Suc­
cessful m anufacturers insist th a t superintendent and chem ist 
work together, and th a t all chem ical action influencing the anal­
ysis of mixed fertilizers be carefully  w atched so th at there shall 
be the greatest efficiency of th e m aterials used. T h e  super­
intendent should be  held responsible for the pounds received of 
phosphoric acid, potash in term s of K 20 , and nitrogen, and unless 
conditions affecting the loss of availab le  phosphoric acid, water- 
soluble potash and nitrogen are understood, th e greatest efficiency 
will not be realized.

The m anufacture of acid phosphate is one of the oldest pro­
cesses now in use in the industry. N o t  long ago, w e w ere satis­
fied with 16 per cent availab le  phosphoric acid from  66 per cent 
calcium phosphate F lorida  rock. N o w  w e are n ot satisfied 
unless we get 17 to  17.5 per cen t availab le  from  the same grade 
of rock. Then it  w as unheard of to  obtain  16 per cent available 
phosphoric acid from  62 to  63 per cen t calcium  phosphate 
Charleston rock; now this is possible. Such results are entirely 
due to taking advan tage of every  possible condition which affects 
chemical reaction, such as fineness of rock, strength of acid, tim e 
of mixing and m anipulation of acid phosphate from dens to 
storage.

The possibilities of phosphoric acid com pounds from  phos­
phate rock and sulfuric acid h ave  h ard ly  been considered, due 
largely to the presence of arsenic. T h is condition no longer 
exists, as it is possible to  reduce the arsenic content in phos­

phoric acid m ade from phosphate rock and sulfuric acid to  a  
percentage th a t w ill pass the pure food standard. Hence, 
chem istry aids the fertilizer industry b y  producing the phos­
phoric acid n ot only for the soil, b u t for general phosphoric 
acid compounds. Again, electrochem istry offers, to  the fertilizer 
industry, possibilities of securing v ery  high tem peratures and 
thus rendering available the phosphoric acid in refractory m in­
erals. Fluorine com pounds are now being m ade from  the flue 
gases from  acid phosphate m anufacture, w hich has been made 
possible only b y  taking advan tage of chem ical reaction.

Chem istry has m ade rapid strides for the benefit o f the in­
dustry from  the nitrogen standpoint. W e 110 longer h ave  to 
re ly  011 anim al, mineral and vegetable am m oniates, since n itro­
gen recovered from the air helps to  increase the supply and thus 
regulate prices. C hem istry has increased the nitrogen supply 
available for soil b y  giv in g us th e conditions necessary for ren­
dering inert nitrogen available, thus allow ing us to  use m any 
w aste m aterials.

N atu re has accom plished m ost for the industry in regard 
to  potash, for the natural deposits seem to  outclass anyth in g 
th at has been done in giving us supply of this element. Possi­
bilities of feldspar and alunite potash are still in the distance, 
as well as th e recovery of beet sugar molasses potash b y  passing 
the molasses over zeolites, w hen the potash is said to  be held 
so th at it  can be  recovered from  the zeolite.

C hem istry again gives promise of potash from  kelp, where 
the actual cost of the potash m ay be reduced b y  the income from  
by-products. C em ent furnaces also are being investigated, 
where it  m ay be possible to  volatilize  and recover the potash 
contained in the raw  m aterials.

C hem istry has an im portant place in the fertilizer industry 
in relation to  the conditions w hich affect drilling of fertilizers. 
I f  the m aterials a t hand were a lw ays the sam e as to  chem ical 
composition, little  trouble w ould be experienced in m ixing them . 
B u t  there are so m an y vary in g  m aterials, and so m an y v a ry ­
ing compositions, th at unless foresight is used as to  the chem ­
ical reactions possible where m aterials arc mixed, serious trouble 
w ill result.

C hem istry again aids the' fertilizer industry in chem ical engi­
neering problems th a t are com m on to pow er plants.

C hem istry is the basis of all com m ercial values in th e fertilizer 
industry^. W here w e consider th at profits m ay be easily tin n ed  
to  losses b y  incorrect chem ical work, it  m ust be realized th a t the 
fertilizer m anufacturers m ust h ave  able and com petent chem ists 
to  do their work.

T here is m uch w ork ahead in the fertilizer industry. Unless 
every  effort is used to  develop reliable m ethods for chem ical 
analysis, and research w ork is carried on to  increase th e supply 
of fertilizer m aterials, and unless chem ical conditions affecting 
fertilizer m anufacture are carefully  studied to  the end th a t great­
est efficiency be  gained, th e chem ist w ill n ot h ave  done his p art 
in the developm ent of this industry.

C a r t e r e t , N b w  J e r s e y

OBITUARIES
H E R M A N  F R A S C H

With deep regret w e record the death of M r. H erm an Frasch, 
the distinguished chem ical engineer, w hich occurred in Paris, 
on M ay 1, i 9I4 .

^Ir. Frasch w as born in G aildorf, in W urtem berg, in 1852, 
and received his early  education as an  ap oth ecary  in G erm any. 
In 1868, he cam e to  A m erica and w as, for a  tim e, in charge of the 
aboratory of Professor M aisch  o f th e Philadelphia C ollege of 
hannacy. B ein g p articu larly  interested in Industrial Chem -

1 Chairman’s address, F ertilizer C h em istry  D iv is ion , 49th  M e e t in g  
• c - s., Cincinnati, A pril 6 -1 0 , 1914.

istry, he established a^laboratory in Philadelphia, in 1874, in 
■which he began a  series of investigations w hich led to  som e of 
the m ost brilliant achievem ents in the field of chem ical engineer­

ing.
H is first invention w as a process for refining paraffin w ax in 

1876. T h is process w as a  great success and w as followed b y  
his invention of a process for the refining of th e sulfur oils of 
the C anadian, Ohio, and Illinois fields. Previous to  this in ­
vention, these inferior oils had a  v ery  low  m arket value and were 
lim ited to  use as fuel oils. In  1885, he organized th e Em pire 
Oil C om pany and established a  sm all refinery a t  London, O n­
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tario, for the purpose of developing his desulfurizing process'on 
the C anadian  oils. A s a  result of this w ork, the m ethods of 
refining sulfur oils w ere revolutionized, and plants for w orking 
these oils w ere established a t  C leveland, W hitin g and other 
centers.

A n oth er w onderful invention  was his process for extracting 
sulfur from  the great Louisiana deposit. T h a t this deposit 
existed, covered b y  a  layer of quicksand over five hundred feet 
th ick, had been know n since 1865. C om pan y a fter com pany 
was organized to  develop these sulfur mines b u t w ithout success 
until M r. Frasch purchased the property in 1891, and attacked  
the problem  from  an  entirely new standpoint. Instead of 

■ attem p ting to  sink a  sh aft and mine after the custom ary practice, 
he drove wells through 
the sand and inserted a 
series of iron tubes so 
arranged th a t he w as 
able to  fuse the sulfur in 
place b y  forcing down 
superheated w ater under 
h i g h  p r e s s u r e .  T h e  
m olten sulfur w as per­
m itted  to  flow  to  the sur­
face through return  pipes 
where it  w as run into 
large bins and solidified 
in  c o m m e r c i a l  fo rm .
T h is enterprise has been 
in successful operation 
ever since and -supplies 
all the sulfur required 
for the U nited States 
m arket w ith  some excess 
for exportation.

I  do not, on this 
occasion, go into details 
w ith  regard to  the other 
rem arkable inventions of 
M r. Frasch, for the 
reason th at in Decem ber,
1 9 1 1 ,  t h e  a s s o c i a t e d  
chem ical societies of 
A m erica conferred upon 
him the P erkin  G old 
M edal w hich is aw arded 
a n n u a l l y  f o r  distin­
guished service in the 
field o f applied chem ­
istry, and th e proceed­
ings on th a t occasion 
were printed in full in 
T h i s  J o u r n a l ,  in the 
issue of F ebru ary, 1912, 
page 131, and included 
the address o f accep­
tance b y  M r. Frasch. in 
w h ich  he gives some details of his m ost interesting career.

M r. Frasch w as a m em ber of T h e Am erican C hem ical Society, 
T h e Society  of C hem ical Industry, T h e  A m erican  In stitu te  of 
C hem ical Engineers, T h e A m erican In stitu te  of M in ing Engineers, 
T h e  A m erican Electrochem ical Society, T h e  V erein  D eutscher 
Chem iker, and T h e C hem ists’ C lub, N ew  Y o rk  C ity .

C . F .  C h a n d l e r

RESOLUTIONS PASSED BY CHEMICAL SOCIETIES

A t  a  m eeting o f the officers of the undersigned chem ical 
organizations, held on the n t h  d a y  of M a y , 1914, the follow ing 
resolutions w ere adopted:

T h e  m em bers of the chem ical profession as represented 
b y  the officers of the chem ical and allied societies, have 
received, w ith  profound sorrow, the sad tidings of the demise 
of their distinguished colleague and fellow member, M r. Herman 
Frasch.

H is life, his energies and his w ide knowledge were given 
freely and unselfishly to the developm ent of the chemical in­
dustry. A s a creator o f new branches of applied chemistry 
his nam e is am ong the m ost illustrious, and in the history of 
technical accom plishm ent his w ork stands out as an inspira­
tion to  all com ing generations.

M uch  as w e honor his m em ory as a  chem ist, he has no less 
endeared him self to  us as a m an, as a  wise counsellor and as

a  friend. Notwithstand­
ing the stress of au 
extraordinarily a c t iv e  
life, he preserved within 
his heart a  great kindli­
ness and consideration 
tow ards others and an 
ever ready sym pathy in 
t h e i r  e f f o r t s  and 
struggles.

Resolved, th at these 
resolutions be spread 
upon the minutes of 
the undersigned societies 
and th a t they be en­
grossed and copies pre­
sented to his widow and 
his daughter, to whom 
w e extend our deepest 
sym p athy in their be­
reavem ent.

T ins C h e m is t s ’ C lub

N b w  Y o r k  S ection

Am e r ic a n  C h e m ic a l  So­
c ie t y

N e w  ~  Y o r k  S ection  
S o c ie t y  o f  C h e m ic a l  I n­
d u s t r y

A m e r ic a n  I n s t it u t e  of 
C h e m ic a l  E n c in e b r s  

N e w  Y o r k  S ection

V e r e i n  D e u t s c h e r  C h em ­
i k e r

N e w  Y o r k  S ection

A m e r ic a n  E l e c t r o c h e m i­

c a l  S o c ie t y

P e r k in  M e d a l  C om­

m i t t e e

P A U L  L . V. HEROULT
P aul L. V. Hèroult, 

the inventor, died at his 
hom e in Paris, 011 May 
13th. H e was born April 
10, 1863, a t Thury-Har- 

court, C alvados, France, the son of Patrice  and Elise Lepetit- 
D csau n ay  H èroult. H is fath er w as a  tanner in Paris and 
his grandfather a  leather broker in London. B oth branches 
of the fam ily  had com e originally  from  N orm andy. As a boy 
he w as educated in London, afterw ards entering the Lycée 
de Carn, C alvadox, France. H is education was completed 
a t the C ollege S ain te B arbe and the École des Mines in 
Paris.

M r. H èroult invented and patented, in Europe, in 18S6, a 
process for th e m anufacture of alum inum . T h e United States 
P a te n t Office records disclosed th e fa c t th at the same process 
had been invented in A m erica a t a b o u t the sam e time, by Charles
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M. Hall. A s a  result of the controversy, the European patents 
were granted to  H eroult and th e A m erican  patents to  Hall.

In 1887, M r. H eroult becam e the technical manager 
of the aluminum w orks a t  N eubrausen, Sw itzerland, and 
in 1890, was m ade director of th e French Alum inum  
Company.

He spent much of his tim e in chem ical engineering research, and 
in 1899, developed an electric furnace for the production of steel. 
He was connected, in the developm ent of this electric steel

furnace, w ith  T h e U nited S tates Steel Corporation, T h e  C rucible 
Steel C om pany of Am erica, H alcom b Steel C om pany, E lectro- 
M etals Com pany, the A ktiebolaget H èroults, E lektriska  Stal, 
Sweden, and E dgar A llen, T hom as F irth  and V ickers, all of 
Sheffield, England.

M r. H èroult w as a member of T h e C hem ists’ C lub, N ew  Y o rk , 
T h e  A m erican Electrochem ical Society, T h e  A m erican Society 
of M ining Engineers, T h e Société des Ingénieurs, Paris and 
T h e F arad ay  Society, London.

CURRENT INDUSTRIAL NEWS
B y  M . L . H A M L IN

A N E W  T Y P E  O F  A R T IF IC A L  F E R T IL IZ E R

In a paper read before the S ociety  of A rts of London by Pro­
fessor W . B. B ottom ly, a new typ e  of fertilizer was described, 
which, according to  Engineering (London), 97 (1914), 359. 
threatens serious com petition w ith  the products of the electric 
furnace. A fter giving an account of various previous attem pts 
to utilize for fertilizing purposes the power of certain bacteria 
found on the roots of some plants to  fix atm ospheric nitrogen, 
and showing how these attem pts had been unsuccessful, Pro­
fessor Bottom ly described experim ental work carried on a t the 
botanical laboratory of K in g ’s College, claim ing' th at it had 
been attended w ith  com plete success. I t  w as found th at suit­
ably treated peat formed a m ost excellent medium  for the growth 
of the bacterium, and soils m anured w ith  this peat have shown 
a marked enhancem ent of their fertility. B efore inoculating 
the peat w ith the bacterium  in question the raw peat has to 
undergo a prelim inary treatm ent b y  another bacterium , which 
was found to have the power of converting natural peat into a 
humated neutral medium. A ttem p ts to achieve the same end 
by neutralizing the hum ic acid of the peat b y  alkalies resulted 
in complete failure. T h e  p eat a fter inoculation w ith  the special 
bacterium is kept a t  constant tem perature for a week or ten days, 
after which period it  is sterilized b y  the action of live steam. 
It is then inoculated afresh w ith  a m ixture of azotobacler chro- 
ococcum and bacillus radiacola, and after a  few  days’ incubation ' 
at 26° C., is ready for use. T h e following table shows the effect 
of the treatm ent as proved b y  analysis. A nalyses of a garden 
soil and other m anures are also given for comparison:

Soluble Solub le T otal
h um ate n itrogen nitrogen

Per cen t Per cen t Per cent
Raw p eat............................................................  0 .0 2 8  0 .2 1 4  1.267
Bacterized peat.................................................  1 5 .1 9 4  2 .6 9 4  4 .3 1 0
Garden so il.........................................................  0.012 0.026 0 .4 2 7
Fresh soluble manure........................................  0 .4 3 3  0 .2 9 1  2 .5 3 3
Well-rotted stable manure................................  1 .4 6  0 .4 3 9  2 .8 4 8
One-year-old peat-moss litter manure  1 .0 5  0.826 2 .5 8 7

An important point is th a t the azotobacter continue to flourish 
after the peat has been added as m anure to  the soil to  be fertilized, 
thus fixing further nitrogen. In  a  series of com parative experi­
ments made on an exhausted soil the new m anure showed the 
following percentage of advan tage  over its com petitors:

Inoculated
peat A rtificials Farm  dung

C r o p Per cen t Per cent Per cent
P o ta to es ........... 75 41
T u rn ip s........... . 47 26
B e e t .................. . 54 43
O nions........... 110 46
C arrots.............. 20 28

With fertile soils the addition of a  v ery  litt le  of the treated peat 
stated to  give a  v ery  large increase in the rate of growth. 

This is believed to be due to  the presence in the peat of accessory 
ood bodies, for which a  special search is now being made.

A  N E W  C O A L  C A L O R IM E T E R

A n  interesting new coal calorim eter is th at recen tly  introduced 
b y  M acklow -Sm ith and described in Engineering (London), 

97 ( 1914), 385-
T h e calorim eter consists essentially of an  outer ja r  o f glass 

provided w ith  a reference line indicating the height to  which 
it is to be filled w ith w ater in m aking an  experim ent. From  
the edges of this ja r  a crucible support is slung b y  the spring 
clips shown in Fig. 1. A  piece of lam pwick, im pregnated w ith 
sodium or potassium  nitrate, is embedded in a  briquette  of the 
coal under test, and is ignited b y  a  m atch as indicated.

T h e glass bell, shown to th e right in F ig. 1, is n ext lowered 
over the crucible and clamped, against a rubber ring, b y  spring­
ing back the supporting clips into their w orking position, as 
indicated in F ig. 2. A  supply of oxygen is led from  the oxygen 
bottle through an autom atic reducing-valve and the flexible 
pipe to the inlet pipe T , which, as will be seen, is fitted w ith  an 
additional regulating-valve, D . T his oxygen causes the coal 
to  ignite, and the products of com bustion flow through the coil 
F , and escape through sm all holes near th e end of it, and finally 
pass up through the water. In  their journey these gases p art 
w ith  their heat, and a t  th e same tim e thoroughly stir the w ater 
up. A  series of readings of the therm om eter S  are taken  a t 
equal intervals of time, and plotted against a  tim e base, for de­
term ining the radiation correction. Sim ultaneous observations 
are, o f course, m ade of the room  tem perature. T h e  m axim um  
tem perature recorded on the p lot is noted, and the tem perature 
rise deduced from this is corrected, for th e loss of heat externally, 
b y  means of a table of coefficients supplied w ith  the instrum ent. 
T he w ater equivalent of the coil and bell and other com ponents 
of the calorim eter is also supplied b y  the makers, and as a con­
sequence the user has m erely to  fill the apparatus to  th e level 
engraved, and m ay then trea t the w hole as having a  constant 
specific heat, and obtain his results b y  m ultiplying a  constant 
(provided b y  the m akers) b y  the corrected tem perature rise, 
and then dividing this product b y  the w eight, in gram s, o f th e 
coal taken.
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W hile the briquette  form  is the m ost convenient in w hich to 
burn the coal, powdered coal m ay be and often is used. In 
actu al operation the circulation of the w ater in th e calorim eter 
is v ery  perfect and regular a t  all rates of com bustion, so th a t 
n o t on ly is the whole of th e apparatus raised to  the sam e tem pera­
ture w ith  certain ty, b u t the radiation is also v e ry  regular in 
character. T h e  am ount of radiation while the w ater is being 
circulated is v ery  different from th at under quiescent conditions.

E L E C T R IC  S M E L T IN G  O F  IR O N  A T  H A R D A N G E R , 
N O R W A Y

T h e hithertp unsatisfactory results of electric sm elting at 
H ardanger w ere discussed a t a recent m eeting of the P olytekn isk  
Forening of K ristian ia  b y  G u staf O dquist, Chcmiker-Zeitung, 38 
(1914), 294. T h e  reason for the failure lies in a  series of unfor­
tu n ate coincident circum stances, and not, according to  O dquist, 
in the typ e  of furnace used. These furnaces are, however, not 
adapted to  the use of coke for reduction, the electrodes being 
probably too large in diam eter, and an econom ic use of power 
is rendered impossible b y  the large variations in load w hich m ake 
it  necessary to  h ave  a t  com m and more th an  800 K .w. in excess 
of the average am ount of e lectricity  used. T h e  experience of 
the H ardanger w orks has show n th a t iron sm elting w ith  coke is 
possible, b u t n ot economical w ith th e system  used a t  present. 
A lth ou gh charcoal is considerably more expensive th an  coke, 
the H ardanger iron cost $3 to $4 m ore per m etric ton th an  Sw ed­
ish iron reduced w ith  charcoal.

In  th e discussion, the opinion w as expressed as the result of 
recent experim ents th a t b y  a  slight change in the construction 
of th e furnaces iron could be produced even  from low-grade ores, 
using coke as the reducing agent, th a t could com pete w ith  the 
Sw edish iron.

T H E  F L U X O G R A P H  F L O W  R E C O R D E R

A  m easuring instrum ent th a t promises to  be of valu e through 
a  w ide range of applications is the " F lu x o g ra p h ”  flow recorder, 
recen tly  p u t on the m arket and described in Engineering (Lon­
don), 97 (1914), 284. I t  is an appliance for the accurate m eas­
urem ent and registration of the flow of w ater or an y  liquid b y  
m eans of the V -sh ap ed  notch discharge m ethod, based on the 
form ula

Q =  cH 1/»

proposed b y  M r. Jam es Thom son, M .A ., D .Sc., L L .D ., F .R .S ., 
Professor of C iv il Engineering a t  Q ueen’s College, B elfast, 
and a t G lasgow  U n iversity. T h e  results of his investigations are 
given  in  the subjoined table, where:

H  =  the vertica l height in inches of th e still w ater level from 
th e vertex  of the notch.

Q =  the corresponding discharge over the notch in cubic feet 
per m inute, as found b y  experim ent.

c =  the valu e of the coefficient calculated from the form ula 
Q =  cH 5/*.

H Q c
7 3 9 .6 9 0 .3061
6 2 6 .8 7 0 .3 0 4 8
5 17 .07 0 .3 0 5 3
4 9 .8 1 9 0 .3 0 6 8
3 4 .7 8 0 0 .3 0 6 7
2 1 .7 4 8 0 .3 0 8 8

T h e figures contained in the above table g ive  th e average re­
sults for the series of experim ents m ade in the years i860 and 1S61. 
T h e  m ean of the six values of c is 0.3064, b u t from  a com parison 
o f his experim ents Professor Thom son finally  adopted 0.305 as 
th e coefficient, and g ives as his form ula for the right-angle n o tch :

Q =  0.305 H 5/’

T h e  tota l results of later observations proved how rem arkably

accurate D r. Thom son w as w hen he gave 0.305 for the average 
valu e of the coefficient c for heads ranging from 2 in. to 7 in.

In  the Fluxograph recorder is presented a  practical and com­
m ercial application of the results of this valuable research 
work. D evised w ith  th e ob ject of m eeting the demand for a re­
liable integrating or w eir m eter, a num ber of these instruments 
h ave  already been installed and successfully em ployed in various 
capacities. T h e  m achine, in addition to  registering permanently 
upon a  ruled chart the rate  of flow a t  a n y  m om ent in gallons per 
hour, also provides, b y  means of a pointer on a  figured open-scale 
dial, a  simple m ethod of reading off directly, w ithout calculation, 
th e am ount of w ater passing a t  a n y  instant. Figs. 1 and 2 will 
serve to  illustrate the m achine and m ake its action clear.

On referring to the engravings, it  will be seen that after en­
tering the right-hand com partm ent of the measuring-tank A, 
F ig . 2, th e w ater passes through baffling and diaphragm plates, 
and becom es tranquil before passing over the V -n o tch  C, shown in 
F ig. 1, w hich is a  transverse section through Fig. 2. A  large 
float, D , is situated  in a cylinder, B , to  w hich the w ater gains ac­
cess through a  grid, and in w hich the level is the same as in com­
p artm ent A . A ccording to  the variation  of th e water-level, so 
the float rises or falls, and it is this m ovem ent of rise and fall 
th a t actuates th e m echanism  of the recorder. A t  the point 
where the float-rod passes through th e bottom  of the instrument-

case a  vapor-seal and dust-excluder arrangem ent, F, is fixed to 
prevent the w orking parts from gettin g clogged or becoming 
affected b y  rust. S liding through a  frictionless roller-bearing, G, 
the float-rod carries a  flat com pensating-curve attachment, H. 
T h e  pen-carriage J, on w hich the pointer K  is also fixed, moves 
along silver-steel bearing bars I,, and is k ep t in roller contact with 
the face of the com pensating-curve H  b y  means of a counter­
w eight, M  (see F ig . 2).

I t  w ill be seen th a t the rise and fall of th e water causes the 
float D  to  m ake a corresponding m ovem ent, and the float ac­
cordingly operates the com pensating curve H, which ensures 
th a t the m ovem ent of the pen O and th e  pointer K  is directly 
proportional to  the am ount of w ater flowing over the weir. 
W hile the pointer K  m om entarily indicates upon an open-scale 
figured dial, P, th e rate  of flow in gallons per hour, the pen O makes 
a  perm anent record of th a t q u an tity  upon a chart, Q, surrounding 
the rotatin g drum  of a  clock device. W ith  the aid of a planimeter 
the total am ount passed can  be obtained from the area of the 
ch art record. T h e  actu al depth of w ater passing over the weir 
can be observed a t  a n y  m om ent, and the accuracy of the recorder 
can  be independently checked b y  means of a  vertical scale, R, 
m arked in inches, w hich is fixed on the measuring-tank A, in 
correct relation to  the zero pointer S  and bottom  of the V-notch 
C, as shown in  F ig. 2. Oftentim es it is im perative to be able to
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read off directly and qu ickly  the to ta l q u an tity  of w ater th at has 
flowed for a given period. A  sim ple form  of friction integrator, 
T, is described herewith.

A clock, not shown, affixed to the recorder case, drives a flat 
aluminium disc, V . K e p t in ligh t con tact against the disc is a 
small fiber wheel, W , connected to  the counter or integrator. 
The latter is attached to  the pen-carriage J, which is actuated by 
the movement of the float-rod com pensating curve H according 
to the rise and fall of the float, so the driving-wheel W  and the 
counter X  moves aw ay  from or tow ards the center of the disc V.

When no w ater is passing over the V -n o tch  C, the counter­
wheel W  remains station ary a t  the center of the disc, where, of 
course, no motion is transm itted. W hen th e w ater is flowing 
through the notch, the float D  rises, and, through the compen­
sating curve P, raises the apparatus and lowers the counter 
proportionately, not to  the rise of the float, b u t to  the volum e 
flowing through, so th a t the integrator is driven a t a  speed pro­
portional to the am ount passing over the weir. Figures showing 
the total quan tity  of flow  can be read off d irectly  from the coun- 
ter-dials Y .  T h e fac t th a t the driving of the counter is con­
tinuous and positive ensures th a t all liquid m ust be registered.

The Fluxograph flow-rccorder is well suited for the measuring 
and recording of w ater supplies, boiler-feed, air-pum p discharge, 
sewage or trade effluents, com pensating w ater from  reservoirs, 
and for oils, acids, and alkalies used in m anufacturing processes.

IN D U S T R IA L  A C C ID E N T S  IN  M A S S A C H U S E T T S

The Industrial A cciden t B oard of M assachusetts, a t  the end 
of its first year reports the to ta l num ber of non-fatal accidents 
in the state as 89,694, or abou t one for every  ten wage earners. 
The board believes th a t a t  least half of these can be prevented 
by improved inspection m ethods, b y  safeguarding machines 
before they leave the factory, b y  the m aintenance of safety 
museums, through lectures, m oving pictures, school ta lks and 
the elimination of danger spots in plants. T here were 474 
fatal accidents, classified as follows:

Railroad equ ip m en t......................... 119
Falls.......................................................  66
Vehicles................................................. 43
Hand labor..........................................  37
Elevators..............................................  33

•Electricity............................................  25
Street railw ays...................................  20
Boiler explosions and b u r n s   15
Excavating..........................................  14
Cranes.................................................. " \ \
Miscellaneous.....................................  11
Asphyxiation, drow ning, e t c . . . .  10
Annuals, insects, e tc ..................   9
Shafting, setscrews, e t c ..................  9
Falling m aterial.................................  8
Machinery peculiar to  special 

industries........................................  7

B elt in g ..................................................  6
Infection  from  trivial cuts,

burns, e t c ........................................ 5
S a w s ....................................................... 4
E xplosions (n ot b o ile r ).................  4
H o is ts ................................    4
I lln ess ....................................................  3
P resses................................................... 2
G ears.....................................................  2
E m ery w h ee ls .................................... 2
O ccupational d iseases .................... 2
G la ss ......................................................  1
W ood m old ers...................................  1
A ssau lt and figh tin g ....................... 1

T o t a l ....................................................  4 7 4

V A C U U M  T A R
Scientific American, A pr. 25, 1914, reports th at b y  distilling 

coal under a vacuum  of 15 mm. of m ercury, P icte t and B ouvier 
obtain a so-called “ vacuu m  ta r ,”  this appearing to be quite 
different from usual coal tar. Such ta r  contains no phenol 
or aromatic carbides, and w hen oxidized b y  perm anganate, the 
products are acids of th e fa tty  series. T h e  properties of this 
tar resemble those of Caucasus petroleum  which consists of 
hydro-aromatic carbides. These experim ents tend to confirm 
the hypotheses advanced b y  B erth clot and others as to the form a­
tion of the constituents of tar.

R EQ U IR EM EN TS O F G LA SS F O R  B O T T L IN G  M E D IC IN E

W  A. H am or in the American Druggist and- Pharmaceutical 
Record, 62 (1914), 29, states th a t owing to  the w ant of or negli­
gence in chemical control a t the factories, the glasses from which 
bottles are made often present wide divergences in composition, 
the principal variations being in con tent of silica, calcium  oxide

and magnesium oxide.1 T h e lim estone in use b y  m an y m anu­
facturers varies considerably in magnesium oxide and carbon 
dioxide content, and it has been ascertained2 th a t variations of 
calcium  oxide in the “ b a tc h ”  cause lack  of hom ogeneity. I t  
follows, therefore, from  these facts alone, th at not on ly should 
the m aterials entering into the batch  m ixture com ply w ith stan d­
ard specifications and accordingly be under analytical control, 
b u t also the composition of the “ b a tc h ”  itself should be based 
entirely thereon.

A  large num ber of cases of deterioration of chem ical products, 
due to  the alleged solubility of bottle  glass, have been noted b y  
various consumers. In  the case of non-actinic glass bottles, 
such alteration in composition m ay often be ascribed to  the fact 
th a t the glass yields sufficient alkali to cause contam ination or 
decomposition; b u t in the case of colorless glass bottles the cause 
of any deterioration is more dubitable, providing the product 
contained therein is subject to photolytic action. C ertain  it 
is, however, th at m edicinal preparations, like reagents, should 
be k ep t only in bottles m ade of high-grade glass, and th at more 
consideration should be given to the fact th a t n ot on ly is am ber 
glass non-actinic, thereby screening out ligh t rays occasioning 
decomposition, b u t it is also usually much less soluble than color­
less glass.

A  num ber of preparations affected b y  ligh t (for instance, com ­
pound glycerophosphates) are supplied b y  some m anufacturers 
in colorless glass bottles; whereas others (for exam ple, codlivcr 
oil) affected b y  even slight am ounts of alkaline m atter from  glass, 
occasionally present indications th at the glass bottles in which 
th ey are supplied arc soluble.

A  question of im portance in the trade is: W ith  w h at condi­
tions should the glass of medicine bottles com ply? L en z3 
has proposed th at if the bottle is half filled w ith distilled w ater 
and then heated in boiling w ater for six hours, w ith  frequent 
shaking, the am ount of alkaline m atter extracted should not 
excced 1.5, or, a t  the most, 2.5 mg. per sq. dm .; while Moeller* 
considers th at medicine bottles should not yield  a n y  alkali to 
w ater heated in them  for three hours.

Glass sufficiently pure for medicine bottles should not, in 
the w riter’s opinion, lose more than six mg. o f alkali per square 
dm. and should n ot show' pronounced cracks w hen k ep t for 
tw enty-four hours in boiling distilled water. I t  is sufficient 
to specify, however, th at all bottles intended for m edicinal pur­
poses should show no alkaline reaction when filled w ith  distilled 
w ater containing several drops of phenolphthalein solution 
and heated a t io o °  C . for six hours. T h is requirem ent is simple, 
y e t experience has dem onstrated its efficacy in practice.

In  this connection reference m ay be m ade to  the shape of 
bottles intended as containers for poisons. I t  has been proposed 
th at these should be hexagonal. A  m ost striking form  is tr i­
angular. A  bottle  of this shape, m ade of dark red glass, would 
fill an obvious need.

M E T H O D  O F S C U R F IN G  G AS R E T O R T S

The Journal of Gas Lighting and Water Supply, 125 (1914), 
295, describes a  m ethod of scurfing retorts presented in a  com ­
m unication b y  M . Schm idt to  the B elgian  G as Association. 
T h e appliance used is a “ C e n tra to r”  blower, actu ated b y  a 
2 H . P. gas-engine. I t  m akes from  3600 to  3900 revolutions 
per minute, and in this period delivers 700 cubic feet of air a t 
a  pressure of abou t 6 inches of w'ater. T h e  blow er is worked 
b y  means of encased steel rollers, which h ave to  be kep t well 
lubricated; these rollers are replaceable. T h e  engine and blower 
com bined occupy b u t little  space. T h e  carriage measures 
only 4 ft. b y  3 ft., and it  can  be easily  m oved. T h e engine cylinder 
is cooled b y  w ater conveyed b y  a  flexible tube. W hen a retort

1 F or a general d iscussion  o f th e Gians B ottle  In d u stry  in th e  U nited  
S tates, see H am or, T h i s  J o u r n a l , 5  (1 9 1 3 ), 9 5 1 .

2 See Trans. A m . Ceram . Soc., 15, 706.
* P harm . J . ,  91j p. 531.
< Ibid .
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has to be scurfed, the machine is drawn up near the setting, and 
a pipe of galvanized or ordinary iron is fixed from the outlet 
of the blower and run into the retort to about half its length. 
The engine is then started, and the removal of the scurf at once 
begins. About two hours only are required to dear a retort.

Taking the case of gas-works having ten settings of nine
io-feet retorts, M. Schmidt gave the total annual cost of scurfing 
reckoning twelve operations in a year, as $266. Notwithstand­
ing that the greater part of the graphite is burnt, an appreciable 
quantity is saved, the disposal of which helps to cover the cost 
of maintenance and the sinking-fund charges. Compared with 
similar works in which the old method is used, M. Schmidt 
gave the total annual expense for dealing with ten settings as 
$608. From this there would have to be deducted the return 
from the sale of the graphite. From 10,000 to 12,000 kilos of 
this would be produced, worth $120, which would bring down 
the cost to $488. The other method, therefore, shows a saving 
of about $222. The great advantage of forced injection of air 
is that the works are able to produce more gas, owing to the fact 
that the retorts can be charged more rapidly, thereby ensuring 
economy of labor and heating. Indeed, the productive capacity 
of the works is increased by about 3.5 per ccnt.

IN D U S T R IA L  C O N D IT IO N S  IN  F R A N C E

Engineering (London), 97 (1914), 486, quotes the Monilcur 
Industricl to the effect that metallurgical and engineering works 
in the North of France, taken generally, did less business in 1913 
than in 1912. In regard to mechanical industry, attention is 
called to the most active competition experienced 011 the part 
of Germany, Belgium, and the United States, which countries, 
notwithstanding high customs duties, succeed in selling their 
material at lower prices than the French products. Attention 
is also callcd to the insufficiency of the customs duty on certain 
classes of French manufactured articles, in the price of which 
the cost of labor forms the heaviest constituent. Complaints 
are raised in the article by the Moniteur concerning the orders 
placed abroad by the French railway companies; no organization, 
it says, which owns any concession in France should be allowed 
to give orders to neighboring countries unless it be ascertained 
beforehand as an absolute fact that French works cannot de­
liver them in the time stipulated. Loans made by foreign coun­
tries in France should carry with them stipulations to the effect 
that the material and machinery required by the said foreign 
countries should be ordered from French works.

E L E C T R IC  T E S T IN G  B U R E A U S  IN  G E R M A N Y

Besides the Physikalisch-Technische Reichsanstalt in Char­
lottenburg which undertakes investigations and tests of the 
most various kinds, there are seven testing stations which are 
officially recognized as independent and impartial public labora­
tories for electrotechnological investigations (Zeilschr. d. Ver. 
deutsch. Ing., 58 (1914), 559). These stations, at Ilmenau, 
Hamburg, Munich, Nuremberg, Chemnitz, Frankfort-on-Main, 
and Bremen, have been organized as a corporation with a main 
office at the laboratory in Nuremberg.

S T E A M  R A IS IN G  B Y  G A S  C O K E

The Journal of Gas Lighting and Water Supply has recently 
been devoting a good deal of space to the question of the ad­
vantages of gas coke for steam raising. E. W. L. Nicol dis­
cussing this subject in 125 (1914), 567, gives some comparative 
data, and reviews the present situation.

Raw bituminous coal is being used almost exclusively in 
England for steam raising, notwithstanding the enormous cost 
and inefficiency of distillation in an ordinary' boiler fur­
nace, and comparatively few engineers in charge of boiler 
plants have any first-hand knowledge or experience of coke fuel

for steam raising. An average of many analyses of ordinary 
bituminous steam coal (said to have been washed) shows the 
following:

V olatile  Calorific
M oisture F ixed  carbon m atter A sh value (dry)
Per cen t Per cen t Per cen t Per ccn t B . t. u. per lb.

10 4 5 .6  32 1 2 .4  12,500

When consumed in a boiler furnace for steam-raising, if any 
degree of efficiency is to be attained, the coal must be heated 
until the volatile gases arc distilled off. This process absorbs 
about 10 per cent of the total heat in the coal. The distilled 
gases must then be liberally diluted with air, to burn them without 
excessive smoke production. This excess air must, of course, 
be heated to the furnace temperature, and is mostly rejected 
to the chimney as waste heat. As the diluted gas is ignited, 
it should be allowed to burn in a large brick-lined combustion 
chamber before coming in contact with the comparatively cool 
heating surfaces of the boiler, and the supply of air should be 
gradually diminished as the distillation process is completed. 
Meanwhile the solid residue or coke (which is smokeless, and 
requires about half the amount of air necessary' for the complete 
combustion of the gas, to bum it under the best conditions) 
remaining on the fire-bars must be consumed in the same fumace 
at the same time. So it is evident when too much or too little 
air is being admitted to the furnace, whether the stoking be 
intermittent or continuous.

Gas coke is practically a simple mixture of carbon and ash, 
with little or no smoke-producing volatile matter. Uniform 
in quality and composition within fairly narrow limits, it requires 
no expert attention to obtain the most economical results during 
combustion, and the air supply to the furnace may be prede­
termined and fixed at the maximum desirable—-the only adjust­
ment left to the varying skill of the stoker being the fire thickness 
or density— one which cannot easily be neglected or abused.

Eminent authorities on the subject are agreed that the higher 
the volatile contents of a fuel, the more it is liable to smoke. 
The percentage of volatile matter in steam-raising fuel is in 
reality a measure of the difficulty of burning it under boilers 
with perfect combustion. Conversely, the lower the percentage 
of volatile matter, the greater the simplicity and efficiency 
of combustion. Low'-volatile natural fuels are high-priced. 
They are known as anthracites and semi-antliracitcs; but the _ 
volatile contents of any solid fuel, as fired, may be adjusted to 
the most advantageous proportions by adding carbon in the form 
of coke.

The volatile contents of the coal detailed above might, with 
advantage, be adjusted by mixing with equal parts of coke as 
follows:

Carbon V olatiles Calorific value
Per c e n t Per cen t B. t. u. per lb.

C o a l..................................................  4 5 .6  3 2 .0  12,500
C o k e ................................................. 8 8 .0  2 .5  ■ 13,000

1 3 3 .6  3 4 .5  25,500
M ix tu r e ........................................... 6 6 .8  1 7 .2  12,750

Typical South Wales anthracite analyses:
A pproxim ate  

B. t. u . per 1 d. (S0.02)
C arbon V olatiles  of cost, a t , say , 25 s.
Per cen t Per cen t ($6.25) per ton

93 3 108,750

Good quality gas coke analyses:
Approxim ate

B . t. u . per 1 d. (S0.02)
Carbon V olatiles of cost, at, say, 19 s.

P er cen t Per cen t ($4.75) per ton
88 2 .5  130,000

In using so-called smokeless coal at comparatively high price: 
when gas coke is available at reasonable cost, steam users may 
not, therefore, be operating their plant to the best advantage.

All bituminous fuels, when fired under boilers, require very 
careful management, and large brick-lined combustion chambers 
must be provided if they are to be consumed without excessive
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smoke or loss due to  the escape of unburnt hydrocarbon gases.
Gas coke is smokeless, contains 110 hydrocarbons, and does not 

require any com bustion cham ber. I t  m ay, w ith  advantage, be 
consumed in con tact w ith  the boiler-tubes and heating surfaces. 
Where gas coke is used, the com bustion process is m uch easier 
to control, and the risk of loss in th e form  of unburned carbon 
(black smoke) and hydrocarbon gas is avoided.

All bitum inous coals contain  sulfur. On heating a boiler- 
furnace, the volatile  sulfur is liberated and burnt to form SO2 
which m ay cause serious dam age b y  a ttack in g  the m etal and 
furnace brickwork. In  coke-fired w ater-tube boilers, tube 
failures, due to  this cause, are com p aratively  infrequent, for 
the carbonizing process necessary to  produce coke eliminates, to 
a great extent, this objectionable elem ent.

Besides these d ata  of M r. N icol, the journal presents (same 
volume, p. 363) the following figures, published b y  S. T agg  in 
the Bulletin of the British Commercial Gas Association:

P o u n d s  o p  W a t e r  E v a p o r a t e d  a t  100  L b s . P r e s s u r e  P e r  P o u n d  o p  
F u e l

Coke screenings through 3/V in eh  d iam eter perforation s  5 .0
Large screened c o k e   ................................................................................  6 .7
Best Arley rough s lack ...............................................................................  7 .5

A  M E R C U R Y  E N G IN E

A paper read before the A m erican  Institu te of E lectrical 
Engineers b y  M r. W . L . R . E m m et is reported in Engineering 
(London), 97 (1914), 498. In  it  is described some highly in­
teresting experim ental w ork u ndertaken to ascertain the feasi­
bility of em ploying m ercury as the w orking agent of a heat- 
engine. M ercu ry boils a t  677° F . a t atm ospheric temperature, 
and condenses under a  28-in. vacuu m  a t  455 0 F . T he proposal 
is to use the m ercury vap o r in a  turbine, using the exhaust to 
generate steam  in a contrivance which is a t once a condenser 
for the m ercury and a  boiler for the steam ; the steam  thus pro­
duced is to be utilized in a steam  turbine. T h e physical properties 
of mercury render it, in some regards, v ery  well adapted for use 
as the working agent in a  turbine. Its  high tem perature is 
associated w ith  a  v ery  m oderate pressure. I t  is perfectly clean 
in use, so th at its boiler w ill never require cleaning, and it ap­
pears from M r. E m m et’s experim ents th at, as it does not w et 
the blades through w hich it  passes in the turbine, it has no ten­
dency to erode them . Its  high density m akes possible a very  
moderate blade speed and a  sim ple design of turbine. Some 
data as to the physical constants of m ercury are quoted b y  M r. 
Emmet as fo llo w :

Specific h eat of liquid  m ercury...............................  =  0 .0 3 7 3
Specific h eat of gaseous m ercu ry ...........................  =  0 .0 2 4 8
L atent h eat a t  25 lbs. a b so lu te ..............................  = 1 1 7  B . t. u.
L atent h eat a t 15 lbs. a b so lu te ..............................  = 1 1 8  B . t. u.
L atent h ea t a t  28 in . v a cu u m .................................  =  121 B . t. u.
L atent h eat a t  29 in . v a cu u m .................................  =  121.5 ‘B . t. u.

The disadvantages of th e m ercury are its cost, w hich is about 
$0.67 a pound, and its poisonous character if it  escapes. There 
are, moreover, M r. E m m et states, certain  difficulties in confining 
both the vapor and th e liquid, b u t these are not serious. A s 
for the question of cost, the experim ents m ade have led M r. 
Emmet to th ink th a t not more th an  $10 w orth  of m ercury would 
be needed per k ilo w att of output, and this is a higher and not a 
lower limit. A  tandem  m crcury-steam  p lant would, he claims, 
show, a gain of 44 per cent on the ou tp u t per pound of fuel burnt. 
A boiler of considerable size is now under construction in order 
to investigate the m atter further.

A E U R O P E A N  V IE W  O F  T H E  M O N R O E  D O C T R IN E

The part played b y  the U n ited S tates in the industrial situa­
tion in South Am erica is the su bject of an article b y  L . W . 
Schmidt in Technik und. Wirtschaft, 7 (1914), 174- T he author 
shows how the M onroe doctrine, as originally applied to the ques­
tion of territorial holdings, although surrounded b y  a  nebula 
of uncertainty and never officially recognized b y  European na­

tions, w as nevertheless a  pow erful influence in international 
relations. N ow  it seems to  be the intention of the U nited S tates 
to ap p ly  the doctrine to  the field of com m erce and industry, 
an intention proved, says th e author, b y  Lord M u rra y ’s recent 
failure to  obtain  concessions in Ecuador, C olom bia and C osta  
R ica. T his application of the doctrine w as backed b y  popular 
opinion which had been worked up to  a fever h eat b y  the canal 
tolls question and so w as in a  condition to  sw allow whole the 
rum or of a  second isthm ian canal projected b y  the Pearson in ­
terests which w as so diligently exploited b y  the yellow' press.

N atu rally , the expansion of the M onroe D octrine in ,this 
direction aroused the m istrust of Europe, p articu larly  since 
Europe, being the largest investor in South A m erican develop­
ment, has had the biggest share in her trade. W hile, however, 
the exports of the U nited States were com paratively sm all 
a t  the end of the last century, th ey  have since then increased 
enorm ously; exports to  C entral A m erica and the W est Indies 
have risen from  $100,000,000 to $180,000,000 and those to South 
Am erica from  $38,000,000 to $132,000,000. T h e following 
table gives d ata  for the years 1902, 1906, 1909 and 1912:

U n it e d  S t a t e s  E x p o r t s  t o  C e n t iSa i,  a n d  S o u t h  A m e r ic a

1902 1906 1909 1912
B ritish  H onduras. . . ? 8 , 125 ,000  S 1 , 1 6 0 ,000  S 1 , 1 3 5 ,000  S 1 , 5 4 2 ,5 0 0
C osta  R ica ...............  14 ,7 6 2 ,5 0 0  2 .4 5 5 ,0 0 0  2 ,4 2 2 ,5 0 0  3 ,8 3 0 ,0 0 0
G u atem ala ...............  17 ,6 5 0 ,0 0 0  3 ,0 7 2 ,5 0 0  1 , 7 9 2 ,5 0 0  2 ,6 4 5 ,0 0 0
H on d u ras.................. 10 ,3 3 2 ,5 0 0  1 , 7 1 2 ,5 0 0  1 ,5 7 5 ,0 0 0  2 ,5 8 5 ,0 0 0
N icaragu a ................. 14 , 26 7 ,5 0 0  1 ,9 6 7 ,5 0 0  1 ,4 2 2 ,5 0 0  2 ,6 1 2 ,5 0 0
P an am a ........................................ 13, 0 8 2 ,5 0 0  17 ,6 3 7 ,5 0 0  2 4 , 7 2 5 ,0 0 0
S alvad or...................  9 ,3 7 5 ,0 0 0  1 ,4 7 0 ,0 0 0  1 ,5 3 5 ,0 0 0  2 ,5 4 2 ,5 0 0
M ex ico ...................... 4 1 ,8 6 7 ,5 0 0  6 1 ,0 9 0 ,0 0 0  5 2 , 2 8 2 ,5 0 0  5 5 , 4 9 0 ,0 0 0
C u b a .........................  2 7 ,9 5 5 ,0 0 0  5 0 , 152 ,500  4 6 , 1 0 7 ,500  6 5 ,3 1 2 ,5 0 0
Argentine R epublic . 10 .2 9 2 ,5 0 0  3 4 ,3 0 7 ,5 0 0  3 5 ,3 9 7 ,5 0 0  55 , 8 1 5 ,0 0 0
B o liv ia ......................  9 2 ,5 0 0  155 ,000  8 8 7 ,5 0 0  1 ,0 4 0 ,0 0 0
B razil........................  10 ,9 1 0 ,0 0 0  15 ,2 5 7 ,5 0 0  1 8 ,4 0 5 ,0 0 0  3 6 ,4 1 2 ,5 0 0
C h ile .........................  3 ,9 0 0 ,0 0 0  9 , 100 ,000  5 , 76 5 ,0 0 0  1 6 ,2 6 7 ,5 0 0
C olom b ia .................. 1 0 ,4 4 7 ,5 0 0  3 ,6 6 5 ,0 0 0  3 ,8 6 2 ,5 0 0  6 ,0 3 7 ,5 0 0
E cu ad or .................... 1 ,5 3 5 ,0 0 0  2 , 110 ,000  1 ,9 4 2 .5 0 0  2 , 2 5 0 ,0 0 0
P aragu ay .................. 1 7 7 ,500  5 5 ,0 0 0  5 5 ,0 0 0  1 70 ,000
P eru ..........................  2 ,6 8 7 ,5 0 0  5 ,0 7 5 ,0 0 0  4 , 7 8 5 ,0 0 0  5 , 7 9 7 ,5 0 0
U ru gu ay ...................  1 ,6 6 5 ,0 0 0  3 ,0 5 2 ,5 0 0  3 , 5 2 7 ,5 0 0  7 ,2 2 5 ,0 0 0
V en ezu ela .................  2 ,9 3 2 ,5 0 0  3 ,4 2 0 ,0 0 0  2 , 6 9 5 ,0 0 0  4 ,9 4 0 ,0 0 0

T h e reason for this increase is largely the fac t th at the develop­
m ent of com m ercial influence has gone hand in hand w ith  the 
strengthening of intellectual influence. W here the rich young 
South Am erican form erly w en t to Paris to round ou t his educa­
tion, he now goes to N ew  Y o rk  or some other N orth  A m erican 
metropolis, and this indirect introduction of A m erican ideas 
and ideals has found a  more or less fertile soil in the unstable 
social and political conditions largely due to the m ixed character 
of the population— whites, m estizos and Indians. W hile 
Europe, b y  investing large sums to  develop natural resources, 
is expending her energy in  preparing a sound econom ic founda­
tion for the new race th at will develop in South A m erica, N orth  
Am erica has followed other and more idealistic aim s which m ay 
have a more lasting effect than the w ork of Europe.

Though the M onroe D octrine has never seriously been put 
to  the test, it  has, nevertheless, had a  real existence all this 
tim e, and has prevented any extended exercise of European 
influence in the southern continent. T h e U nited  States has 
gone a  step further, for in founding the Panam erican U nion 
she has prepared a  com m on ground for the interaction of comm on 
ideas and ideals which m ay, in tim e, aid in the form ation of a 
possible confederacy, and a t  present aids in  counteracting the 
great growth of European com m ercial influence. T h e  evolution 
of this hundred-year old policy explains w h y the U nited S tates 
has le ft no stone unturned to  prevent an influential European 
firm from obtaining land rights in Central Am erica, where the 
possibility of a second interoceanic canal existed.

T he history' of South A m erican comm erce shows th a t those 
countries which have been in a  position to  invest the largest 
sums in com m ercial developm ent have hitherto exercised th e  
greatest influence, b u t th at the U nited S tates is seeking her 
goal b y  other, perhaps more enduring, means and th a t she is 
looking ahead into a  more distant future. B u t  it  is certain  she 
cannot m aintain  her present rate  of progress unless she is willin g



512 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 6

to  p lay  her p art in th e econom ic and industrial developm ent of 
the con tin en t as w ell as in th e intellectual m ovem ent w hich is 
doing so m uch to  draw  the tw o A m ericas together.

REGULATIONS FOR ENFORCEM ENT OF SO-CALLED NET  
W EIGH T LAW

T h e regulations for the carrying out of the so-called N e t 
W eigh t L aw , which com pels m anufacturers to  m ake a  clear 
statem en t o f the w eight, volum e, or contents of their packages 
of food, w ere signed M a y  i i th  b y  the Secretaries of the T reasury, 
A griculture, and Com m erce. T h e  regulations as signed becom e 
effective a t  once, although the law, passed M arch  3, 1913, as 
an am endm ent to  the F ood and D ru gs A c t, defers the exacting 
o f penalties for violations until Septem ber 3, 1914.

T hese regulations a p p ly  to  foods shipped in in terstate  com m erce 
or sold in the D istrict of Colum bia or th e territories and, in 
general, require th a t th e m anufacturer of foods shall p lain ly m ark 
all packages, bo ttles or other containers holding more th an  2 
ounces avoirdupois, or more than  1 fluid ounce, to  show the net 
w eigh t or volum e of the contents. T h e  volum e of liquids m ust 
be  com puted a t  68° F . T h e  q u an tity  stated  on the container 
m ust represent the actu al q u an tity  of food exclusive of w rappings 
and container.

In  general, solids m u st be stated  in term s of w eigh t and liquids 
in term s of volum e, except th a t where there is a  definite trade 
custom  otherw ise a n y  m arking of the package in term s th a t are 
generally  understood to  express definite quantities w ill be per­
m itted..

T h e  regulations also perm it the statem ent of m inim um  volum e 
or w eigh t as "M in im u m  w eight, 12 ounces,”  “ M inim um  volum e,
1 gallon,”  " N o t  less th an  4 ounces.”  In  such cases the am ount 
stated  m ust approxim ate the actu al qu an tity . N o variations 
below the stated  m inim um  q u an tity  w ill be perm itted.

TOLERANCES

In  the packin g and bottling of m any foods, it  w ould be im ­
possible, or else add unnecessarily to  cost, for the m anufacturer 
to  place an absolutely  accurate statem en t of the am ount of the 
food in every  package, and for th is reason th e regulations perm it 
tolerances or variations in packages where the discrepancies are 
due exclusively  to  unavoidable errors in weighing, measuring, or 
counting w hich occur in packing conducted in com pliance w ith  
good com m ercial practice. T h is tolerance is allowed in order 
to  perm it the use o f w eighing and m easuring m achines which, 
like  hum an operators, can n ot w eigh or m easure every  package 
w ith  absolute accuracy. T h e  regulations, how ever, provide 
th a t a  run of such packages m ust show as m an y cases of over­
w eigh t and as m uch excess as it does cases of underw eight or 
undervolum e.

B ecause goods shipped from  one p art of th e cou n try  to  another 
lose in w eight b y  natural evaporation  due to  differences of a t­
m ospheric condition or tem perature, tolerances w ill be allowed 
for such changes. T h e  proper tolerances to be allowed will 
be determ ined on the facts in  each case, and it  is probable th at 
th e D ep artm ent w ill establish tolerances for evaporation  for 
various foods.

Packages containing 2 ounces avoirdupois or 1 fluid ounce of 
food, or less, are considered sm all, and are exem pted from  m ark­
ing in term s of w eigh t since providing accurate sm all bottles

and accurately  m easuring their contents in th e case of a number 
o f articles sold in sm all packages for 5 to  10 cents would be pro­
h ib itive  in cost to  the m anufacturers and would force them to raise 
th e  price for the p ackage or to  put less food in itfo rth e  same price.

RUSSIAN TRADE IN FERTILIZERS IN 1913

International unrest caused great u n certain ty  in the fertilizer 
m arket in R ussia during 1913, and the decreased demand em­
barrassed both  wholesalers and retailers. Instead of the previous 
y e arly  increase of 20 per cen t in the use of fertilizer, the consump­
tion  rem ained the sam e as in the previous year, and indeed, for 
som e kinds of fertilizer (e. g., saltpeter) it  decreased.

Chemie in its issue for M arch  28, 1914, gives the following data: 

R u s s i a n  F e r t i l i z e r  I m p o r t s  ( T o n s )
1912 1913

N atu ra l p h osp h ates .................................................. 5 2 ,1 2 8  58,878
B asic slag (T hom as m e a l) ....................................  2 0 2 ,5 1 8  202,968
S u p erp h osp h ates........................................................ 2 0 6 ,8 3 8  202,968
S tassfu rt s a lts .............................................................  9 1 ,2 9 6  84,582
P otassiu m  chloride and  su lfa te ..........................  6 ,6 4 2  3 ,744
C hile sa ltp e ter ............................................................  5 6 ,7 1 8  47 ,646
P otassiu m  n itrate and  n itr ite .............................  2 ,4 6 6  2 ,556

NATURAL GAS IN HUNGARY

U n til recen tly  little  cap ita l had been invested in natural gas 
in H u ngary, b u t th e beginning of large scale operations came 
when an  enorm ous gas su p p ly w as accidentally  discovered at a 
depth of 990 ft. in a search for potash a t  K issarm ds near Sarmds 
in  A p ril, 1909. T h e  gas which is nearly pure methane has 
k ep t up its  pressure since then a t  28-32 atmospheres, and the 
am ount delivered daily  in this region is estim ated at about 
6,000,000 cubic feet, Chem. Ztg., 38 (1914), 469.

T h e  nearest large cities w hich offer a  m arket for this gas for 
pow er and illum ination are K lausenburg and M aros Vasarhely 
abou t 62 miles a w ay; a  m uch larger undertaking than a line to 
these cities is how ever being considered, for a line to Budapest, 
250 m iles d istan t is projected. E v e n  w ith  this expensive over­
land line, w hich is to  be m odeled on the A m erican pattern, 
it is believed th a t natural gas can  offer keen com petition in the 
capital. T h e  fact th a t the gas wells are located in a country 
w ith  little  w ater m akes their local com m ercial utilization diffi­
cult, although a  sm all beginning in this direction has been made 
in ligh tin g the trains of th e state  railw ay.

In  M arch , a  45-inile pipe line, the longest in Europe, was 
opened from  Kiss&rm as to  T o rd a  and thence to  Marosujvar. 
T h e  pipes, of draw n steel, are from  20 to  45 feet long and 5 to 10 
inches in diam eter. T h e y  are joined w ith a  special rubber 
packing, are covered w ith  p itch  and cased in an asphalt-jute 
coating. T h e  cou n try  through w hich th e line is laid offered 
great difficulties— am ong others frequent land slides; the cost 
of the line w as in the neighborhood of $700,000.

T h e  " M c th a n a ”  E rdgas-Studiengesellschaft has been or­
ganized in B ud ap est to  stud y the chem ical possibilities of the 
situation, for in the gas cou n try  there are rich supplies of mineral 
products; the problem  of m anufacturing n itric acid from the air 
b y  the B ender process is also being studied.

In  the northw estern p art of H u ngary too, a supply of gas, 
accom panied here w ith  oil, w as discovered as recently as the end 
of 1913. T h e  first w ell is yielding 1 '/■> carloads of oil a day and 
abou t 17,000 cubic feet of gas (95 per cent m ethane) are given off 
hourly.

SCIENTIFIC SOCIETIES
INDUSTRIAL CHEM ISTS AND CHEMICAL ENGINEERS  

DIVISION— REPORT OF PROGRESS BY CO M M ITTEE  
ON QUALITY OF PLATINUM LABORATORY  

UTENSILS, APRIL 9, 19 14

■The Com m ittee on Q u ality  of P latin um  L abo rato ry  U ten ­
sils subm its the follow ing report of progress, the first of a form al

character since the prelim inary report published in Tins 
J o u r n a l , 3  (1 9 1 1 ) , 6 8 6 :

The committee itself has been unable to do more than to con­
tinue for a time the line of experimental work described in the 
report above referred to. The results are confirmatory in gen­
eral of those already reported and need not be set forth in de-
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tail here. T h e m ain reason for the long delay in securing data 
of sufficient im portance to  com m unicate form ally has been due 
to the difficulties encountered in devising suitable means for 
accurately determ ining the v o la tility  losses suffered b y  com ­
mercial ware when subjected to  the tem peratures ordinarily 
employed in laboratory operations. T hese difficulties have 
been, it is hoped, overcom e through the assistance of the H eat 
and M etallurgical D ivisions of th e B ureau of Standards, and it 
is expected, as opportunity perm its, to  accum ulate data  of value.

There is, however, another more serious difficulty arising from 
the fact th at the com m ittee has been unable to  obtain  reliable 
information on the com position of m uch of the ware which is 
at its disposition, either through loan or purchase. U ntil exact 
data of this kind are availab le  it  w ill be difficult, if not impossi­
ble, to determine all the causes of poor qu ality  in ware or to  ex­
plain certain differences observed in the behavior of ware from 
different sources. T h is inform ation, it is realized, is not to  
be had from the m akers, b u t can be gained on ly b y  carrying out 
an elaborate investigation  in volvin g th e preparation of pure 
metals and of some of their a lloys and also b y  the careful analysis 
of commercial ware. I t  is hoped th a t in tim e the B ureau of 
Standards m ay be able to  tak e  up such an investigation, which 
it is quite impossible for the com m ittee to  assume. T his D ivi­
sion, or better still the Society, could lend m ost valuable sup­
port to a project of this kind b y  urging upon the proper authori­
ties the great need for a  thorough stud y of the platinum  m etals 
and their alloys, a  stud y which w ill in volve the expenditure of a 
considerable sum  of m oney. T h e investigation  should not be 
restricted to a stu d y  of the subject from the point of view  of 
the chemist alone, b u t should be m ade com prehensive as to the 
physical constants and physical behavior of the m etals and 
alloys, so th at all users of the platinum  m etals m ight benefit.

In the meantime, however, D r. G . K . Burgess, of the Bureau 
of Standards, assisted b y  M r. P . D . Sale, has developed a  method 
for determining w ith  exactness and rap id ity  the total im purity 
in any platinum  alloy  in term s of iridium , w hich is the most 
common associate of platinum  in com m ercial ware. This 
method depends upon the m easurem ent of the electrom otive 
force of the a lloy against pure platinum  a t a  given tem pera­
ture. So far the m ethod has shown itself v ery  reliable for plat­
inum containing know n am ounts of iridium , and its applica­
tion will be extended, if suitable m aterials can be obtained, 
to other binary alloys of platinum  and its comm on associates. 
A t present it is n ot possible to  determ ine w h at other metal 
or metals m ay be alloyed w ith  platinum , but, as said above, 
their joint effect can be given in term s of iridium. T he deter­
mination takes b u t a  few  minutes. T h e  m ethod is printed in 
full in this issue (p. 452) in the form of a  paper b y  M essrs. B ur­
gess and Sale, w ith the results obtained on the various samples 
loaned to our com m ittee b y  A m erican m anufacturers of p lat­
inum ware, as well as upon articles of English, Germ an and 
French m ake and some purchased specimens of Am erican 
make.

Since this w ork is a  direct outcom e of the a ctiv ity  of our com ­
mittee, u;e feel th a t substantial progress lias been made, not­
withstanding th at w e have no experim ental data  of importance 
to present on our own im m ediate behalf, and we take this op­
portunity to express to  M essrs. Burgess and Sale and to the 
Director of the Bureau of S tandards our appreciation of their 
efforts to forward our work.

It was hoped that, after the publication of our first report, 
American m anufacturers would furnish to  purchasers commercial 
ware of decidedly better qu ality, as to  iron and perhaps other 
base metal content, th an  th ey  had been offering in recent years. 
This hope has proved illusory as to  some a t least of the ware 
now' sold, so far as we can jud ge from  specimens recently sub­
mitted for test a t the B ureau of Standards, on request of one of 
us.
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In  order th at more inform ation m ay be acquired as to  the 
q u ality  of ware sold from  now  on, the com m ittee asks pur­
chasers to  subm it to  it one or tw o specimens (particularly cruci­
bles) from each lo t of new and unused ware. T h e  com m ittee 
is authorized to  sa y  th a t these sam ples will be exam ined a t  the 
Bureau of Standards (for the present w ithout charge) in such 
manner as not to  injure the articles, and reports will be m ade 
to  the senders. T h e tests will be directed, so far as can now be 
foreseen, tow ard the detection of iron or other base m etal (as 
shown in part b y  the appearance of the surface of the ware after 
ignition) and to  the determ ination of the sum  of alloyed m etals 
in terms of iridium  b y  the therm oelectric m ethod above men­
tioned. T h e determ ination of loss on prolonged heating a t high 
tem peratures will not, for the present, figure in the tests. T h e  
B ureau will reserve the right to m ake such use of the results 
of its exam ination as it  m ay find desirable.

I t  is believed th at the adoption of this course b y  a sufficiently 
large num ber of users of platinum  utensils, during the n ext few 
years, will bring about speedy im provem ent in the q u ality  of 
comm ercial ware. If not, the com m ittee will probably m ake 
other recom m endations for the protection of the public.

W . F .  H i l l e b r a n d

E. T . A l l S n  
P e r c y  H .  W a l k e r

AMERICAN CHEMICAL SOCIETY— 49th MEETING, CIN­
CINNATI, APRIL 6 -IO , 1914  

FERTILIZER CHEMISTRY DIVISION REPORT

T he m eeting was called to  order b y  M r. J. E. Brcckcnridge, 
Chairm an. A fter the transaction of the usual routine business, 
the papers were presented as published in the official program .

A n  am endm ent to the by-law s w as adopted, m aking a general 
Com m ittee 011 Research and M ethods of A n alysis in place of 
the Com m ittees 011 N itrogen, Phosphoric A cid, Phosphate R ock 
and Potash.

T h e  m eeting w as very  well attended considering the conditions 
which would enforce the absence of a good m any of the members 
at this season of the year.

F. B . C a r p e n t e r ,  Secretary

R E P O R T  O F T H E  C O M M IT T E E  O N  F E R T IL IZ E R  L E G IS L A T IO N

T h e question of uniform fertilizer legislation having occupied 
the attention  of this division for some tim e, the following resolu­
tion adopted b y  the Association of Southern A gricu ltural W orkers 
at the annual m eeting in M ontgom ery, A la., Feb. 26th, will 
be of interest:

" W h e r e a s ,  the wide variation  in the requirements now ex­
isting in our Southern States for the branding of fertilizer p ack ­
ages are a  source of confusion to  purchasers, a  w'aste of tim e and 
liability  to  errors in inspection, and an unnecessary expense to 
m anufacturers,

" T h e r e f o r e ,  B E  i t  R e s o l v e d ,  th at this Association endorses 
uniform ity and sim plicity in branding, and urges the officials 
in charge of fertilizer control in our Southern States to  use their 
influence in securing such legislation as will bring about sim ­
p licity  and uniform ity in branding of com m ercial fertilizers.”

Y o u r com m ittee was represented at this m eeting and p artici­
pated in the discussion.

In  the m atter of new legislation there have been a few minor 
changes since the last report, b u t not of such a nature as to  m ate­
ria lly  affect either the m anufacturer or consumer.

F .  B. C a r p e n t e r ,  Chairman

R E P O R T  O F C O M M IT T E E  O N  P H O S P H O R IC  A C ID

T his Com m ittee has been asked to  prepare a r£sum6 of the 
work done since its organization, for the guidance of the C om m it­
tee on M ethods of A nalysis.

T h is Com m ittee first turned its attention  to  the determ ination

T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y
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of insoluble phosphoric acid, since it th ough t a  m ethod w hich 
w ould give more concordant results w as needed.

Since there are several factors which influence th e determ ina­
tion of insoluble, such as the n eu trality  of the am m onium  citrate, 
tim e required for filtering insoluble, etc., the best w a y  of a t­
tack in g  the problem  seemed to  be to  v a ry  one of the factors a t 
a tim e, keeping the others constant.

T h e  first question taken up w as the preparation of neutral 
am m onium  citrate. A  solution of citra te  w as prepared b y  one 
of the m embers of the Com m ittee and sent ou t w ith  the sam ples. 
T hose to w hom  sam ples were sent were asked to  prepare a  citrate  
solution and run sam ples w ith  the solution prepared b y  them  and 
also w ith  th at sent ou t b y  the Com m ittee.

T h e  results1 showed th at it  w as possible to prepare a  solution 
w hich would give results which were the sam e as those obtained 
b y  the Com m ittee citrate, b u t results from  different analysts 
show ed great variation  betw een them . One of the chief causes 
o f  this great variation  w as due to  the great difference in time 
required for filtration.

A n oth er set of sam ples w as prepared and together w ith  these 
sam ples w as sent a  standard sam ple on which the C om m ittee 
had determ ined the to ta l phosphoric acid.

T h e to ta l in standard sam ple ran about the same as the highest 
insoluble. T h e instructions which accom panied were the sam e 
as those sent out w ith  the previous lo t of samples, except th at 
th e m ethod of filtration was shortened b y  transferring the pre­
c ip itate  to  another filter in cases where filtration w as difficult. 
T h e  results2 showed some im provem ent in the case of goods 
difficult to  filter, b u t in the case of acid phosphate the variation  
betw een analysts w as the same.

T he results obtained on the last set of sam ples are som ewhat 
disappointing. T h e differences do n ot follow an y  rule, hence 
it  is difficult to  assign a n y  reason for the variation. T h e m ost 
probable cause of th e variation s is due to  the failure, on the part 
of the analyst, to  observe the details of the m ethod closely. 
A n alysts who have had considerable experience w ith  the m ethod 
th ink th a t m uch better results should be obtained where the 
details of the m ethod are closely observed.

J. Q . B u r t o n

C o m m it t e e
W . J .  J o n e s

J .  R .  P o w e l l

G. F a r n h a m ,  Chairman

R E P O R T  O F T H E  A N A L Y T IC A L  C O M M IT T E E — R U B B E R  
S E C T IO N  A M E R IC A N  C H E M IC A L  S O C IE T Y

[The following report was presented to the R u bber Section 
of the A . C. S. a t C incinnati oil A p ril 8, 1914, and the Section 
authorized its publication for th e purpose o f bringing the results 
obtained to the attention  of those interested in the w o rk  and in 
answer to  the Joint R ubber Insulation C om m ittee’s request for 
criticism s. D o r r i s  W h i p p l e ,  Secretary.]

Your Committee begs to present herewith the third report of 
the investigations made by this Committee, together with the 
results obtained.

T h e m ajor part of the w ork of this C om m ittee has been con­
fined to certain  m ethods of procedure as outlined b y  the Joint 
Rubber Insulation Committee for the analysis of m aterials used for 
insulating purposes. T h e  results obtained on previous w ork 
w ere presented to  the members of the R ubber Section a t  the 
M ilw aukee m eeting and a t  the R ochester m eeting. T h e  C om ­
m ittee has n ot included the previous w ork in the present report 
(although the sam e has a direct bearing on the present report) 
as some of the m ethods have been changed or revised. In  the 
tim e intervening betw een the R ochester m eeting and the present 
day, this C om m ittee has investigated the com pleted prelim inary 
procedure o f the Joint Rubber Insulation Committee and these 
final results are the ones tabulated below.

1 T h is  J o u r n a l , 3 (1 9 1 1 ). 118.
» I b i d . .  5  (1 9 1 3 ), 9 56 .

T h e determ inations as reported herewith were made on three 
sam ples w hich were prepared and averaged w ith  the greatest 
care b y  M r. G . H. S avage and th e form ulas used by. him are 
given below in detail in as m uch as it has a  direct bearing on the 
present report.

T h e various ingredients w hich w ent to m ake up these three 
com pounds were w eighed w ith  extrem e accuracy and com­
pounded w ith  the greatest care in order th at uniform average 
sam ples m ight be obtained. T h e  vulcanized compounds were 
then ground according to the requirem ents of the procedure 
under investigation, carefu lly  m ixed and placed in small vials 
which held the approxim ate am ount required for the various 
determ inations. T hese w ere sent b y  expreiss to  the various 
m embers and the analysis on the first determ ination started by 
each mem ber within approxim ately tw enty-four hours of the 
tim e of grinding the sample. These sam ples were re-analyzed 
a t intervals as indicated in the report.

T h is C om m ittee respectfully  refers the members of the Rub­
ber Section to T h i s  J o u r n a l ,  6, 75, for the com plete method of 
procedure of the Joint Rubber Insulation Committee as followed 
b y  this C om m ittee in the analysis of the three samples prepared 
b y  M r. Savage.

The formulas of the three compounds, together with the 
analytical results obtained, are tabulated below.

F o r m u l a s  U s e d  i n  P r e p a r i n g  C o m p o u n d s  A n a l y z e d

A B C
F ine P ara ............................. ...............  297 309 324
H ard P a r a ffin .................... ...............  25
C eresine................................. 25
S u lfu r ..................................... ............... 19 19 19
L ith arge................................ ...............  70 70 70
Zinc O x id e ........................... ...............  350 350 350
W h it in g ................................ 227 237

1000 1000 1000

N o  corrections, additions or omissions have been made in 
reporting these an alytical results. T h e  analysts’ numbers refer 
to the follow ing: i — E . W . B ou ghton ; 2— D . W . Whipple; 
3— W . A . D u cca; 4— G . H . S avage; 5— J. B . T uttle .

S a m p l e  A — F ir s t  A n a l y s is

A n alyst’s  N o ...................  1 1 2 2 3 4 4 5
D a te  o f E xtraction  „

w ith  A ce to n e   11 /13  1 1 /1 5  1 1 /1 4  11 /2 0  11 /20  11/13 11/13 11/13
T o ta l A ceton e E x-

tract (% ) ....................  4 .1 6  4 .1 2  3 .9 7  4 .0 3  4 .1 8  3 .8 4  3 .7 8  4.08
Free Sulfur (% ) ...........  0 .8 7  0 .8 6  0 .8 0  0 .8 2  0 .9 0  0 .7 0  0 .6 6  0.82
U nsaponifiab le M a­

terial (% ) ...................  2 .9 7  2 .7 0  2 .7 6  . .  3 .2 9  2 .7 1  2 .69  2.69
W axy  H ydrocarbon •

A (% )...........................  2 .2 9  2 .2 5  2 .1 8  . .  2 .2 7  2 .3 9  2.31  2.40
W axy  H ydrocarbon  , ,

B  (% ) ........................... 0 .3 4  0 .2 0  0 .3 2  . .  0 .5 6  0 .1 4  0 .2 0  0.11
T o ta l W axy H ydro- '

carbon (% ) ...............  2 .6 3  2 .4 5  2 .5 0  . .  2 .8 3  2 .5 3  2 .51  2.54
B y  D ifference ,

Organic E xtract (% ) 3 .2 9  3 .2 6  3 .1 7  3 .2 1  3 .2 8  3 .1 4  3 .1 2  3.26
Saponifiable A cetone _ ...

E x trac t (% ) ..............  0 .3 2  0 .5 6  0 .4 1  . .  . .  0 .4 3  0 .43  0 .5 /
U nsaponifiab le R es-

ins (% )........................  0 .3 4  0 .2 5  0 .2 6  . .  . .  0 .1 8  0-18

S a m p le  A — S e c o n d  

1 1 2A n alyst's  N o ................
D a te  of E xtraction

w ith  A ceton e...........
T o ta l A ceton e E x­

tract (% ) .................
Free S u lf ur (% ) ........
U nsaponifiable M a ­

terial (% )-------. . . .
W axy  H ydrocarbon

A (%).............
W axy H ydrocarbon

B (% )........................
T o ta l W axy H yd ro­

carbon (% )............
B y  D ifference  

Organic E xtract (% ) 3 .2 5  3 .3 7  3 .2 6
Saponifiable A cetone

E xtract (% )............ 0 .9 3  0 .6 2  0 .4 4
U nsaponifiable R es­

ins (% )...................... 0 .1 8  0 .2 0  0 .2 6
F illers (% ) Sulfur-

free........................................... 7 0 .7

A n a l y s is  

2 3

1 1 /2 0  11/21  11 /25

4 .1 3  4 .1 6  4 .1 4  
0 .8 8  0 .7 9  0 .8 8

2 .3 2  2 .7 5  2 .8 2

1 .97  2 .3 1  2 .3 1

0 .1 7  0 .2 4  0 .2 5

2 .5 5  2 .6 4  2 .5 6

0 .2 5

12 /4 1 1 /2 0  1 1 /2 0  11/20

3 .7 2
0 .8 9

3 .9 0
0 .6 5

4 .0 0
0 .6 5

4 .2 0
0 .91

2 .5 4 2 .4 1 2 .5 1 2 .6 0

2 .3 2 2 .1 1 2 .3 2 2 .51

0 .4 9 0 .1 0  ‘ 0 .1 0 0.11

2 .81 2 .2 1 2 .4 2 2 .6 2

2 .8 3 3 .2 5 3 .3 5 3 .2 9

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

> . .
7 2 ! 68 
7 3 .7 5

0 .0 9

71.1

(a) T h is  determ in ation  w as n ot m ade b y  th e sam e analyst.
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S a m p l e  A — T h ir d  A n a l y s is  
1 1 2  2 3

S a m p l e  C — S e c o n d  A n a l y s is

Analyst’s N o ...............
Date of E xtraction

with A cetone..........
Total Acetone E x­

tract (% )................. 4 .0 8  4 .0 6  3 .9 7  3 .9 7
Free Sulfur..................  0 .8 2  0 .8 7  0 .8 0  0 .8 3
Unsaponifiable M a­

terial (% )................
Waxy Hydrocarbon

A (% ).......................
Waxy Hydrocarbon

B (% ).......................
Total Waxy H ydro­

carbon (% )............
By Difference 

Organic E xtract (% ) 3 .2 6  3 .1 9  3 .1 7  3 .1 4

1 2 /4  12 /5  1 2 /9  12 /12

2 .81  2 .7 7  2 .8 4  2 .7 3

2 .3 0  2 .2 5  2 .3 0  2 .3 0

0 .3 4  0 .2 8  0 .1 7  0 .1 4  

2 .6 4  2 .5 3  2 .4 7  2 .4 4

Saponifiable A cetone
Extract (% )...........

Unsaponifiable R es­
ins (% ).....................

0 .4 5  0 .4 2  0 .3 3  0 .4 1  

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

S a m p l e  B — F ir s t  A n a l y s is

4

12 /4

4 .0 8
0 .7 2

2 .7 8

2 .4 2

0.11
2 .5 3

3 .3 6

0 .5 8

0 .2 5

Analyst’s N o ...............
Date of Extraction

1 1 2 2 3 4 4 5

with A cetone..........
Total Acetone E x ­

11 /13  11 /15 1 1 /1 4  11 /2 0 11/13 11/13 11/14

tract (% )................. 4 .0 4 3 .9 5 3 .9 2 3 .8 5 3 .7 0 3 .7 3 4 .2 4
Free Sulfur (% ).........
Unsaponifiable M a­

0 .7 3 0 .8 0 0 .7 5 0 .6 7 0 .5 3 0 .5 6 0 .8 6

terial (% )................
Waxy Hydrocarbon

2 .5 4 2 .5 9 2 .8 2 2 .6 7 2 .6 5 2 .6 3 2 .5 5

A (% ).......................
Waxy Hydrocarbon

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

B (% ).............
Total W axy H ydro­

0 .2 9 0 .2 7 0 .3 6 0 .1 7 0 .2 2 0 .2 5

carbon (% )............
By Difference

2 .2 3 2 .3 2 2 .4 4 2 .2 6 2 .3 7 2 .4 3

Organic E xtract (% ) 
Saponifiable A cetone

3 .3 1 3 .1 5 3 .1 7 3 .1 8 3 .1 7 3 .1 7 3 .3 8

Extract (% )............
Unsaponifiable R es­

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

ins (% )..................... 0 .3 1 0 .2 7 0 .3 8 - 0 .41 0 .2 8 0 .2 0

S a m p l e  B — S e c o n d  A n a l y s is  
1 1 2  2 3Analyst’s N o ...............

Date of Extraction
with A ceton e..........

Total A cetone E x­
tract (% ).....................  4 .0 4  4 .0 4  4 .0 1  3 .9 2  4 .3 0  4 .0 0

" "  ‘ 0 .8 0  0 .8 1  0 .7 7  0 .7 3  0 .9 7  0 .7 3Free Sulfur (% ). 
ib le  

tertal (% ) . . .
Unsaponifiable M a-

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

2 .0 2  1 .9 5  2 .2 4  2 .2 8  2 .2 0  1.91

0 .2 3  0 .3 4  0 .2 0  0 .2 6  0 .6 4  0 .1 4

2 .2 5  2 .2 9  2 .4 4  2 .5 2  2 .8 4  2 .0 5

Waxy HydrocarbonA (%).............
\\  axy Hydrocarbon

B(%).............
Total W axy H ydro­

carbon ( % ) . . . . . .
By Difference

Organic E xtract (% ) 3 .2 4  3 .2 3  3 .2 4  3 .1 9  3 .3 3  3 .2 7
Saponifiable A cetone

Extract (% )...........  0 .7 0  0 .7 1  0 .5 0  0 .4 9  0 .6 0
Unsaponifiable R es­

ins (% ).....................  0 .2 9  0 .2 3  0 .3 0  0 .1 8
Fillers (% )...............................  6 7 .8  7 1 .6 (a) . .  . .  7 4 .8 0

(a)This determ ination w as n o t m ade b y  th e sam e an alyst.

3 .9 5
0 .6 9

2 .5 6

2 .0 9

0 .1 6

2 .2 5

3 .2 6

0 .7 0

0 .31
7 2 .8 5

Analyst’s N o ...............
Date of E xtraction

with A ceton e..........
Total A cetone E x-  

tract ( % ) . . , ..........

S a m p l e  B — T h ir d  A n a l y s is

Unsaponifiable M a­
terial (% )................

Waxy HydrocarbonA (%).............
Waxy HydrocarbonB %).............
Total W axy H ydro-

ca rb o n  ( % ) ..............
By Difference 

Organic E xtract (% ) 
Saponifiable A cetone

Extract (% )...........
Unsaponifiable R es-

Analyst's N o ...............
Date of Extraction

with A ceton e..........
Total A cetone E x- 

tract (% ).................

Unsaponifiable Ma- tmal (%).........
a\ \ o r  Hydrocarbon

^ax>’̂  Hydrocarbon

Total W axy H ydro-cubonWfj).......
By Difference 

Organic E xtract (% ) 
Saponifiable A cetone

Unsapo îfii ê' Res- 
lns (%)............

1 1 2 2 3 4 4 5

1 2 /4 1 2 /5 1 2 /9 12 /12 12 /4 12 /4 12 /4 12 /4

4 .0 3
0 .8 8

3 .9 5
0 .7 8

3 .8 6
0 .7 3

3 .9 4
0 .7 5

3 .7 5
0 .5 7

4 .0 0
0 .9 2

3 .9 8
0 .71

4 .1 2
0 .7 9

2 .7 1 2 .7 8 2 .7 2 2 .61 2 .3 6 2 .6 9 2 .61 2 .5 7

2 .2 6 2 .0 8 2 .1 0 2 .1 0 2 .1 8 2 .31 2 .2 2 2 .3 2

0 .2 1 0 .4 7 0 .2 8 0 .2 2 0 .5 4 0 .1 1 0 .1 8

2 .4 7 2 .5 3 2 .3 8 2 .3 2 2 .7 2 2 .4 2 2 .4 0

3 .1 5 3 .1 7 3 .1 3 3 .1 9 3 .1 8 3 .0 8 3 .2 7 3 .3 3

0 .4 4 0 .3 9 0 .4 1 0 .5 8 0 .8 2 0 .3 9 0 .6 6 0 .7 6

0 .2 4 0 .2 5 0 .3 4 0 .2 9 0 .2 7 0 .21

S a m p l e ; C — F i r s t  A n a l y s is

1 ‘ 1 2 2 3 4 4 5

11/13  11 /15  11 /14  11 /20  1 1 /2 0  11 /13  11 /13  11 /14

1 .55
0 .7 9

1 .4 4
0 .7 6

1 .48
0 .7 4

1 .4 0
0 .7 0

.1 .72
0 .8 9

1 .15
0 .5 2

1 .09
0 .5 5

1 .58
0 .8 5

0 .2 5 0 .2 2 0 .1 8 0 .2 6 0 .6 0

0 .6 3

0 .5 1 0 .4 4 0 .1 7

0 .0 9 0 .0 5 0 .0 5 0 .0 6 0 .1 8 0 . I I

0 .7 6 0 .6 8 0 .7 4 0 .7 0 0 .8 3 0 .6 3 0 .5 4 0 .7 3

0 .5 1 0 .4 6 0 .5 6 0 .4 4 0 .2 3 0 .1 2 0 .1 0 0 .5 6

0 .1 6 0 .1 7 0 .1 3 0 .2 0 . # 0 .3 3 0 .3 3 . .

4 5 A nalyst's  N o ...............
D a te  of E xtraction

1 1 2 2 3 4 4 5

12 /4 12 /4 w ith A ceton e.........
T o ta l A cetone E x ­

11 /20 11/21 1*1/25 1 2 /4  . . 11 /20 11 /20 1 1 /2 0

4 .01 4 .2 8 tract (% ) ................. 1 .52 1 .58 1 .47 1 .47 1 .3 9 1 .4 0 1 .7 4
0 .7 5 0 .9 6 Free Sulfur (% )........

U nsaponifiable M a­
0 .8 1 0 .7 7 0 .7 6 0 .7 4 0 .6 7 0 .6 9 0 .8 3

2 .8 0 2 .6 8 terial (% )................
W axy H ydrocarbon

0 .2 6 0 .2 7 0 .1 5 0 .1 8 0 .1 0 0 .1 1 0 .1 7

2 .41 2 .4 3 A (% )........................
W axy Hydrocarbon

0 .1 6 0 .11 B (% )........................
T o ta l W axy H ydro­

0 .0 6 0 .0 6 0 .0 5 0 .0 5 0 .0 5 0 .0 5

2 .5 7 2 .5 4 carbon (% ).............
B y  D ifference

0 .0 6 0 .0 6 0 .0 5 0 .0 5 0 .0 5 0 .0 5

3 .2 6 3 .3 2 Organic E xtract (% ) 
Saponifiable A cetone

0 .7 1 0 .81 0 .71 0 .7 3 0 .7 2 0 .7 1 0 .9 1

0 .4 6 0 .6 4 E xtract (% )...........
U nsaponifiable R es-

0 .4 5 0 .5 4 0 .5 6 0 .5 5 0 .6 2 0 .6 0 0 .7 4

0 .2 3 ins (% ) .....................
F illers (% )...................

0 .2 0
7 1 .8

0 .2 1 0 .1 0  
7 1 .4 (a ) 74 . Í 7 5 ’.43 7 0 ’.7

1 2 2 3 4 4 5

1 2 /5 12 /9 12 /12 12 /4 12 /4 12 /4 12 /4

1 .44  
0 .7 9

1 .34
0 .7 0

1 .47
0 .7 6

1 .19
0 .7 9

1 .44  
0 .6 7

1 .42
0 .6 7

1 .6 2
0 .8 2

0 .2 8 0 .2 5 0 .2 0 0 .2 3

0 .2 9

0 .3 5 0 .3 1 0 .1 5

4 4 5

1 1 /2 0  11/21 1 1 /2 4  11 /25  1 1 /2 0  11 /20  11 /20  11 /20

0 .0 6 0 .0 5 0 .0 8 0 .0 7 0 .0 5

0 .0 6 0 .0 5 0 .0 8 0 .0 7 0 .0 5

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

0 .3 7 0 .3 9 0 .5 1 0 .1 7 0 .4 2 0 .4 4 0 .6 5

0 .2 2 0 . 17 0 .1 2 0 .2 8 0 .2 6

4 .2 3
0 .8 5

2 .5 8

2 .3 9

3 .3 8

0 .8 0

69! 3

(a) T h is  determ ination w as n ot m ade b y  th e sam e analyst.

S a m p l e  C — T h ir d  A n a l y s is

A n alyst’s  N o .................... 1
D a te  o f E xtraction

w ith  A ceton e  12 /4
T ota l A cetone E x ­

tract (% ).................  1 .49
Free Sulfur (% )........  0 .8 0
U nsaponifiable M a­

terial (% )................  0 .2 2
W axy H ydrocarbon

A (% ) ...................................
W axy Hydrocarbon

B (% )........................  0 .0 6
T ota l W axy H yd ro­

carbon (% )............  0 .0 6
B y  D ifference 

Organic E xtract (% ) 0 .6 9
Saponifiable A cetone

E xtract (% )...........  0 .4 7
U nsaponifiable R es­

ins (% )...................... 0 .1 6

A t a m eeting of the A n alytica l Com m ittee held in W ashington 
on M arch 20, 1914, the undersigned members of the C om m ittee 
unanim ously agreed to report to the R ubber Section and to  those 
interested in the work, the following recom m endations:

1— T he results of our investigations have shown th at the de­
term inations of acetone extract, free sulfur, to ta l w a xy  h yd ro­
carbons and tota l sulfur are sufficiently accurate and reliable to  
w arrant our endorsement.

2— T h e results of our investigations have shown th at the de­
term ination of fillers is inaccurate and unreliable and therefore 
the calculation of the am ount of rubber as prescribed b y  this 
procedure is equally inaccurate and unreliable.

3— T h e results of our investigations have shown th at the con­
tributing steps for the division of resins into saponifiable and un­
saponifiable resins are inaccurate and unreliable; therefore, the 
sum of the tw o should be reported as resins present and no di­
vision of resins indicated.

E. W. B o u g h t o n  J. B . T u t t l e

W . A. D u c c a  P. H. W a l k e r
G. H. S a v a g e  D. W . W h i p p l e ,  Chairman

COM M ENTS OF JOINT RUBBER INSULATION COM ­
MITTEE ON REPORT OF ANALYTICAL COM ­

M ITTEE OF RUBBER SECTION OF THE  
AMERICAN CHEMICAL SOCIETY,

APRIL 8, 19 14  

T h e Joint R ubber Insulation Com m ittee desired criticism s of 
its preliminary' report th a t inaccuracies m ay be corrected before 
the final report is issued, and wishes to  thank the A n alytical 
Com m ittee for the work it has undertaken in this connection. 
T h e publication of the results of the A n alytica l C om m ittee has 
been authorized b y  the R ubber Section. In  spite of this, a 
close exam ination of these results shows their value to  be doubtful.

T h e A n alytical Com m ittee has draw n conclusions from  results 
of this and its previous reports and has endorsed four of the 
determ inations, nam ely, the acetone extract, free sulfur, w a xy  
hydrocarbons and tota l sulfur. T h e chloroform extract and the 
alcoholic potash extract have n ot been criticized.

T h e report draws tw o other conclusions from the d ata  pub-
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lished, one of w hich concerns the determ ination of fillers and the 
other, the division of resins into saponifiable and unsaponifiable.

There has been but one compound analyzed, of which there 
are three variations: one with paraffin, one with ceresin and one 
without waxy hydrocarbons. We understand that these were 
made from the same lot of raw rubber. They contain prac­
tically the same percentages of the various mineral ingredients, 
so that the determinations of fillers and of resins are practically 
a repetition of the determinations of one compound. The An­
alytical Committee draws general conclusions as to the value of 
these determinations from the results on this one compound.

No data are given on the raw rubber and we cannot judge 
whether it contained the normal amount of insoluble matter. 
Prom the tables of the Analytical Committee it appears that all 
the results on fillers are too high. It is possible that the com­
pound used may have certain characteristics which magnify 
the errors of the determination. It is known to the Committee 
that errors may occur and the subject is being investigated. 
It has been the experience of the Committee that the magnitude 
of these errors is less after practice with the procedure.

W e have assum ed above th a t all mem bers of the A n alytica l 
C om m ittee follow ed the prescribed procedure absolutely. A n  
exam ination of the results on the different constituents of the 
acetone extra ct indicates th a t the procedure has n ot been fol­
lowed b y  all the members of the A n alytica l Com m ittee.

In  this connection we would like to  call atten tion  to the fo l­
low ing note in the te n ta tive  report of this Com m ittee ( T h i s  
J o u r n a l ,  6 ,  8 i ) :  “ W ith  a  procedure of this length, it  is im ­
possible to explain every  detail w ithout undue elaboration and 
th e C om m ittee wishes to  point out th a t while to  experienced 
chem ists the procedure m ay seem overburdened b y  detail, y e t 
every  specified detail was found necessary in order th a t the con­
ditions essential to accurate and consistent w ork m ight be re­
produced b y  a ll chem ists using the procedure. F o r this reason 
it  is extrem ely im portan t th a t all instructions be observed even 
if their significance is not perceived b y  the individual chem ist. 
I t  will probably be found th at even w ith  the instructions prop­
erly  observed, som e experience w ill be needed to ap p ly  the m ethod 
successfully. ’ ’

T h e results given for Com pound A  (11/20 and 11/2 1) under 
N o . 1 on T o ta l W a x y  H ydrocarbons, contain w h at m ay be 
assum ed to  be a  clerical error. H ow ever, in all the results given 
under N o. 3 w e can  find no clerical error to account for the 
ab su rd ity  of the results. F or instance, in every  case b u t one 
there is a  greater valu e  given for to ta l w a xy  hydrocarbons than 
for unsaponifiable m aterial, which, according to  the procedure, 
is an  absolute im possibility. W e do not attem p t to  explain the 
results, b u t w e do point ou t th a t the results are necessarily in 
error and cannot be considered in judging the procedure.

T h e results under N o. 4 for total acetone e xtract and free sul­
fur are consistently low. I f  the results under N os. 1, 2 and 5 
are  averaged and com pared w ith the average results obtained 
b y  N o. 4, it will be seen th a t the lower results on free sulfur prob­
a b ly  account for the lower acetone extract of N o. 4.

S am ple A
A ct.
E xt.

Free
S

A ct.
E xt.

Free
S

A ct.
E xt.

Free
S

A v . N os. 1, 2 and 5 . . . .  
A v . N o . 4 ...........................

4 .0 7  
. . .  3 .81

0 .8 3
0 .6 8

4 .1 3
3 .9 5

0 .8 5
0 .6 5

4 .0 7
4 .0 5

0 .8 6
0 .7 4

D ifference.......................... . . .  0 .2 6 0 .1 5 0 .1 8 0 .2 0 0 .0 2 0 .1 2
Sam ple B

A v . N o s. 2 an d  5 ......
A v . N o . 4 ..........................

. . .  4 .0 0  
. . .  3 .7 2

0 .7 6
0 .5 5

4 .0 5
3 .9 8

0 .7 9
0 .7 1

3 .9 8
3 .9 9

0 .7 9
0 .8 2 (a )

D ifferen ce.......................... . . .  0 .2 8 0 .2 1 0 .0 7 0 .0 8  — 0 .0 1 — 0 .0 3
S am ple C

A v . N o s. 1, 2 and 5 ......
A v. N o . 4 ..........................

. . .  1 .4 9  

. . .  1. 12
0 .7 7
0 .5 4

1 .56
1 .4 0

0 .7 8
0 .6 8

1 .47
1 .43

0 .7 7
0 .6 7

D ifference.......................... 0 .3 7  0 .2 3  0 .1 6  
(a) V ery poor checks

0 .1 0 0 .0 4 0 .1 0

These results indicate that the acetone extraction was not 
properly made. The Committee believes that the prescribed 
form of extraction apparatus was not used, and that used would

account for the loss of free sulfur and the consequent lower 
acetone extract.

A nother apparent discrepancy in the results can be explained 
on close exam ination. I f  we average all the results on saponi­
fiable acetone extract, obtained b y  Nos. 1, 2, 4 and 5, on each 
variation  of the com pound analyzed, we obtain  the following:

A v b r a g b  S a p o n if ia b l e  A c b t o n e  E x t r a c t  
A n a ly st’s  N o . 1 2  4 5

S a m p le 'A ..................................  0 .5 5  0 .4 0  0 .6 0  0.63
Sam ple B ..................................  0 .6 0  0 .4 8  0 .6 6  0 .79
S a m p l e d ..................................  0 .4 7  0 .5 0  0 .5 2 (a )  0 .65
(a) E lim in a tin g  resu lts  of 0 .10  and 0.12 , 11/13, ob v iou sly  in error.

T h e averages given under N o. 2, on Sam ples A  and B  are lower 
than those obtained b y  N os. 1, 4 and 5, and 011 examination of 
the acetone extracts ob tained  b y  N o. 2, it  w ill be seen that he 
obtained consistently low er results th an  Nos. 1, 2 and 5. The 
results indicate th at the acetone extraction  w as not properly 
m ade and th a t this has p robably caused lower saponifiable 
resins. I f  we, therefore, elim inate the results of No. 2, those 
obtained b y  N os. 1, 4 and 5 for “ A ”  and “ B ”  are about what we 
w ould expect from  this com pound. W hen w e come to results 
for " C ,”  we do n ot see how  an y  conclusions can be drawn.

The object of the separation of the resins into saponifiable 
and unsaponifiable was to differentiate between different rub­
bers, and we are sorry that the Analytical Committee did not 
investigate other rubbers in order to show the differences be­
tween them.

Considering the results as a whole w e are of the opinion that 
th e report of the A n alytica l C om m ittee would have had more 
bearing on the procedure under consideration if th at procedure 
had been carefully  followed.

W e hope th at the w ork of the A n alytica l Com m ittee will lead 
to  other criticism s in order th a t we m ay avail ourselves of the 
experience gained this year, and incorporate w hatever improve­
m ents w e m ay decide upon in a later report.

J o i n t  R u b b e r  I n s u l a t i o n  C o m m it t e e  
W m . A. D e i .  M a r ,  Secretary

April 29, 1914 __________________

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 

6 th  SEMI-ANNUAL MEETING, TROY, JUNE 17-20, 1914 

PROGRAM  OF PAPERS
1. A d d r e ss  o f  W e lc o m e . H o n o r a b l e  C. F . B u r n s , M ayor of Troy.
2 .  P r e s id e n t ia l  A d d r e ss . M . C . W h it a k k r .
3 .  T h e  S a r a to g a  S e p t ic  T a n k s  (L an tern ). Wm. P. M a s o n .
4. T h e  A p p lic a t io n  o f  P h y s ic a l  C h e m is tr y  t o  I n d u s tr ia l Pro­

c e s s e s .  W . F . R it t m a n .
5. S t u d ie s  o n  F i l t r a t io n .  J . W . B a in  and A . E . W i c l e .
6. S c r u b b e r  fo r  V a c u u m  A p p a r a tu s  fo r  L a b o r a to r ie s . C h a r les  

B a s k e r v il l b .
7 . S h o d d y  a n d  C a r b o n iz e d  W a s te . L . J. M a t o s .
8. A  C o m b in a t io n  W a te r  S o f t e n e r  a n d  S to r a g e  T a n k  (Lantern). 

L. M . B o o t h .
9 . T h e  P r e s e n t  P a t e n t  S i t u a t io n .  M . T o c h .

10. O z o n e  a n d  V e n t i la t io n .  J. C. O l s e n  a n d  Wm. H . U l r ic h .
11. B le a c h in g  C o t t o n  F ib e r . J . C . H e b d e n .
12 . D e v e lo p m e n t  o f  R o ta r y  F u r n a c e s  (L antern). R . K . M e a d e .
13. A n  O il S h a le  f r o m  N e v a d a  (Illu strated ). C h a r le s  B a s k e r v il lb .

EXCURSIONS

Laboratories of Rensselaer P o lytech n ic Institute.
U . S. A rsenal (H eavy  G uns).
Geo. P . Ide &  Co. (Collars and Shirts).
G eneral E lectric  Co. P la n t a t  Schenectady.
Saratoga (The N . Y .  S tate  R eservation, t h e  S p r i n g s  and Sewage 

D isposal P lant).
W ater W orks a t  A lb a n y  (Slow Sand Filter Beds and 

M echanical Scrubbing F ilters).
W est V irgin ia Pulp &  P ap er C o. P la n t a t  Mechanicsville.
Burden Iron W orks (Puddling Process for W rought Iron).
Cohoes F ilter P lan t (M echanical F ilters).
Freihoffer B ak in g  Co.
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NOTES AND CORRESPONDENCE
FORMULA FOR CONTENTS OF CYLINDRICAL TANKS  

W ITH SPHERICAL ENDS

Editor of the Journal of Industrial and Engineering Chemistry:

In most all chem ical plants of a n y  size m an y cylindrical tanks 
with spherical ends are used for liquids. T o  ascertain contents 
of these tanks b y  m easuring the depth of the liquid inside, it is 
necessary to  consult a curve representing the gallons per inch 
of depth. I t  is a com paratively  sim ple m atter to calculate the 
volume per inch of the m ain portion of the tank, but calculating 
that of the spherical ends is a more com plicated problem.

** +  y2 +  z2 =  »11, where m =
c; +  b\ 

26

B y integration and expansion, V  =  J^Az +  B s5 4 -

where, A  =  m- 
2

a‘  

6 m
3 a6----------------- ac

40 m3

a 

6 m 

a

B  ----------

C  =

36 m3
3 0" +  «_ 

80 m6 6 c

9 ° 5 i a

320 m7 40 c1

V  =  [A-”  +  B t f  +  C § ‘ ] —  [Aft +  B  ft» +  Cfts ]

L. E . C a r p e n t e r
1 1 0  G r a n d  S t r e e t ,  N e w b u r g h ,  N e w  Y o r k  

F ebruary 17, 1914

NOTE ON INFLUENCE OF RATE OF STIRRING ON  
TITRE DETERMINATIONS IN FATS

Editor of the Journal of Industrial and Engineering Chemistry:
A t  the tim e th at the official m ethod now in use in determ ining 

the T itre  of F ats  w as adopted, it  w as noted th at the stirring 
m ethod, i. e., continuous stirring of the fa tty  acids until the tem ­
perature w as station ary for 30 seconds, gave tests higher th an  if 
the fa tty  acid w as cooled to  the stopping point w ithout stirring; 
this higher test ranged from over 1 0 C . in case of oils such as 
Cottonseed to  only 0 .1 0 or less in the case of Stearine.

Since this stirring m ethod w as adopted, the custom  in this 
laboratory has been to stir the fa tty  acids b y  means of a stirrer 
run b y  a water-m otor and it w as soon noticed th at the num ber 
of revolutions per m inute of the fa tty  acids (the acids being re­
volved and the therm om eter kept stationary) had a  decided in ­
fluence on the test. I  g ive below a  num ber of figures m ade in 
tw o different fats, the first being a G arbage G rease (N aph th a 
extracted) and the second a  tallow:

R evolu tion s per m in.
Garbage Grease 60

Tallow

80
180
220

60
60

180
220

Stopp ing point 
3 6 .3 5  
3 6 .5 0  
3 7 .2 0  
3 7 .4 0

4 3 .6 0  
4 2 .7 0
4 4 .6 0
4 4 .6 0

F in a l 
h ighest point 

3 7 .0 5  
3 7 .2 0  
3 7 .5 5  
3 7 .6 5
4 4 .6 0
4 4 .5 0
4 5 .0 0
4 5 .0 0

The D uP ont F abrikoid  Co., m anufacturers of artificial leath­
ers, use about ten of these cylindrical tanks w ith spherical ends. 
They are m ostly of different sizes and I w as given the task of 
plotting the necessary curves. I  have w orked out the following
formula: ----- --

V r a ’ - t *  I V i» 5 - **—  s '

v  =  2\ \ \ d zd x  dy

.J -A  Jo J&
The limits are obtained from  the equation of the sphere,

I t  w ill be noticed th at when the speed is on ly 60 revolutions 
the first stopping point is much low er than when it is 180 or 220, in 
fact, the less the speed the lower the first stopping point and as 
the speed is increased, the stopping point rises w ith each increase.

In  the case of the tallow , the rate above 180 m akes 110 difference 
w ith either tem perature b u t w ith the grease a difference of o. 1 0 
is noted. A  quite rem arkable difference in the first stopping 
point is noted in the tallow  a t 60 revolutions, although the final 
tem perature is practically  the same.

In m y opinion, a large num ber of the differences betw een 
chem ists on this test is due to this point. A t  the present tim e 
the directions state  only th at the acids "sh all be stirred slow ly ,”  
which m ight mean anything. I believe th a t a  definite rate  of 
stirring should be specified and m y judgm ent is th at 180 revo­
lutions should be taken as the standard, as a  higher rate is rather 
im practicable and a  lower certain ly does not give correct figures. 
A s the titre point is the highest tem perature recorded b y  the 
heat of crystallization of the fa tty  acids, a n y  m ethod th a t will 
give this highest heat should be the correct one, as it  is obvious 
th at the only source of heat is from  the crystallizing. In  fact, 
a  higher rate  of stirring would, if anything, tend to  cool the acids 
and so give a low test.

7 6 > / i  P i n e  S t . ,  N e w  Y o r k  
M arch 30, 1914

A . G . STIIAWEU.

40 »(’  80 «I5

Substituting the value of m/2 for z in the formula, we obtain 
the volume in both ends of half the tan k, Vi/,. B y  substituting 
ft, the depth as measured for z in the form ula and subtracting 
this volume, Vz, from  Vi/„ w e get the volum e in the ends for the 
■desired depth of liquid,

V = Vi/, —  Vz, or th e form ula becomes:
-> m*

A SHAKER FOR THE MECHANICAL ANALYSIS OF SOILS

Editor of the Journal of Industrial and Engineering Chemistry:

In  an article in F ebruary, 1914, T h i s  J o u r n a l ,  entitled 
“ A  Shaker for the M echanical A n alysis of Soil,”  b y  
Freem an W ard, the author m akes a com parison between 
the shaking m achine devised b y  him  and th e one used 
b y  the B ureau of Soils. H e states: " T h e  w riter believes 
th at his m ethod is better than  th e one used b y  the B ureau 
of Soils in tw o respects. I11 the first place, the m achine is sim ­
ple and inexpensive. A  greater advan tage is the saving of 
tim e. Clean separations can be effected in three hours, and in 
some cases tw o hours; this is a  saving of a t least four hours over 
the Bureau m ethod. I f  the q u an tity  of the w ater used in the 
bottles is reduced one-half, a  clean separation results in m uch 
less than three hours, b u t there is a  tendency for the grains to  
suffer some abrasion.”
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T h e m achine is undoubtedly sim ple and inexpensive. A t ­
tention m ust be called to  th e fact, how ever, th a t the W ard 
apparatus carries on ly 16 bottles w hile the B ureau of Soils appa­
ratus carries 48, giv in g the la tter three tim es the cap acity. 
T h e  W ard shaker m ust be run a t a  certain  definite speed to  be 
efficient. I f  the speed is too high, there is a centrifugal effect 
resulting, and if  too slow, the action is m erely pouring. T h e 
B ureau  of Soils m achine is even more efficient a t  high speeds 
than a t m oderate speeds.

A s to  th e second conclusion, th a t a  savin g of tim e results, the 
author has taken the statem en t in B ureau  of Soils B ulletin  N o. 
84 th a t the sam ples of soil are "sh ak en  b y  the m echanical 
shaking m achine for a t least seven hours,”  to mean th a t seven 
hours are essential. A s a m atter of fact, this tim e is taken  be­
cause in some rare instances as long a  tim e as this has been 
found necessary. A  m ajority  of soils, especially san dy soils, 
do not need seven h o u rs.' T h e  length of tim e of shaking does 
n ot result in a n y  loss of tim e to  the operator, as the an alyst 
m erely keeps 48 soils shaking on the m achine all the tim e and 
can n ot com plete the analyses rap id ly  enough w ith  a  force of 
three men to  keep the m achine cleared of sam ples read y for 
analysis. I f  more sam ples should be required, all th at is neces­
sa ry  is to  run the m achine during th e night, and thus the cap acity  
of the m achine would be doubled.

In  the ligh t of these facts, it seems to  the w riter th a t M r. 
W a rd ’s statem en t th at his "m eth o d  is better th an  th e one used 
b y  th e B ureau  of S o ils”  is misleading. A  more accurate claim  
would be th a t his m achine is satisfactory  where such a 
sm all am ount of w ork is done as to  preclude bu yin g an expensive 
piece of apparatus. H is m achine can be cheaply constructed 
and is greatly  superior to  pestling. c  c  p LETC!IER

B u r e a u  o k  S o i l s  
U . S . D e p a r t m e n t  o p  A g r i c u l t u r e ,  W a s h i n g t o n  

February 2 4 , 1914

A  N O T E  O N  T H E  Q U A N T IT Y  O F  B E N Z O IC  A C ID  C O N ­
T A IN E D  IN  P R U N E S  A N D  C R A N B E R R IE S

Editor of the Journal of Industrial and Engineering Chemistry: 
A lth ou gh it is well recognized th a t certain fruits contain 

re la tively  large am ounts of benzoic acid or its  salts, d ata  specifi­
ca lly  statin g the exact quantities are not numerous. In  connection 
w ith  w ork in progress in this laboratory', it  becam e desirable to 
determ ine the q u an tity  of benzoic acid in prunes and in cranberries.

F o r the estim ation of benzoic acid the m ethod of K ru ger 
(Zeitschr. f . Untersuch. d. Nahr. u. Genusmittel, 1913, July) w as 
em ployed, 50 gram s of fruit being taken  for a determ ination.

F rom  several duplicate analyses in each instance it  w as found 
th at prunes as obtained in the m arket contained approxim ately 
0.05 per cen t benzoic acid. Cranberries h ave  a som ew hat 
higher benzoate content, benzoic acid to  the exten t of 0.06 per 
cen t being found.

T hese results were furnished from  the w eight of sublim ed

benzoic acid and b y  titration — the d ata  in each instance agree­
ing closely. M o r r i s  J. R a d in

S h e f f i e l d  L a b o r a t o r y  o f  P h y s io l o g ic a l  C h e m is t r y  
Y a l i! U n i v e r s it y , N e w  H a v e n , C o n n .

M arch 7, 1914

B U R E A U  O F  S T A N D A R D S ’ A N A L Y Z E D  S A M P L E S

T h e B ureau of Standards is prepared to issue purified dextrose 
as a  standard reducing sugar. T h e  substance is free from ash 
and contains less than 0.1 per cent of m oisture. In  an atmos­
phere of average h u m id ity  it  is slightly  hygroscopic, bu t if dried 
a t 70° C ., it  retains less th a n o .o i per cent of moisture. A  cer­
tificate  of analysis show ing the q u an tity  of rem aining impurity 
accom panies the sam ple. T h e  purpose of the standard is to 
assist in the unification of reducing sugar analysis b y  supple­
m enting or replacing the use of in vert sugar. I t  is, also, available 
for general sugar work. F urth er inform ation m ay be obtained 
in C ircular 25 on Stan dard Sam ples or C ircular 44 on Polarimetry- 

F e e — P ayab le  in advan ce: $2 for 70 gram s or $3 for 140 grams.

P L A T IN U M  T H E F T S

Editor of the Journal of Industrial and Engineering Chemistry: 
The following pieces of platinum have been stolen from the- 

Chemical Laboratories of the University of Kansas:

C r u c i b l e s  C r u c i b l e s  D is h e s

N o. A pprox. wt. N o . A pprox. w t. N o. Approx. wt.
3 ___ 4 ____ 6 ___
7 ____ 10____ 7 ____

2 7 ____ 2 5 ____ 2 4 ____
1....
5 ____

3 3 . . .  . 2 5 . . . .

A ll persons are w arned again st purchasing any of these pieces. 
T h e ow nership of scrap platinum  should be fully  traced before- 
the scrap is purchased. A n y  inform ation leading to  the re­
covery  of this m aterial will be appreciated.

E . H. S. B a i l e y ,  Director of Chemical Laboratories 
U n i v e r s i t y  o f  K a n s a s ,  L a w r e n c e  

M ay 7. 1914

Editor of the Journal of Industrial and Engineering Chemistry: 

P latin u m  valued a t  some six hundred dollars disappeared from 
one o f the C hem istry Laboratories o f the U n iversity  of Minne­
sota som etim e on M on day, A p ril 27, 1914. T his platinum 
consisted of eighteen crucibles— Nos. 20, 21, 22, 25, 26, 27, 29, 
39, 40, 41 and 45 w ith  covers of the sam e num bers and crucibles 
N os. 35, 36, 37, 42, 44, 47 and 52 w ithout covers; also one plat­
inum  dish th a t w eighed abou t 43 grams.

I f  you r readers hear of a n y  platinum  being offered for sale or 
have had a n y  experience in th e  recovery  of such property that 
m ight help us, w e shall appreciate their im m ediate cooperation.

J. C. P o u c n E R
U n i v e r s i t y  o f  M i n n e s o t a ,  M i n n e a p o l i s  

M ay 5, 1914

PERSONAL NOTLS
D r. J. A . W atkin , of the U . S. Public H ealth  Service, has 

been sent to  Pittsburgh b y  the Secretary of the T reasury  to  in ­
vestigate  the effect of mill environm ent on the health of em ­
ployees. T h is work, w hich constitutes a  governm ental innova­
tion, will last until the end of the year.

D r. Francis H . E ckh ard t, research chem ist for the Grasselli 
C om pany, died at the age of 46 on A pril 3rd a t his hom e in 
E lizabeth, N . J.

T hom as H . Johnson, consulting engineer to  the P ennsylvania 
Lines W est, died in P ittsburgh  on A pril 16th.

Prof. C . F . C handler w as the guest of honor a t  the 7th an­
nual D inner of the Colum bia U n iversity  A lum ni C lub  of P h ila­
delphia, A p ril 17th, a t  the H otel A delphia. T h e  speakers were

Professor Chandler, C . H . M apes, Lem uel W hitaker, Robt. 
A rrow sm ith, G . B . C om pton  and A rth u r H. E lliot.

Prof. A lan  W . C. M enzies, now head o f the D e p a r t m e n t  of 
C hem istry a t Oberlin College, has been elected P r o fe s s o r  of 
C hem istry a t  Princeton U n iversity .

D a ta  collected recen tly  b y  the College of Engineering of the 
U n iversity  of Illinois show  th at of the 2,165 graduates, i , 9 3 3 , or 
89 per cent, are engaged in engineering w ork and th at only 1 7 3  
or abou t 8 per cen t have gone into other fields.

M r. H . dc B . Parsons, of the M etrop olitan  Sewerage Commis­
sion, gave  an illustrated ta lk  on the plans as proposed b y  the 
Com m ission before the A m erican  S ociety  of M echanical Engi­
neers, New- Y o rk , M a y  12, 1914.
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Among the m embers o f the N atio n al A cadem y of Sciences 
elected a t the annual m eeting on A p ril 23rd were the following: 
Moses Gom berg, U n iversity  of M ichigan; Edw ard Curtis 
Franklin, Stanford U n iversity; Francis G ano Benedict, C ar­
negie Institution.

Dr. Chas. L . Parsons spoke on " T h e  R adium  W ork of the 
Bureau of M in es”  before the N o rth  Carolina Section of the A.
C. S., M ay  1st.

Messrs. Carnahan, A hlb rand t and Aupperle, of the Am erican 
Rolling M ills Co., addressed the Colum bus Section of the A. C . S., 
M ay 8th, 011 “ T h e  M an u facture and Properties of Pure Iron.”

The establishm ent of the Isaac P la u t Fellowship, the first 
traveling pharm aceutical fellowship in this country, was an ­
nounced a t a recent m eeting o f the B oard of Trustees of the 
College of Pharm acy, Colum bia U n iversity. T h e fellowship 
has been founded b y  V ice-President A lb ert P lau t, in mem ory 
of his father, for the encouragem ent of graduate stud y and orig­
inal research. T h e  fellow is to  be selected from  the graduating 
class in the C ollege of P h arm acy and is to  spend one year in 
study at a foreign university.

The trustees of Clem son C ollege h ave  appropriated $300 for 
an investigation of the lim estone and m arl deposits of South 
Carolina and their valu e for agricultural purposes. T he work 
will be in charge of D r. F . H . H . Calhoun, Professor of G eology 
and M ineralogy.

The Southern C alifornia Section  of the A . C. S. was addressed 
on M ay 21st b y  D r. C has. P . L ipm an on “ T h e E ffect of Sm elter 
Wastes on P la n t G ro w th .”

The program of the K an sas C ity  Section of the A. C . S., 011 
M ay 16th, included the following: “ T h e R are Earths and Their
Separation,”  D r. D . L. R andall, B ak er U n iversity; “ Recent 
Progress in O rganic Industrial C h em istry ,”  M r. J. B . W helan, 
U niversity of K ansas.

The Forest Products Laboratories of C anada were established in 
the spring of 1913 under the F orestry  B ran ch of the D epartm ent 
of the Interior and located on the grounds of M cG ill U niver­
sity at M ontreal. T h e  laboratories are to  be modeled som ewhat 
after those at M adison, W isconsin, and are designed to study 
the best m ethods of utilizing the various n ative woods. M r. 
John S. B ates, form erly w ith  th e A rth u r D . L ittle , Inc., of B os­
ton, was appointed Superintendent of the Laboratories on April 
1 st. M r. B ates is also in direct charge of th e D ivision  of Pulp 
and Paper, w hich is the m ost im portan t in the organization. 
An experim ental paper mill capable of handling products on a 
semi-commercial scale is being equipped. T h e T im ber Testing 
Division is now fu lly  organized for M echanical T estin g and the 
1 imber Physics D ivision  is being started. D epartm ents of 
Wood Preservation, W ood Path ology, etc., w ill be organized 
later. T he scientific investigations are intended to a ct as a 
stimulus to wood-using industries and the organization will 
also serve as a Bureau of Inform ation on F orest Products in 
Canada.

The U. S. D epartm ent of A gricu ltu re has established an 
office in the B ureau of C hem istry for the prom otion of a closer 
and more cordial cooperation am ong the c ity , state  and federal 
food and drug officials of th e cou n try  in the enforcem ent of the 
food and drug laws. M r. J. S. A b b ott, for nearly seven years 
dairy and food com m issioner of T exas, was appointed to this 
office and began active  service on A p ril 3, 1914.

Prof. W illiam  Cam pbell, of Colum bia U niversity, spoke be­
fore the Rochester Section o f the A . C . S. on A pril 6th, the subject 
being, "S o m e U ses of M etallo grap h y as a  M ethod of T esting 
M aterials.”

The Louisiana Section of the A . C . S. w as addressed a t its 
77th meeting, M a y  15th, b y  M r. Chas. S. W illiam son, on “ Factors 
Influencing Soil F e rtility — Som e M odern  D evelopm ents.”

T h e follow ing poem w as w ritten  and read b y  D r. P . N . E vans, 
of Purdue U niversity, before the Indiana Section  of the Am erican 
Chem ical S ociety  a t their annual ban qu et in F ebru ary:

T H E  S E N T IM E N T A L  S C IE N C E
T h e public has a notion  th a t our science is a  th in g  
T h a t lodges in our brain-cells, b u t never m akes us sing;
T h a t sen tim en t originates and grow s w ith in  th e heart,
And never tou ch es science, b ut inspires on ly  art.
I t  seem s to  me, how ever, th a t th e case is  n ot so bad—
T h a t science suffers on ly  from th e treatm ent th a t i t ’s had  
From  dry-as-du st professors, w ho can ’t  read b etw een  th e  lines,
B u t see in every  rose bush b ut an aggregate of spines,
W ho think th ey ’re scientific when they're burrow ing in facts.
A nd find no tim e for th ough ts th ey ’re so subm erged in  stream s o f acts; 
And m ercenary an alysts, and office-holders too,
A nd engineers, and routine hacks— of course I d on ’t m ean you ,
B u t unrom antic people th a t refuse to  see th e th ing
T h a t’s right b eneath  their very  nose— it  m akes m e m ad, b y  J in g l

N ow  chem istry  is crowded w ith  the tenderness of th in gs—
A ttraction s and affinities— of such it  fairly sings;
I ts  fu ll of sym bolism , fire, and feuds of fam ilies,
A nd its  m ost im p ortan t elem en t, y o u ’ll ad m it i t  surely is 
W h at p oets in  their frenzy vagu ely  feel b ut scarcely  know ,
A nd express b y  shouting m ad ly  in their ecstasy— ju st  O!
T h e perfum e o f the flowers, too, is scarce so  pure and sw eet  
As our syn th etic  tribute is, w ith  w hich it m u st com pete;
And nature’s rainbow ’s so  outclassed  i t ’s very  rarely seen,
I t  know s it  could  n o t stand  th e te s t  of m eetin g  aniline.

In  asking of som e C hristian friends w hy stead fastly  th ey  clin g  
T o  ritual, and form ula, and sym bol for a th ing,
T h ey  answ er w ith  sincerity , on higher th in gs in ten t,
T h e sym bols and the form ulas are m ain ly  sen tim en t.
I f  form ulas and sym bols sen tim en tal are, you  bet 
Our ch em istry’s th e m ost so  of all th ings d iscovered  yet!

And if in doub t you  still rem ain, b u t turn you r th ou gh t w ith  me 
T o  nam es th a t throng organic books, and then  I th ink  y o u ’ll see  
T h at ester, yes, and eth y lene, and eth y l, s it  in sta te  
W ith cis and an ti, polym er, and even  silicate.
And d on ’t  forget the sw eetness th a t som e carbohydrates show —
T h e sw eetest th in g on earth  is b ut a  chem ical, you  know .
T h e poets praise th e ether, and th ey  seem  to  th ink  i t ’s  blue.
B u t e th y l and O -ethyl is w hat it  is— th a t’s true.
A nd then how  like u s hum ans do th ese little  a tom s act.
W ith  their strong and w eak affinities— it certa in ly ’s  a fact  
T h a t the atom  h ates to  live alone, b u t ev id en tly  yearns  
T o establish  som e co-partnership , b ut from lik e  a tom  turns 
T o  one of nature opposite , and when (I grieve to  sta te  
T h is kind of th in g  has happened very o ft  w ith  us of la te ),
T hough  linked b y  w ell-estab lished  bonds, one o f th e pair perceives  
A  fairer atom  hovering round, i t  s im ply  ups and leaves,
And doubtless tells  enquiring friends of cruelty  and fights,
And how  a w om an-atom  now  m ust b old ly  claim  her rights.
I h esita te to  nam e a case, esp ecia lly  a  pair
Of w hich I form ed one m em ber and th e o ther was so fair.
B u t recently , I m u st ad m it, w ith  E th y l I  had joined,
A long cam e Sodium  E th y la te— m y better half purloined;
T hen  E th y l got— O E th y l— and when I w as bereft,
I  said “ I ’ll take th e Sodium  th a t fa ith less th in g has le f t .”
And E th y l said I was the first w ho tried to break aw ay.
E ach  blam ed i t  on  th e  other, b ut w ho can really  say?
I d id n ’t  like th a t Sodium , and so  I sough t release,
A nd then existed  all alone— a period of peace;
Then  sought the aid of alcohol and phosphorus, and tried  
And found again m y E th y l! N o w  w e’re E th y l Iodide.

T h is frequent change of partners is less likely  to occur 
W ith solid  folk w ho sta y  a t  hom e— he sta y s  a t  hom e w ith  her;
In  liquid  sta te  th e restlessness increases very  fast,
A nd bonding grow s less stab le, and often  does n ot last;
B u t w orst of all the cases th a t you  or I h ave m et
Are the volatile, unstab le, v a p ’rous th in gs, th e d ancing set;
T h ey  whirl and dip, co llide and bounce, and their velocity  
Increases w ith  the tem perature— the results we m ay foresee;
From  one step  com es another, th ey  h esitate, prove false.
Then  p ivot, use th e grape-vine— O th is h esita tion  w altz!

W e w ell m ay v iew  w ith  deep concern those sub stan ces th a t ac t  
Tow ards others in  such different m ood it's  som etim es w orse than  ta c t;  
A pproached b y  som e th ey  seem  to  show  their principles are such  
T h at we m ay sa fely  cou n t on them  w ith  others, ju st as m uch.
T o  show  th e self-sam e nature, b u t w e presently find out!
From  n otin g their behavior w e’re en tirely  in doub t  
W h at fundam ental principles their con d uct underlie—
W e call th em  tautom eric, for of stronger term s w e’re shy;
W e m ight h ave called  th em  double-faced, or hypocrites, or crooks, 
T hese tautom eric sub stan ces of scientific books.

T o  prove again th a t sen tim en t is n ot to  art confined  
L et m e recount an in cident th a t  now  I h ave in  m ind;
I t  shows, I th in k , how  different a  th in g  m ay seem  to  be.
H ow  its  effect is opposite , le t ’s say , on A and B.
T h e inference is ob viou s, th a t sen tim en t’s th e  cause,
S o sen tim en t m ust be a p art of laboratory law s.
I  h ave som e w ater in th e lab ., q u ite  norm al every  way;
I ts  freezing p o in t and boiling p o in t w ere never know n to  stray;
Y et freezing p o in t and boiling p oin t h ave proved th em selves a t  fau lt  
A nd acted  up q u ite  contrary, because I  added  salts;
T h e boiling p o in t jum ped  up a t once, in  no w ay  w as d istressed , 
C ontrariw ise, th e freezing p oin t was very  m uch depressed.

I th ink I h ave convinced  you  th a t th ere’s lo ts  of sen tim en t  
In ch em istry  (and H 2S  is n ot th e scen t I  m eant);
I f  I ’v e  om itted  an yth in g  I hope you  w ill forgive—
Y ou surely see th e sen tim en t in th a t  b y  w hich we live;
I t  perm eates our science ju st as lig h t pervades th e sky,
And th e chem istry  of coal tar— it  has tau gh t us how  to  d ye .
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D r. L . J. Henderson, A ssistan t Professor of B iological C hem is­
try , has been appointed the Professor from  H arvard  U n iversity  
for the second half o f the y ear 19 14 -15  under the interchange 
agreem ent betw een H arvard  U n iversity  and the four W estern 
colleges— B elo it, G rinnell, K n o x  and Colorado.

T h e  S yracuse Section  of the A . C. S. w as addressed on A pril 
24th b y  M r. C arleton  Ellis, of M on tclair, N . J., 011 “ H ydrogen ­
ation  of O ils.”

M r. E. J. Sw eetland, of the Sw eetland F ilter Press C om pany, 
N ew  Y o rk  C ity , sailed on M a y  19th for Europe, where he ex­
pects to  spend some tim e on business.

E d w ard  P . H yde, D irector of the P h ysical L a b o rato ry  of the 
N atio n al E lectric  Lam p Association, announces th a t hereafter 
the L a b o rato ry  w ill be know n as the N ela  Research L abo rato ry  
of th e N atio n al Lam p  W orks of the G eneral E lectric  C o., under 
w hich nam e its  abstract-bulletin  and other publications w ill 
appear.

Prof. G eorge B . F rankforter, of the U n iversity  o f M innesota, 
addressed th e D etro it C hem ists on "S o m e N e w  Phases of C a ta l­
ysis ,”  A p ril 24th.

M r. H enry E . Jacoby announces the rem oval, on M a y  1st, of 
his offices to  larger and more spacious quarters a t  95 and 97 
L ib e rty  S treet, N ew  Y o rk  C ity .

T h e  F ran klin  Institute, Philadelphia, on M a y  20th, presented 
its E llio tt Cresson M edals to  D r. E d gar F alls Sm ith  and D r. 
O rville W right. Addresses w ere m ade on "Scien tists from  the 
K eyston e S ta te ,”  b y  D r. Sm ith and on "S ta b ility  of A eroplanes”  
b y  D r. W right.

D r. F ran k  B . K en rick , of the U n iversity  of Toronto, gave an 
illustrated lecture on “ Superheating and Supercooling”  before 
th e R ochester Section of the A . C . S., M a y  4th.

T h e  B uffalo  F ou n dry and M achin e C om p an y announce that 
th ey  have w ithdraw n  their N ew  Y o rk  representative and will 
handle all fu tu re inquiries in connection w ith  their product 
d irectly  through their B uffa lo  office.

T h e  S t. Louis Section of th e A . C . S. w as addressed by Prof. 
W . D . H arkins, of the U n iversity  of Chicago, on " T h e  Smelter 
Sm oke P rob lem ”  a t  their m eeting on M a y  n t h .

D r. Leo H . B aekeland, C harles F rederick C handler Lecturer 
for 1914, has announced th a t the su bject of- his address, to be 
given  a t C olum bia U n iversity  on M a y  29th, w ill be "Som e As­
pects of Industrial C h em istry .”

Sm ith , E m ery  &  C o., C hem ical Engineers and Chemists of 
S an  Francisco and Los Angeles, announce th a t M r. Carlton 
R . Rose, for a  num ber of years Superintendent of the U. S. Zinc 
C o., Pueblo, C ol., subsidiary to T h e  A m erican  Sm elting &  Refining 
C o., has recen tly  resigned his position and becom e associated 
w ith  them . M r. R ose w ill be located in San  Francisco.

N oel D eerr has resigned his position as director of the Ex­
perim ent S tation  of the H aw aiian  Sugar Planters Association to 
a ccep t the appointm ent as E::pert in Sugar C ane Agriculture 
and Sugar M an u facture  to  the C ub an  G overnm ent.

D r. D ouglas M cIn tosh, A ssociate  Professor in M cG ill Uni­
v ersity , M on treal, has been appointed A ssociate Professor of 
C hem istry  and actin g head of the D ep artm ent in the newly es­
tablished U n iversity  of B ritish  Colum bia.

GOVERNMENT PUBLICATIONS
B y  R .  S. M c B r i d e ,  B ureau o f  Stand ard s, W ashin gton

n o t i c e — Publications for w hich price is indicated can  be 
purchased from  the Superintendent o f D ocum ents, G overnm en t 
Printin g Office, W ashington, D . C . O ther publications can 
u su ally  be supplied from  the B ureau  or D ep artm ent from  w hich 
th ey  originate. Consular R ep orts are received b y  all large 
libraries and m a y  be consulted there, or single num bers can  be 
secured b y  application to  the B ureau of Foreign and D om estic 
Com m erce, D ep artm ent of Com m erce, W ashington. T h e  regu­
lar ,subscription rate  for these Consular R ep orts m ailed d aily  is 
$2.50 per year, p ayable  in advance, to  th e Superintendent of 
D ocum ents.

T R E A S U R Y  D E P A R T M E N T

Treasury Decisions. A  w eek ly  publication is issued giving 
the decisions of the board of general appraisers and the court 
of custom s appeals in m atters of duties on im ports. M a n y  of 
these decisions are of im portance as show ing the accepted 
classification of raw  m aterials or m anufactured articles of use 
in or in com petition w ith A m erican chem ical industries. I t  is 
im practicable to  review  these decisions, and th e original re­
ports m ust therefore be consulted. T h e  subscription price is 
$1.75 per year, p ayable in advance to  the Superintendent of 
D ocum ents, G overnm en t P rin tin g Office, W ashington.

Value of Foreign Coins. T reasury  Decisions, p. 6, N o . 15, 
V ol. 26, dated A pril 9. E stim ated  b y  the D irector of the M in t 
and adopted b y  th e T reasu ry  D epartm ent. O f industrial 
interest in foreign shipm ents, and especially in connection w ith  
im ports.

A G R IC U L T U R A L  D E P A R T M E N T

T h e E ffect of H e at on H aw aiian  Soils. B y  W . P . K e l l e y  
and W m . M c G e o r g e .  B ulletin  30, H aw aii A gricu ltural E x ­
perim ent Station . 38 pp. roc. T h e  results of the various 
physical and chem ical changes produced in  soils b y  heat are 
reported (see T h i s  J o u r n a l ,  6 , 223).

Rice S oils of H aw aii; their F ertilization  and M anagem ent. 
B y  W . P . K e l l e y .  B ulletin  31, H aw aii A gricu ltu ral E xp eri­

m ent Station . 23 pp. 5c. O f interest in soil investigations 
for other tropical or sem itropical regions.

Service and R egulatory A nnouncem ents. These monthly 
circulars issued b y  certain B ureaus give information, instruc­
tions, and notices of a regu latory nature. T h e y  are issued 
b y  the following B ureaus: A n im al Industry, Biological Survey, 
and Chem istry, and the Insecticide and Fungicide Board.

T h e  A ction of M an gan ese in Soils. B y  J. J. S k in n e r  and' 
M . X .  S u l l i v a n ,  assisted b y  others. D epartm ent Bulletin 42, 
from  B ureau of Soils. 32 pp. 5c. T h e results given in this; 
bulletin  throw  considerable ligh t 011 the effect of catalytic 
fertility  in various soils. M anganese as a fertilizer is practically 
unknow n and untried in this country, so th at discussion of its 
action  is necessarily theoretical; y e t  it  is of great interest to those- 
growers whose technical training induces them  to experiment 
w ith  new  substances to  increase or control crop production.

Laboratory and F ield  A ssay  of A rsen ical Dipping Fluids. 
B y  R . M . C h a p in . D ep artm ent B u lletin  76, from Bureau of 
A nim al Ind ustry. 17 pp. 5c. A  popular account of laboratory- 
tests for actu al arsenious oxid and for to ta l arsenic, together 
w ith  m ethods of field assay for dips used for tick  eradication. 
O f special interest to  officials and others concerned with the- 
analysis and control of these preparations.

T h e  Cost of P asteu rizin g M ilk  and Cream . B y  J. T . BowEN. 
D epartm ent B ulletin  85, from  B ureau of Anim al Industry. 
12 pp. 5c. T his bulletin  deals w ith  the question of costs from 
an engineering point of v iew ; the bulletin  is addressed to- 
m anagers of cream eries and designers of pasteurizing apparatus.

Alum  in Foods. D epartm ent B ulletin  103. 7 PP- 5 C-
A  c o n t r ib u t io n  fr o m  t h e  Referee B oard o f  C o n s u lt in g  S c ien tific  

E xperts, g iv in g  their f in d in g s  a s  t o  the e f fe c ts  o f  th e  u se  o f  alum 
in  fo o d .

T h e O rganic N itrogen o f H aw aiian  S o ils . B y  W . P. K e l l e y  

and A l i c e  R . T h o m p so n . B ulletin  33, H aw aii Agricultural. 

Experim ent Station . 22 pp. 5c.
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The Agricultural O utlook. F arm ers’ B ulletin  590, from the 
Bureau of Statistics. 20 pp. Includes am ong other crop 
estimates, a report 011 the Louisiana sugar crop of 1913.

B U R E A U  O F M IN E S

The Prevention of W aste  of Oil and G as from  Flowing 
Wells in California. B y  R a l p h  A r n o l d  and V . R . G a r f i a s .  

Technical Paper 42. 15 pp. A  prelim inary report on measures
to prevent or rem edy conditions leading to oil and gas waste, 
as well as measures for preventing the escape of artesian waters 
into oil or gas strata.

Weathering of the P ittsburg Coal B ed  at the Experim ental 
Mine near Bruceton, P a. B y  H . C . P o r t e r  and A . C. F i e l d -  

n e r .  Technical Paper 35. 35 pp. 5c. A  large num ber of 
tests are reported on samples of weathered coal and coal from 
the same mine unaffected b y  weathering. T h e character of the 
work is indicated b y  the following general conclusions: ‘ ‘The 
weathering effects are m anifested in a  low er content of carbon 
and hydrogen and higher content of oxygen in the coal substance, 
a correspondingly lower calorific valu e of th e coal, the presence 
of a larger proportion of com bined w ater in the coal substance, 
and a much diminished pow er of consum ing oxygen from the 
air and of liberating m ethane. A  ru sty  appearance on the 
surface of lumps is not necessarily an indication of a n y  de­
preciation in the fuel value of the coal.”

The Inflam m able G ases in M in e Air. B y  G. A . B u r r e l l  

and F. M . S e i b e r t .  T echnical P ap er 39. 24 pp. 5c. “ T he
authors present this stud y as show ing th a t normal mine-air 
samples obtained from  m any mines in various parts of this 
country contain only m ethane as the com bustible gas.”  In  
addition to experim ental results, there are given some historical 
data; and a  description of the m ethods of analysis is also in­
cluded. The apparatus used has been described previously 
by the Bureau of M ines.

Fires in L ak e Superior Iron M in es. B y  E d w i n  H i g g i n s .  

Technical Paper 59. 34 pp. P rincipally  of interest in mining
work, but a  considerable num ber of ore analyses and a  dis­
cussion of the spontaneous ignition of p yritic  m aterial, such as 
black slate, are included.

Drilling W ells in O klahom a by the M ud -laden  Fluid M ethod. 
B y A. G . H e g g e m  and J. A . P o l l a r d .  T echn ical Paper 68. 
28 pp. Of interest in petroleum  and natural-gas industries, 
as showing means of preventing w aste during the well drilling.

Gases Found in Coal M in es. B y  G . A . B u r r e l l  and F . M . 
S e i b e r t .  M iners’ C ircular 14. 24 pp. A  popular treatm ent 
of this subject.

B U R E A U  O F F IS H E R IE S  

A New M ethod for the D eterm ination of the Food Value of 
Proteins, with Application to Cynoscion Regalis. B y  G . F. 
W h i t e  and A d r i a n  T h o m a s .  D ocum ent 784, from B ulletin  32. 
5  pp. "Sorensen’s m ethod for the determ ination of amino 
acids was applied to  a stu d y  of the try p tic  proteolysis of 
Cynoscion regalis. T h e results were regular and in accord 
with those obtained b y  th e nitrous acid m ethod for the analysis 
for amino nitrogen. A  practical m ethod for the determ ination 
of the food value of proteins has therefore been developed.”  

Properties of F ish  and V egetable-O il M ixtures. B y  G . F. 
W h i t e  and A d r i a n  T h o m a s .  D ocum ent 785, from  Bulletin 32. 
H  PP. T h e  viscosity, density, index of refraction, saponifica­
tion number, acid number, and iodine num ber of the following 
oils were m easured: China-wood, dogfish liver, soya-bean,
linseed, and m ixtures of these.

The Effect of W ater-gas T ar on O ysters. B y  P. H. M i t c h e l l .  

Document 786, from B ulletin  32. 6 pp. R ep ort of a laboratory 
investigation from  which the following conclusions, among 
others, are draw n: "T h ese  experim ents show 110 noticeable 
effects of water-gas ta r on oysters in constantly-renew ed sea 
water. This is true in spite of the fac t th a t large am ounts of 
tar mixed w ith stagnan t sea w ater, or sm all am ounts injected

into oysters which are kep t in stagnant w ater, do cause serious 
or fatal effects.”  * * * * " I n  stagn an t w ater th e organism
can not be effectively washed out, and effects in volvin g a  loss of 
sensitiveness in the m antle result. T h a t consum ption of the 
dissolved oxygen in the stagnant w ater b y  tar m ay have some 
effect on oysters is a  p ossib ility.”

T h e O xygen R equirem ents of Shellfish. B y  P. H . M i t c h e l l .  

D ocum ent 787, from B ulletin  32. 14 pp. A  report on a  labora­
to ry  investigation in which the "oxygen  requirem ents”  and the 
"resistance to  lack  of oxygen”  were studied on oysters, clam s and 
quahogs.

F ishery Products. S tatistical B ulletins are issued, u su ally  
several each month, on the quantities and values o f fishery 
products; for example, the following four subjects are covered 
in those issued during M arch, 1914: Q uantities and values of
products landed a t  Boston and Gloucester, M ass., in 1913, (1) 
classified b y  fishing ground, (2) classified b y  months, (3) for 
Jan., 1914, and (4) for Feb., 1914.

B U R E A U  O F S T A N D A R D S

Bulletin N o. 3 of Volum e 10, contains the following 5 articles 
of chem ical interest:

(1) Critical R anges of A2 and A3 of Pure Iron. B y  G . K .  
B u r g e s s  and J. J. C r o w e .  Scientific Paper 213. 56 pp. 
T here is given a  critical, historical sum m ary of the experim ental 
investigations of the position of A2 and A3, a brief m ention o f 
the theoretical aspects of the subject, and a  report on tests made 
on several samples of pure iron which were studied b y  tw o  
methods over the range 500 to 1000 °. A  new m ethod of testing 
has been devised since the earlier work w as reported and tests 
are now reported on sam ples prepared recently. T h e methods 
of testing, as well as the results, are given in detail. W ithout 
exception, 130 curves show A2 and A3 as sharply defined and dis­
tin ct critical ranges. R educed to  basis of zero rate o f heating, 
the results are: A2 =  Ac2 ±  A r. =  7680 =*= 0.05; A c3 =  9090 ±  
1; and Ar3 = 898° =*= 2.

(2) N ote on the Setting of a M ercu ry Surface to a  R equired 
H eight. B y  M . H . S t i l l m a n .  Scientific Paper 214. 4 pp.
T he im provem ent is sim ply an artifice to  enable detection of a  
sm aller dimple in the H g surface; it  consists of a scale of a lter­
n ate w hite and black  lines each 0.5 mm. wide placed behind the 
pointer so th at the images of the lines appear parallel w hen the 
pointer does not touch the m ercury b u t are distorted when the 
sm allest dimple is formed.

(3) M icrom eter M icroscopes. B y  A . W . G r a y .  Scientific 
Paper 215. 16 pp. T his article discusses some errors affecting
m icrom eter microscopes and methods of determ ination of the 
corrections and their applications.

(4) T h e P entane Lam p as a W orkin g Standard. B y  E. C . 
C r i t t e n d e n  and A . H . T a y l o r .  Scientific Paper 216. 28 pp.
A  discussion of the standardization adjustm ent, and use o f the 
pentane lam p as a  photom etric standard, including detailed 
operating directions and tables giving corrections to  be applied 
to  correct for the effect of atm ospheric conditions. A  large 
num ber of results obtained during th e use of lam ps a t th e B ureau 
of Standards for several years, are sum m arized in th e article.

(5) Com parison of the Silver and Iodine Voltam eters and the 
D eterm ination of the Value of the Faraday. B y  G . W . V i n a l  

and S. J. B a t e s .  Scientific Paper 218. 26 pp. A  report on 
the comparison m ade of the silver voltam eters of the form  
previously used b y  the B ureau of Standards and th e iodine 
form  used b y  W ashburn and B ates, giving the following results:

R atio  o f silver to  io d in e  . . . ..................................... 0 .8 5 0 1 7
Electrochem ical eq u iva lent of io d in e ............................... 1 .31502
V alue of th e faraday (I =» 126 .92 ).......................................  9 6 ,5 1 5
Value of th e faraday (A g =  107 .88).................................... 9 6 ,4 9 4
V alue recom m ended for general u se .....................................  9 6 ,5 0 0

Industrial G as Calorim etry. B y  C. W . W a i d n e r  and E. F. 
M u e l l e r .  T echnologic Paper 36. (In press.) T h is paper 
reports an investigation of the factors w hich affect the accuracy
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of the determ ination of heating value of gas, such a s : C om plete­
ness of com bustion, accuracy of th e tem perature m easurements, 
the m agnitude of the various heat losses from the calorim eter, 
the effect of vary in g  the volum e of the products of com bustion, 
and the m easurem ent of the quantities of gas and w ater. T h e 
sum m arized results are given of a critical stu d y  of 8 calorim eters 
of the flow ty p e  and one of the com parison type. T here are also 
included the results of an experim ental investigation of labora­
to ry  gas meters, showing the errors to  which such meters arc 
liable, the precautions to  be observed, and the accu racy a tta in ­
able in their use.

Variations in R esu lts of Sieving with Standard C em ent Sieves. 
B y  R . J. W i g  and J. C . P e a r s o n .  T echnologic Paper 29. 16
pp. A  report of tests m ade to  determ ine the differences in 
standard sieves, the m agnitude of the personal factor of the ob­
server, the precision of results obtainable, etc.

Som e L ead less B orosilicate G lazes M aturing at about u o o °  C. 
B y  E . T . M o n t g o m e r y .  T echnologic Paper 31. 22 pp. D e ­
tails arc given of an a ttem p t to  prepare glazes equ ally  desirable 
to  substitute for those containing lead. Previous w ork, indica­
ting th e causes for the failure in this line, is confirmed.

Production of Tem perature U niform ity in an Electric Furnace. 
B y  A . W . G r a y .  Scientific Paper 219. 21 pp. A  furnace
givin g the desired uniform ity for work on the exp an sivity  of 
m etals is described.

Standard D en sity  and Volum etric T ab les. C ircular 19, 4th 
edition, w ith  supplem ent. T h e  following tables (among 
num erous others of som ew hat sim ilar character) are given: 
D en sity  of w ater; density of alcohol-water m ixtures; tem pera­
ture corrections for alcoholom eters; density of m ethyl alcohol- 
w ater m ixtures; densities of solutions of cane sugar and of 
sulfuric acid; tem perature corrections for saccharom eter read­
ings; conversion tables for B au m é degrees, density, and specific 
g ra v ity ; density of air; apparent w eight of w ater in air; tem ­
perature corrections for glass volum etric apparatus; and m aster 
scales for hydrom eters.

Polarim etry. C ircular 44. 140 pp. A  v e ry  full report
intended as a  circular of inform ation on the apparatus and 
m ethods of polarim etry, including a  discussion of the th eory  
involved, descriptions of the apparatus, its calibration, pre­
cautions to  be observed in operation, and other methods. T h e 
circular is p ractica lly  a te x t book of sugar m ethods as well as a  
laboratory  handbook for general polarim etry. T here are also 
included the U. S. T reasu ry  D epartm ent “ Regulations Govern­
ing the Weighing, Taring, Sampling, Classification, and 
Polarization of Imported Sugars and Molasses.”

T he T estin g  of M aterials. C ircular 45. 90 pp. T h is 
circular is designed to give inform ation on the su bject of the 
testing done b y  the B ureau of Standards on each class of ma­
terials, the conditions under which such w ork is undertaken, 
and the lim itation of such w ork due to  the present status of 
technical knowledge. T h e  inform ation given is not on ly of 
interest in connection w ith  the w ork done b y  the Bureau, since 
m an y of the topics are treated in such a w a y  as to indicate the 
value and significance of tests, cither chem ical or physical, 
which can be m ade on certain  sorts of m aterials.

B U R E A U  O F  F O R E IG N  A N D  D O M E S T IC  C O M M E R C E

Im ports and Exports. Several sets of publications are issued 
periodically b y  this Bureau, as follows:

(1) E xp orts of dom estic breadstuffs, cottonseed oil, food 
anim als, m eat, dairy products, cotton, and mineral oils. T his 
is a m on thly bulletin, the num ber for F ebru ary  being N o. 8 o f 
the series 1913-14.

(2) Im ported m erchandise entered for consum ption in the 
U . S., etc. T h is is a  quarterly, subscription price 75c per year.

(3) T o ta l values of im ports and exports of U . S. A  m onthly 
series of pam phlets on this subject is issued.

(4) M on th ly  sum m ary of com m erce and finance of U . S.

T his includes a section show ing details of im ports and exports, 
w hich section is sold in the form of advance sheets a t 10c a single 
cop y or $1.00 per year.

T rade D irectory of South A m erica. M iscellaneous series 
publication N o. 13 (1914). A  report designed to promote 
A m erican export trade w ith  South A m erica. C loth, S i .00.

Production and Use of Denatured Alcohol in Principal 
Countries. B y  C h a s .  A. C r a m p t o n .  Special Agents Series 77. 
32 pp. Paper sc.

C O N S U L A R  R E P O R T S , M A R C H  (C o n c lu d e d )

T h e Potash shipm ents authorized for 1914 b y  the German 
P otash Syn d icate  am ount to  635,300 tons of K 20  for domestic 
consum ption and 531,300 tons of K 20  for foreign consumption. 
(P. 909.)

P u blic sales of Billiton Tin, in B ata via , in 1913, aggregated 
4,938,800 lbs., a t an average of S o .4261 per lb. (P. 921.)

R ussian Coal and Iron statistics show th at the Donetz Basin 
provides 5 5 .5  per cen t of the coal consumed in Russia. The 
iron and steel industry shows increased a ctiv ity . (P. 942.)

A  large am ount of Cocoanut F iber (or Coir) is now wasted in 
Jam aica and the Philippines, b u t could be extracted and used 
for the m anufacture of m ats, c tc v which are now made mostly 
from  the B ritish  E a st Indian  product. (P. 943.)

C oating of C offees in Germ an}' is regulated b y  law, especially 
the use of shellac, etc., which m ay contain arsenic. (P. 954.)

W ood B lock  P avem en ts in B erlin  are m ade of blocks impreg­
nated w ith  zinc chloride or creosote, and laid in tar or asphalt, 
on a concrete base. (P. 956.)

T h e  Com m ercial M useum  of T rieste, m aintained by the 
C ham ber of Com m erce, furnishes com m ercial and tariff informa­
tion, investigates industries, and exam ines and analyzes imported 
goods. (P. 958.)

A n  exposition of m achinery, apparatus, and supplies used in 
W ine Production, B rew ing and D istilling, w ill be held in Buda­
pest, M a y  23, to Ju ly  6, 1914. (P. 971.)

Spanish Garnets from Altneria Province are imported into the 
U . S. for abrasive 'purposes. (P. 974.)

A  com m ercial review  of N o v a  Scotia  Ports includes statis­
tics of the Coal and Iron Industries of th at region. (P. 977.)

A s a result of R u bb er Cultivation in Choco, Colum bia, 1,500,- 
000 trees h ave  been planted. A llu v ia l deposits of Gold and 
Platin um  in Choco are being worked, m ostly b y  hand. (P. 9 97-)

Petroleum  production in B urm a in 1912 am ounted to 240,-
500,000 gallons. (P. 1007.)

T h e  Sugar Crop of A ustria-H un gary in 1912-13 showed a 
large increase in the production of beet sugar over previous 
years. (P. 1031.)

T h e  Constantinople G as W orks has been purchased by a 
European firm, who will sell gas a t  S i .43 per 1000 cu. ft. for 
lighting, $ 1.14  for cooking, and S1.00 for power. (P. 1051.)

R u bb er shipm ents from the A m azon  V a lle y  in January, 1 9 1 4 . 

were lower b y  2,877,799 lbs. than in January, 1 9 1 3 - (P- I05 5 -)
T h e  U nited S tates supplied 65 per cen t of the Coal imported 

into E cuador in 1913. (P. 1063.)
A ll the Oil and G asoline used in Prince Edw ard Island, Canada, 

is im ported from  the U . S. (P. 1070.) *
T h e  ou tp u t of V egetable  B utter and Oils, principally from 

cocoanut oil, in Odessa, has increased rap id ly  in the last few 
years. (P. 1071.)

T h e  Olive Oil production of T u sca n y  for 19 13-14  was only one- 
third the norm al output. (P. 1083.)

P etroleum  in Persia is being exploited b y  three companies. 
(P. 1083.)

T h e  cu ltivation  of Sugar-cane has largely supplanted the 
W ine in du stry of M adeira. (P. 1095.)

T h e  G overnm ents of B ritish  C olum bia and Ontario hase 
passed regulations regarding the developm ent of Radium de­
posits and have offered rew ards of $5,000 and $25,000, respec-
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tivcly, to persons discovering w orkable radium  deposits in these 
provinces. (P. 1110.)

The statistics of the Russian sales to  the U . S. for 1912 and 
1913 include Chem icals, F ertilizers, G lue, S h eet Iron, M an ­
ganese Ore; F usel O il, M in eral O il, Platinum , R ubber, Liquors, 
Tar, Turpentine, and W ood Pulp. (P. 1112 .)

Petroleum is being prospected for in Palestine. (P. n  15.)

A new G lass F actory a t  T ob ata , Japan, to cost $1,000,000, is 
nearly completed and will m ake sheet and plate glass. (P. 
1125.)

Platinum products m anufactured in Sw itzerland m ay be offi­
cially stamped to indicate the platinum  content (iridium being 
considered as platinum ). (P. 1128.)

Exports of T in  from H ongkong to the U . S. in 1913 showed an 
increase while the exports to  E urope show ed a  m arked decrease. 
(P. 1148.)

The Antwerp D iam ond trade flourished in 1913, A ntw erp be­
ing now ahead of Am sterdam  in this industry. T h e  Interna­
tional M etric Carat of 200 m illigram s has now  been adopted b y  
Belgium and the U. S., leavin g E n glan d as the only im portant 
country in which it has n ot been adopted. (P. 1169.)

Cocoa B eans in T rin idad arc u su ally  coated w ith clay  to pre­
serve them and render them  uniform  in color. Efforts are now 
being made to prevent fraudulent excessive claying. (P. 1176.)

South African Collieries produced 4,500,000 tons of Coal in 
1913, so th at only 65,000 tons were im ported from G reat Britain.

(P. 1177 )
The trade statistics for C eylon  for 1912 and 1913 include in 

the exports Cocoanut F ib er and Oil, C itronella Oil, Plum bago, 
and Rubber. Im ports include C em ent, Coal, Iron, Fertilizers, 
Kerosene, Sugar and L ead . (P. 1185.)

Vinegar and Pyroligneous acid are adm itted free to the N ether­
lands when intended for use in Zinc Etching Establishm ents. 
(P. 1203.)

In connection w ith  the reduction of the d u ty  on Sugar, Syrups, 
etc., into Sweden, syrups are defined as containing not over 70 
per cent sugar and more than 1.3 per cen t ash. (P. 1205.)

C O N S U L A R  R E P O R T S , A P R IL

According to a bulletin  of the Philippine B ureau of A gricul­
ture the fiber or floss from  the fru it of the kapok tree is being 
used extensively for filling m attresses, life-saving appliances, 
etc.; it can also be spun into yarn. (P. 10.)

Statistics of the zinc industry show th a t the w orld ’s production 
of zinc in 1913 w as the largest ever recorded. Separate 
statistics arc given for A ustralia, A ustria  H ungary, Germ any, 
Italy, Russia and Spain. (P. 17.)

The beet sugar in dustry in C an ada is conducted in 3 factories, 
the output of which in 1913 w as 27,232,124 lbs. raw  sugar. 
(P- 30.)

Statistics of the iron and steel production and the iron re­
serves, reported b y  the B ritish  B oard of T rade, show the con­
sumption of iron ore and the production of pig iron and steel 
for the principal countries, in 1910, 11 and 12. T h e  deposits 
of ore now being worked will supply the world for less than two 
centuries, b u t known deposits as y e t unworked, will greatly 
increase the supply. (P. 40.)

Pyrite deposits in N orw ay, containing 33 per cent sulfur, and 
i per cent copper are about to  be worked on a large scale, the 
Proposed annual ou tp u t being 100,000 tons. (P. 43 )

The important mineral products of Nova Scotia are coal, 
gypsum, and limestone. (P. 43.)

The principal mineral products of China, are coal, iron, copper, 
tin and antimony. (P. 45.)

A  trade review  of Liverpool includes figures for the trade wnth 
U- S. in m etals, drugs, oils, rubber, etc. (P. 49.)

Ih e  British N a v y  has ju st m ade large contracts for Scotch 
shale oil, for fuel. (P. 78.)

T he foreign commerce of the Philippines in 1913 includes 
exports of copra, hem p, and sugar. (P. 92.)

T he Scotch m ineral oil com panies produced 75,000,000 gallons 
of oil in 1913. Illum inating oil sold for So. 14 per gal., and 
"m otor spirit”  for S0.30 per gal. (P. 101.)

T h e principal minerals obtained in the M adrid  district in Spain 
are coal and iron. (P. 134.)

T h e lim e-fruit industry of D om inica in the Seeward Island 
includes the m anufacture of calcium  citrate and oil of lim es.
(P. 142.)

A  great increase in the im ports of fertilizers into Japan is 
noted. (P. 143.)

B oth im ports and exports of the Japanese foreign trade 
showed a m arked increase in 1913. T h e im ports included 
dyes, fibers, rubber, iron, fertilizers, paper pulp, and sugar. 
T h e exports included coal, copper, w hale oil, m enthol, and 
camphor. (P. 148.)

T h e production of maple syrup and m aple sugar in the U . S. 
and Canada is rapidly decreasing. (P. 150.)

M ethods of detinning in G erm an y include electrolytic  
methods, using both alkaline and acid electrolytes, and the 
chlorine method, the latter being m ost used. (P. 151.)

Cardiff, W ales, is the w orld’s principal coal shipping port. 
Iron and steel, tin plate and galvanized steel are produced there 
in large amounts. T o ta l shipm ents o f coal from  ports in W ales 
in 1913 were 40,000,000 tons. (P. 161.)

A  new oil-bearing nut has been discovered in the Philippines 
belonging to  the fam ily M eliaceae. T h e  dry nuts yield 45 
per cent of oil which produces a  good grade of soap. T h e  pro­
duction of cocoanut oil in the Philippines has increased very  
rapidly. (P. 172.)

T h e mineral products of Somerset, England, include coal, 
lead and zinc ores, fire clay, fu ller’s earth, and celestite 
(strontium sulfate). Im ports of petroleum  oils into B ristol are 
increasing. Large am ounts of o il-seeds are im ported for the 
m anufacture of vegetable oils, including cottonseed, linseed, and 
soya bean. (P. 177.)

Fertilizers are to  be adm itted free of d u ty  to  all B elgian  
colonies after Jan., 1914. (P. 209.)

A t  a  conference of comm ercial gas users in London, England, 
it was stated th at municipal gas plants do not sell as large 
quantities of gas per consumer as do private  companies. T h e  
increased use of gas stoves in London has m aterially  im proved 
the fog conditions. (P. 220.)

Italian  olive oil is frequently adulterated w ith  treated olive 
oil, i. e., oil th at has been deodorized or decolorized b y  chem ical 
means and the presence of which is v ery  difficult to  detect. 
(P. 222.)

Exports from M anitoba, Canada, include flaxseed, w ood ' 
pulp, and pyrite. (P. 232.)

Linseed and sunflower seed are used extensively in R ussia 
for the production of vegetable  oils. (P. 242.)

In the Spanish olive-oil industry the oil from the first tw o 
pressings is sold for edible oili and th at obtained b y  extraction  
w ith carbon bisulfide is used for industrial purposes. Inferior 
oils, when deodorized and decolorized are som etim es mixed w ith  
high-grade oil. T o  prevent adulteration of olive oil w ith  other 
oils, the law requires the addition of wood pitch or coal tar to  
a n y  cottonseed or rapeseed oil im ported. (P. 246.)

In the m anufacture of saw dust briquettes in B ritish  Colum bia, 
the sawdust, chips, etc., are som etim es compressed into 
briquettes w ithout the use of a  binder, though u su ally  coal dust 
and tar are added. (P. 249.)

E xports from H aiti to  the U . S. include beesw ax, cottonseed, 
lignum -vitae wood and gum, logwood, and fustic. (P. 266.)

R efrigeration in F rance is increasing in storage houses, cars 
and vessels. In  cars, sm all machines, using C H jC l and operated 
b y  power from  the car wheels, are frequently  used. (P. 269.)



524 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, N o : 6

E xp orts from B elgian  K on go include copal, gum , copper, 
gold, palm  nuts and oil, m abula panza (an oil nut) and rubber.

(P. 273-)
T h e production of petroleum  in the D u tch  E a st Indies hi 

1913 w as over 1,500,000 tons. (P. 285.)
E xports from  Persia include drugs, gum s, genna (a vegetable 

pigm ent), hides, and precious stones. (P. 298 )
The campaign for smoke abatement in England includes 

accurate measurement of atmospheric pollution in all the large 
cities, organization of classes for engineers and stokers, and 
the use of various forms of smoke-preventing apparatus. (P. 
301.)

A n  increase is noted in the export from  C eylon  of papain, a 
d igestive e xtract from the C arica  papaya. (P. 302.)

T h e export of peanuts from  H ongkong to  the U. S. has in­
creased. (P. 311.)

T h e  exports of A ustralia  include coal, copper, chem icals, 
gold, lead , fertilizers, silver, soap, tallow, and tin. (P. 321.)

T h e  exports of Trin idad include asphalt, balata gum , copra, 
petroleum , sugar, and m olasses.

In  the wine industry of A rgentine, the grape residues are 
distilled for alcohol, and some tartaric acid and cream  of tartar 
are recovered. (P. 335.)

Owing to adulteration of Chinese cassia (cinnamon) with 
dirt, sticks, etc., new standard contracts have been made. 
Large amounts of the spice and the oil are imported into the 
U .S .  (P. 348.)

A  com pany lias been organized to  develop nickel and iron 
deposits in A thabaska, Canada. (P. 349.)

E xp orts from C uracao (D u tch  W est Indies) include coal, 
dividivi, h ides, salt, gold, phosphates, and aloes. (P. 358.)

T h e  exports of N ew  South W ales include coal, copper, gold, 
lead , leather, hides, cocoanut oil, silver, tallow, and tin. (P. 
401.)

Exports from Manchuria include soya bean, cake and oil,' 
coal, hemp, ginseng, and castor oil. (P. 417.)

T h e  alum inum  industry in G erm an y yielded dividends of 
20 per cen t in 1913. (P. 425.)

Im portations of crude petroleum  oil and kerosene into H ong­
kong from  the U . S . show ed a  m arked increase in 1913. (P.
436.)

A llen ’s C om m ercial O rganic A n alysis. V ol. V I II .  E d ited  b y  
W . A . D a v i s  a n d  S a m u e l  S. S a d t l e r .  4th edition, 696 
pages. Philadelphia: P . B lak iston ’s Son &  Co., 1913. Price,
S5.00 net.

T his is the last volum e of the fourth edition of a  w ork w hich 
has been long and favo ra b ly  known, and w hich has becom e a 
practical necessity in laboratories where technical investigations 

.in  a n y  field of organic chem istry are carried out. T h e  present 
volum e deals w ith  the protein and related substances, or those 
products in w hich the proteins are the m ost characteristic or 
im portan t elem ents.

T h e revision of a  w ork of this character has long passed 
beyond th e pow er of a single individual because no one person 
can be expected to  be expert in so m an y specialties. In  this 
volum e, as in  th e others of the series, w e find the labor has been 
divided am ong a  num ber of men, in this case eleven, all of w hom  
are well know n authorities in different fields of technical chem ical 
research. T h e  general editorship rem ains w ith  M essrs. D avis 
and Sadtler. T h e  contributors to the various sections o f Volum e 
V I I I  are E . F ranklan d A rm strong, S. B . Scltryver, L . L . V an  
S lyke, H enry Leffm ann, C ecil R evis, E . Richards B olton , W- D . 
Richardson, J. A . G ardner, G . A . B uckm aster, Jerom e A lexander 
and W . P . D rcaper.

Soya beans from  Southern M anchuria contain 16-17 per cent 
of oil, and those from N orthern  M anchuria on ly 15 per cent of 
oil. (P. 439.)

Im portations of chem ical fertilizers into the C an ary Islands 
are increasing. (P. 443.)

Im itation  gold leaf, "b la tt-m eta ll,”  consisting of 100 parts 
copper and 15-20 parts zinc, is m ade and used extensively in 
G erm any. Im itation  silver lea f consists of 90 per cent tin and 
10 per cent zinc. (P. 446.)

T h e first natural gas pipe line in H u ngary w as recently com­
pleted. (P. 451.)

E xp orts from  Lom b ardy to  U . S. in 1013 included drugs, 
dyeing and tanning extracts, glycerin e, glue, and “ oleostearin.” 

(P- 4 5 5 -)
A  thorough in vestigation  has shown th a t Southern India is 

well adapted to the cu ltivation  of sisal hem p. (P. 461.)

T h e  new  C anadian  tariff includes changes in the rates of duty 
on iron and steel, am yl alcohol, peanut and soya-bean oils, 
chloride of lim e, and caustic soda. (P. 482.)

E xports from  P aris to the U . S. include aluminum, glue, 
glycerine, m arble, platinum , iridium , palladium , rubber, silver, 
and w ines. (P. 519.)

E xports from  H ongkong to the U . S. include aniseed oil, 
camphor, cassia, cassia  oil, peanuts, peanut oil, sugar and 
tin. (P. 529.)

A  prosperous in dustry in T urkestan  is the cultivation of 
S evan t wormsecd, from w hich the drug santonin is extracted. 

(P- 5 3 9 -)
E xp orts from  A lm eria, Spain, include iron, zinc, lead, and 

copper ores and garnets. (P. 553.)
A  p lant has been erected in  B ritish  Colum bia to use the 

Lau rentia  process for pasteurizing m ilk, in which the milk, after 
h aving been heated to  155-165 0 F ., is passed through a “ homo- 
genizer”  in w hich th e fa t  globules are broken up. (P. 557.)

E xp orts from  G lasgow  to the U . S. include aluminum, 
am m onium , and potassium  salts, creosote oil, and iron. (P. 

5 7 4 -)
A  Florentine inventor, U livi, claim s to  be able not only to 

explode powder, etc., b y  the so-called “ F  rays,”  but also to 
locate m ineral deposits. (P. 587.)

In  the last edition of the w ork, th e volum e which covered the 
sam e general ground w as issued abou t fifteen years ago. Since 
then there h ave  been great advances in all lines of technical 
organic chem istry, and especially in our knowledge of the pro­
tein substances and related bodies w hich are taken up here. 
T hese changes have been so great as to call practically for the 
rew riting of th e whole book. In  general, the w ork has been well 
done and apparen tly th e m ost recent literature has been con­
sidered in every  field covered.

T h e  longest single section is th a t b y  W . D . Richardson on 
M ea t and M ea t Products. T his covers 205 pages, or nearly 
one-third of th e whole book. M r. R ichardson, as head of the 
laboratory of one of the largest m eat-producing plants in the 
world, has had opportunities such as are open to but few men 
for becom ing acquainted w ith  th e w hole field described and this 
is shown b y  the w ealth  of first-hand inform ation evident in every 
p a rt of the text, in the discussion of analytical methods as well 
as in the presentation of details of production.

T h e  large field of Proteins o f M ilk , M ilk  and M ilk Products 
has been covered b y  L . L- V an  S lyke, H . Leffmann, and Cecil 
R evis and E . R . B olto n  in chapters filling 147 pages. Each 
one of the authors has long been know n as an original investigator 
in the subject of the chem istry of m ilk. There are few fields
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in which methods of analysis have been so abundantly supplied 
as in that of m ilk investigation. In  reading these sections one is 
impressed b y  the fact th at little  of im portance is om itted. T he 
discussion of the various products form ed from m ilk is excellent. 
(Butter is considered in another volum e.) I t  is interesting to 
note that the m uch advertised Sanatogen is described as a 
mixture of casein and sodium  glycerophosphate, or possibly as 
a salt of casein so mixed.

Somewhat shorter sections h ave  been contributed 011 Enzym es 
and 011 Proteins of P lan ts b y  E . F . A rm strong; on Proteins and 
Albuminoid Substances, and on the D igestion  Products of the 
Proteins by  S. B . S ch ryver; on H em oglobin and Its D erivatives 
by J. A. G ardner and G . A . B uckm aster; on Album inoids or 
Scleroproteins b y  Jerome A lexander; and on Fibroids b y  W . P. 
Dreaper. I t  will be noticed th a t there is some confusion in the 
use of the term  album inoid. In  the discussion of the digestion 
products of proteins, the description of Pancreatin  does not cor­
respond very  well to  w h at is actu a lly  produced in this country. 
Under the m ethods used in testin g enzym ic a ctiv ity  the author 
describes the convenient F u ld  m ethod for pepsin bu t does not 
describe the corresponding m ethod, using casein, b y  the same 
authority, for trypsin . T here appears to  be no m ention of the 
value of fibrin in the estim ation o f m arked try p tic  activ ity . 
The routine m ethod of the B ritish  Pharm acopoeia for the 
examination of pepsin is given, b u t n ot the som ewhat similar 
but more rapid m ethod of the U . S . Pharm acopoeia. A s the 
latter work is an official standard in this country the oversight 
should have been cau ght b y  the editors and corrected.

Attention m ust be called to  the excellent chapter on hem o­
globin, embracing the m ethods of blood exam ination for scientific 

or clinical work. j .  H . L o n g

The Electric Furnace, Its Construction, Operation, and U ses.
B y A l f r e d  S t a n s f i e l d ,  D .S c .  M cG raw -H ill Com pany, N ew
York. 415 pages. S4-oo net. 1914.

The present volum e, w hich is the second edition, is ju st double 
the size of the first edition of 1907. In  these seven years there 
have been great advances in the su bject of w hich this book treats, 
and Dr. Stansfield has m et this change in an adm irable manner, 
and it is only fair to  say  th a t it  is b y  far th e  best book which has 
thus far appeared on th e electric furnace.

The first chapters deal w ith  th e  history, classification and effi­
ciency of electric furnaces. G ood illustrations are here given 
of the different typ es o f arc and resistance furnaces, w ith a short 
description of each. U nder th e efficiency of electric furnaces, 
data are included as to  cost of power, etc., and the actual method 
of calculating the efficiency is illustrated b y  taking a typical run 
of a H śroult steel refining furnace.

Much valuable d ata  are given  under "  Construction and Design,”  
as to the properties of refractories, resistors, electrodes, etc., 
with a good sum m ary of H ering’s papers on heat losses in electric 
furnaces. In  th e operation of furnaces w e  find methods for the 
control and m easurem ent of power, descriptions of transformers 
suitable for large operations, and diagram s of connection for 
furnaces using polyphase circuits.

Some interesting figures are given  as to  th e power densities 
employed in various typ es of furnaces, and the extraordinary 
densities used b y  M oissan account for m any of the rem arkable 
results which he obtained.

The measurement of tem perature and description of pyrom ­
eters is taken up v e ry  briefly, which is perhaps ju st as well as we 
already have the excellent book of Burgess which deals w ith this 
subject exclusively.

Under laboratory furnaces w e find descriptions of H u tto n ’s 
pressure, Arsem  vacuum , H arker tube, and the Hansen arc fur­
naces among m an y others. T h e  su bject of iron and steel is given 
about 100 pages of the book, and the latest developm ents in

this im portant branch are well treated, all of the im portant fur­
naces being described.

T h e balance of the book is taken up w ith  furnaces for th e pro­
duction of carbides, graphite, silicon, sodium, alum inium , n itric 
acid, zinc, alundum , etc., and well describes the im provem ents 
which have been brought about in their m anufacture.

C alcium  cyanam id is now produced in such enorm ous qu an ti­
ties th at more should have been said about it, and it  w ould have 
been well to  h ave  m entioned som ething as to  the Serpek process 
or the fixation of nitrogen.

T he book is unusually well illustrated and is an  im portant and 
tim ely addition to  the literature of the subject in which so m any
are now interested.

S a m u e l  A .  T u c k e r

Principles and P ractice of A gricultural A n alysis. B y  H a r v e y  

W . W i l e y ,  A .M ., P h .D . Volum e III ,  A gricultural Products, 
pp. i-x v  and 1-846. T h e  Chem ical Publishing C o., Easton, 
P a. Price, $6.00.
T h e appearance of the second edition of this tru ly  rem arkable 

volum e has been delayed, as the author states in the preface, 
b y  stress of other duties which m ade it impossible for the author 
to  bring it  up to date. I t  is divided into seven parts, the first 
discussing m ethods of sam pling and drying, the second and third 
being devoted to  sugars, starches and carbohydrates, the fourth 
to  fh.ts and oils, the fifth  to  nitrogenous bodies, the sixth to  d a iry  
products, and the seventh to  miscellaneous products under some 
tw elve subheads. I t  is essential to  everyone concerned w ith 
those branches of agricultural chem istry w ith  w hich it specifi­
cally  deals, n ot only for the inform ation included in the pages, 
b u t as a guide to  original articles, which, in m ost cases, the expert 
will wish to  consult directly. T h e student of A gricu ltu ral 
C hem istry who wishes to  learn more than  the m ere laboratory 
technique m ust also go to  the original articles, for the theoretical 
basis of the form ulas in m any cases and the processes som etim es 
are discussed quite insufficiently. T h e expert who has specialized 
in particular lines w ill occasionally be disappointed. F or in­
stance, in describing the calcium  saccharates (p. 274), there is no 
mention of P a tten ’s research w ork [Jour. Phys. Cltem., 15, 67 
(1911)]. T h e volum e does not, however, pretend to  quote the 
literature exhaustively, and it is am azing th a t so much has been 
included, especially of the A m erican literature. A s is natural, 
those methods which have been tested in the B ureau of C hem ­
istry of the U . S. D epartm ent of A griculture receive special con­
sideration. T his fa c t is, m oreover, a v ery  valu able  feature of 
the volum e. T h e  w ealth of form ulas and tables m ake th e book 
of extraordinary valu e for quick reference. A  charm ing, 
as well as valuable, feature is the occasional introduction of his­
torical m atter, as in the discussion of F ehling’s solution (p. 174, 
et seq.). There is a good index, and the general m akeup of the 

volum e is satisfying. F r a n k  K . C a m e r o n

M e t a l lo g r a p h y .  B y  C e c i l  H . D e s c i i ,  D .Sc. (Lond.), P h . D .  

(W urzb.), G raham  Y o u n g  Lecturer in M etallurgical C hem istry 
in the U n iversity  of G lasgow . $3.00 net. Second edition. 
Longm ans, G reen &  Co.
T h e second edition of this book incorporates some of the m ost 

im portant results of recent investigations and brings up to  date 
the references to  publications. T here is no change in treatm en t 
of the subject.

T h e  book is divided into eighteen chapters, which deal w ith  
the following headings: Introduction; T h e  D iagram  of Therm al 
Equilibrium ; Solid Solutions or M KxedCrystals; T e rn a ry a n d M o re  
Com plex System s; M etals w hich are only P artia lly  M iscible  in 
the Liquid S tate; Practical P yrom etry  and Therm al A n alysis; 
T h e  Preparation of M icro-Sections; T h e  M icroscopical E xam i­
nations of Prepared Sections; the C rystallization  of M etals and 
A lloys; U ndercooling and the M etastable  S tate; D iffusion in 
the Solid S tate; T h e  Ph ysical Properties of A llo ys; D en sity—  
Therm al E xp an sib ility— H ardness— E lectrica l C o n d u ctiv ity —
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Therm o-E lectric Pow er— M agn etic  Properties; E lectrom otive 
Force and Corrosion; T h e Construction of the Equilibrium  D ia ­
gram ; T h e  M olecular C ondition  of M eta ls  in A llo ys and the 
N a tu re  of In ter-M etallic  Com pounds; T h e  P lastic  D eform ation 
of M etals and A llo ys; T h e  M etallo grap h y of Iron  and Steel; 
T h e  M etallograp h y of Industrial A lloys.

T h is book is one of th e te x t books of Ph ysical C hem istry 
edited b y  Sir W illiam  R am say, and n atu ra lly  takes up th e stud y 
of m etallography from  th a t point of v iew . I t  sets forth, v ery  
clearly, our present know ledge of this su bject w hich has been 
defined as the stu d y  of the internal structure of m etals and alloys 
and its relation to  their com position and to their physical and 
m echanical properties. T h e  author, in a  v e ry  clear manner, 
w orks ou t the various diagram s of therm al equilibrium  and then 
discusses the tern ary  system s. T h e  section on practical pyrom - 
e try  and therm al analysis gives us in  some forty  chapters a  
clear and concise account of the m ethods in use and instrum ents 
for autographic registration of curves. T h e  chapter on the cry s­
tallization  of m etals and a lloys is w ell w ritten  and well illustrated 
b y  m icrographs. F rom  the chapter on the physical properties 
of alloys w e get a  very  clear idea of w h at has been done and w h at 
rem ains to  be done in this branch of th e subject. T h e  section 
dealing w ith  th e m etallography of iron and steel gives us a brief 
sum m ary of our present know ledge of this subject. T h e  system  
iron-carbon presents considerable difficulties: the m ost w id ely 
accepted hypothesis is th a t w e have tw o system s, A ustenite- 
G raphite  or the stable, and A ustenite-C em entite or the m eta­
stable. Goerens, however, is of the opinion th a t graphite is 
a lw ays the product of decom position of cem entite; U p to n ’s 
diagram  avoids m an y of th e difficulties of th e double diagram . 
C arpenter and K eelin g 's therm al observations show arrests a t 
800 and 600 °, respectively. U nder conditions of equilibrium  the 
tw o solid phases separating from  th e liquid are A usten ite  and 
graphite; a t 1095° th ey  react to  form  F cdC, a t  8000 this decom ­
poses into F e3C , a t  615 ° a further decom position occurs and F e 3C  
changes into F esC  and alpha iron. T hese three carbides all 
resem ble cem entite, and m eans of distinguishing them  h ave y e t  
to  be found. T h e  book ends w ith  an appendix consisting of 
tables of system s of which the equilibrium  diagram s have been 
published. T h e  book is to be recom m ended, first, because it 
covers tlie ground v e ry  thoroughly, and secondly, because the 
author speaks abou t w h a t he is evid en tly  thoroughly fam iliar 
w ith  from  the practical standpoint. I t  is n ot m erely a  com pila­
tion  o f the w ork of others. A lth ou gh the field is a  wide one, Dr. 
D esch has covered it  w ell and the book w ill continue to  be of 
great assistance to  those startin g  out in m etallography, n ot only 
for w h at it contains, b u t also as a  guide to  further w o rk  on the 
subject. W il l ia m  C a m p b e l l

Sugar Analysis: F or C ane-Sugar and B eet-Su gar Houses, R e ­
fineries and Experim ental S tation s and as a  H andbook of 
Instruction  in Schools of C hem ical T echnology. B y  F e r ­
d i n a n d  G . W i e c h m a n n ,  P h .D ., T h ird  E dition, 8vo. 303 
pages. 7 F igures. C loth , $3.00 net.

In  the present volum e, D r. W iechm ann— the dean of A m eri­
can  sugar chem ists— has given  us the best results of his ripe 
and m any-sided experience as teacher, refinery expert, consulting 
chem ist and secretary of the International Com m ission for U n i­
form  M ethods of Sugar A nalysis. C erta in ly  no one is b etter 
qualified th an  he to  discuss fu lly  and adequately the m any 
difficult phases w hich underlie the treatm en t of this subject.

A s stated  b y  the author in his preface th e aim  in preparing 
the present edition has been "  to  cast his m aterial in a  form  in 
w hich it w ould prove m ost readily  availab le  in th e several 
branches of the sugar in d u stry.”  T h e  purpose th us expressed 
has been m ost adm irably fulfilled.

T h e  scope o f the new  volum e is briefly indicated b y  the fol­
low ing synopsis o f chapters: I, Properties of Sucrose; II , In ­
strum ents U sed in Sugar Laboratories (R cfractom eters, Balances,

H ydrom eters, Colorim eters, e tc .); I l l ,  Polariscopes and Ac­
cessories; IV , Sucrose D eterm ination  b y  O ptical Analysis; 
V , Sucrose D eterm ination b y  Chem ical A n alysis; V I, Sucrose 
D eterm ination  b y  O ptical and Chem ical A nalysis; V II, Constitu­
ents of Sugar other th an  Sucrose (R educing Sugars, W ater, Ash, 
Suspended Im purities, O rganic N on-Sugar, Nitrogenous Sub­
stances, Gum s, Acids, Iron Oxide, etc.); V I II ,  M aterials Used in 
the Sugar In d ustry  (Bone-black, Phosphoric Acid, Limestone, 
C oal, F lue Gases, Sulfur, Oils, W aters, etc.); I X , A nalytical Con­
trol in Cane-Sugar M an u facture (Sugar C ane, Juices, Syrup, 
B agasse, Press C ake, Sugar, M olasses, e tc .) ; X , A n alytical Con­
trol in B eet Sugar M an u facture (Beets, D iffusion Juices and 
W aters, T h ick  Juices, F ill M ass, R a w  Sugars, M olasses, Cattle 
Food, e tc .) ; X I ,  A n alytica l Control in Refineries; X I I ,  Resume of 
the W ork of the International Com m ission for U niform  Methods 
of Sugar A nalysis.

A ll sugar chem ists who have occasion to consult the Proceed­
ings of the International Com m ission w ill th an k D r. Wiechmann 
for the r£sum6 in his 12th chapter w hich contains information 
th a t was form erly w idely scattered and often  difficultly accessible.

A  w ell-selected list of sugar tables and an index m ake up the 
final 70 pages of the volum e.

T h e  typ o grap h y  and general appearance of th e new book are 
excellent and leave  nothing to  be desired.

T h e  m an y friends of the previous editions of D r. Wiechmann’s 
"S u g a r  A n a ly s is”  w ill welcom e the new edition of this standard 
w ork. I t  is a  m ost useful guide n ot on ly to  the student, but also 
to  the sugar factory  chem ist and com m ercial analyst.

C . A . B r o w n e

Industrial Poisoning from  Fum es, G ases and Poisons of Manu­
facturing P rocesses. B y  D r .  J. R a m b o u s e k : .  Translated 
and edited b y  T h o m a s  H . L b g g E- N ew  Y o rk : Longmans, 
G reen and C o., 1913. x iv  +  360 pages, w ith  illustrations. 
Price, $3.50, net.

E fficiency is the dom inant idea in m odem  industry. Justice 
H ughes once said th a t w e do n ot wish to see productive energy 
sapped b y  excessive toil or b y  labor under improper conditions; 
for, to  quote Sir John Sim on, " t h e  can ker of industrial diseases 
gnaw s a t  the v ery  root of our n ational stren gth .”  It is, there­
fore, on ly  to  be expected th a t various governm ents and scientific 
organizations are tak in g  a grow ing interest in the diseases of 
occupation. Several countries have, for som e time, been active 
in  this field; there is now  a  Perm anent International Committee 
for the S tu d y  o f Industrial D iseases; and, in this country, the 
N e w  Y o rk  S ta te  D ep artm ent of Labor, the Am erican Museum 
of S afety , th e H ealth-E du cation  L eague of Boston, the Federal 
Bureau of M in es and the M useum  of N atu ra l H istory of New 
Y o rk  have recently shown intentness of purpose. T he transla­
tion of R am bousek’s treatise on the industries and processes 
atten ded w ith  risk of poisoning, the incidence of such poisoning, 
th e p athology and treatm en t of industrial poisoning, and the 
p reven tive  measures against industrial poisoning, supplies 
E nglish readers w ith  a  book wherein the whole subject of in­
dustrial poisoning is well discussed.

In his preface R am bousek states th a t “ the book is intended 
for all w ho are, or are obliged to  be, or ought to  be, interested 
in industrial poisoning;”  the tran slator and editor observes 
th a t no words could b etter describe the scope of the book, 
and it  seems to  the review er th a t the general subject matter 
is presented in as com prehensive and system atic a manner as 
is possible w ith in  th e com pass of a  single volum e of this size. 
Several omissions occur in th e tex t: no reference is made to 
poisoning produced b y  van ad ium  ore and oxide, and the effects 
of osm ium  oxide vap or are not noted. On the whole, however, 
the book is v ery  com plete.

A m erican  investigators have m uch to  learn from European 
reports on industrial diseases and facto ry  hygiene, and it will 
be surprising to  m an y to  find how  thorough are the regu lation s



June, 1914 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y S27

for dangerous trades abroad. A  w ealth  of references to the 
work of foreign writers occupies sixteen pages (unindcxed, but 
chronologically classified under subjects), w hile the general 
index of the book is well done.

W . A . H a m o r

The Nickel Industry: W ith Special R eferen ce  to the Sud­
bury Region, Ontario. B y  A . P. C o l e m a n ,  P h .D . P u b­
lished by the D epartm ent of M in es, M ines B ranch, Ontario, 
Canada. Bulletin N o. 170. Size, 6V2 b y  10 inches. 189 
pages of text, 8 pages of index, and 9 pages of the publications 
of the M ines Branch of C an ada D epartm ent of M ines.

The author, in his le tter of tran sm itta l to  the D irector of the 
Mines Branch, D epartm ent of M ines, O ntario, Canada, states 
in part: “ I have the honor to transm it to  you  a M onograph 
on the Nickel Industry, w ith  special reference to  the Sudbury 
region, with a general map, and special m aps of the more impor­
tant mines, the whole representing the advance made in our knowl­
edge of the region due to three sum m ers’ w ork in the field. In  
addition to descriptions of all the know n nickel ore deposits 
in Ontario, there are accounts of m ethods of m ining and sm elting 
the ores, and of the chief nickel regions of other countries.”  

The methods of m ining and of sm elting o f the ores of On­
tario are described, and also descriptions of proposed methods 
for the treatm ent of copper-nickel ores and of the separation 
of copper from nickel and from  their alloys. T h e divisions are not 
handled with the idea of the im portance of a n y  one of the ranges, 
but in such a  w a y  th at a  connected treatm en t of the subject 
as a whole is given. T his bulletin  supplem ents R eport No. 
873 of the Geological S u rv ey  of C an ada b y  A . E . Barlow , M .A .,
D.Sc., on " T h e  Origin, G eological R elations and Com position 
of the Nickel and Copper D eposits of the Sudbury M ining 
District,”  which w as published in 1904.

The first 19 pages are devoted to  outlining the geology of the

Alloys an d  T h e ir  I n d u s t r ia l  A p p lic a t io n s .  B y  E d w a r d  F. L a w '. 2nd 
Ed. 8vo. Price, $3 .25 . C has. Griffin & C o., London.

A rsenic, A n t im o n y  a n d  T in , M e th o d s  o f  D e t e r m in a t io n  o f , a n d  
T h eir S e p a r a t io n  f r o m  t h e  O th e r  E le m e n t s .  B y  H . W oiiuiLlNG. 
L. 8vo. Price, S3.75. Ferdinand E nke, S tu ttgar t. (Germ an.)

Carbides a n d  S ilic id s . B y  Otto H o i !  N IC  S C H M ID . 8 vo. 265 pp. Price« 
$4.75. W iihelin K napp, H alle. (G erm an.)

C arb ohyd rates, S h o r t  H a n d b o o k  o f . B y  B . T ollhns. 3rd Ed. 8vo.
816 pp. Price, $5.25. J. A. B arth , L eipzig. (G erm an.)

C h em istry  in  A m e r ic a . B y  E dgar F . S m i t h .  8vo. Price, $2.50.
D. Appleton & Co., N ew  Y ork.

C h em istry , S o m e  F u n d a m e n t a l  P r o b le m s  in  O ld  a n d  N ew . B y
E. A. L utts. 8vo . 227 pp. Price, $2.00. C onstable & Co., London. 

Coal Tar D is t i l la t io n .  B y  A r th ur  R . W a r n e s . 8 vo. 185 pp. Price,
$2.50. D, V an N ostran d  Co., N ew  Y ork.

C o n d u ctiv ity , E le c tr ic a l, a n d  I o n iz a t io n  C o n s ta n t s  o f  O rgan ic  
C o m p o u n d s. B y  H e y w a r d  S c u d d e r .  8vo. 575 pp. Pricc, $3.00.
D. Van N ostrand  C o., N ew  Y ork,

Copper H a n d b o o k , V o l. X I .  B y  W a l t e r  H a r v e y  W e e d .  8 v o .  Price, 
$5.00. W alter H arvey  W eed, H ou gh ton , M ich.

D yestufl T a b le s . B y  G. S c h u ltz .  5 th  E d . Lex. 8vo. 432 pp. Price, 
$10.00. W eidm am i, Berlin. (G erm an.)

F uel, S o lid , L iq u id  a n d  G a s e o u s . B y  J. S. S. B ramK. 8 v o .  388 pp.
Price, $3.25. Edw ard A rnold, London.

Glycerin, M an u factu re  of. B y  F e l d  a n d  V o r s t m a n n .  2nd Ed.
I2mo. Price, $1.00. H . D esforges, Paris. (French.)

M etals, th e  S y n t h e t i c  U se  o f, in  O r g a n ic  C h e m is tr y . B y  A r t h u r  
J- H ale. 8vo . 169 pp. Price, $1-25. J. & A . C hurchill, London. 

M etals, P r e c io u s , P r o g r e ss  in  L e a c h in g  d u r in g  t h e  la s t  D e c a d e s . 
By R o l i \  B o r c h e r s .  8 v o . 400  pp. Price, $2.00. W ilhelm  K napp, 
Halle. (German.)

New Journal: Internationale Z eitsch ri/t fu cr  physikalisch-cliemische
Biologic. B y  J. T r a u b k . J . W ilhelm  E ngelm ann, Leipzig. 

Photom icrography, H andbook of. B y  H . L lo y d  H in d  an d  W . 
B ro o c h  R a n d le s .  8vo . 292 pp. Price, $2 .00 . Geo- R utled ge Sc 
Sons, London.

Sudbury district and to  an historical sketch of the leading mines. 
T h e  n ext 95 pages contain a description of the ores, their m ineral 
constituents, and the individual deposits of the more im portant 
mines. M en tion  is m ade as to th e origin of the ore bodies, 
and the genesis of the m inerals of which the typ ical ores are 
composed.

A  section (pp. 116 to  125) is devoted to  the b etter know n nickel- 
producing districts of the U nited  States, Europe, N ew  Caledonia, 
and the C ape Colonies, for the purpose of com parison w ith  the 

Canadian ranges.

M ethods of prospecting and m ining (pages 125 to 132) are 
given, and are accom panied b y  illustrations. T h e m echanical 
and m etallurgical treatm ent of the nickel-copper ores is gone 
into thoroughly (pp. 132 to 167), startin g w ith  the ore from  the 
tim e th at it is hoisted from  the mine and finishing w ith  the puri­
fied copper and nickel, and th e purified M onel m etal, lh is  
part of the m onograph is extensively illustrated b y  p late  photo­
graphs and draw ings of the processes used.

T h e appendix (pp. 171 to  189) contains copies of patents of 
methods of separating copper and nickel from  ores and from 
alloys.

T h e m onograph is profusely illustrated b y  62 plate photo­
graphs, 14 draw ings of the principal mine sections and of m eta l­
lurgical flow-sheets and apparatus, and 8 geological m aps of 
the principal ranges of the Sudbury district.

T his m onograph is a  valu able  addition to  the literature on 
the m ining of nickel ores and the m etallurgy o f nickel, and w ill 
be welcomed b y  the m ining man, the m etallurgist and the m etal­
lurgical chem ist, for there is so little  reliable literature on the 
subject. This, like all of the publications of th e C an adian  G o v ­
ernment, is well gotten out, and one holds the assurance th at 
the inform ation is reliable.

E .  P .  K e r n

R u b b e r :  I t s  S o u r c e s , C u lt iv a t io n  a n d  P r e p a r a t io n . B y  H a r o l d
B r o w n .  8 v o .  Price, $1.50. John M urray. Loudon.

S ilic a te s  in  C h e m is tr y  a n d  C o m m e r c e . B y  W . A s c i i  a n d  D . A s c i i .  
8vo . 476 pp. Price. $6.00. D . V an N ostrand  C o., N ew  Y ork. 
(T ranslation in  E nglish .)

S o a p s , M e d ic in a l. B y  W a l t e r  S c i i r a u t h .  8vo . 170 pp. Price, 
$1.75. Julius Springer, Berlin. (G erm an.)

S te e ls , S te e l -M a k in g  A llo y s  a n d  G r a p h ite , R a p id  M e th o d s  fo r  t h e  
C h e m ic a l A n a ly s is  o f  S p e c ia l .  B y  C h a r l e s  M o r r i s  J o h n s o n .  
3rd Ed. 8vo. 438 pp. Pricc, $3.00. John W iley  & Sons, N ew  Y ork. 

S u g a r  I n d u s tr y , C h e m is tr y  o f  t h e .  B y  O s k a r  W o h x y z e k .  8 v o .

676 pp. Price, $5.00. Ju lius Springer, Berlin. (G erm an.)
T a n n in g  C h e m is t s  a n d  L e a th e r  M a n u fa c tu r e r s , P o c k e tb o o k  for . 

B y  H . R . P r o c t o r ,  E d m u n d  S t i a s n y  a n d  H a r o l d  B r u m w e l l .  8vo. 
250 pp. Price, $1.25. T h . Steinkopff, D resden. (G erm an.)

T e x t i le  : W a terp ro o fin g  o f  F a b r ic s . B y  S. M ib r z in s k i. 2nd E d .
Cr. 8vo. 132 pp. Price, S I .25. S cott, G reenw ood & C o., London. 

T r ip h e n y lm e th y l .  B y  J u l i u s  S c i im id l in .  Lex. 8vo. Price, $2.20.
Ferdinand E nke, S tu ttgart. (Germ an.)

W a ter , M ic r o sc o p y  o f  D r in k in g . B y  G e o r g e  C. W h i p p l e .  3rd Ed. 
8vo . 409 pp. Price, S4.00. John W iley & Sons, N ew  Y ork.

R E C E N T  JO U R N A L  A R T IC L E S
A c e ty l- c e l lu lo s e  : P r o d u c t io n , C h a r a c te r is t ic s  a n d  U t i l i z a t io n .

B y  W a l t e r  V ie w e g .  K u n stslo fe ,  V ol. 4, 1914, N o . 8, pp. 148 -1 5 2 .  
A c e t y l-n i tr o c e l lu lo s e  a n d  i t s  U se  fo r  C e llu lo id . B y  H . W is h i d a .

Kunststoffe, V ol. 4, 1914, N o . 8, pp. 141-142.
A m m o n ia  fr o m  G as, R eco v er y  o f , b y  t h e  D ir e c t  a n d  S e m i-D ir e c t  

S u lfa te  P r o c e s se s . B y  M . D e s m a r e t s .  Revue g tn ira le  de chim ie  
pure et appliquée. V ol. 17, 1914, N o . 7, pp. 115-122.

A n a ly s is ,  M ic r o -E le m e n ta r y , o f  O r g a n ic  S u b s ta n c e s  b y  F r itz  P r e g l’s  
M e th o d . B y  J. V. D u b s k y .  Chemiker Zeitung, Vol. 38, 1914, N os. 
47 and 48, pp. 505 -506 , and 510-511 .

Ir o n , E le c tr o ly t ic  R e d u c t io n  o f , fo r  P e r m a n g a n a t e  T it r a t io n . B y  
H . C. A l l e n .  Jou rn al o f the A m erican  Chem ical Society, V ol. 36, 1914, 
N o. 5, pp. 937-949 .

A r se n ic  a n d  A n t im o n y , O r g a n ic  D e r iv a tiv e s  o f . B y  G i l b e r t  T .

NEW PUBLICATIONS
B y  D . D . B b r o l z h e i m e r ,  Librarian T he C hem ists’ C lub, N ew  Y ork
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M o r g a n . Pharm aceutical Jou rn al, V ol. 9 2 , 1 914 , N o . 2 6 3 5 , pp. 5 3 7 - 5 4 0 .  
A r s e n ic , Q u a n t it a t iv e  S e p a r a t io n  o f , f r o m  M e ta ls  b y  U se  o f  H y p o -  

p h o s p h o r ic  A c id . B y  L .  B r a n d t . Chemiker Zeitung, V ol. 3 8 , 1914, 
N os. 4 3  and 4 4 , pp. 4 6 1 —46 3  and 47 4 .

B r o n z e s , C o p p e r -T in , E le c t r o ly t ic  D e p o s i t io n  o f . B y  R .  K r e m a n n ,  
C . T ii. S u c i iy ,  J .  L o r b e r  a n d  R .  M a a s .  M onalshcfte fu cr  Chemie, 
Vol. 35 , 1914, N o . 3, pp. 219-288 .

C o a l, a n d  t h e  C h e m is tr y  o f  I t s  C a r b o n iz a t io n . B y  J o h n  I I a r g e r .  
Jou rn al o f the Society o f Chem ical In d u stry , Vol. 33, 1914, N o . 8, pp. 
389 -392 .

C o llo id s . B y  W o l f g a n g  O s t w a l d .  Chem ical Engineer, V ol. 19, 1914.
N o . 4, pp. 133-137.

C o llo id s  in  E ff lu e n ts ,  S im p le  M e th o d  fo r  t h e  D e t e r m in a t io n  o f. 
B y  R .  M a r c  a n d  K .  S a c k . Kolloidchem ische Beihefte, V o l. 5 , 1914, 
N o .  8 - 1 0 ,  p p .  3 7 5 -4 1 0 .

C o lo r im e te r s , T w o  N e w . B y  P a u l  V e r b e e k .  Zeitschrift fu er  ange- 
w andte Chemie, Vol. 2 7 /1 , 1914, N o . 28, pp. 203 -2 0 8 .

C o n c e n tr a t io n  b y  R e fr ig e r a t io n  o f  L iq u id  V e g e ta b le  E x tr a c ts . B y
H . P a r e n t y . Com ptes rendus, Vol. 158, 1914 , N o. 13, p p .  9 2 1 .

D r y in g  B a g a s s e , M a r c s , S a w d u s t ,  P e a t , E tc . B y  A . H u i l l a r d .
L ou isian a  P lanter, V ol. 52 , 1914, N o . 16, pp. 251-252 .

E x p lo s iv e s :  B la s t in g  G e la t in ,  S o m e  N o te s  a n d  T h e o r ie s . B y  W . A . 
H a r g r e a v e s . Jou rn al o f the Society o f  Chem ical In du stry , Vol. 3 3 , 
1 914 , N o . 7, pp. 3 3 7 -3 4 0 .

F a t s ,  U n s a p o n if la b le  C o n s t i t u e n t s  o f  N a tu r a l  a n d  H a r d e n e d . B y  
J. M a r c u s s o n  a n d  G. M e y e r i iB im .  Z eitschrift fu er  angewandte Chemie, 
Vol. 2 7 /1 ,  1 914 , N o . 28 , pp. 2 0 1 -2 0 3 .

F la m e  R e a c t io n s .  B y  W . D . B a n c r o f t  a n d  I I .  B . W e i s e r .  Jou rn al 
o f  P h ysica l C hem istry, V ol. 18, 1914, N o . 4, pp. 281-336 .

G a s , C o k e -O v e n  a n d  B la s t -F u r n a c e ,  N o te s  o n  t h e  U t i l i z a t io n  o f, 
fo r  P o w e r  P u r p o s e s . B y  H e i n r i c h  J .  F r e y n .  B u lle tin  o f  the A m eri­
can In stitu te  o f M in in g  Engineers, 1914, N o . 88, pp. 665 -694 .

H y d r o g e n  P e r o x id , S y n t h e s is  o f  100 P e r  C e n t , b y  S i le n t  E le c tr ic  
D is c h a r g e s . B y  P a u l  M a x  W o l f .  Zeitschrift fu er  Elektrochemie, 
V ol. 20, 1914, N o . 7, pp. 204 -219 .

H y d r o g e n , t h e  C o m m e r c ia l U se s  o f . B y  A . C r o s s l e y .  Chemical 
T rade Journal, V ol. 54 , 1914, N o . 1406, p. 497.

I r o n  C o r r o s io n  b y  D is so lv e d  O x y g e n . B y  J. W . C o b b  a n d  G. D o u g i l l .  
Jou rn al o f  the S ocie ty  o f  Chem ical In du stry , V ol. 33 , 1914, N o . 8, pp. 
403 -4 0 7 .

I r o n  a n d  S te e l ,  I n f lu e n c e  o f  C o p p er  o n  t h e  C o r r o s io n  o f . B y  E . R .
H a m i l t o n .  A m erican  Gas L igh t Jou rn al, V ol. 100, 1914. N o . 16, pp. 
246 -247  and 250-252 .

N ic k e l ,  E le c t r o d e p o s it io n  o f . B y  C . W . B e n n e t ,  H . C. K e n n e y  a n d  
R . P . D u g l i s s .  Jou rn al o f  P h ysica l C hem istry, V ol. 18, 1914, N o . 5, pp. 
373 -384 .

N it r o -b o d ie s ,  E x p lo s io n s  o f , a n d  t h e ir  P r e v e n t io n . B y  C . H .  B o rr-  
m a n n .  Chemiker Zeitung, V ol. 38, 1914, N o . 50, pp. 537-538 .

P a r a ffin , L iq u id . B y  J .  W i c l i f f e  P e c k .  Pharm aceutical Journal, 
V ol. 92, 1914, N o . 2634, pp. 508 -509 .

P a t e n t  L a w , P la n  o f  a . B y  W . K a r s t e n .  Zeitschrift fu er angrtcandu 
Chemie, V ol. 2 7 /1 , 1914, N o . 26, pp. 185-192.

P e a t ,  B y -p r o d u c t s  f r o m . B y  F .  M .  P e r k i n .  Chem ical Trade Journal, 
V ol. 54, 1914, N o . 1403, pp. 417.

P e t r o le u m  a n d  i t s  D e r iv a tiv e s . B y  D a v i d  T . D a y .  O il, Paint and 
D rug Reporter, V ol. 85, 1914, N o . 17, pp. 18-19  and  33.

P h o s p h o r u s ,  R e d , F o r m a t io n  o f , b y  t h e  O x id a t io n  o f  Phosphorus  
V a p o r . B y  K o i i l s c i i u e t t e r  a n d  F r u m k i n .  Berichte der deutschen 
chemischen Gesellschaft, V ol. 47 , 1914, N o . 6, pp. 1088-1100.

P ic r ic  A c id  in  V o lu m e tr ie  A n a ly s is .  B y  A . S a n d e r .  Zeitschrift fuer 
angewandte Chemie, V ol. 2 7 /1 , 1914, N o . 26, pp. 192-194.

P la t in g  B a th s ,  U se  o f  P o t a s s iu m  C y a n id  fo r . B y  C. F . B u r g e s s  a n d  

L. F . R i c h a r d s o n .  Z eitschrift fu cr  angewandte Chemie, Vol. 27/1, 1914, 
N o . 30, pp. 211-212 .

R e fu s e  D e s t r u c to r ,  t h e  E v o lu t io n  o f  t h e .  B y  E. K o i i l m a n n .  Journal 
o f  the Society o f  Chem ical In d u stry , V ol. 33, 1914, N o . 8, pp. 383-389.

S h e lla c ,  B le a c h e d :  I t s  P r o d u c t io n , E x a m in a t io n  a n d  U tilization .
B y  H a n s  W o l f f .  Kunststoffe, V ol. 4, 1914, N o . 8, pp. 143-145.

S o d iu m  f r o m  C a u s t ic  S o d a  b y  E le c tr o ly s is .  B y  B e r n h a r d  N eu m an n . 
Z eitschrift fu er  angewandte Chemie, V o l. 2 7 /1 , 1914, N o .  26, pp. 195-200.

S te e l ,  D e t e r m in a t io n  o f  C o b a lt  in .  B y  P .  S l a w i k .  Chemiker Zeitung, 
V ol. 38, 1914, N o . 48, pp. 514-515 .

S te e l ,  M a n g a n e s e , R e la t io n  o f  P h y s ic a l  P r o p e r t ie s  t o  M icrostructure  
a n d  C r it ic a l R a n g e s , w it h  E s p e c ia l R e fe r e n c e  t o .  B y  W . S. P o t t e r .  

B ulletin  of the A m erican  In stitu te  o f M in in g  Engineers, 1914, No. 88, 
pp. 601-634 .

T a n n in , C o llo id c h e m ic a l  S tu d ie s  o n . B y  M . N a v a s s a r t .  Kolloid­
chemische Beihefte, V o l. 5, 1914, N o . 8 -1 0 , pp. 299-374 .

W a te r  S u p p ly , T h e  C r o to n :  I t s  Q u a li ty  a n d  P u r if ic a t io n . By
G e o r g e  W . F u l l e r .  Jou rn al o f  the A m erican  W ater W orks Association, 
V ol. 1, 1914, N o . 1, pp. 135-187.

W a ter  F i l t r a t io n  P r a c t ic e ,  P r e s e n t  D a y . B y  G e o r g e  A . J o h n s o n . 
Jou rn al o f the A m erican  W ater W orks A ssocia tion , V ol. 1, 1914, No. 1, 
pp. 3 1 -80 .

W a t e r - S a m p lin g  B o t t le ,  I m p r o v e d . B y  R i c h a r d  H .  E n r i c h .  Engi­
neering Record, V ol. 69, 1914, N o . 19, pp. 543 -544 .

W o o d  P u lp , S u lf it e , M a n u fa c tu r e  o f . B y  G . B . S t e f f a n s o n .  Pulp 
and P aper  M agazine o f  Canada, V ol. 12, 1914, N o . 9. pp. 259-264.

W o o d  P u lp  i n  T e x t i l  M a n u f a c tu r in g , T h e  U t i l i z a t io n  o f . B y H. A. 
C a r t e r .  C anadian  T ex tile  Journal, Vol. 31, 1914, N o . 4, pp. 100-103.

RECENT INVENTIONS
B y  C. L .  P a r k e r ,  Solic itor o f C hem ical P a ten ts , M cG ill B u ild ing , W ashin gton , D . C.

M an u facture of Fum ing Sulfuric A cid, or O leum . B riggs and
D ec. 23, 1913. U. S. 

P at. 1,082,301. In  the use of
this apparatus sulfuric acid  having 
a stren gth  o f from  98 to  99.5 
per cen t flows from  tan k  B 
over distributor n and through 
sm all openings c from  w hich it  falls 
in fine stream lets upon th e packing 
of quartz in the tow er A .

A ir  containing from  4 to  8 per 
cent of sulfuric anh ydrid  enters the 
tow er through pipe e and passes 
upw ard in con tact w ith  the thin 
film s of sulfuric acid and is absorbed 
thereby, the resulting fum ing sul­
furic acid passing out of the tow er 
through pipe /. T h e  tem perature 
in the tow er is m aintained a t  a  

desired point b y  sp rayin g the outside o f the tow er w ith w ater 
from  the ring nozzle k.

O xids of N itrogen. J. S . Island, D e c. 30, 1913. U . S . P at. 
1,082,529. In  this apparatus the tubular ring 1 form s the 
positive electrode and the rotor 11 the n egative electrode of 
m eans to  produce an electric arc flame. Com pressed air is

supplied to the tubular ring 1 and is forced a t high velocity 
through m inute openings 5 into the inner zone of the electric 
flame. T h e  resulting gases are driven laterally  b y  the angularly 
arranged blades 15 into con tact w ith  the surfaces of the cooling

j ”j - 1.

cham ber 20 so th at such gases are w ithdraw n from the middle 
and outer zones of the electric flam e and cooled before there is 
a n y  m aterial dissociation of the n itric oxids form ed in the inner 
zone.

Electrolytic A pparatus for the C larification of Sugar Solutions. 
H . M cC u bb in, Jan. 13, 1914. U . S . P at. 1,084,556. The ap­
paratus em bodies m eans for treatin g sugar solutions electrically 
while th ey  are passed through a  container within which are 
electrodes exposing large surfaces for con tact w ith the solutions 
during their passage through the container. M eans are pro­
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vided for adjusting the relative positions of the electrodes w ith and continuously carbonating lead oxid, and separating w ith  the
respect to each other and the ends of the container are made aid of the carbonating agent the basic carbonate produced b y

~  ̂ a  process resem bling élutriation, i. e., the particles to be separated
, Q  y- 1 -) from  heavier or less b u lk y  particles are carried to the surface

I ^  ,3 —-------  1 i of a  liquid in which the particles are suspended and are rem oved
SL /  # d_._V, M b y jth e  overflow of the liquid. T h is is done b y  using a  series of

removable to^permit the w ithdraw al of the electrodes for clean­
ing.

¡¡J Solid F atty  Substan ces from  Oil.
 c J— ~/̂ c  J • Schlinck, D ec. 30, 1913. U. S.
H r- "a ] P at. 1,082,707. Oils are hydrogenated

I a 1 b y  passing them  over a  cata lyst secured
11-" 1 w ithin  openings in th e w all o f the centrif-

ugal drum  a, in an atm osphere of hy- 

/ r ~ \  \  drogen.

 -H - M akin g Charcoal. L . F elizat, Feb.
17, 1914. U. S . P at. 1,087,486. C harcoal is produced from 
ground ligneous m aterial, such as alm ond shells, peach or 
apricot kernels, olive husks, saw dust and the like b y  shower­
ing the waste m aterial ______ p
into a furnace heated to \  s~~\ /  
redness while a t the sam e «\C J /
time introducing air to  _____
effect the com plete com-
bustion of the volatile  v£T y— -  i l i  r T T
products which are dis- il I
sociated from the waste •, X   ̂ W '
and which ignite oncom ing P  7
in contact w ith the red j | ^
hot walls of the cham ber. ■. I ... .  1.1 1

The residue rem ains on th e bottom  of the cham ber in the form 
of incandescent charcoal. T h e  h ot gases are conducted under 
boilers to u tilize th e calorific pow er of the volatile  products.

Apparatus for M akin g W hite  L ead. R . A . Stew art, Feb. 24, 
1914. U. S . P at. 1,088,041. T h is  apparatus is designed to 
produce a white com m ercial pigm ent from  lead ores in one opera­
tion. The lead ore, such for exam ple as sulfid ore, is first heated 
in the rotary drum 1. T h e  products escaping into the supple­
mentary roasting cham ber 23 are gray  or bluish b y  reason of

closed vessels com m unicating w ith  each other in such a manner 
th at the carbonating gas or gases pass through the liquid in each 
vessel, and a t  the same tim e the basic lead carbonate and th e 
lead oxid undergoing carbonation are carried to  th e surface of 
the liquid in each vessel b y  the gas or gases passing through 
the liquid, and are carried forward from  vessel to  vessel as fresh 
liquid is adm itted into the first of the series. In  this m anner the 
higher oxids of lead and the m etallic lead are grad ually  separated.

Economic M etallurgical and Chem ical P rocess. J. E . B ucher, 
Feb. 3, 1914. U. S . P at. 1,086,019. Iron is heated w ith  n itro­
gen and one or more powerful reducing elem ents such as sodium  
or potassium. A  portion of the carbon in the iron com bines 
w ith  the purifying reagents to form a  cyanogen com pound

which is separated from  the iron. In  using the apparatus illus­
trated  in practicing the process nitrogen is introduced into the 
retort through the pipe 24, th e iron and reducing m etal being 
previously heated to  the boiling point of sodium or w h atever 
reducing m etal is em ployed.

Asphalt from  Crude M ineral O il or R esidum  T hereof. C. B .
Forward, M arch 3, 1914. U . S. P at. 1,088,692. C rude oil is
subjected to a  high tem perature in a  retort until all the volatile  
parts are separated from  the asphalt base. T h e  heavier por­
tions of the volatile  parts are condensed and mixed w ith  the 
asphalt base, the m ixture being heated in an open vessel until 
a  desired adhesive condition is produced.

S
D etinning. F. von K u gelgen  
and G . O. Sew ard, F eb . 10, 

 ̂_-;l 1914. U. S . P at. 1,086,921. D ry

_  r f  chlorin gas is circulated through
1 j tanks 1, 2, 3 and 4 containing
-y)\ tin  scrap in various stages of
7  i detinning, the tem perature being

controlled to  keep it below 
th a t a t  which the iron is 
attacked.

the presence of unoxidized lead particles, b u t in passing through 
chamber 23, which is heated b y  burners 28, it  is converted into 
white lead so th at the product passing out of the cham ber 23 
ls a white com m ercial pigm ent w hich is recovered in the filter 
chamber 30. T h e  products from  the rotary  drum 1 are drawn 
through the supplem entary heating cham ber and the filter cham ­
ber by means of a  suction fan, 33.

Manufacture of W hite  L ead. F . R . Sharpe, F eb . 24, 1914- 
U. S. Pat. 1,088,460. T h e  process consists in sim ultaneously

Refractory B rick. H . W esslin g, M arch  3, 1914. U . S. Pats. 
1,088,755 and 1,088,756. T h e brick is form ed of fine particles 
o f silica bounded together b y  a  finely pulverized soapstone.

H ydrom etallurgy of Copper. E . R . W eid lein , M arch 3, 1914. 
U. S. P at. 1,089,096. Copper-bearing m aterial is leached to 
obtain  a copper solution containing not more than  3 per cent 
copper. T h e free sulfuric acid in the solution is neutralized 
and the copper precipitated su bstan tially  q u an titative ly  b y  
means of sulfur dioxid.



M A R K E T  R E P O R T
AVERAGE WHOLESALE PRICES OP STANDARD CHEMICALS, ETC., FOR THE MONTH OP MAY, 1 9 1 4

ORGANIC CHEMICALS Silver N itr a te ...................................................................... .Oz. 37 39
A cetan ilid ..................................................... . ........................Lb. 21V* 22 Soapston e in b a g s ............................................................... Ton 1 0 .0 0 12.00
A cetic A cid (28 per c e n t ) ..................... ........................ C. 1 .5 0 © 1 .65 Soda A sh (48 per c e n t ) .................................................... ,C . 6 7 7 * @ 72Vl
A ceton e (d ru m s)....................................... ........................ Lb. 101/a (S) 11 Sodium  A ce ta te ................................................................. ...Lb. 3 7 4 ® 4 Vi
A lcohol, denatured (180 p ro o f)......... 35 © 37 Sodium  B icarbonate (d o m estic ).................................. ,C . 1 .0 0 @ 1.10
A lcohol, grain (188 p ro o f).................... ........................ Gal. 2 .5 2 (3> 2 .5 4 Sodium  B icarbonate (E n g lish )................................... .L b . 2 74 3
A lcohol, wood (95 per c e n t ) ................ ........................ G al. 45 @ 47 Sodium  B ich rom ate ............................................... .L b . 4 7 4 @ 5
A m yl A c e ta te ............................................. 1 .55 (a 1 .6 0 Sodium  C arbonate (d ry ) .................................................C . 60 80
A niline O il.................................................... ........................ Lb. 10 to 1074 Sodium  C h lorate ............................................................... .L b . 774 @ 7‘/l
B enzoic A c id ............................................... ........................ Lb. 23 27 Sodium  H ydroxide, 60 per c e n t ................................ .C . 1 .55 @ I . 571/1
B enzol (90 per c e n t ) ............................... ........................ Gal. 23 • to 25 Sodium  H yp o su lfite ......................................................... .C . 1 .3 0 @ 1.60
C am phor (refined in b u lk ) ................... ........................ Lb. — 4 2 7 * Sodium  N itra te , 95 per cen t, s p o t ........................... .C . — 2.20
C arbolic A cid (d ru m s)........................... ........................ Lb. 7*/< @ 9 Sodium  S ilicate (liq u id )................................................. .C . 65 @ 1.50
C arbon B isu lfid e ....................................... ........................ Lb. 6 7 * 8 Strontium  N itr a te ............................................................ .L b . 674 @ 7
C arbon T etrach lorid e (d ru m s)........... ........................ Lb. 7V s 7 7 4 Sulfur, F low ers (su b lim ed ).......................................... ..C . 2 .2 0 @ 2.60
C hloroform ................................................... ........................ Lb. 20 24 Sulfur, R o ll .......................................................................... .C . 1 .85 @ 2.15
C itric A cid  (d om estic), c r y sta ls ......... ........................ Lb. 51 <3> 5 1 7 * Sulfuric A cid , 6 0 °  B ........................................................ .C . 85 @ 1.00
D extrin e (co rn ).......................................... 2 .7 7 2 .9 7 T alc (A m erican )................................................................ .T on 15 .00 @ 20.00
D extrin e  (im ported p o ta to ) ................ ........................ Lb. 5 7* 6 Terra A lba (A m erican), N o . 1 ................................... .C . 75 @ 80
E th er (U . S . P .. 1900 )............................ ........................ Lb. 18 24 T in  B ichloride (5 0 ° ) ........................................................ .L b . 1174 @ 12*/*
F orm ald eh yd e............................................ ........................ Lb. 81/2 @ 9 7 * T in  O x id e ............................................................................. . Lb. 38 40
G lycerine (d y n a m ite ) ............................. ........................ Lb. 19 1 9 7 W hite Lead (A m erican, d r y ) ...................................... .L b . 574 <3 5>/i
O xalic A c id .................................................. ........................ Lb. 7 V* (5) 774 Zinc C arb on ate .................................................................. . Lb. 87* (Ś 9
Pyrogallic A cid  (b u lk )............................ ........................ Lb. 1 .2 0 <3> 1 .4 0 Zinc C hloride (gran u lated ).......................................... .L b . 47* 5
Salicy lic  A c id .............................................. ........................ Lb. 25 27 Zinc Oxide (Am erican p rocess)................................. .L b . 5 7 s @ 6>/l
Starch (ca ssa v a )........................................ ........................ Lb. 37< 4 Zinc S u lfa te ......................................................................... .C . 2 .3 5 2.70
Starch (co rn )............................................... ........................ C. 1 .99 @ 2 . 10 OILS. WAXES. ETC.
S tarch  (p o ta to ) .......................................... ........................ Lb. 4V< <s> 4 7 «
Starch (r ice )................................................ ........................ Lb. 7 8 B eesw ax (pure w h ite ) ..................................................... . Lb. 45 «Ś 47
S tarch  (sa g o )............................................... .........................Lb. 2V< (ft 274 B lack  M ineral Oil, 29 g r a v ity .................................... .G al. 137* @ 14
Starch (w h e a t) ............................................ ........ ................Lb. 47< @ 5 74 C astor Oil (N o . 3 ) ............................................................ .L b . 8 8>/i
T annic A cid  (com m ercia l).................... ........................ Lb. 35 — 36 C eresin (y e llo w )................................................................ .Lb. 12 22
T artaric A cid , cr y sta ls ........................... ........................ Lb. — @ 3 0 7 4 Corn O il.................................................................................

C ottonseed  Oil (crude), f. o. b. m ill........................
.C .
.G a l.

6 .5 5
45

&
@

6.60
46

IN O R G A N IC  CHEM ICALS C ottonseed  Oil (p. s . y . ) ................................................ .L b . • 7 7>/i

A ceta te  of L ead (brow n, b r o k e n ) . . .
C ylinder Oil (light, filtered )........................................ .G a l. 2 1 7 * <S> 32

.........................Lb. 7 7 4  @ 77* .L b . 12 (a> 13
A ceta te  o f L im e (g ra y ) .......................... 1 .5 0 (Ś 1 .55 .G al. 92 (3) 95
A lum  (lu m p )............................................... ........................ C. 1 .75 <3> 2 .0 0 .G al. 497* « 52
A lum inum  S u lfa te  (h igh -grad e)......... ........................ C. 1 .25 (Ś 1 .75 .G al. nom inal
A m m onium  C arbonate, d o m e s t ic .. . ........................ Lb. 8 <3> 8 7 * N ea ts fo o t Oil ( 2 0 ° ) .......................................................... .G a l. 96 98
A m m onium  C hloride, g ra y .................. ........................ Lb. 5 7 a & 6 7 s Paraffine (crude, 120 & 122 m . p . ) .......................... .L b . 3 7 s a i'/>
A qua A m m onia  (drum s) 1 6 ° .............. 27 4 (4 2 7 * ParafBne Oil (h igh v is c o s ity ) ...................................... .G a l. 27 28
A rsenic, w h ite ............................................ 3 & 3 7 » . Bbl. 4 .5 0 « _
Barium  C hlorid e....................................... 1 7 s (4 174 R osin  Oil (first r u n ) ........................................................ .G al. __ a ■ 27
Barium  N itr a te ............. ............................ ........................ Lb. 5 to 5 7 4 Shellac, T . N ....................................................................... .L b . 15 ffi) 16
B arytes (prim e w hite, foreign )........... 19 .0 0 (Ś 2 3 .5 0 .L b . 30 ß 31
B leach in g Pow der (35 per cent)  
B lue V itr io l..................................................

.........................C.
........................ C.

1 . 2 2 7 a
4 .8 0

<S>
@

1.25
5 .0 0

Sperm  Oil (b leached w inter), 3 8 ° ............................. G al.
.G al.

70
18

@
a

71
19

Borax, crysta ls  (b a g s)............................ .........................Lb. 3 7 4 <s> 4 7 * .L b . 9 <3 12
Boric A cid , crysta ls  (p o w d .)............... ........................ Lb. 7 (S> 8 .G a l. 65 66
B rim ston e (crude, d o m estic ) ............... 2 2 .0 0 @ 2 2 .5 0 .G a l. 30 ® 31
Brom ine, b u lk ............................................
C alcium  C hloride, fu sed ........................

........................ Lb.

........................ C.
30
60

(S> 35
65

T urp en tin e (spirits o f ) ................................................... 47 @ 471/1

C halk (light p rec ip ita ted ).................... ........................ Lb. 4 4 7 * M ETALS
C hina C lay (im p o rted ).......................... ........................ T on 14 .0 0 @ 16 .00 A lum inum  (N o . 1 in g o ts ) ............................................. .Lb. 177* 18
F eld sp ar........................................................ ........................ Ton 8 .0 0 @ 12 .0 0 A n tim on y (H a lle t’s ) ........................................................ .L b . , 674 7>/<
F u ller’s E arth , pow dered, F o r e ig n .. ........................ T on 1 6 .0 0 1 7 .0 0 B ism u th  (N ew  Y o r k )........................... .......................... .L b . 2 .0 5 2.10
G reen V itrio l (b u lk ) ................................ ........................ C. 55 @ 60 Bronze p ow d er................................................................... .L b . 50 3.00
H ydrochloric A cid  (1 8 ° ) ....................... ........................ C. 1 .15 @ 1.65 Copper (e lec tro ly tic ) ....................................................... C. 14 .1 0 @ 14.20
Iod in e (resu b lim ed)................................. ........................ Lb. 3 .5 5 @ 3 .6 0 C opper (la k e )...................................................................... 14 .25 @ 14.35
L ead N itr a te ............................................... ........................ Lb. 8 @ 8 7 s L ead , N . Y ............................................................................ 3 .9 0 —
L itharge (A m erican)............................... ........................ Lb. 5 7 * @ 574 N ic k e l..................................................................................... .L b . 50 (5) 55
L ith iu m  C arb on ate .................................. ........................ Lb. 65 @ 70 P latin u m  (refin ed )............................................................ 4 3 .5 0 @ 44.50
M agn esiu m  C arb on ate ........................... ........................ Lb. 21 @ 35 S ilver ....................................................................................... .O z. 58 © 58*/*
M agn esite  ‘'C alcined'*............................ ........................ T on 2 8 .5 0 @ 2 9 .5 0 T in ........................................................................................... .C . 3 2 .9 5 @ 37.00
N itr ic  A cid , 3 6 ° ............................... ........................ Lb. 3 7 s @ 4 7 4 Z in c .......................................................................................... .0 .. 5 .1 5 (S) 5.20
Phosphoric A cid (sp. gr. 1 .75 )........... ........................ Lb. 20 (5) 24
P h o s p h o r u s ........................................................ ........................ Lb. 45 @ 1 .0 0 F ER TIL IZ ER  M ATER IALS

2.85P laster  of P a r is .......................................... 1 .5 0 @ 1.70 A m m onium  S u lfa te .......................................................... .C . 2 .8 0
P otassiu m  B ichrom ate, 5 0 ° ................. ........................ Lb. 674 @ 7 Blood , d r ied ......................................................................... .U n it 3 .3 5 , @ —
P otassiu m  B rom id e.................................. ........................ Lb. 39 @ 40 B one, 4 7 *  and 50, ground, ra w ................................. .T on 3 0 .0 0 & ■—
P otassiu m  C arbonate (calcined), 80 @ 85% .........C. 3 @ 3 7 « C alcium  N itra te  (N o rw eg ia n )..................... .............. .C . 2 .0 5 & 2.15
P otassiu m  C hlorate, c r y sta ls .............. ........................ Lb. 7 7 4 774 C astor m ea l......................................................................... .U n it 3 .3 5 & —
P otassiu m  C yanide (bulk), 98 -9 9 % .......................... Lb. 19 @ 22 F ish Scrap, d om estic , d ried ......................................... .U n it nominal
Potassiu m  H y d ro x id e............................. ........................ Lb. 4 4 7 » P h osph ate, acid, 16 per cen t b u lk ............................ .T on 7 .0 0 & —
P otassiu m  Iod id e (b u lk )....................... .........................Lb. 2 .9 5 @ 3 .0 0 P h osph ate rock; f. 0 . b . m ine:

2.50P otassiu m  N itra te  (cru d e)................... ........................ Lb. 4 74 @ 5 7 4 Florida land  pebble, 68 per c e n t ............................... .T on 2 .25 <S>
P otassiu m  P erm an ganate (bulk) ........................ Lb. 9 7 4 @ 10 T en n essee, 7 0 -8 0  per c e n t ............................................ 5 .0 0 5 .50

Q uicksilver, F la sk  (75 lb s .) ............. . 3 7 .5 0 @ — P otassiu m , "m uriate,"  basis 80 per c e n t .............. 3 9 .0 7 & —
R ed  Lead (A m erican )............................. ........................ Lb. 6 @ 6 7 4 Pyrites, furnace size, im p orted .................................. .U n it 0 . 13«/*
S a lt  C ake (glass m akers’) ..................... ..............C. 55 @ • 65 T an k age, h igh -grad e............................... .U n it 3 .3 5 & 1U


