
The Journal of Industrial 
and Engineering Ghemistry

Published by  TH E  AMER ICA N GHEMIGAL S O G i E T Y

Volume IV JULY, 1912 No. 7

B O A R D  O F  E D I T O R S .

Editor: M. C. Whitaker.
Associate Editors:

G. P. Adamson, E. G. Bailey, H, E. Barnard, G. E. Barton, A. V. Bleininger, Wm. Brady, C. A. Browne,
F. B. Carpenter, C. E. Caspari, V. Coblentz, W. C. Geer, W. P. Iiillebrand, W. D. Home, T. Kam oi, A. D. 
Little, C. E. Lucke, P. C. M cllhiney, Wm. McMurtrie, J. M. Matthews, T. J. Parker, J. D. Pennock, W 
Richardson. G. C. Stone, E. Twitchell, R. Wahl, W. H. Walker, W. R. W hitney, A. M. W right. /qf

Contributions and c o m m u n ic a t io n s  should  be addressed to the Editor, M. C. Whitaker, Columbia U niversity ,  N ew York ;
Published m onthly. Subscription price to  non-m em bers of the American Chemical Society, $6.00 yearly , \

Foreicn  postage, seventy-five cents, Canada, Cuba and  Mexico excepted. c  yf \V '
E n tered  a t  the Post-Office, E aston , Pa., as Second-class M atter.

E s c h b n b a c h  P r in t i n g  Co m p a n y , E a s t o n , P k n n a .

TABLE OF CONTENTS
E d it o r i a l s :

T h e  P ro d u ctio n  o f E th y l A lco h o l from  W a s te  P ro d u c ts  478
O ccu p a tio n a l D is e a s e s ...................................................................  480

O r ig in a l  P a p e r s :
C orrosion  o f Iro n  in  P u re  W a te r  and  A ir  C o m b in ed ; th e  

E le c tro ly t ic  T h e o ry  A g a in  C onfirm ed. B y  W illia m
R . F le m i n g ....................................................................................  480

T h e  R e la tiv e  C o rrosion  o f Iro n  a n d  S te e l P ip e  a s  F o u n d
in  S e rv ice . B y  W illia m  H . W a lk e r .................................. 486

D e scr ip tio n  o f th e  E x p lo sio n  T e s t  a t  th e  E x p e rim e n ta l 
M ine o f th e  U n ited  S ta te s  B u re au  o f M ines, F e b ru a ry
2 4 ,1 9 1 2 . B y  G eo rg e S . R i c e .............................................. 488

T h e  E x p a n sio n  C o efficien t o f G rap h ite . B y  A rth u r  L .
D a y  a n d  R o b e rt  B . S o s m a n ................................................... 490

A  V o lu m e tric  M eth od  fo r th e  D e te rm in atio n  o f T h o riu m  
in  th e  P resen ce  o f O th e r  R a re  E a r th s . T h e  A n a ly s is  
of M o n azite  S a n d . B y  F . J . M etzger and  F . W . Z o n s 493 

T h e  R esen es o f R e sin s  a n d  O leoresin s. B y  C h as. H .
H e r ty  and  W . S . D ic k s o n .......................................................  495

A  M ethod o f E x a m in in g  C h in a  W ood  O il. B y  P a rk e r  C.
M c l lh i n e y ....................................................................................... 496

O n  th e  In d ices o f R e fr a c tio n  o f C h in a  W ood  O il. B y
L o u is  E lsb e rg  W i s e ...................................................................  497

T h e  R e fr a c t iv e  In d e x  of B e e s w a x . B y  L . F c ld ste in  . . 498 
T h e  C h e m istry  o f A n a es th e tics , I V :  C h loroform . B y

C h arles B a s k c r v ille  a n d  W . A . H a m o r ............................. 499
L a b o r a to r y  S tu d ie s  o f R en n in . B y  A . Z iin m e rm a n n . . 506 
M icro-C h em ical T e s ts  fo r th e  Id e n tific a tio n  o f  S o m e of

th e  A lk a lo id s . B y  E a r l B . P u t t .........................................  508
A n  Im p ro v e d  M eth od  o f A s s a y  for A ro m a tic  S u lfu ric

A c id . B y  L in w o o d  A . B r o w n ..............................................  5 12
A  M eth o d  fo r A s s a y in g  S p ir its  o f C am p h o r. B y  A rth u r

T .  C o llin s .........................................................................................  514
S u g g e ste d  M o d ificatio n s to  th e  U . S . P . A s s a y  o f O p iu m .

B y  R . N o rris  S h r e v e .................................................................  514
A  N o te  011 th e  D e te rm in a tio n  o f th e  D ig e stiv e  V a lu e  o f

P a p a in . B y  J . R . R ip p e to e ................................................  517
T h e  B ro m in e  and  Io d o m c tric  M eth od s fo r th e  V o lu 

m e tr ic  D e te rm in a tio n  o f Cresol. B y  C. M. P e n c e .. . 518  
T h e  A c c u ra te  V o lu m e tric  D e te rm in atio n  o f P h o sp h o ric  

A c id  in P h o sp h a te  R o c k . B y  Jo h n  G . F a ir c h ild . . . . 520 
T h e  D e te rm in a tio n  o f T o ta l M an gan ese  in S o ils . B y

R o ss A . G o rtn e r  an d  C la y to n  O . R o s t ............................. 522
A lte r in g  th e  C o m p o sitio n  o f In d ia n  C orn  b y  S eed  S e le c 

tio n . B y  L . H . S m i t h ............................................................  524
R e la tio n  o f A c t iv e  P o ta sh  to  P o t  E x p e rim en ts. B y  G .

S . F r a p s ................................................................................ . . .  525
T h e  D e te ctio n  of F o rm ic  A c id  in F r u it  P ro d u c ts . B y

F . L .  S h a n n o n .............................................................................. 526
T h e  D e te ctio n  o f P ru ss ian  B lu e  in  T e a . B y  F re d  W e st 528 

L a b o r a t o r y  a n d  P l a n t :

F a c to r s  D e te rm in in g  th e  C a p a c ity  o f a  F ilte r  P ress.
B y  C . A lm y , J r ., a n d  W . K .  L e w is ..................................... 528

Im p ro ve d  S u lp h u ric  A c id  C h am b ers. B y  T h o m a s H .
N o r to n .............................................................................................. 532

A  M odification  o f th e  F r a r y  E le c tro d y n a m ic  S tirr in g
D ev ice . B y  J . M . K n o te  and  W . R . W o r k ................... 534

T h e  U n d erw riters ’ L a b o ra to rie s  E x tr a c tio n  A p p a ra tu s .
B y  H e n ry  J . C a ry -C u rr............................................................ 535

A d d r e s s e s :
T h e  P res en t S ta tu s  o f th e  G a s  I n d u s try  and  its  O u t

look. B y  C h arles E . M u n ro e ................................................  536
C u r r e n t  I n d u s t r ia l  N e w s :

Selenium  G la s s .................................................................................. 539
H e a v y  O il E n g in e s ........................................................................  540
T h e  C lass ifica tio n  o f S o a p s ........................................................ 541
T h e  S p o n tan eo u s C o m b u stio n  o f C h a rc o a l.......................... 541

•A rtificial R u b b er  from  S e a w e e d ..............................................  542
“ T em p ered  C o p p e r”  T o o ls .......................................................... 542
T h e  P u rifica tio n  o f A ir  b y  O zo n e ...........................................  542
T h e  U se o f C o ke-O ven  G a s .......................................................... 542
T h e  P res erv a tio n  o f W ood  w ith  “ B e llit ” ...........................  542
C liro m e-N ick el B r o n z e .................................................................  542

N o t e s  a n d  C o r r e s p o n d e n c e :
N o te s  on th e  C o m p o sitio n  an d  A n a ly s is  o f D e sic ca te d

M ilk  and  C r e a m ...........................................................................  543
A  M odification  of th e  B a b c o c k  T e s t  as A p p lie d  to  the

E stim a tio n  of F a t  in D esic cated  M ilk ............................... 544
A lu n d u m  n o t  C o n s ta n t in W e ig h t ...........................................  544
T h e  C e n te n a ry  o f th e  In tro d u c d o n  o f G a s ........................  545
A m e rican  E le ctro ch e m ica l S o c ie ty  R e se a rch  F u n d . . .  . 546
M aine S e ctio n  o f th e  A m e rica n  C h em ica l S o c ie t y   546
O rgan izatio n  o f C o m m itte e s  fo r S t u d y  o f In d u stria l

D isea se s...........................................................................................  547
O rg a n iza tio n  o f R u b b e r  S e c t io n ..............................................  547
P a in t  and  V a rn ish  in th e  U . S . N a v y ...................................  547
A  C o lo rim etric  M eth o d  fo r th e  D e te rm in atio n  o f C a r

bon in Iro n  a n d ,S te e l. A  N o te  o f P r o te s t ...................  547
A  C o lo rim etric  M eth od  fo r th e  D e te rm in atio n  o f C a r

bon in Iro n  and  S te e l— A  N o te ...........................................  548
V a lu a tio n  o f  F lu o rsp ar— A  C o rre c tio n .................................. 548
G en era l B a k e lite  C o m p a n y  S ta r ts  In fr in g e m e n t S u i t s . . 548 
T h e  E n d  o f th e  C o o p e ra tiv e  G la ss  F a c to r ie s  in I t a l y . . 548 
In te rn a tio n a l C o n g ress o f A p p lie d  C h e m istry . A n 

n o u n cem en t o f S e ctio n  I, A n a ly t ic a l C h e m is try ..........
B o o k  R e v i e w s :

C orrosion  o f Iro n  a n d  S te e l;  T e ch n o lo g ic  P a p e rs  o f th e  
B u re au  o f S tan d ard s, N o. 3: T e s ts  o f th e  A b s o r p tiv e  
and  P e rm e ab le  P ro p e rtie s  o f P o r tla n d  C e m e n t M or
ta rs  a n d  C o n cretes, to g e th er w ith  T e s ts  o f D am p - 
proofin g a n d  W aterp ro o fin g  C o m p o u n d s a n d  M ate
r ia ls ;  A  D ic tio n a ry  o f A p p lie d  C h e m is try ; A lle n ’s 
C o m m ercia l O rg a n ic  A n a ly s is ;  T h e  C h e m istry  o f 
B re a d m a k in g ; T h e  L a b o ra to ry ' A p p a r a tu s  B lu e  B o o k  540

N e w  P u b l i c a t io n s ...................................................................  - I ,
R e c e n t  I n v e n t i o n s .............................................   « 2
M a r k e t  R e p o r t ....................................................................   ^

548



478 TH 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 .  July, i yi 2

EDITORIALS
T H E  P R O D U C T IO N  O F  E T H Y L  A L C O H O L  F R O M  W A S T E  

P R O D U C T S .

The first synthesis of ethyl alcohol was made about 
1826, by Hennel, utilizing the reaction of ethylene and 
sulphuric acid to form sulphovinic acid which, upon 
heating with an additional quantity of sulphuric acid, 
yields alcohol. Berthelot improved this process by 
synthesizing ethylene from its elements via acetylene, 
and by making a more complete conversion of ethylene 
into sulphovinic acid.

The one source of the alcohol is the action of the 
zymase of yeast upon glucose and other fermentable 
sugars. The sources of the fermentable sugars may 
by grouped into two classes:

(1) The products of the hydrolysis of starch and 
allied substances by means of an amylase.
I"' (2) Solutions of sugars obtained directly from fruits 
and plants and from the non-crystallizable by-products 
of- sugar-works— such as molasses.

The most economical source of starch in our country 
is probably Indian com  costing about $21.00 per ton. 
One ton of corn gives about ninety gallons of 94 per 
cent, alcohol. About two gallons of raw molasses 
produce one gallon of 94 per cent, alcohol, and this 
raw material costs about So. 21 per gallon of 94 per cent, 
alcohol. The costs of the distillation of the mashes 
and the rectification and purification of alcohol cannot 
be entered into here, but the approxim ate cost of 95 
per cent, alcohol (190 proof) to the consumer m ay be 
taken as about $0.50 per gallon, exclusive of taxation.

Within the last two or three years, two new com
mercial processes for the production of alcohol have 
been put in operation on a com paratively large scale. 
The purpose of this article is to present and discuss 
briefly from a chemical engineering standpoint these 
two processes: namely, the production of alcohol from 
sulphite cellulose waste lyes, and the production of 
alcohol from sawdust.

I. A LCO H O L FRO M  S U L P H IT E  L Y E S.

In the sulphite process for the production of pulp, 
for every ton of cellulose there are about ten tons of 
sulphite lyes (T. H. Norton, U. S. Cons. Rep., Nov., 
1911) which contain one-half the weight of the wood 
originally introduced into the boilers. Among the 
substances present are: dextrose and other sugars, 
xylose, acetic acid, tannic acid, nitrogen compounds, 
m ethyl alcohol, resins, etc., and calcium lignin-sul- 
fonate, the chief product of the reaction. Most of the 
sugars in these lyes are fermentable and they con
stitute about 1 per cent, of the lyes, the yield of alcohol 
being from fifteen to seventeen and one-half gallons 
per ton of cellulose [C. G. Schwalbe, Z. angew. Client., 
2 3> i S S ? ^ ™ ) ] -

Recently in Sweden two industrial processes have 
been developed, that of Ekstrom (P. G. Ekstrom, Eng. 
Pat. 6741, March 17, 1910) at Skutskar and that of 
Wallin at Forss. These processes are practically 
identical, differing only in the neutralization of the

acid. The former uses lime, chalk, etc., and the latter 
waste causticization sludge. The general scheme is as 
follows: The lyes are first neutralized in large vats,
then cooled in towers and aerated. In a mill pro
ducing ten tons of cellulose per twenty-four hours the 
volume of the lyes to be treated is about nine thousand 
gallons per day. A  yeast nutrient, malt extract or 
dead yeast is added to the cool, neutral liquid which 
is transferred to the fermentation vats. A fter fer
mentation (which takes three days or more) the yeast 
is separated and the liquid distilled in a continuous 
still. The percentage of alcohol is very low and con
siderably more steam is used in the distillation than 
is required with mash from molasses which usually 
contains about 7 per cent, alcohol by volume. The 
alcohol obtained is already denatured as it contains 
considerable m ethyl alcohol (from the unfermented 
lyes), furfurol, aldehydes, and sometimes acetone, 
but is practically free from terpenes.

The above process with a few minor changes is 
being worked on a large scale a t several places in 
Sweden. The experimental plant at Skutskar began 
operations on May 24, 1909, using waste lyes from a 
5,ooo-ton cellulose plant. In March, 1910, 560 gallons 
of “ normal strength” alcohol were produced per 24 
hours. The total for the month was about 13,000 
gallons. The process yields about 6 gallons of absolute 
alcohol for 1000 gallons lye, and about 14 gallons for 
every ton of cellulose.

As the alcohol produced from waste lyes is denatured, 
its chief uses will necessarily be for heating and other 
industrial purposes. The industrial prospects of this 
process depend on the cost of production, conditions 
of taxation and capacity of the market. Estim ates 
of the cost of production for a mill producing 340,000 
gallons per annum place the cost at about $9.50 per 
100 gallons. In Sweden the tax  per gallon increases 
with the output, so that for an annual production of
340.000 gallons, the cost of production including the 
tax is about $15.50 per 100 gallons. In Germany 
excise regulations penalize new distilleries so that in 
addition to the cost of production, sulphite spirit 
would be subject to a tax  of about $17.00 per 100 
gallons. Regarding the capacity of. the market, in 
Sweden during the fiscal year 1908-1909 the total 
production of alcohol was about 5,800,000 gallons 
(absolute) and the imports were about 310,000 gallons. 
The sulphite lye mill at Larkudden is reported as 
having produced spirit during the year 1910 at the rate 
of 157,000 gallons per annum, and the annual rate of 
production at the present time is estimated a t 250,000-
400.000 gallons. The pulp mills of Sweden can pro
duce 6,500,000 gallons of absolute alcohol per annum. 
It must be remembered that the present method of 
production from grain is alw ays intim ately connected 
with the agricultural industries of the country, and 
therefore will not be easily displaced. Also, while 
under special conditions (especially low taxation) the
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sulphite process can be worked at a profit, yet it does 
not solve the problem of the disposal of the waste 
lyes, as only about 1 per cent, of the total weight of 
lyes is converted into alcohol. In fact on account of 
the presence of dead yeast, etc., the problem of the 
disposal of the lyes m ay be aggravated by the use of 
this process.

I I .  A LC O H O L FR O M  SA W D U ST .

The cost of raw material is alw ays of great import
ance in any industry. While Indian corn costs about
S21.00 per ton, sawdust in the vicin ity of a large mill 
where it is a by-product can be bought at a cost of 
30-50 cents a ton including handling and transporta
tion (short distances). One ton of sawdust calculated 
to the dry basis can yield 20 gallons of 94 per cent, 
alcohol, which makes the cost of this raw material 
2-2*/j cents per gallon 94 per cent, alcohol, as against 
24 cents for Indian corn.

For nearly one hundred years it has been known to 
chemists th at fermentable sugars can be produced 
from sawdust. The reaction is usually spoken of as 
being very simple, all that is necessary being to add 
a molecule of watei; to the cellulose. This hydrolysis 
is probably as complex as it is baffling. The unknown 
composition of those polysaccharides which we call 
cellulose and the very  different results obtained on 
hydrolysis under slightly different conditions of 
catalyzer, temperature and pressure indicate that 
somewhat intricate reactions occur, the complete 
chemistry of which is not known at the present time. 
A  very large number of patents have been granted on 
this reaction, the main differences being in method of 
manipulation and the catalyzing acid used. Sulphuric 
acid has been used in m any cases but the subsequent 
removal of this acid has proved a serious stumbling- 
block. No process that was capable of commercial 
application had been devised until the year 1900 when 
Dr. Alexander Classen was granted his first patent. 
The more important English patents granted him are: 
No. 258, Jan. 4, 1900; No. 4,199, Feb. 27, 1901; No. 
12,588, June 20, 1901. “ Process claimed consists in 
boiling cellulose in a closed vessel at a temperature of 
120-145 0 C. w ith a solution containing sulphurous and 
sulphuric acids or sulphurous and hydrochloric acids. 
A  solution of 2 per cent, or more of sulphurous acid and
0.2 per cent, sulphuric acid is mentioned. The sul
phuric acid m ay be conveniently formed in the boiler 
by admission of air or other suitable oxidizing agent. 
In this w ay concentrations of 10 per cent, sugar m ay be 
obtained, 80-90 per cent, of which is fermentable. 
Conversion is complete in 15 m inutes.”

An experimental plant using this process was erected 
at Aachen and a similar plant 6n a larger scale was 
built at Highland Park near Chicago. The results 
were satisfactory so that it was decided to build a 
commercial scale plant at Hattiesburg, Miss. The 
capacity of the conversion cylinder was two tons. 
After the conversion the acid was neutralized, cleared 
b y subsidence, pumped into large vats and fermented 
by yeast and then distilled. From a commercial 
viewpoint this plant—was a complete failure. From 
a chemical engineering standpoint it is an excellent

example of a process which fell just short of success. 
The reasons given for the failure are: (1) Length of
time required for conversion: 1V2-2 tons requiring 
4-6 hours. (2) Prolonged action produces gums and 
caramels and makes extraction of the sugar tedious 
and expensive. (3) Large quantity of acid required. 
(4) Lining difficulties, especially with lead linings.

Two chemical engineers, Ewen and Tomlinson, 
studied and undertook to improve this process. Their 
patent U. S. 938,308, 1909 describes their process. 
The converter used by Classen was about th irty  feet 
in length and had a diameter of three feet, whereas 
in the Ewen and Tomlinson process the digester is 
much shorter, usually being about twelve feet in length 
and eight feet in diameter. The latter line their con
verter with fire-brick instead of using the troublesome 
lead lining. The operation seems to be fairly simple. 
Sulphur dioxide gas to the extent of 1 per cent, of the 
weight of the wood is introduced into the cylinder and 
live steam is turned on until a pressure of 100 lbs. is 
obtained. The steam is then turned off and the 
cylinder slowly revolved for 40-45 minutes, the tem 
perature and pressure being kept constant. The total 
time of conversion is about one hour as against 4-6 
hours in the old process. In operating this process it 
is important to raise the temperature as quickly as 
possible to the “ critical point” which is defined as 
“ that temperature above which the production of 
unfermentable substances and the destruction of the 
sugars become excessive and lies between 1350 and 
163° C.” After extraction, the converted lyes have 
a total acidity of 0.64 per cent, (calculated to II2S04) 
containing sulphuric, acetic acids, a small amount of 
sulphurous acid and aromatic compounds of the type 
of pyrogallol. These liquors contain about 5 '/2 per 
cent, of reducible sugars calculated to dextrose. 
Polyphenols, tannin and furfurol are usually present 
in small amounts. These liquors are fermented and 
distilled in the usual manner, some care being required 
in the fermentation to have present a proper food for 
the yeast. The distilled alcohol obtained is potable, 
free from the odor and taste of wood, and from methyl 
alcohol and fusel oils, but contains traces of furfurol 
and aldehydes. One and one-half tons of dry wood 
give about 6 1 '/ , gallons of 94 per cent, alcohol. From 
figures obtainable it appears that the efficiency of the 
process is from 75-80 per cent, of the theoretical yield 
of alcohol.

The Dupont Powder Company is operating a plant 
at Georgetown, South Carolina for the production of 
alcohol from waste woods. This plant is licensed 
under the Ewen and Tomlinson patents, and while 
no figures were obtainable, it is stated that experiments 
so far indicate the ultim ate success of the process.

W. P. Cohoe is the inventor of a process for making 
fermentable glucose-like substances from cellulose and 
ligneous materials (U. S. Patents 985,725, 985,726, 
1911). The conversion is done in two stages: first, 
steam is used producing acetic acid which is collected, 
and then steam and HC1 vapors are introduced into 
the converter. The raw material used is generally 
sawdust.
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The cost of production of alcohol by the sawdust 
process (Ruttan, J. Soc. Chem. Ind., 1909, p. 1290) 
is said to be about equal to that of grain, although 
there is such an enormous difference between the cost 
of the raw materials. One company, however, claims 
to be able to manufacture alcohol b y  the sawdust 
process at a cost of So.07 per gallon.

W ithout going into the details of the chemistry 
involved, it is striking that, although the patents claim 
a conversion of cellulose into sugar, the so-called true 
fibrous cellulose, absorbent cotton, does not yield to 
this treatment. Also the material left after treatm ent 
contains cellulose which upon re-treatment yields but 
traces of fermentable sugar. Although authorities 
differ, it is claimed by some that the acid acts as a 
catalyzer hydrolyzing the lignone complex and a pro
portion of the “ easily attacked cellulose.*” The oxy- 
cellulose and the “ true cellulose” are said not to be 
seriously altered chemically.

It would seem that there is a possibility that a pro
cess might be evolved where the alcohol conversion of 
the wood pulp might be made first, and then the residue 
subsequently utilized for the production of paper pulp.

A l c a n  H i r s c h .

O C C U P A T IO N A L  D IS E A S E S .

This subject is now receiving the attention it de
serves. Hitherto the m atter of diseases peculiar to 
industries has been in the hands of physicians. While 
medical men are competent to treat and cure such 
diseases it can readily be seen th at they are unable by 
nature of their training to accomplish much in the 
elimination of the causes of occupational diseases. 
The physician is not the proper person to suggest to a 
manufacturer such changes in his processes as will 
eliminate the causes of the peculiar occupational ills

CO R R O SIO N  O F  IR O N  IN P U R E  W A T E R  A N D  A IR  C O M B IN E D ;
T H E  E L E C T R O L Y T IC  T H E O R Y  A G A IN  C O N F IR M E D .1

B y W i l l i a m  R . F l e m i n g .

In a recent article in the Iron and Steel Institute,3 
Dr. J. Newton Friend again attacks the "E lectro lytic”  
Theory of Corrosion. In his paper, a Carnegie Schol
arship Memoir, he describes an experiment which 
demonstrates that “ Pure water and pure air combined 
are without visible action upon pure iron.” "This 
shows, Friend continues, that the electrolytic theory 
of corrosion is untenable, and definitely confirms the 
older acid theory.”

In this paper I shall attem pt to show that iron and 
steel will rust in pure water and air combined, if it 
is given a chance. Furthermore, I shall attem pt to 
prove that Friend’s experiment is a strong confirma
tion of the electrolytic theory, and not destructive 
to it.

We have to-day only two important theories of 
corrosion, the “ Acid” and the “ Electrolytic”  theories.

1 R ead before the C incinnati Section of the A. C. S., F ebruary  14, 
1912.

2 Iron and Steel Institute, 3, 1 (1911).

to which his employees are subject. This is necessarily 
the function of the chemical engineer and it is to him 
that the physician now turns for assistance.

The June number of T h i s  J o u r n a l  published an ad
dress delivered by Dr. W. Gilman Thompson, Pro
fessor of Medicine in the Cornell U niversity Medical 
College, in New Y ork City, before the New Y ork  Sec
tion of the American Chemical Society. The attention 
of our readers is called to the facts set forth and the 
points brought out in this address, and chcmists will 
readily see the opportunity which presents itself to 
them, to be of assistance in this crusade of the Tw enti
eth Century.

The New Y ork Section of the American Chemical 
Society has appointed a Committee on Occupational 
Diseases, which is now cooperating with a similar 
Committee of the New Y ork  Association for Labor 
Legislation. The personnel of these committees is 
given in another column of this issue. A  joint meeting 
of the two committees was held on M ay 31st, a t the 
Chemists' Club in New Y ork City. This meeting was 
addressed b y  Dr. Alice. Hamilton, whose work of in
vestigating lead poisoning for the U. S. Department of 
Labor is well known. Dr. Hamilton spoke of the 
difficulties she had experiencedinobtaining information, 
and laid particular stress on the importance of the 
cooperation of the chemist and physician.

It  will be readily seen that this is a  m atter for 
organized and systematic work b y  our profession, and 
that the campaign must be one of educating the public, 
the workingman, and the manufacturer. It is evi
dent that statistics must be collected so proper lines 
of work can be designed. More will be accomplished 
b y  education than by inconsidered or hasty legislation, 
and b y  this method the least possible hardship will be 
inflicted on established industries. E. C. U h l i g .

The acid theory presumes that corrosion is pri
marily caused by acid attack. I t  denies the solubility 
of iron in pure water and denies that iron will rust 
in acid-free air and water combined.

The electrolytic theory presumes that iron is soluble, 
in pure water, and that rust is subsequently formed 
through the influence of oxygen. The exposed sur
faces of iron and steel contain segregated impurities 
which are supposed to give rise to differences of po
tential, in the presence of an electrolyte, which is 
generally moisture. A t those points where the metal 
is anodic, iron passes into solution, assuming the 
ferrous ionic condition, while hydrogen is liberated 
at the cathode. Oxygen plays its part by depolarizing 
the hydrogen covered cathodes and b y  oxidizing the 
ferrous ions at the anodes. In its purest sense the 
electrolytic theory presumes that corrosion begins 
in a pure electrolyte, e. g., water free from all traces 
of impurities.

The defendants of the acid theory deny the solu- • 
bility of iron in pure water and are emphatic in their 
claim that corrosion is “ primarily the result of acid
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attack.”  Since carbon dioxide is universally present 
in our atmosphere it is considered the chief cause of 
rusting. It  attacks the iron forming ferrous carbon
ate and liberating hydrogen. Oxygen and moisture 
further react with the ferrous carbonate to form rust, 
freeing the carbon dioxide which in turn reacts with 
fresh iron. But, according to our latest notions of 
solutions, carbonic acid does not attack the iron 
directly, e. g., in its atomic condition. I t  must first 
pass into solution (become ionic) before the acid can 
attack it. Therefore, the acid theory is but a special 
case under the general electrolytic theory. This has 
been admitted. But, while adm itting the electro
lytic character of corrosion, when viewed from the 
general standpoint of ionization as announced by 
Arrhenius, the defendants of the acid theory insist 
that iron will not assume the ionic state unless an acid 
is present in the electrolyte. Hence, they say, acid 
attack is the true beginning of corrosion.

There can be no doubt that the presence of acids 
(chiefly carbonic) has much to do with the rapid 
corrosion of our iron and steel. W ithout acids in our 
air and water the corrosion problem would be less 
formidable. This, however, is only a quantitative 
view-point. In attem pting to get at the facts con
cerning the true cause of corrosion we should not 
allow ourselves to be blinded by mere quantitative 
ideas. Given pure iron in pure air and water, the 
factor of corrosion is very small. Likewise, with 
impure iron in impure air and water, the factor of 
corrosion is very great. B ut this does not interest us. 
Wc are concerned only with the true starting point of 
corrosion. It matters not how small the value of 
this “ starting point,”  quantitatively, if iron is soluble 
in pure water even to the slightest extent, or, if iron 
will rust in pure water and air combined be it ever so 
slight, then this weakness in the metal itself is the true 
cause or starting point of corrosion. All influences 
which enter later are mere retarders or accelerators.

Below is given Friend’s experiment and conclusions 
in his own words:

A-E is a hollow cylinder of iron or steel, closed at 
one end. The open end is plugged with a tightly 

fitting rubber stopper, bearing 
two glass tubes, arranged in such
a manner that cold water can
circulate through them. The glass
bottle, containing about 100 cc. 
of twice normal caustic potash 
solution, is placed in a deep cold 
water bath, and heated gradually
to ioo° C. Its mouth is now

D r . F r i e n d 's  A p p a r a t u s . closed with a large India-rubber 
bung, from which hangs the metal cylinder by 
the glass tubes— already alluded to— and the whole 
is thoroughly shaken to remove every trace of 
carbon dioxide from the walls, air, and surface of the 
iron. A  current of cold water is now passed through 
the tubes, and on immersing the bottle again in the 
hot water bath, pure water vapor condenses upon
A -E  and drips off, rapidly washing it free from alkali.
T hat the cylinder is actually free from alkali may be

readily demonstrated by opening the apparatus, and 
testing with phenolphthalein, when no change in color 
occurs. Nevertheless, the iron remains perfectly 
bright for an indefinite number of days. An isolated 
spot of rust will often form here and there upon the 
surface of the metal, owing to the unavoidable traces 
of impurity always present in the purest metal obtain
able, and if the apparatus is opened and the cylinder 
again polished with emery, the spots will appear again 
in the same places upon repetition of the experiment. 
Furthermore, where the iron is in contact with the 
India-rubber, a little corrosion takes place, owing to 
the presence of sulphur, etc. These points, however, 
do not affect the general result of the experiment. 
T h e  conclusion is inevitable:

" P u r e  water and pure a ir  combined, arc without visible action  
upon pure iron .”

T h is  show s th a t  th e  e le c tro ly tic  th e o ry  o f corrosion  is u n te n a 
ble, and  d efin ite ly  confirm s th e  old er acid  th eo ry .

‘ ‘ T h e  exp erim en t w as n ow  rep ea ted  in e v e ry  d eta il, s a v e  th a t  
th e  ca u stic  p o ta sh  w as rep laced  b y  an  eq u a l a m o u n t o f a  s a tu r a 
ted  so lu tio n  o f bariu m  h yd ro xid e . A lth o u g h  in e v e r y  o th er  
resp ect th e  exp erim en ts w ere  p recisely  sim ilar, th e  iron  a lw a y s  
ru sted  in  th e  course o f a n  h ou r or tw o . T h is  sh ow s th a t  b ariu m  
h y d ro x id e  is n o t su ffic ien tly  p o w erfu l to  re m o v e  e v e r y  tra ce  
o f carb o n  d io x id e  from  th e  a ir in  th e  flask . In  o th er  w ord s, 
its  aqu eou s so lu tio n  is in  eq u ilib riu m  w ith  a  d efin ite, a lth o u g h  
m in u te, p a rtia l pressure o f carb o n  d io xid e . N o w  M oody e m 
p lo yed  aqu eou s b ariu m  h y d ro x id e  so lu tio n  as h is sou rce of 
w a te r  d istilled  on  to  th e  iron  in  his a p p a ratu s. C o n seq u en tly , 
h is m eta l m u st h a v e  ru sted  had  it  n o t been  p ro te cte d  b y  a lk a li 
d isso lv in g  o u t  o f th e  glass tu b in g  co n ta in in g  it. A  c lea r e x p la n a 
tion  is th u s offered fo r th e  fa ilu re  o f D u n sta n  an d  o f W a lk e r, 
each  w o rk in g  in d ep en d en tly  of th e  oth er, to  confirm  M o o d y ’s 
resu lts, w h en  a  d ifferen t k in d  o f glass w as e m p lo yed  in th e  co n 
stru ctio n  o f th e  a p p a ra tu s— a  g lass w h ich  w a s  slo w  to  y ie ld  u p  
a n y  so lu b le a lk a li to  liq u id  w a te r  con den sed  upon its  su rfa c e .”

No mention is made of conditions which might 
influence rusting of the metal. The temperature of 
the metal and water on its surface, and the rapidity with 
which this water is changed, are conditions which 
influence the results. These, along with other import
ant conditions, will be taken up fully after describing 
my experiments. Suffice it to say here that my 
experiments prove that Friend is wrong in his con
clusions, and that his experiment was concluded 
before he had proved anything.

The apparatus used in all experiments is shown in 
Fig. 1.

I and S are hollow metal blocks, 1 X 1 X i ’ /j". 
with hole i 1/ /  deep. The samples in all cases
received their final polishing on 0000 Frcnch emery 
paper.

The metal samples are connected by tubes for the 
circulation of cold water within them, as in Friend’s 
experiment.

The purifying train consists of: A, dilute sulphuric
acid; K t, 50 per ccnt. potassium hydrate; K 2, 50 per 
cent. potassium hydrate; So, Soda lime; (the tube 
connecting bottle and train extends just to the bottom 
of the large rubber stopper); Sy, is a syphon; Cl, 
clamp on purifying train; Cs, clamp on syphon; C,, 
large iron clamp for bolting down the rubber stopper.
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E x p . N o . i , P a r t  i .
M etals U sed.— G en u in e O pen  H e arth  Iron  and  o rd in a ry  m ild  

O pen  H e a rth  S teel.
Analyses.

C. Mn. S. P . Si. O.
Genuine Open H earth

I r o n '.................................  0.01 0.01 0.028 0.003 0.003 0.055
Open H earth  S tee l  0 .09  0 .4 0  0 .080  0 .070  0 .006  0.014

T h e  b o ttle  { 2 %  liters) w as com pletely  filled  w ith  sa tu ra te d  
b ariu m  h y d r a te  so lu tion , re c e n tly  b o iled  an d  filtered .

T h e  la rg e  ru b b er s to p p e r c a rry in g  th e  fou r con d en sin g tubes, 
(w ith  sam p les a tta c h e d ), syp h o n , and  p u rify in g  tra in , w as fitted  
t ig h t ly  and  b o lted  d o w n  secu re ly  b y  m ean s o f c la m p  C3. N o 
a ir  b u b b les w ere  v isib le  in th e  a p p a ratu s. T h e  b o tt le  w a s  p laced  
in a co ld  w a te r  b a th  and  h e a t ap p lied . C2 w as closed, and  C i 
o p en ed. T h e  e xp an d in g  so lu tio n  filled th e  tu b e  co n n ectin g  
th e  b o tt le  a n d  p u rify in g  tra in . T h u s  all a ir  w a s exp elled , 
and  th e  n ecessity  of re m o vin g  carb o n  d io xid e  from  th e  a p p a ra tu s  
b y  m ere sh ak in g, a vo id ed .

C i  w a s  th en  closed. C2 w a s  th en  open ed  to  a llo w  th e  e x 
p an d in g  so lu tio n  to  fill th e  sy p h o n . T h e  so lu tio n  w as th en  
syp h o n ed  off b y  op en in g C i  ju s t  en ou gh  to  a llo w  th e  in com in g 
a ir  to  b u b b le  th ro u g h  th e  p u rify in g  tra in  a t  th e  ra te  o f fou r or 
fiv e  b u b b les p er secon d. W h en  syp h on ed  to  th e  le v e l in d icated  
in F ig . 1, th e  c la m p  C2, on  syp h on , w a s t ig h t ly  closed . C i  
w as le ft  s lig h tly  op en  to  a v o id  u n d u e pressure o r r a r ity  o f th e  
a ir in  th e  a p p a ratu s. T h e  ru b b er sto p p er and  a ll co n n ectio n s 
w ere  w ell p araffined.

T h e  w a te r  in  th e  b a th  b eg an  to  boil and  co ld  w a te r  w as 
m ad e  to  c ircu la te  th ro u g h  th e  g lass tu b es a n d  sam p les. W a te r  
im m e d iate ly  b eg an  d rip p in g  from  th e  sam ples.

T h e  e xp e rim e n t w as co n tin u ed  th irty -fiv e  d ay s. T h e  w ate r 
in  th e  b a th  w a s b o ilin g  every minute d u rin g  th e  w h ole  period. 
L ik ew ise , co ld  w a te r  w as c ircu la tin g  ra p id ly  th ro u g h  th e  co n 
d en sin g  sy ste m . T h e  tem p eratu re  o f th e  in goin g w a te r  w a s  4 
to  5 0 C. T h e  te m p e ra tu re  o f th e  w a te r  le a v in g  th e  system  
varied  from  i o °  to  1 5 0 C. A t  no tim e d id  it  e x c ccd  1 5 0. F rom  
th is  th e  te m p e ratu re  o f th e  m eta l sa m p les w a s  p resum ed  
to  be a b o u t 8 ° to  12 0 C. T h e  te m p e ratu re  o f th e  p u re  eon- 

1 Made by Xewport Rolling Mill Co.

densed w a te r  v a p o r on  their 
su rfaces w as p r o b a b ly  b u t  s lig h tly  
h igher. T h e se  co n d itio n s w ere 
m ain tain ed  e v e r y  m in u te  during 

the th ir ty -fiv e  d ays.

Observations:— A t the end 
of thirty-five days not the 
slightest spot of rust or dis
coloration of any kind was 
visible on either the pure iron 
or the steel. Under the sam
ples a ring of rust was formed 
by contact with the rubber 
stopper. This, of course, 
must be disregarded.

The surface area of the top 
and four sides of each sample 
was 7 sq. in. It  is remark
able to think that 14 sq. in. 
of iron and steel can be ex
posed for thirty-five days to 
pure air and water com
bined without developing the 
slightest sign of a rust spot.

Conclusion:— This proves 
that iron or steel will 

not rust in pure air and water combined, provided
the temperature of the metal does not exceed 15° C., 
and provided the temperature of the pure water con
densing on its surface does not much exceed 15 °; 
provided, also, that the pure water which condenses 
on their surfaces is being constantly renewed. Be
yond this, the experiment proves nothing. It simply 
indicates that pure iron or steel will not rust in pure 
air and water combined.

E x p . N o . 1, P a r t  2.
A t  th e  end o f th irty -fiv e  d a y s  th e  sou rce o f h e a t w as rem o ved  

and  the a p p a ra tu s  ta k e n  o u t  o f th e  w ate r b a th . T h e  c irc u la 
tio n  o f th e  co ld  con d en sin g w ate r w a s  co n tin u ed  u n til th e  b ariu m  
h y d r a te  so lu tion  h ad  reached  room  tem p eratu re . T h e  c o n 
d en sin g  sy ste m  w a s  th en  sh u t o il. In  a  few  h ou rs th e  en tire  

a p p a ra tu s  h ad  reached  room  tem p eratu re , a b o u t 2 2 0 C . T h e  
m eta l sa m p les w ere  le ft  co vered  w ith  p u re  w ate r, th e  f la t  top s 
co m p le te ly , th e  sides w ith  irreg u larly  d istrib u ted  p a tch e s  or 
g lob u les. T h is  same uater  w as d estin ed  to  rem ain  o n  th e  iron 
and  steel u n til rem oved  b y  n atu ra l e v a p o ra tio n  a t  room tem pera
ture.

W h a t w a s th e  e ffect of a llo w in g  th e  same water ( a t  2 2°) to  
rem ain  on  th e  m eta l (a t  22°) fo r a  p ro tra c te d  p erio d? N ew  
co n d itio n s h ad  been  crea ted  in th e  a p p a ratu s.

Observations:— I n  f i f t e e n  h o u r s  t h e  s t e e l  h a d  d e 

v e l o p e d  t h i r t y - t h r e e  d i s t i n c t  r u s t  s p o t s  a n d  a l l  o f  t h e s e  

s p o t s  w e r e  o n  a r e a s  c o v e r e d  w i t h  t h e  p u r e  w a t e r .  

T h e  p u r e  o p e n  h e a r t h  ir o n  w a s  s t i l l  s p o t l e s s .  A f t e r  

t w e n t y - f o u r  h o u r s  c o n t a c t  w i t h  t h e  same water a t  2 2 0 

t h e  s t e e l  c o n t a i n e d  a b o u t  50  s p o t s ;  t h e  i r o n  w a s  s t i l l  

r u s t le s s .

A t the end of seventy-two hours the water had 
entirely evaporated from the sides of both metals. 
The tops were still covered with a thin layer of water. 
A  few new spots had developed on the steel-, but no 
rust had yet appeared on the iron.

A t the end of eighty hours the water had evaporated
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entirely from the tops. Two large glaring spots of 
rust had developed on the top of the iron within the last 
eight hours. More than seventy-two hours contact 
with the samé water at 2 2 0 was necessary to produce 
rust on the pure open hearth iron. Less than fifteen 
hours contact w ith the same water produced rust on 
the steel.

Conclusions:— Iron or steel will rust in pure water 
and air combined if it is given a chance. The two 
most important factors which influence the develop
ment of rust are:

First, the temperature of the vietal and of the pure 
water on its surface; second, the rate at which the pure 
water is renewed, changed, on the surface of the metal.

E x p . N o . 2, P a r t  i .

T h e  sa m e  sam p les w ere  repolish ed  and  E x p . N o. 1 rep eated , 
e x c e p t  t h a t  th e  a p p a ra tu s  w a s  k e p t  in  b o ilin g  w a te r  for s ix  
d a y s  in stead  of th ir ty -f iv e .

A g a in , n o t  th e  s lig h te st sign  o f a  ru s t  sp o t d eve lo p ed  on  e ith er 
sam p le.

E x p . N o . 2, P a r t  2.

A p p a ra tu s  cooled  to  room  te m p e ratu re  as before. R u s t  d e 
velop ed  in  a lm o st th e  sa m e tim e on  b o th  th e  iron  a n d  steel, 
th e  iron  req u irin g  n in e ty  h ours c o n ta c t  w ith  th e  sa m e w ater, 
th e  steel a b o u t  s ix te en  hou rs. T h e  lo ca tio n  o f th e  r u s t  sp o ts 
does n o t seem  to  b e  d eterm in ed  e n tire ly  b y  im p u rities in th e  
m eta l, b u t  a lso  b y  th e  d istr ib u tio n  o f th e  w a te r  p a tch e s  on  th e  
su rface.

T h is  e x p e rim e n t con firm ed  E x p . N o . 1 in  e v e r y  d eta il.

E x p . N o . 3.

S a m e  sa m p les u sed. 2-N  p o tassiu m  h y d r a te  su b stitu te d  
fo r b ar iu m  h y d ro x id e . C o n d en satio n  period, s ix  d ays.

T h is  e x p e rim e n t con firm ed  N os. 1 and  2, and  fu rth e r show ed 
t h a t  c ith e r  p o ta ssiu m  h y d r a te  or b ariu m  h y d r a te  m a y  be used 
w ith  eq u al e flect.

E x p . N o . 4, P a r t  i .

S a m e  sam p les used. S o lu tio n , sa tu ra te d  b ariu m  h yd ro xid e . 
C o n d en satio n  period, s ix  d ays.

B o th  m eta ls , as u su al, w ere  sp o tless a t  th e  en d  o f s ix  d ays.
E x p . N o . 4, P a r t  2.

T h e  flo w  o f co ld  w a te r  th ro u g h  th e  co n d en sin g  tu b e s  w as 
a lm o st ch ecked . T h e  a p p a ra tu s  w a s  k e p t  in  th e  b o ilin g  w a te r 
b a th . T h e  s lo w ly  d ro p p in g  w a te r  le a v in g  th e  sy ste m  show ed 
a  te m p e ra tu re  o f 5 5 0 C. F ro m  th is  I assum ed th a t  th e  te m 
p era tu re  o f th e  m eta l sa m p les a n d  o f th e  p u re  w a te r  on  th eir  
su rfaces w a s  a b o u t 5 5 -6 0 °  C.

U n d er th ese  co n d itio n s th e  co n d en sa tio n  o f w a te r  on  th e  sa m 
p les w as a lm o st sto p p ed . T h u s  n ew  co n d itio n s w ere  created  
in  th e  exp e rim e n t. T h e  m eta l sa m p les w ere  su spen ded in  a  
h o t a tm o sp h e re  o f a ir a n d  w a te r  v ap o r, w h ile  th e  te m p e ratu re  
o f th e  m eta ls  th em selv es  w as a b o u t 55 o C. an d  th e  te m p e ratu re  
o f th e  a lm o st s ta g n a n t p u re  w a te r  on  th eir  su rfaces w as a b o u t 
5 5 °  C.

Observations:— In one and one-quarter hours rust 
began developing on the top and sides of the steel. 
It developed so rapidly that it could be easily observed. 
Small clouds of insoluble m atter came up from the 
metal and could be seen floating through the water. 
I t  had a faint greenish color. Presumably it was 
ferrous hydrate.

In two hours the pure iron began to develop rust. 
This, too, rusted so rapidly that it' could be observed.

In a few hours the tops of the samples were covered 
with rust, and the sides were badly spotted.

Conclusion:— This experiment clearly demonstrates 
that pure open hearth iron and steel will rust, and 
rust badly, in pure water and air combined, provided 
the temperature of the metal and water on its surface 
is sufficiently high.

This, and all preceding experiments, further prove 
that rust develops much faster on steel (impure iron) 
than on pure open hearth iron. This is in strict 
accordance with the electrolytic theory.

E x p . N o . 5, P a r t  i .

S am p les, sam e. S o lu tio n , b ariu m  h y d r a te ;  co n d en satio n  
period, ten  d a y s.

N o  sign  of ru s t  a t  clo se  o f ten  d a y s.

E x p . N o . 5, P a r t  2.

In  P a r t  2, E x p . N o . 4, th e  co n d en sin g  w a te r  w as o n ly  p a r
tia l ly  ch ecked . In  th is  e x p e rim e n t th e  co n d en sin g  sy ste m  
w as sh u t o il e n tire ly , th e  a p p a ra tu s  b ein g  k e p t  in th e  b o ilin g  
w a te r. A c c o rd in g ly , th e  te m p e ratu re  o f th e  m eta ls  and  p u re  
w ate r on  th eir  su rfaces w ou ld  b e  h igh er th an  in E x p . N o. 4. 
F ro m  th is  in crease in  te m p e ratu re  shou ld  resu lt a n  in creased  
r a te  o f corrosion. S u c h  w as th e  case.

In  25 m in u tes th e  to p  o f th e  steel w as b a d ly  ru sted  and  th e  
sides c o n sid e rab ly  sp o tted .

In  50 m in u tes th e  iron  w as b a d ly  ru sted .
T h is  fu rth er d em o n stra ted  th e  in flu en ce o f te m p e ratu re  and  

o f s ta g n a n t w ater.
E x p . N o. 6, P a r t  i .

D ifferen t sa m p les used.
Analyses.

C. M. S. P. Si. O.
Genuine Open H earth

Iro n ................................... 0.01 0.040 0 .026 0.004 0.003 0.056
Mild O pen H earth  S te e l . . 0 .12  0 .38  0 .040  0.076 0.007 0.009

S o lu tio n , b ariu m  h y d ra te . C o n d en sation  p erio d , tw e lv e  
d a y s . A t  th e  close o f tw e lv e  d a y s  n o t  th e  fa in te s t su ggestio n  
o f a  ru st sp o t w as v isib le  on  e ith er sam p le.

E x p . N o . 6, P a r t  2.

A fte r  tw e lv e  d a y s  th e  sou rce o f h e a t  w as re m o ve d  as in  E x p . 
N o. I, P a r t  2.

T h e  steel d eve lo p ed  tw e n ty -fo u r ru s t  sp o ts  in  tw e n ty  hours. 
In  n in e ty  h ou rs, o v e r  fo r ty  sp o ts  w ere  v isib le.

T h e  iron  d eve lo p ed  o n ly  th re e  sp o ts  o n  to p  a fte r  n in e ty  hou rs.
T h is  ru st d ev e lo p m e n t to o k  p la c e  a t  room  te m p e ra tu re  

(a b o u t 22°) w h ile  th e  sa m e  w a te r  rem ain ed  on  th e  m e ta l u n til 
rem o ved  b y  n a tu ra l e va p o ratio n .

E x p . N o . 7.

S am p le  sam e as E x p . N o . 6.
S o lu tio n , p o ta ssiu m  h y d ra te .
C o n d en sation  p erio d , s ix  d ay s.
N o sign  o f ru st, as u sual.

E x p . N o . 7, P a r t  2.

E x p . N o . 5, P a r t  2, re p ea ted  to  con firm  resu lts  on  d ifferen t 
m eta ls.

T h e  steel b egan  to  d ev e lo p  ru s t  in 35 m in u tes; th e  iro n  in 
one hour. In  on e a n d  on e-h alf h ou rs b o th  w ere  b a d ly  ru sted .

E x p . N o. 8.
O th er sa m p les used.

Analyses.

C. M. S. P. Si. O.
Genuine Open H earth

Iro n ................................... 0.01 0 .03 0.027 0.003 0.003 0.061
Acid Open H earth  S teel. . 0 .15 1.15 0.055 0.105 0.009 0.010

S o lu tio n , p o ta ssiu m  h y d ra te .
C o n d en satio n  period, ten  d a y s .
A t  th e  close of ten  d a y s  n o t th e  s lig h te st su g g e stio n  o f ru s t
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ap p eared  on  e ith er sam ple. In  th is  con n ection  it  is in terestin g  
to  n o te  th e  h igh  p ercen tag e  o f im p u rities (esp ecia lly  th e  m a n 
ganese) in  th e  steel.

E x p . N o . 8, P a r t  2.

Cooled to  room  tem p eratu re  as in  E x p . N o . 1, P a r t  2.
In  e ig h t hours th e  steel w a s co vered  w ith  ru s t  sp o ts . T h e  

iron, as u sual, req u ired  a b o u t n in e ty  hou rs to  d eve lo p  a  few  
ru s t  spots.

A sid e  from  con firm in g th e  resu lts  o f p reced in g  exp erim en ts, 
th is e xp erim en t fu rth e r in d icates th e  in flu en ce o f im p u rities 
on  th e  ra te  of ru s t  d ev e lo p m en t. A s  w e  sh ou ld  e x p e c t, from  
th e  e le c tro ly tic  th eo ry , in creased  im p u rities g re a tly  in crease  

th e  ra te  o f corrosion.

E x p . N o . 9, P a r t  i .

S am p le , sa m e as E x p . N o. 8.
S olu tion , b ariu m  h y d ra te .
C o n d en sation  period, ten  d a y s.
N o  ru s t  d evelop ed , as u sual.

E x p . N o . 9, P a r t  2.

C o nd en sin g sy ste m  e n tir e ly  sto p p ed , a s  in  E x p . N o. 5, P a r t  2.
In  fifteen  m in u tes th e  to p  o f th e  steel d ev e lo p ed  ru st.
In  25 m in u tes it  w as co vered  w ith  ru st. T h e  sides w e re  also  

b a d ly  sp o tted .
In  45 m in u tes the iron  b eg an  to  d eve lo p  ru st.
In  one and  on e-half h o u rs th e  to p  and  sides w ere  b a d ly  ru sted .

E x p . N o . 10, P a r t  i .

S am p le , sam e a s  E x p . N o . 1.
S o lu tio n , 2 -N  potassiu m  h y d ra te .
C o nd en sation  period, s ix  d ays.
N o  sign  o f ru st, a s  u su al.

E x p . N o. 10, P a r t  2.

E x p . N o. 1, P a r t  1, d em o n stra ted  th a t  iron  or steel w ill n o t 
ru st, w h ile  th e  te m p e ratu re  o f th e  m eta l a n d  w a te r  on its  su r
fa ce  docs n o t exceed  15 °  C ., and  w h ile  th e  su rfa ce  w a te r  is 
c o n s ta n tly  ch an g in g . In  th is  e x p e rim e n t th e  o b je c t  is to  d e 
term in e w h eth er iron  o r steel w ill ru s t  w h ile  th e  m e ta l a n d  su r
fa ce  w a te r  rem ain  b elo w  io ° ,  w ith  th e  sam e -water lo d g in g  on 
th e  m eta ls.

T h is  co n d itio n  w as crea ted  in th e  b o tt le  b y  re m o v in g  the a p 
p a ra tu s  from  th e b o ilin g  w ate r, a n d  co n tin u in g  th e  flo w  of 
co ld  con d en sin g w a te r  th ro u gh  th e  sy ste m . In  a  few  hours 
th e  p otassiu m  h y d r a te  so lu tio n  h ad  reached  room  tem p eratu re . 
T h e  tem p eratu re  o f th e  in co m in g  co n d en sin g  w a te r  w as 5 0, 
th e  o u tg o in g  w ate r 7 0. T h erefo re  th e  tem p eratu re  o f th e  m eta ls  
a n d  o f th e  w a te r  on  th eir su rfaces w a s  a b o u t 6 °. T h is  co n d i
tio n  w a s  m ain tain ed  fo r th ir ty  d a y s . A t  th e  en d  o f th is  period 
n o t  th e  s lig h te st in d icatio n  of ru s t  w as visib le.

T h is  e xp erim en t fu rth e r sh ow s the g re a t  in flu en ce o f tem p era 
tu re  on  th e  d ev e lo p m e n t o f ru st in p u re  w a te r  an d  p u re  a ir  
com bined . I t  d em o n stra tes t h a t  p u re  o p en  h e a rth  iron  or 
o rd in a ry  m ild  steel w ill n o t ru s t  in  p u re  w a te r  an d  a ir co m 
b in ed, p ro vid ed  the te m p e ra tu re  o f th e  m eta l a n d  w a te r  is co n 
s ta n t ly  b e lo w  7 °  t  T h is  has b een  d em o n stra ted  in  P a r t  1 
o f e ach  exp erim en t, b u t  this e x p e rim e n t fu rth e r sh ow s th a t  th e  
same water rem ain in g  on  th e  m e ta l h as lit t le  e ffe ct if th e  te m p e r a 
tu re  rem ain s su ffic ien tly  low .

E x p . N o. 10, P a r t  3.

A fte r  th ir ty  d a y s  th e  co ld  sa m p les w ere  still co v ered  w ith  
w ate r. T h e  co n d en sin g  sy ste m  w as sto p p e d  a n d  h e a t  ap p lied  
to  th e  w a te r  b a th  u n til th e  w a te r  h ad  reached  6 o °  C.

In  tw o  h ou rs a fte r  th e  w ate r h ad  reached  6 o °  th e  stee l w as 
s p o tted  w ith  ru st.

In  four h ours th e  steel w a s  b a d ly  ru sted .
T h e  p u re  op en  h e a rth  iron w as still sp o tless.
T h e  tem p eratu re  w as in creased  to  Sd °. In  th irty ' m in u tes 

th e  iron  b e g a n  to  ru st. O n e h o u r la te r  th e  to p  w a s  co v ered  
w ith  ru s t  and  th e  sides b a d ly  sp o tted .

S ta r tin g  from  a  lo w  te m p e ra tu re  (6 °), as in th is  e xp erim en t, 
a n d  g ra d u a lly  ra isin g  the te m p e ratu re  is an  e x c e lle n t m ean s o f 
d eterm in in g  th e  tem p eratu re  n ecessary  to p ro d u ce ru st. I t  
a lso  in d ire c tly  sh ow s tSie so lu tio n  pressure o f th e  m eta ls  a t  
d ifferen t tem p eratu res. A n d  in th is w a y  I b e lie v e  w e  c a n  te s t  
in a  m o st re liab le  w a y  th e  a b il ity  o f a  m e ta l to  re sis t corrosion  
in  serv ice . T h e re  ca n  be no d o u b t th a t  m e ta ls  o f h igh  so lu tio n  
pressure w ill ru s t  m u ch  fa ste r  th a n  m eta ls  o f lo w  pressure. 
B y  th is  e x p e rim e n t w e  ca n  co m p are  th ese  pressures, in d ire c tly .

T h e  c a rry in g  o u t  o f th e  exp erim en t, h o w ever, is n o t e x tr e m e ly  
sim p le. I t  req u ires g re a t  ca re  a n d  in  th e  h an d s o f a  careless 
o p e ra to r  i t  m ig h t b eco m e m isleadin g.

I must call attention to the w ay in which rust de
veloped in these experiments at higher temperatures. 
A t these temperatures rust developed so rapidly that 
observations could be made at different stages.

When rust began to develop, the metal, over a small 
area, assumed a light grayish color. This gradually 
gave w ay to green, which increased in intensity for 
a few minutes, then gradually changed to yellow or 
rust color.

These observations strongly indicate that rusting, 
in a pure electrolyte (water free from acids, bases, 
etc.) is due to causes which have been properly ex
plained as follows:

Pure water is dissociated to a certain extent. It 
contains dissociated hydrogen and hydroxyl ions.

For the present purpose let H represent the hydrogen

ion, OH the hydroxyl ion, Fe the iron ion, etc., and 
H, OH and Fe represent the atom ic state of the 
element. A t the anodic points iron passes into 
solution,

Fe = Fe, and 
at cathodic point hydrogen is liberated;

H = H
Iron and hydroxyl ions then unite chemically, to form 
ferrous hydroxide;

Fe + 2OH = Fe(O H )2 
Ferrous hydroxide then reacts with water'and dissolved 
oxygen,

2Fe(O H )3 + O + H,0 =  2Fe(OH )s> 
which is immediately converted to the hydrated oxide, 

2Fe(OH)3 =  Fe20 3(3H50).
Iron Dissolves in Pure Water and Oxygen.— If, ac

cording to the electrolytic theory, iron passes into 
solution in pure water, a highly polished surface should 
be “ etched” in spots during corrosion and it should 
reveal the structure of the metal somewhat as by 
etching with dilute acids or other reagents. W e 
know that iron passes into solution when in contact 
with acids. We know that structure is developed 
on highly polished surfaces because the metal dissolves 
more rapidly along the boundary lines of the grains. 
Therefore, if iron passes into solution in pure water 
the surface will be etched and structure developed. 
Pure water will thus act as an exceedingly dilute acid. 
Microscopic examination of both the pure iron and 
steel after each of my experiments invariably showed 
the true structure of the metal in many places. Most 
of the surface, of course, was covered with rust and
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the structure obscured, but large spots of rust invaria
bly showed the structure of the metal in m any places.

Fig. 2 shows the surface of the iron before using in 
Exp. No. 10. Fig. 3 shows the ferrite structure 
which was developed in several places in the large 
spot of rust on top of the sample. The grains are 
large. A  portion of the metal which was free from 
rust was later etched with dilute nitric acid and the 
same structure appeared. Fig. 4 shows the steel 
before Exp. No. 10; Fig. 5, the structure in places 
after corrosion. The ferrite grains are small and 
mingled w ith pearlite, which accounts for the structure 
not being as well defined as it is in the case of pure 
iron. The small dark areas are pearlite; some of them 
show lamellar structures under higher powers. It 
will be observed th at the 0000 emery scratches have 
been almost entirely eroded.

This proves conclusively that iron is soluble in pure 
water, free from all traces of acids and containing only 
dissolved air. I t  further confirms the electrolytic 
theory since the structure of the metal is developed 
only in spots— anodic points where iron passes into 
solution.

Fig . 2 X 120.

Friend observed that spots of rust formed “ here and 
there” on the surface of his metal but disregarded it 
as meaningless and as having no effect on the general 
conclusions. These spots, however, had great sig
nificance.

In every one of my experiments, Part 1, six different 
kinds of iron and steel were exposed from six to thirty-

F ic . 3 x 120.

F ig . 4 X 120.

five days, and not the slightest spot of rust developed, 
not one minute spot on 42 sq. in. of metal. Compare 
this with Friend’s “ here and there”  spots. W hy did 
not a single spot develop in all m y experiments? 
Simply because, in Part 1 of each, the temperature 
of the metals and pure water on their surfaces was 
kept below a certain fixed point (15° C). As^the

F ig . 5 X 120.

temperature of metal and water gradually increases 
a point is reached where “ here and there” spots are 
developed. Was this due to impurities in the metal 
a t these points? Yes, partially. But it was probably 
due mostly to the increase in solution pressure of the 
iron a t these points, resulting from increased tempera
ture. The surface of each metal contained points of 
lowest and points of highest solution pressure, and 
other points between these extremes. Now, with 
increasing temperature, the points of highest solution 
pressure developed rust first while the points of lowest 
pressure were slowest to rust. Along this line of 
reasoning, increasing temperature should result in an 
increased number of rust spots on the metal. My 
experiments bore this out completely. Friend gives 
us no information about conditions in his experiment, 
but, from m y experiments I am convinced that his 
"here and there” spots were formed because the tem
perature was higher than in P art 1 of my experiments, 
or because his samples were so impure that the solu
tion pressure at places caused rust to develop even at 
low temperatures.
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While temperature has great influence on the de
velopment of rust in these experiments there are other 
influences which affect the results.

The purity of the metal determines to a great 
extent the rate and amount of corrosion. This is 
definitely indicated in m y experiments. Of the im
purities in steel, manganese seems to have the greatest 
influence on the rate of corrosion. My experiments 
are not exhaustive enough to warrant any sweeping 
conclusions regarding the influence of manganese, but 
as far as they go they strongly indicate that this ele
ment is an accelerator of corrosion. This is b y  no 
means new. For years, metallurgists and other 
scientists have held the opinion that manganese is 
the chief instigator of corrosion. Of this, however, 
there can be no doubt: The purer the iron the more it
will resist corrosion. I believe I am justified in drawing 
this conclusion from m y experiments. Indeed it 
follows directly from the electrolytic theory of cor
rosion, and the great m ajority of scientists hold this 
opinion.

Friend’s apparatus is an ingenious device for investi
gating the corrosion of iron and steel in a pure elec
trolyte, e. g., water containing only dissolved air, free 
from all traces of acids or bases. Since corrosion in 
a pure electrolyte is very probably the true starting 
point, much can be learned by using this apparatus. 
The conditions of the experiment are ideal since only 
the three substances concerned— iron, air and water—  
are brought in contact; no soluble m atter coming 
from glass vitiates the experiment.

No theory ever advanced to explain the corrosion 
of iron has been so satisfactory as the “ electrolytic” 
theory, announced by Dr. W hitney, and so ably 
championed by Drs. W alker and Cushman. Practi
cally all known facts connected with corrosion are 
explained in the light of this theory. The “ acid” 
theory explains m any phenomena of corrosion, but 
it is narrow in its application and, after all, is only 
a special case under the general electrolytic theory. 
When carbonic acid enters the pure water electrolyte, 
it greatly increases the number of hydrogen ions, and, 
in addition, pollutes the electrolyte with C03 ions. 
The solution pressure of the metal is thus greatly 
increased and corrosion is accelerated. -

Acids are only accelerators of corrosion. They 
are not the cause. The true starting point of cor
rosion is the solubility of iron in pure water, its elec
trolytic solution pressure. This property was given 
iron by nature, and with all our controversy we cannot 
take aw ay that which nature gave.

G E N E R A L  C O N C L U S IO N S.

1. Part i of each experiment confirms Friend’s 
statement that iron or steel will not rust in pure water 
and air combined. The failure of the metals to rust, 
however, zvas entirely due to temperature conditions and 
to rapidly changing pure water.

2. Expts. No. 1, 2, 3, 6 and 8, Part 2, prove con
clusively that pure iron or steel will rust in pure water 
and air combined, provided the temperature of the 
metal and pure water is not below 22° C., and pro

vided the same water remains for a sufficient time on 
the metals.

3. Exp. No. 4, Part 2, proves that rust is developed 
rapidly if the temperature of the metals and pure 
water is about 55° C.

4. Expts. Nos. 5, 7 and 9, P art 2, prove that still 
further increase in temperature results in a decided 
increase in the rate of corrosion.

5. Exp. No. 10, Part 2, demonstrates th at the 
same pure water m ay remain on the metal for an in
definite period, and no rusting takes place, provided 
the temperature of water and metal is sufficiently low.

6. W ith my modification of Friend’s apparatus, 
equally good results are obtained by using either 
barium hydroxide, or potassium hydroxide. Barium 
hydroxide is to be preferred since it is not as liable 
to render the metal passive.

7. In general, pure iron or steel will rust in pure 
w ater and air combined, free from all traces of acids. 
The amount of rust produced is a function of the 
temperature and of the purity of the iron.

8. The “ acid” theory of corrosion is untenable.
9. A ll phenomena observed in these experiments 

are in perfect harmony with the electrolytic theory.
10. The electrolytic theory of corrosion is further 

confirmed by these experiments.

T H E  R E L A T IV E  CO R R O SIO N  O F  IR O N  A N D  S T E E L  P I P E  AS
FO U N D  IN S E R V IC E .1
B y  W il l ia m  H .  W a l k e r .

Received F ebruary  5, 1912.

There are few subjects relating to the corrosion of 
metals which have received so much attention, or 
around which there has centered so spirited a dis
cussion, as the relative merits of iron (meaning thereby 
wrought iron) and steel. The fact that this m atter 
is one still receiving attention, notwithstanding the 
great volume of accumulated and available literature, 
is due to a number of causes, among which m ay be 
mentioned: First, that although the words “ iron” 
and “ steel” carry with them a definite idea as to general 
methods of manufacture and some of the more easily 
discernible properties, they convey no idea as to stand
ards of value. It is possible to make very poor 
iron and very good steel, and it is just as possible to 
make the reverse. Hence when an investigator 
compared the corrosion of a poor iron with a good 
steel, he obtained results which favored steel; when 
the material under study was the reverse, iron was 
shown to be the more resistant metal. Second, 
there is a woful lack of uniformity of conditions 
obtaining in many, if not most of the experiments 
which have been carried on for the purpose of com
paring resistance to corrosion. Some specimens were 
large, some small; some cleaned of scale, others not; 
some immersed in deep water, others in shallow w a ter; 
etc., etc. The corrosion of iron is so sensitive to chang
ing conditions of surface, oxygen concentration, salts 
in solution, and the like, that only when the most 
careful preparation is made to maintain all conditions

1 A bstract of a  paper read  before the  New England W ater W orks 
Association, Dec. 13, 1911.
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constant, is a com parative test of value. W e will 
not discuss these conditions here, but take pleasure 
in referring the reader to that most excellent book 
on "The Corrosion of Iron” by Dr. J. Newton Friend,1 
where a complete treatm ent of the general subject 
will be found. Third, m any times opinions are formed 
and expressed b y  the casual observer which fail to 
take into consideration not only the fundamental 
conditions necessary to accurate com parative work, 
but also less obvious conditions which make a com
parison unreliable. For example, a person m ay 
notice the rapid rusting of a cheap grade of steel 
wire fencing which had originally but a wash of zinc 
as a substitute for galvanizing, and thus become 
suspicious of the durability of all steel. Or he m ay 
notice holes in a metal roof put up in place of a material 
known to have lasted a much longer time than the 
new roof. He concludes that the latter is of less 
value without having any knowledge of the change 
of conditions in the locality, class of metal and the 
thickness of the new roof, nature and thickness of the 
galvanizing or other protective coating and so forth.

Owing to the proverbial conservatism of New 
England the introduction of steel pipe has been 
slower in this territory than in other parts of the 
country. There is a tendency to pronounce any pipe 
which withstands corrosion as being wrought iron, 
while the fact that a pipe corrodes easily is con
sidered by m any proof in itself that it is steel.

To determine what the facts actually  are in regard 
to the relative life of service pipes which have been 
in constant use for a number of years throughout 
New England, an investigation was undertaken in 
which it was proposed to seek out instances where 
steel and iron pipe had been used together in the same 
system; and further, where the two kinds of metal 
were separated in this system only b y  a coupling. 
Any influence which the coupling might have would 
be present equally w ith the iron and w ith the steel, 
while conditions of oxygen concentration, temperature, 
pressure, flow of water or steam, etc., would be as 
nearly identical for the two kinds of metal as it is 
possible to obtain. It  was intended also to collect 
in this w ay material of known resistance or tendency 
to corrosion, in order to further test the applicability 
or truthfulness of the so-called "acid corrosion test.” 
While the m ajority of the pipe so obtained was from 
hot and cold w ater feed systems, enough were selected 
from live and exhaust steam lines, hot water and 
steam heating systems, etc., to make the conclusions 
drawn of general application. The investigation was 
necessarily tedious in that each pipe had to be examined 
to determine whether it was of iron or steel, and many 
instances .were found th at would have served our 
purpose well, but where it was impossible to remove 
the pipes from the system. The pipes were sent to 
the laboratory where they were each split lengthwise 
into two halves and carefully cleaned from scale and 
rust b y  soaking in an ammonium citrate solution, 
with an occasional brushing. In this w ay the scale

1 “ The Corrosion of Iro n  and  S teel,” by  J .  N ewton Friend. Longm ans, 
Green Sc Co., New York.

and rust were removed without dissolving any of the 
iron. An estimation of the extent of corrosion was 
made by measuring w ith a micrometer gauge the ten 
deepest pits per unit distance of length. I give the 
measurement of those samples of pipe which were 
rusted to practical destruction, that is, where either the 
iron or the steel showed pits over one tenth of an inch 
in depth.

D epth of pitting.

Mean of ten Deepest L east of ten
deepest pits. p it. deepest p its.

Sam ple num ber. Inches. Inches. Inches.
W -10—Iron 0.102 0.134 0.085
W -11-—Steel 0.075 0.095 0.067

W-22— Iron 0.114 0.160 0.068
W-23— Steel 0.075 0.107 0.042

W-24— Iron 0.139 0.168 0.109
W-25—Steel 0.140 0.204 0.076

X -15— Iron 0.077 0.101 0.069
X -16—Steel 0.040 0.047 0.034

X-29— Iron 0.042 0.060 0.030
X -30—Steel 0.066 0.103 0.042

X-49—Iron 0.077 0.113 0.049
X -50—Steel 0.071 0.122 0.040

X  57— Iron 0.038 0.110 0.012
X-58—Steel 0.026 0.053 0.012

X-69— Iron 0.113 0.159 0.032
X -70—Steel 0.119 0.177 0.095

X-71—Iro n 0.115 0.169 0.063
X-72—Steel 0.075 0.156 0.042

The results are a splendid vindication, also,of the prin
ciple that if oxygen be excluded from water, no corrosion 
will take place. When the water in the lines examined 
was stagnant, as in fire sprinkler system for buildings, 
or in lines where the water was circulated over and 
over again without exposure to the air, as in some 
hot water heating systems, no corrosion was to be 
observed. On the other hand where fresh water was 
constantly added to the system, and heated within 
the system, corrosion was very rapid and in some 
cases excessive.

W e were able to get sixty-four comparisons of iron 
and steel where the history of the installation was 
known. The results are as follows:
Comparison where iron was found more cor

roded than steel......................................................  20
Comparison where steel was found more corroded

than iron....................................................................  18
Comparison where steel and iron were equally

corroded.....................................................................  9
Comparison where corrosion was negligible  17

These results again demonstrate that taken on the 
average there is no difference in the corrosion of iron 
and steel pipe. Conversations held with the engineers 
in charge of plants during this investigation confirm 
the statement already made that a pipe is frequently 
called steel when corrosion is found to be excessive, 
while it is set down as iron if it rusts but little.

In order to get some measurement of the influence 
of oxygen in the water of the modern hot water supply 
system a relatively large scale experiment was carried 
on at the plant of the W alworth Mfg Co. in South 
Boston. Tw o coils made up from pieces taken from 
the same length of pipe were each fed w ith w ater 
from the same source a t the same temperature. In 
one case th e 'w ater was heated to 85° C. in an open
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tank, while in the other the water was heated to the 
same temperature in a closed tank. The feed water 
contained on the average 5.85 cc. of oxygen per liter, 
and passed through each coil at the rate of one half 
gallon per minute. After running 1750 hours the 
coil fed with water heated in an open tank had lost 
22 grams, while the coil fed with water heated in a 
closed tank had lost 155 grams. In neither case 
was the oxygen completely removed; if the water in 
the open tank had been gently boiled, corrosion in 
the coil fed with this water would have been entirely 
prevented.

In order to show what relation m ay exist between 
the so-called acid corrosion test and the real corrosion 
as found in service, eleven pairs of iron and steel were 
selected and subjected to 20 per cent, sulfuric acid 
for four hours a t room temperature. Four pairs 
were selected in which the steel was decidedly better 
than the iron in service, four in which the iron had 
shown decidedly better than the steel, and three in 
which there was no difference between the two metals.

In six instances the relative corrosion as shown 
by the sulfuric acid test corresponded with the corrosion 
as found in service. In five instances corrosion as 
shown by the acid test was exactly contrary to that 
found in service. Although the greatest care was taken 
to have the specimens of the same size, cleaned in 
the same way, and in the same physical condition, 
the results show that no reliance can be placed in this 
accelerated acid test, but that it m ay be entirely er
roneous and very misleading. Not only did the acid 
test not agree with service test when steel was com
pared with iron, but the steels failed to agree among 
themselves, and the irons showed no agreement when 
considered by themselves.

I wish to express m y appreciation of the work of 
Messrs. James J. Wilson and Francis Worcester, as
sistants in the laboratory, without whose aid this 
investigation could not have been made.

R e s e a r c h  L a b o r a t o r y  o f  A p p l i e d  C h e m is t r y ,
M a s s . I n s t , o f  T e c h n o l o g y ,

B o s t o n , 1912.

D E S C R IP T IO N  O F  T H E  E X P L O S IO N  T E S T  A T  T H E  E X P E R I 
M E N T A L  M IN E  O F  T H E  U N IT E D  S T A T E S  B U R E A U  O F 

M IN E S, F E B R U A R Y  24, 1912.'
B y G borcb S. R ic e .

Received M arch 1!, 1912.

On the morning of the 24th of February, 1912, 
there was conducted a t the Experim ental Mine, near 
Bruceton, Pa., the 14th and last of the first series of 
such explosion tests.

The mine consists of a pair of entries in the P itts
burgh seam, about 750 feet long from the outcrop 
opening to the face. These entries are connected 
b y  three cross-cuts; in the first of these from the mine 
mouth, was a reinforced concrete stopping, the be
havior of which in the explosion was one of the points 
of interest, since the stopping was built of a known 
strength, 100 to 150 pounds to the square inch. The 
second cross-cut had a 15-foot sand bag stopping 
supported by a timber frame. The third cross-cut

1 P rin ted  by  permission of the  Director, U nited S ta tes B ureau of Mines.

was allowed to remain open so that the ventilating 
currents could pass through it. The fan was located 
at the end of an external 120-foot steel galley leading 
into a passageway lined with reinforced concrete 
which in turn entered the air course of the pair of 
entries above described. The fan at the time of the 
explosion acted as a blowing-fan: the air entering 
the air course passed to the last cross-cut, then into 
the main entry, thence returning on the main entry 
to the outside. The outer 200 feet of this entry is 
lined with reinforced concrete. For recording pres
sures, the velocity of the pressure wave, and the velocity 
of the flame wave, instruments were placed at stations 
100 feet apart. The wiring connecting the stations 
is intricate, there being 34 separate wires in the 
cable which led from the face of the mine through 
the different stations to the outside, and thence to 
the bomb-proof observatory which contains some of the 
recording instruments. This is also the control 
or firing station. The entries or passageways are 
about 7 feet high and 8 to 9 feet wide, the usual di
mensions in mines in the Pittsburgh bed.

The principal object was to determine how and w hy 
coal dust explodes, in order that means for prevention 
and limitation might be suggested from the experi
ments and tried out subsequently. For the purpose 
of understanding the nature of coal dust explosions 
and for the comparison of different remedies, instru
ments were provided, as without instruments it would 
not be known whether the checking or prevention 
of the dust explosion was a m atter of accident or 
otherwise. In order to obtain consistent results, 
the coal dust employed in the tests had to be of known 
kind and size and distributed evenly. To accomplish 
such distribution, shelving three inches wide was 
placed along the walls with the coal dust on these. 
In the test of February 24th, one pound per linear foot 
of entry was used on the shelving with one pound per 
linear foot on the floor of the entry. In the previous 
public demonstration and explosion on October 31, 
19x1, one pound per linear foot had been used on 
shelves, but none on the floor. In other words, in 
the explosion of February 24th, double the quantity 
was used.

The real consideration in loading was the amount 
per cubic foot of space, since a limiting influence 
in any explosion is the quantity of oxygen available 
for the combustion. If the coal dust is com pletely 
burned, only 12/tooths of an ounce is required to 
use up all the oxygen in a cubic foot of air. As a 
m atter of fact, there is rarely complete combustion; 
usually there is a considerable amount of fixed carbon 
not consumed. The gases distilled from the coal are 
thus chiefly brought into play. When the loading 
is two pounds per linear foot there is about 64/iooths 
of an ounce of dust per cubic foot of air or five times 
that which is theoretically necessary to use up all 
of the oxygen.

The coal dust loading in the main entry extended 
from the mouth to the face. The loading was also 

■ continued through' the last cross-cut into the air course 
and out same for 200 feet. A t this point there was
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a  TafFanel stone dust barrier, consisting of a 
group of 13 shelves about five feet apart center to center, 
placed across the passageway about five feet above 
the track. Each shelf consisted of two one-inch 
boards, 10 inches wide, making the total w idth of a 
shelf 20 inches, on which finely ground stone dust 
was placed: there were about 2x/, cubic feet, or about 
200 pounds, of stone dust on each shelf. This style 
of barrier has been particularly developed by M. 
TafFanel at the Liévin, France, testing station, where, 
in an external gallery, it has proved very effectual in 
arresting coal dust explosions. The system has been 
generally adopted in French coal mines.

Beyond the barrier of stone dust there were 50 feet 
more of coal dust loading. Small tufts of loose gun
cotton (loose guncotton is inflammable but not 
explosive) were placed at intervals throughout the 
mine, in addition to the flame circuit breakers in the 
main entry, to determine the extent of the flame.

The initiation of the explosion was a t the face 
of the main entry, by a single blown-out shot of three 
pounds of black powder stemmed with 5 inches of 
fire-clay. In order to insure that the shot would 
blow out, the hole was cased with i 1/, inch pipe. 
A  similar hole was prepared in case of failure of the 
first, but was not fired. The shot was ignited by an 
electric detonator connected through th e . cable with 
the observatory. The wires of the flame circuit 
breaker were placed immediately in front of the hole 
so as to obtain a record of the moment the flame started 
from the cannon.

E X P L O S IO N  AND T H E  R E S U L T S .

A fter the party of mine inspectors and others in
terested in mining had inspected the mine, Mining 
Engineer L. M. Jones and Mine Foreman Howarth 
connected up the fire lines, no one else being in the 
mine. Then having spread some coal dust in front 
of the holes, they came out of the mine. A  locked 
switch at the outside and a similar locked switch in 
the observatory were thrown in to complete the 
firing line. All was then ready for pressing the 
button. The visitors having assembled at vantage 
points where they would be safe, the boiler plant 
whistle was blown and three minutes afterward 
the button was pressed. Two and a half seconds later, 
as shown b y  the records, a black cloud of dust shot 
out of the main entrance accompanied b y  a tongue 
of flame and a violent detonation occurred. The smoke 
from the entrance increased in volume for a few seconds 
and then a reverse current, caused b y  a vacuum  in 
the mine, set in and the smoke did not again come 
out for a number of minutes after the ventilation had 
been reestablished b y  hanging brattices across the air 
course and over the conduit openings. The flame did 
not issue from the air course and a later investigation 
of the tufts of guncotton showed that it had not come 
closer than 60 to 75 feet from the mouth. It  seems 
probable that the non-appearance of the flame 
a t the mouth of the air course or any extreme violence, 
was due in part at least to the Taffanel stone dust 
barrier. This was smashed to pieces, as would be 
expected in opposing so violent an explosion, but

this effect is w hat was desired as it threw into the ex
plosive wave a large mass of finely divided dust which 
was intended to cool the flame. From the point where 
the explosion originated in the face of the main entry 
through the last cross-cut and through the barrier, a 
distance of 340 feet, the explosive force was sufficient 
to throw down the upper two feet of the sand-bag 
stopping in the second cross-cut. The flame pene
trated through the barrier. In  spite of the con
siderable violence shown at the barrier, there 
was practically no violence shown beyond it. It 
m ay be well to state here that some previous tests 
were made in which the barrier was closer to the origin 
of the explosion and in these cases the flame was 
always extinguished while passing through the barrier.

T H E  E F F E C T S  O F T H E  E X P L O S IO N  IN  T H E  M A IN  E N T R Y .

The shot which caused the ignition had blown out 
a small crater in the coal in spite of the pipe linings 
which had been broken open; except within a few 
feet of the shot there was little violence for a con
siderable distance, but there was much evidence 
of flame in the last cross-cut. A t the second cross
cut in which there was the second sand-bag stopping, 
the upper two feet were thrown down, the first part 
of the bags towards the air course, and the upper part 
toward the main entry. Probably the first effect 
was from the explosion in the main entry and the 
second was due to the explosive wave in the air course, 
which, with the added length of the last cross-cut, 
had a longer distance to travel. Beyond the middle 
cross-cut, the shelving, made of 3 X 4 inch hard
wood timber, in many places was displaced and in 
some places broken. The track ballast in some 
places was lifted, evidently by the depressive 
wave, or vacuum, following the explosive wave. 
The violence increased in going out, in the neighbor
hood of station 150, the concrete arches having 
been lifted in several places, breaking the face of the 
concrete and exposing the arched iron reinforcement 
(3/4-inch square rods). A t this station the manom
eter indicated a pressure of over 110 pounds per 
square inch— this pressure being measured at right 
angles to the explosive waves would therefore be 
considered static pressure. The pressure at the station 
fifty  feet from the mouth was less than that a t station 
150. Outside the mine the gates were recessed behind 
concrete buttresses and these were carried bodily 
away. F ifty  feet outside the entrance there had been 
an em pty car. This was thrown to the opposite side 
of the ravine, a distance of 200 feet.

The pressure circuit breakers and the flame circuit 
breakers indicated that the explosion traveled quite 
slowly at first but rapidly increased in velocity going 
outward, showing a speed of over 2083 feet per second 
obtained between stations 450 and 350 and also be
tween stations 350 and 250. Beyond this the circuit 
breakers failed to work. A n interesting fact in con
nection with the recording of the velocities of the ad
vance wave and the flame was that the flame, while 
much behind the advance wave a t the start, caught 
up rapidly with it as the entrance was reached.
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C O N C L U SIO N S.

As a demonstration the experiment was less spec
tacular than that of October 31, 1911, as on that 
occasion the flame burst from all the openings, whereas 
in the experiment of February 24th the flame appeared 
only at the main entrance. Also, it did not 
spread so widely as in the previous demonstration. 
There was a quick flash projected through the center 
of the cloud of dust. In the explosion of October 
31, 1911, the manometers did not have springs strong 
enough to indicate the pressures, which difficulty had 
been removed on February 24th, so that a pressure of 
over 110 pounds was shown by the manometer at 
station 150. The detailed information obtained from 
the various readings will appear in a publication of 
the bureau on the work of the Experimental Mine.

As regards the efficiency of the Taffanel barrier the 
evidence is not conclusive. The flame was not im
mediately extinguished by the barrier, but traveled 
200 feet farther; nevertheless, without the barrier, it 
is probable that, with the large amount of dust being 
carried from the loading farther in, the flame would 
have gone to the entrance. This is the more probable 
since the violence shown b y  the smashing of the barrier 
indicates that the explosion had attained considerable 
violence at this stage. It is intended to make syste
matic tests of such barriers in the next series of tests.

T H E  E X P A N SIO N  C O E F F IC IE N T  O F  G R A P H IT E .

B y A r t h u r  L .  D a y  a n d  R o b e r t  B. So s m a n .

Received March 9, 1912.

As a basis for the measurement of the specific vol
umes of silicates at high temperatures we found it 
necessary to know approxim ately the expansion 
coefficient of Acheson artificial graphite up to i6oo°.

1500°; the results obtained form the m aterial of the 
present paper.

The expansion was measured directly on a bar 
3 mm. by 5 mm., by 700 mm. long, with a comparator 
which has been used in this laboratory for measuring 
the expansion coefficients of alloys of platinum with 
rhodium and iridium.1 The comparator consists of 
two micrometer microscopes held at a fixed distance 
of 500 mm. apart b y  invar bars; upon this system 
is mounted another invar bar by which any changes 
in this fixed distance amounting to 0.001 mm. or 
more can be detected.

Two points on the graphite bar, 500 mm. apart, were 
marked by flattened pieces of platinum wire bound 
around it, each having a fine line cut a t the middle of 
the wire. The bar was heated by sending a heavy 
current through it, and a uniform temperature along 
its length was obtained by slightly adjusting its thick
ness. It was surrounded by a tube of Marquardt 
porcelain, and this again b y  a wide glass tube, 
each free to expand independently of the bar. The 
space within the tube was kept filled with carbon 
monoxide. The apparatus is shown in plan and sec
tion in Fig. 1.

In the reducing atmosphere a thermoelement could 
not be used. The temperature was, therefore, found 
b y  noting the melting point of small fragments of 
aluminum (658°), silver (960°), copper (1083°) and 
the mineral diopside (13910), lying upon the bar. 
Intermediate temperatures were read by means of a 
Holbom -Kurlbaum  optical pyrometer, which thus 
served simply as a device for interpolating between the 
melting points. It  was not necessary to obtain great 
accuracy in the temperature measurement, as the 
expansion is small.

F io . 1. A p p a r a t u s  f o r  D e t e r m i n in g  t h e  E x p a n s io n  C o e f f i c i e n t  o f  G r a p h i t e .

The published data on graphite are so inconsistent 
and cover so small a temperature range that we 
redetern.ined this constant over the range from o° to

Below 7000 the expansion is so small that we found
> D ay and  Sosm an, A m .J .S c i . ,  26, 425-436 (1908)-.29, 111-114 (1910): 

C arntgit Pub.. 157, 27-36, 61-63 (1911).
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it necessary, in order to obtain accurate measure
ments of the coefficient, to use the method which we 
had previously employed for the platinum alloys: 
namely, to heat the bar in a narrow tubular resistance 
furnace, and read the expansion on a series of very 
fine lines 0.2 mm. apart, drawn with a dividing engine. 
These lines were drawn upon the polished ends of 
small plugs of silver or platinum set into the graphite 
at points 500 mm. apart. Up to red heat (700°) 
the bar could be protected fairly well against oxidation, 
and contamination of the thermoelement could be 
prevented by enclosing it in Jena glass capillaries.

Table I contains the data. In the first two columns 
are given the date and the temperature at the time of 
the measurement. In the third column is the initial

mm. ; and the fifth, the mean linear expansion coeffi
cient (A l/lat) from o° to t°. The coefficient is plotted 
against temperature centigrade in the curve of Fig. 2.

The coefficient is seen to be very  small, though 
increasing rapidly with rising temperature. The total 
expansion up to 1000° is only about one-fifth of that 
of platinum. Tw o samples of graphite were used, 
but no systematic difference exceeding the error of 
measurement was observed.

The greatest uncertainty arises from permanent 
changes in length of the bar during heating. In every 
case where the change was measurable, the bar was longer 
than before heating, as if thissomewhat porous material 
had failed, after expanding, to entirely pull itself 
together again. The largest change noted was 0.046

distance at o°, between two reference lines on the 
silver or platinum markers on the graphite bar, in 
mm.; this distance was frequently changed slightly 
by resetting the silver or platinum  markers. The 
fourth column contains the expansion from o°, in 

T a b l e  I.— O b s e r v e d  E x p a n s io n  o f  A c iie s o n  G r a p h it e .

t. /o.
Expansion 

from o °  to  t°.

Mean linear 
expansion 
coefficient 

X 10».

D ate.
2 Dec., 1910. 658°

I. Self-heating Bar.
499.94 0 .60 1.82

** 658 0.58 1.77
5 Dec. 970 500.16 1.04 2.14

“ 1085 1.2 1 2.23
6 Dec. 960 500.11 0.98 2 .05

" 1085 1.19 2.20
“ 1175 1.42 2.41
“ 1255 1.56 2 .49

7 Dec. 960 500.13 0.97 2.02
“ 1090 1.25 2.29
" 1190 1.42 2.40
“ 1335 1.77 2.65
" 1410 1.98 2.82
“ 1495 2 .25 3 .02

6 Jan ., 1912. 198
II .  P la tinum  R esistance Furnace. 

500.974 0 .090 0.91
“ 396 0.265 1 .34

8 Jan . 202 501.020 0.075 0.74
“ 401 0.228 1.13

10 Jan . 304 501.016 0.145 0.95
23 Jan . . 401 501.433 0.229 1.14

“ 602 0.467 1.55
31 Jan . 403 501.279 0.274 1.35

“ 604 0.514 1.69
12 Feb. 413 501.291 0.272 1.31

“ 616 0.506 1.64

mm., which is 0.009 per cent, on the total length, and 
therefore quite negligible when the total length or 
volume is being considered.

W ithin the limits of error, the results m ay be ex
pressed by the formula

io 6 /? = 0.55 + 0.0016/

in which B is the mean linear coefficient from
\l0t )

o°. The “ true coefficient”  a, or rate of expansion 

~([t) an^ temperature t would be therefore:

I O 6 a =  0.55 +  0.0032Î.
If this equation continues to hold below o°, the 

true coefficient would become zero at about — 1700; 
in other words this would be the temperature of m axi
mum density. According to Fizeau’s measurements, 
diamond has a similar point of maximum density or 
zero expansion at — 420.

The published figures on the expansion coefficient 
of graphite vary  widely. We do not know of any 
previous determinations on Acheson graphite, nor 
have the manufacturers a record of any. The fol
lowing data have been obtained on natural graphites:

Source. Observer. Range. X 10°.
“ B atougol”  (Siberian)

g raph ite ......................... F izeau1 10° to  85° 7.45 +  0.0051/
“ Siberian” graph ite . . . .  M uraoka2 3 .8
“ Cum berland" graphite  D ewar3 A t — 190° (from  17°) 24 .4

* Compt. rend., 68, 1125-1131 (1869). P oqç. A n n ., 138, 26-31 (1869). 
F izeau’s values are for a, the  tru e  coefficient; we have calculated the  m ean 
coefficient from 0° from  the original values.

2 A n n . P hysik , 13, 307-318 (1881).
3 Proc. Roy. Soc. London, 70, 237-246 (1901).
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For pencil-graphite, Muraoka found the value
0.95 X io -6. But as this is a mixture containing only 
52 per cent, of graphite, this value is hardly comparable 
with data on pure materials.

The wide range of these data is striking, especially 
when taken in comparison with the expansion coeffi
cients of other forms of carbon, and of carbon com
pounds. It  will be seen from the following table that 
from the expansion coefficient of diamond to that of 
anthracite we have an increase of forty-fold.

Form . Observer. Range. ß X 10°.
D iam ond................................ Fizeau1 10° to  85° 0.60 +  0.0072/
Arc carbons (of coke)........ M uraoka 0 .32
Arc carbons........................... M uraoka 1.5
Arc carbons.......................... M uraoka 2 .05
Arc carbons.......................... 3 .0
Gas carbon (re to rts).......... F izeau2 10° to 85° 4.96 +  0.0055/
A nthracite  (Pennsylvania) Fizeau- 10° to 85° 24.02 —  0.0408/
Coal (C harleroy).................. F izeau2 10° to  85° 26.63 +  0.0148*

These relations are shown in another form in the
curves of Fig. 3, in which the mean coefficient of 
cubical expansion from o° is plotted against tempera
ture. Coefficients calculated from the data of Joly> 
on the expansion of diamond to 750° are included in 
the curves. It is worth noting th at at o° the ex-

OH* CO«/

 ̂Cû bérl f̂ ¿ yrtphifi
k „ _
\  AnThrat 1C

Adi
MEAN COEFFICIENT 

OF CUBICAL EXPANSION 
FROM O*

Plaí.*“*

,.i vV1'■

.<»♦-

r ,k'*

oKr< taJ •a (cohc)

• —

F ig . 3 .
pansion coefficient of Acheson graphite and of F izeau’s 
diamond are practically the same.

A  rough parallelism is immediately evident between 
the temperatures of formation and the expansion 
coefficients of the different varieties of carbon in the 
two tables above. The highest coefficient is possessed 
b y  bituminous coal, which is followed closely by an
thracite. The Cumberland (Borrowdale, England) 
graphite investigated by Dewar stands next in order, 
and very  near anthracite. This graphite has been 
formed in company with intrusions of igneous rock 
into clay-slates containing organic matter. The purer 
and better crystallized Batougol graphite, w ith a 
lower coefficient, occurs in veins in granite and syenite. +

1 Poi10. A n n .. 128, 583 (1866).
1 Compt. rend., 68, 1125-1131 (1869).
3 Trans. Dublin Soc., [2] 6, 2S3-304 (1897).
4 D onath, “ D er G raph it,” 1904.

Various samples of arc light and retort carbon, all of 
which probably have been heated in the process of 
manufacture to a higher temperature than any of 
the natural graphites, stand next in the order of 
decreasing expansion. Lowest of all (excepting one 
sample of arc carbon made of coke) come diamond 
and Acheson artificial graphite. The formation tem 
perature of diamond is unknown. The artificial 
graphite is made b y  heating anthracite, petroleum 
coke, etc., to a temperature above 2200o.1

The view has been repeatedly expressed, by Mois- 
san,J L uzi,3 and others, that none of the three forms 
of carbon as a t present distinguished, not even dia
mond, can be looked upon as a substance of fixed 
and reproducible properties, comparable for instance 
to the monoclinic and rhombic forms of sulfur. In 
the case of graphite, there are wide variations in such 
physical properties as density and electrical con
ductivity, as well as in chemical properties such as 
com bustibility and the formation of “ graphitic acids”  
of widely varying composition when different kinds 
of graphite are treated with nitric acid and potassium 
chlorate.

If we look upon natural graphites as products of 
metamorphism from organic matter, whether b y  the 
direct action of heat alone or through the medium of 
solutions, we m ay imagine the complicated carbon 
chains and rings of the compounds that make up bitum i
nous and anthracite coal as persisting after the re
m oval of their hydrogen and oxygen, giving a whole 
series of “ graphites” whose properties change progres
sively as the molecules become simpler. Berthelot-* 
held this view  as regards amorphous carbon.

Arsem ,5 as a result of his studies on the graphitiza- 
tion of different forms of “ amorphous” carbon, and the 
densities of the resulting products, reaches this tenta
tive conclusion: “ Graphite in the most restricted
sense of the term is an allotropic form of carbon having 
a definite and perhaps not very  complex molecular 
configuration.. .  When an organic compound is de
composed, there results a m ixture of substances con
stantly increasing in com plexity until finally carbon 
is obtained.' This carbon need not be regarded as 
a simple substance, but m ay be considered to be a 
m ixture of many varieties of carbon each w ith a dif
ferent number and arrangement of atoms in the 
m olecule.. .  In a given sample of amorphous carbon, 
some of the molecules will be capable of easily under
going rearrangement under the influence of heat to 
form graphite molecules, while others will not, and the 
proportion of molecules capable of such change will 
determine the character of the final product.”

Arsem ’s definition is as follows: “ Graphite is that
allotropic form of carbon having a specific gravity  of 
2.25-2.26.” This is the specific gravity  of Acheson 
graphite, and all the graphites made b y  Arsem were 
equal to or less than this. "Those varieties of carbon 
which have some of the physical properties of graphite,

1 G illett, Jour. Phys. Chein., 15, 302 (1911).
2 Chimie M iné rale, 1905, II , 222.
3 D onath, "D er G raph it.” 1904, 11.
4 A nn . chim. phys., [4] 9, 475 (1866).
8 T in s  J o u r n a l ,  3, 799-804 (1911).
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such as color, softness, and streak, but a lower spe
cific gravity, m ay perhaps be regarded as impure 
graphites; th at is to say, mixtures of graphite with 
other forms of carbon.”

Against the view  set down in preceding paragraphs, 
that so-called graphite is not a simple and reproducible 
substance, we have the recent work of LeChatelier 
and W ologdine.1 T hey found that the density of 
Acheson graphite and of five natural graphites, after 
purification to rem ove- ash and compression to drive 
out air, was 2.255, and conclude that this property 
defines graphite as a simple and reproducible sub
stance. But it should be noted th at their process of 
purification involved fusion at a red heat with potash, 
a treatm ent which might produce profound changes in 
the graphite itself.

In conclusion, the wide divergence in expansion coef
ficient which we have noted above seems quite be
yond the range of possible experimental error, and 
indicates some fundamental difference between these 
various graphites.

G e o p h y s ic a l  L a b o r a t o r y , C a r n e g ie  I n s t i t u t io n ,
W a s h in g t o n , M a r . ,  1912.

A  V O L U M E 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 O R IU M  IN T H E  P R E S E N C E  O F  O T H E R  R A R E  E A R T H S .

T H E  A N A L Y S IS  O F  M O N A Z IT E  SA N D .
B y F. J .  M e t z g e r  a n d  F. W . Z o n s .

Received Feb ruary  13, 1912.

When an excess of ammonium m olybdate solution 
is added to a solution of a thorium salt under proper 
conditions of temperature and acidity, thorium is 
quantitatively precipitated as molybdate. Other rare 
earths, such as cerium, lanthanum, neodymium, praseo
dymium, erbium, yttrium , gadolinium, etc., give no 
precipitation whatever under similar conditions.

The above facts, observed by one of us some years 
ago, forms the basis for the method described in this 
paper.

The thorium m olybdate precipitate is somewhat 
gelatinous in character, pale yellow in color, and set
tles very slowly. In our earlier experiments an a t
tempt was made to filter off the precipitated thorium 
and make the determination gravim etrically, but 
owing to the slimy nature of the precipitate, filtration 
and washing were impossible.

The usual indicators for molybdenum were tried 
with the hope that a direct titration of the thorium 
could be made, but without success.

Cazeneuve2 found diphenyl carbazide to be a sensi
tive reagent for certain metallic salts, as those of cop
per, mercury, iron and also for chromates. I.ecoq^ 
used an alcoholic solution of diphenyl carbazide as a 
test for molybdenum. A  pink coloration is produced, 
and the author states th at the test is more sensitive 
after the solution of diphenyl carbazide has been al
lowed to stand for some time. In order to test the 
applicability of this indicator, a number of titrations 
of pure thorium nitrate solution were made, and 
the results obtained were concordant. The indicator 
is used “ outside” on a white indented tile, the end of

1 Com pi. rend., 146, 49-53 (1908).
3 Ibid.. 131, 346 (1900).
3 Jour. Chem. Soc., 862, 369 (1904).

the titration being marked by the appearance of a 
pink coloration which lasts about fifteen seconds. 
Some experience is required to identify the end point. 
This is gained in standardizing the ammonium m olyb
date against a standard thorium nitrate solution. 
It is necessary to use a solution of the indicator at least 
two weeks old, as the freshly prepared solution requires 
a considerable excess of molybdenum to produce a 
pink coloration. The titration is made at room 
temperature, in the presence of acetic acid.

The solutions used in the experimental part of 
the work were as follows: Thorium nitrate— A  solu
tion of pure thorium nitrate accurately standardized 
by precipitating as oxalate, igniting and weighing as 
oxide. Potassium permanganate— An approxim ately 
o . i N  solution standardized against specially pre
pared Mohr’s salt; x cc. = 0.005835 Fe. Ammonium  
molybdate— Approxim ately 20 grams ammonium m olyb
date per liter. In order that the thorium-molybdenum 
ratio in the precipitate might be determined, this solu
tion was carefully standardized by acidifying, reducing 
in a Jones reductor and titrating with permanganate 
as usual. The average of a number of titrations 
gave 10 cc. molybdate solution = 28.2 cc. K M n04. 
Assuming the reduction to be MoOs — >■ Mo24017, 
then 1 cc. molybdate solution = 0.0098136 Mo. Indi
cator— o.^  gram of diphenyl carbazide1 dissolved in 
200 cc. of 95 per cent, alcohol and allowed to stand at 
least two weeks before using. The solution when 
ready for use should be yellowish in color, but show no 
pink tinge.

In order to obtain uniformity in acidity of the solu
tions for titration and to have the conditions analogous 
to those obtaining in the analysis of a monazite sand, 
a number of determinations were made as follows:

A known amount of thorium solution, or thorium 
solution with the addition of other rare earths, was 
placed in a casserole and evaporated to dryness on a 
water bath. To the dry residue 4 cc. of glacial acetic 
acid were added, then 300 cc. of water. When the 
salts were dissolved, the cold solution was titrated 
with ammonium molybdate. The molybdate solu
tion should be added a few tenths of a cc. at a time, 
with vigorous stirring after each addition, finally 
finishing drop by drop. The end point is reached 
when a drop of the solution produces the previously 
described pink coloration when brought in contact 
w ith a few drops of indicator on a white tile. A fter a 
little experience the end point can be determined with 
great accuracy. The following table shows the re
sults obtained:

1 A convenient and satisfactory  m ethod for the  preparation  of this 
com pound is as follows: A dd 23 gram s of phenyl hydrazine to  7 gram s of 
urea  in a  flask, and h ea t in an  oil b a th  a t  160-170° for six hours, 
using a  reflux a ir condenser. Allow to  cool, add  50 cc. e thyl ether, 
h e a t on a h o t p la te  fo r one hour, d ecan t and  ' add 50 cc. e thyl ether, 
heating  for tw o hours longer; a  w hite precip ita te  is obtained, the  resi
due of reagents going in to  solution in  the  ether. D ecant the  ether, dissolve 
th e  precipitate of im pure diphenyl carbazide in alcohol and  reprecip ita te  
b y  pouring in to  excess of w ater; decan t the  w ater, redissolve the  precip ita te  
in alcohol and pour again in to  excess of w ater. F ilter on  a  B üchner funnel, 
wash and  d ry  a t  105°. Yield, 14.3 gram s diphenyl carbazide. M. p. 
150°-151 The diphenyl carbazide is white when first precipitated but 
in  time turns brownish yellow. A trace of im purity  causes it to turn p ink; 
hence all vessels, dropping tubes, etc., m ust be scrupulously clean. The ind i
cator, when on the white tile, should be yellowish or brownish yellow.
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M olybdate
ThOa. O ther earths solution.

No. Gram. present. Cc.

1 .............. .........  0.0500 0 3.65
2 .............. .........  0.0500 0 3 .6 5
3 .............. .........  0,0852 0 6 .4
4 .............. .........  0.0852 0 6 .4
5 .............. _____  0.0852 0 6 .5
6 .............. .........  0.1000 0 7.35
7 .............. .........  0.1000 0 7 .4
8 .............. .........  0.0500 0 .1  NdjOj 3 .9
9 .............. .........  0.0500 0 .1  PrzOa 3 .9

10.............. .........  0.0500 0 . 1 La^jOa 3 .9
I I .............. .........  0.0852 0 . 1 LajOn 7.1
12 .............. .........  0.0852 0 .1  La;Ai 7.1
13.............. .........  0.0852 0 .1  PrsOa 7 .2
14.............. .........  0.0852 0 .1  CeOa 7.1
15.............. 0.0852 0 .1  gram  each of 

Ce. La, Pr, Nd 7.1
16.............. , 0.0852 0 . 1 gram  each of 

Cev La, P r. Nd 7 .2
17.............. 0 . 1 gram  each of 

Y , Gd. E r 7 .2
18.............. .........  0.0852 0.1  CeC2 7.1
19.............. .........  0.0852 0 .1 7.1
20 . . .......... .........  0.0852 0 .1 7.1
2 1 .............. .........  0.0852 0 .1 7.1
22.............. .........  0.0852 0.2 7.1
23.............. .........  0.0852 0 .3 7 .2
24.............. .........  0.0852 0 .3 7.1
2 5 . . . ........ .........  0.0852 0 .3  “ 7.1
26.............. .........  0.0852 0 .6 7.1
27.............. .........  0.0852 0 .6 7.1
28.............. .........  0.0852 0 .6 7 .2
29.............. 0 .6  “ 7 .2
3 0 .............. 4 .2 6  “ 7.1
31............... .........  0.0852 4 .2 6  “ 7.1

In titrations Nos. 11 to 31, the total dilution varied 
between 150 cc. and 300 cc., and one gram of sodium 
acetate was added to each to counteract any possible 
mineral acid present. These results show that al
though the consumption of molybdate solution was 
greater when other rare earths were present, the vol
ume of molybdate was the same whether the added 
rare earth was small or large in amount. From this 
it was assumed that the concentration of acetic acid 
was insufficient to entirely prevent the precipitation 
of rare earths other than thorium.

Another set of titrations with increased acidity re
sulted as follows :

Dilu- Sodium
Acetic

acid O ther - Molyb-
No. tion. acetate, (glacial) ThO,. earths. date.

Cc. Gram. Cc. Gram. Cc.
32........ . . 300 1 10 0.0852 0 6 .4
33........ . .  300 1 10 0.0852 0 6 .5
34 ........ . . 300 1 20 0.0852 0 6 .4
35........ . . 300 1 20 0.0852 0 6 .4
36 ........ . . 300 1 20 0 .0852) 0 .1  gram  each 6 .45
37........ 1 20 0.0852) of P r. La, Nd. 6 .4  

Gd

and 37 with im purity present gives Th : Mo = 1 : 2.03. 
It  is therefore probable that the precipitate is a nor
mal thorium molybdate.

Analysis of Monazite Sand.— In order to test the 
accuracy of the method for the determination of 
thorium in monazite sand, samples of North Carolina 
and Brazil sands which had been analyzed b y  the 
fumaric acid method, the thiosulphate-ammonium 
oxalate method and the metanitrobenzoic acid m ethod1 
were analyzed.

The volum etric method is carried out as follows: 
To one gram of the powdered sand in a porcelain 
crucible is added 10—15 cc. of concentrated sulphuric 
acid. After several hours heating, the crucible is 
cooled and the contents transferred, a little at a time 
and with constant stirring, to about 700 cc. water 
which has been cooled to near o°. A fter standing 
several hours (over night if convenient) to insure 
complete solution of the sulphates, the solution is 
filtered and the residue washed thoroughly with cold 
water. The filtrate is nearly neutralized with dilute 
ammonia, 50 cc. of a cold saturated solution of oxalic 
acid added, and allowed to stand over night. The 
oxalates are filtered and washed with a dilute oxalic 
acid solution. When thoroughly washed, transfer 
precipitate and paper to a beaker, add 20-25 cc- 
strong potassium hydroxide solution and heat to 
boiling. Dilute, filter and wash with hot water. 
Dissolve the precipitate of rare earth hydroxides off 
the filter by means of hot, dilute nitric acid. E vapo
rate to dryness on a water bath. Add a few cubic 
centimeters of water and again evaporate to dryness to 
remove free acid. To the d ry residue add 20 cc. 
glacial acetic acid, dilute with 300 cc. water, add one 
gram sodium acetate and stir until dissolved. T itrate 
at room temperature with standard ammonium 
molybdate solution as already described.

The following results were obtained:

Percentage T h02-

No. 3 Brazil.

The values here obtained are in satisfactory agree
ment with those obtained with thorium alone, the 
increased acidity preventing interference by the other 
rare earths.

Composition of Precipitate.— Taking the value of 
the KM nO, already given (1 cc. = 0.005835 Fe) and 
its equivalent in terms of molybdate solution (28.2 
cc. KMnO, = 10 cc. molybdate) then 1 cc. m olybdate =■ 
0.0098136 Mo. The average of the eleven titrations 
of thorium alone (Nos. 1—7 and 32-35) gives 0.0815 
ThO , =  6.095 cc- molybdate, or a ratio Th : Mo = 
1 : 2.017. Similarly, the average of titrations 36

Average.

Volum etric 
m ethod, 

r 4 .80  
4 .80
4.98
4.99
4.99
4.99
5.05
5.05
5.05

4.97

M etanitro
benzoic

acid
m ethod .2

4 .76
4 .85
4.99

Thiosul- 
Fum aric p h a te  amnion- 

acid ium  oxalate 
m ethod. method. 

4 .85  4 .9 0

No. 363 Brazil con
cen tra te ................

Average.

5 .58
5.65
5.65
5 .65
5.65
5 .72
5 .72

5.66

4 .87

5 .60
5.65
5 .67
5 .70
5.73

5.67

4 .85

5 .70

4 .9 0

5.63

5 .7 0 5 .63
1 F o r a  description of these m ethods, the  reader is  referred to  the  

original articles: F . J . Metzger, Jour . Anwr. Chem. Soc., 24, 901. A. C.
Neish, Ibid.. 26, 780.

3 Analyses by  th is  m ethod were m ade by  Dr. A. C. Neish.
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Percentage TI1O2

No. 625 Brazil.

Average (omit-

M etanitro-
benzoic Fum aric

V olum etric acid acid
m ethod. m ethod. m ethod.
4.85 4 .88
4.92 4 .89
4.92
4 .98
5.1
5 .3 1

4.95

Tliiosul-

iura oxalate 
method.

No. 631 
N orth  Carolina.

5.11
5.11

The following were analyzed by the volumetric 
method but not checked by other methods:

No. 626 
N orth  Carolina.

4 .84
4 .84  

C O N C L U S IO N S.

1. A t room temperature thorium is precipitated 
quantitatively from a cold acetic acid solution (20 
cc. glacial acetic acid and 300 cc. water) by means of 
ammonium molybdate.

2. Other rare earths found in monazite sand are not 
precipitated under the conditions defined in “ 1.”

3. The ratio of thorium to molybdenum (1 : 2.017 
and 1 : 203) indicates that the precipitate is a normal 
thorium molybdate.

4. B y  observing proper conditions of acidity, thor
ium m ay be accurately titrated b y  means of ammonium 
molybdate. Other rare earths have no effect on this 
titration.

Co n t r ib u t io n  N o . 2 0 7 , H a v e m e y e r  L a b o r a t o r ie s ,
Co l u m b ia  U n iv e r s it y .

T H E  R E S E N E S  O F  R E S IN S  A N D  O L E O R E S 1NS.

B y  C h a s . H .  H e r t y  a n d  W .  S. D i c k s o n .

Received Feb ruary  1 , 1912.

The oleoresinous exudate of pine trees, commonly 
called “ crude turpentine,”  consists of a mixture of 
a volatile oil, acids and unsaponifiable matter. On 
distillation with steam the volatile oil, "spirits of 
turpentine,” passes off; the residual resin, freed from 
excess of water b y  heating, solidifies on cooling and 
constitutes commercial “ rosin.”  The name "resene” 
has been applied by Tschirch3 to the non-volatile, 
unsaponifiable constituent of such resins and oleo- 
resins.

Though the composition of crude turpentine varies 
considerably in different specimens, an average analy
sis of specimens collected by the usual commercial
methods would show approxim ately:

P er cent.
Spirits of tu rp en tin e ............................  20
A cids.........................................................  74
Resene......................................................  6

Resenes, according to their origin, show varying 
physical states, some being colorless solids while 
m any are very  viscous liquids, extrem ely sticky and 
non-crystallizable. T hey are composed of carbon, 
hydrogen and oxygen, but the per cent, of oxygen 
is usually smaller than in the accompanying acids. 
Toward reagents they are very  resistant, especially

1 The au thors are unable to  account fo r th is  high result.
2 Tschirch, "D ie  H arze und die H arzbehaeter,”  Second edition, p. 1079.

toward alkalies. Although containing oxygen, they 
show, according to Tschirch,1 none of the usual re
actions indicating the presence of hydroxyl, carboxyl, 
aldehyde or ketone oxygen, nor are they ethereal 
salts or lactones. Tschirch inclines to the view  that 
they belong to the class of oxyterpenes or oxypoly- 
terpenes.

While much work has been done upon the volatile 
oils and the acids of oleoresins, little attention has 
been paid to the resenes, except ultimate analyses and 
approximate statements of the proportion present 
in isolated specimens studied. In connection with an 
investigation carried out in this laboratory in col
laboration with the United States Forest Service, 
there remained a large number of specimens of resin 
from well identified individual trees growing in Florida. 
It seemed desirable, therefore, to study more closely 
the question of the proportions of resene in these speci
mens. The investigation was extended to the resins 
of conifers growing near this laboratory, and to speci
mens collected in other countries. Finally the amount 
of resene was determined in several oleoresins obtained 
in perfectly fresh condition from individual trees in 
Florida. These specimens were collected from the 
two species of pines from which crude turpentine is 
commercially obtained in this country, Pinas Palitslris, 
(Longleaf Pine) and Pinus Helerophylla (Cuban or 
Slash Pine).

The resins were prepared by distilling the oleoresins 
in a current of steam slightly superheated, the tem 
perature being raised to 14 o° C. toward the end of 
the distillation. A fter complete removal of the 
volatile oil, the residue was kept at 140° C. in the oil 
bath surrounding the distillation flask until all water 
was driven off. The molten resin was then filtered 
through absorbent cotton and cooled to solidification 
in glass or iron molds.

The determination of resene in the resins was
carried out in the usual manner. The weighed speci
men, about two grams, was dissolved in a considerable 
excess of N/2 alcoholic potassium hydroxide, allowed 
to stand at' room temperature eighteen hours, diluted 
with water until separation of the resene began and 
the solution cleared b y  the addition of a small quan
tity  of ninety-five per cent, alcohol. This solution 
was then extracted three times with petroleum
ether, boiling below 40 °. The combined extracts
were shaken out with fifty per cent, alcohol to 
remove slight amounts of dissolved potassium salts 
of resin acids. A fter drawing off the petroleum
ether extract into a weighed glass evaporating dish, 
it was allowed to evaporate spontaneously to con
stant weight.

In the case of the oleoresins, after spontaneous 
evaporation of most of the petroleum ether the resi
due was heated for five hours on a steam bath in order 
to remove com pletely the petroleum ether and the 
volatile oil. Considerable difficulty was experienced 
at the outset in these evaporations due to the tendency 
of the material to “ craw l”  over the rim of the vessel.

1 Loe. cit. *
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This was entirely overcome by using a thin coating 
of vaseline on the rim of the vessel.

The following results were obtained:
T a b l e  I .— P e r  C e n t o f  R e s e n e  i n  R e s in s f r o m  D i f f e r e n t  S p e c i e s .

P e r  c e n t .
S p e c ie s . L o c a l  n a m e . O r ig in . re s e n e .

P in u s  T a e d a L o b lo lly  P in e N o r t h  C a r o lin a 4 . 1 0
P a lu s t r i s L o n g le a f  P in e F lo r id a 5 .6 7

* M a r i t im a M a r i t im e  P in e F r a n c e 7 .3 7
u  H e te r o p h y l la C u b a n  o r  S la s h  P in e F lo r id a 7 .3 8
"  S e r o t in a P o n d  P in e F lo r id a 7 .6 5
"  E c h i n a t a O ld  F ie ld  P in e N o r t h  C a r o lin a 8 .,71
n S p e c ie s  u n k n o w n C e n t r a l  A m e r ic a 8 .9 4
“  S a b in ia n a D ig g e r  P in e C a l ifo rn ia 9 .6 6
“  L a r ic io S c h w a rz k ie fc r A u s t r i a 1 4 .0 5

In order to test the variation of the amount of resene 
in trees of the same species two sets of determinations 
were carried out on trees of different diameters. The 
results follow:

T a b l e  I I . — P in u s  P a l u s t r is  ( L o n g l e a f  P i n e ).
D iam eter P er cent, resene

Tree no. (inches). in resin.
1 7 .3 5 .2 6
2 1 5 .0 5 .9 5
3 2 1 .0 9 .6 8
4 1 3 .0 7 .4 5
5 8 .7 5 .6 7
6 9 . 0 5 .4 5
7 1 3 .5 6 .2 2

I I I . — P i n u s H E T E R O rilY L L A (C u b a n  o r  S l a s h

D iam eter P er cent, resene
Tree no. (inches). in resin.

1 7 , 0 7 .8 7
2 1 4 .5 7 .3 6
3 2 4 .5 7 .2 0
4 1 2 .3 7 .2 5
5 8 . 2 6 .5 8
6 1 3 .0 7 .8 4
7 9 . 0 7 .0 0

To determine possible variations in the per cent, 
of the resene in different seasons of the same year 
two trees were selected, one each, Pinus Palustris, 
tree No. 2, Table II, and Pinus Heterophylla, tree 
No. 2, Table III. Beginning in the early Spring 
the oleoresins were collected from these at regular 
periods of four weeks until the close of the season 
in the Fall, From the resins prepared from these 
specimens the following results were obtained:

T a b l e  IV .
P er cent, resene in resin  from

Collection no. P inus Palustris. P inus H eterophylla.
1 5 .3 1  7 .3 6
2 5 . 4 4  7 .6 7
3  5 .9 5  7 .2 3
4  6 .0 2  S . 17
5  6 .0 9  7 .3 8
6 6 .5 3  7 .4 3
7 5 . 2 4  7 .7 7

It  is scarcely probable that in the case of Pinus 
Palustris any significance is to be attached to the 
gradual increase in the per cent, of resene as the 
season advanced until the last collection.

Further determinations were made of the per cent, 
of resene in specimens of oleoresin collected w ith great 
care in Florida and prom ptly analyzed. The follow
ing results were obtained:

T a b l e  V .
P e r cent, resene in oleoresin of

Tree no. Pinus Palustris. P inus H eterophylla.
1 7 .1 0  6 .8 3
2  3 . 8 4  6 .7 6
3 7 .3 3  6 .9 6

Finally, a specimen of “ scrape” (Gum Thus) was 
obtained from a Longleaf pine (Pinus Palustris). 
This scrape is the hardened mass which gradually 
collects on the scarified surface of the tree as a result 
of the crystallization of the resin acids of the oleo
resin. It receives its name from the fact that at the 
end of the season it is scraped from the surface of the 
trees b y  means of a sharp tool. It  contains approxi
m ately one-half as much spirits of turpentine as the 
ordinary oleoresin collected from the receptacles. 
The resin was prepared from this scrape by distilla
tion with steam as above. On analysis it showed 
3.14 per cent, of resene.

In continuation of this work, there isnowbeingcarried 
out in this laboratory an investigation of the composi
tion of the resene of Pinus Heterophylla.

U n iv e r s it y  o p  N o r t h  Ca r o l in a .

A  M E T H O D  O F  E X A M IN IN G  C H IN A  W O O D  O IL .

B y  P a r k e r  C. M c I l h i n e y .

Received A pril 2 , 1912.

The examination of china wood oil to determine 
its quality and to detect the presence of foreign oil 
presents several difficulties. The iodine figure is not 
far removed from that of several other oils, the saponi
fication figure is identical with that of m any others and 
although the specific gravity  and the refractive index 
are higher than those of almost any other fa tty  oil, 
the difference in these respects from some other oils 
is not sufficiently great to furnish satisfactory data 
in all cases.

The most marked characteristic of china wood oil 
is its property of solidifying readily under the influence 
of heat or when acted upon b y  iodine. Heating the 
oil to a temperature of from 240-280° C. and noting the 
readiness with which the oil jellies and the consistency 
of the jelly  produced have been extensively used as 
commercial tests for grading the oil. It is difficult, 
however, to conduct such a test under conditions 
which will give numerical values to the results, these 
being usually stated in terms of the apparent hardness 
or softness of the jelly, or else in terms of the number 
of minutes required to jelly at some given temperature. 
The latter method is open to several serious objections 
and it is difficult to reproduce in a second experiment 
the conditions of the first.

The behavior of the oil when iodine dissolved in a 
suitable solvent is added to it, furnishes a well known 
qualitative method of identifying china wood oil and 
particularly of distinguishing it from linseed oil, but 
since the test as usually carried out gives merely a 
jelly, no quantitative results are obtainable from them.

It was thought th at if this test could be made 
quantitative so that a separation could be effected 
between the solidified and the liquid resulting from 
the action of iodine upon the oil, a valuable and quan
titative method of testing the oil might be obtained, 
particularly as such a test would be directly related 
to the most important and characteristic property 
of the oil. A  series of experiments conducted with 
this end in view showed that acetic acid of 99‘ /i per 
cent, strength or thereabouts was a solvent in which
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both the iodine and the oil could be dissolved and out 
of which the solidified product separated readily so 
that it might be removed from the liquid portion; 
furthermore, that this liquid portion could be dissolved 
in a petroleum solvent boiling under 800 C. while 
the solid product from the china wood oil was practi
cally insoluble in this solvent. Based upon these 
facts the following method of analysis was devised: 

Weigh into an Erlenmeyer flask about 5 grams of 
the oil to be examined, add to it 10 cc. of 99V2 per 
cent, acetic acid and after warming it so that there is 
a perfect m ixture of oil and acid, add to it 50 cc. of a 
solution of iodine in 99V3 per cent, acetic acid con
taining 15 grams of iodine per liter. The acetic acid 
solution of iodine should be warmed so that when 
added to the oil solution to be tested it will not chill it. 
Upon adding the iodine solution there results an almost 
instantaneous separation of some solid product from 
the solution in large amount. The solution is allowed 
to rest for half an hour to insure complete reaction 
and then 50 cc. of petroleum solvent (b. p. below 80° C.) 
added and allowed to m ix thoroughly with the con
tents of the flask. The liquid is then drained off from 
the flask into a separatory funnel and another portion 
of 50 cc. of petroleum solvent added to the solid 
residue which has been allowed to remain in the flask 
so as to wash out of it the residue of liquid products; 
after pouring off this solvent the solid residue is 
extracted a third time with 50 cc. of petroleum solvent, 
the solutions being united in the separatory funnel. 
W ater is now added to the contents of the separatory 
funnel and this causes a separation of the liquid into 
two layers, one of petroleum solvent carrying the 
liquid portions of the reaction in solution and the 
other of water united with acetic acid. This latter 
is drawn off and the petroleum solvent repeatedly 
washed with water till it is free from acetic acid and 
then shaken out with a solution of potassium iodide 
to remove free iodine which m ay be present; 
after a final washing with water it is transferred to a 
flask, the solvent evaporated off and the residue 
weighed. The weight of this residue is a measure of 
the proportion of those constituents of the oil under 
examination which are not solidified b y  the action of 
iodine.

Broadly stated, the process gives results showing 
that only a small fraction of china wood oil remains 
liquid at the conclusion of this process while other oils 
remain entirely liquid and soluble in the petroleum 
solvent and if the process be applied to known m ix
tures of a given sample of china wood oil with soya 
bean oil the proportion of soya bean oil m ay be de
termined with reasonable accuracy. In order to make 
such a determination, however, upon oils of unknown 
origin, it is necessary that the per cent, of liquid 
products which m ay conveniently be described as 
“ per cent, of soluble iodides”  of true china wood oil 
and also the variation in this per cent, given by differ
ent varieties and samples of true china wood oil should 
be known. In order to investigate this m atter it is 
necessary to obtain a considerable number of authentic 
samples of such oils and these samples are to be ob

tained only in China and in the other countries where 
this oil is produced. The method is, however, sub
mitted as one suitable for the investigation of the oil 
and particularly as a method for determining the 
grade of the oil in respect to its most characteristic 
property.

As the writer has been unable to obtain any con
siderable number of original small samples of the oil, 
he refrains from giving the exact figures obtained upon 
the commercial samples which have been examined 
but hopes that others m ay apply the process to au
thentic samples as they are obtained.

7 E a s t  4 2 n d  S t r e e t , N e w  Y o r k .

ON T H E  IN D IC E S  O F  R E F R A C T IO N  O F  C H IN A  W O O D  O IL .

B y  L o u is  E l s b e r g  W i s e .

Received M ay 11, 1912.

The increasing use of china wood oil in the paint 
and varnish industries has created the necessity for 
a proper examination and standardization of this 
important article of commerce. Much of this drying 
oil is sent to European and American ports through 
Hankow, and a rumor is now current th at there have 
been varied attem pts to adulterate these shipments 
w ith cheaper products, such as soya bean oil. 
W hether or not these reports are based on fact, the 
author of this paper is in no position to decide, but he 
has found it a proper time to review the recent litera
ture, relating to the characteristic properties of the 
raw material, and to find, if possible, some method 
by which the purity of the oil could be gauged.

The important characteristics of the oil1 are its 
odor, its peculiar drying properties (in which it differs 
m arkedly from linseed), its high specific gravity  and 
its coagulation on heating. The saponification, iodine 
and acid numbers appear to be of little value in judging 
the oil.

The jelly which is formed on application of heat is 
elastic and insoluble in the common solvents. It  is 
ordinarily believed that the gelatinization is due to 
a polymerization; it is undoubtedly not caused by o xy 
gen absorption, and it immediately distinguishes wood 
oil from the other common drying oils.

Several chemists2 have recently made a study of 
the physical characteristics of the “ go-back” (the 
varnish m aker’s name for this coagulation product), 
and a number of chemical examinations*, have been 
made, which up to the present have led to widely 
divergent results. A  further investigation of the 
“ go-back,” as well as the relation between its proper
ties and its technical use, is being made b y  Mr. Eugene
G. Bloch, of our laboratory, and the results of this re
search m ay be published at some future date.

Another striking peculiarity of the oil is its high 
index of refraction. Lewkowitsch states that the 
refractive index is much higher than that of any other 
drying oil, and this statem ent suggested the study of 
the refractive indices of a  number of commercial

1 L e w k o w its c h ,  Chemical Technology of Oils, Fats and W axes, 2, 62.
2 Private communication.
* Lewkowitsch, 3 , 99. N ash, Private communication to Lewkowitsch. 

N orm an, Chem. ZtQ., 9 9  (1907).
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samples. The data obtained is recorded in the tables 
given below.*

All attem pts to get samples of wood oil of known, 
source and purity were without avail. The difficulty 
was due to the primitive condition in the collection of 
the oil and its shipment to the coast from the country 
districts of China.1 We received a sample from Mr. 
Bacon (also purchased on the open market) which is 
supposed to be a standard, but its source has not been 
indicated.

The results tabulated below, therefore, represent 
the refractive indices of commercial wood oils shipped 
to us for use in the manufacture of varnish. The 
shipments cover a period of approxim ately eight 
months, during 1911-1912. Some of them have 
proved unsatisfactory in the processes of manufacture, 
and there is some indication that a relation exists 
between the refractive index and the “ working quality” 
of the oil. That question can be settled only by a 
far more extended research. Gross adulteration is 
certainly indicated very clearly and rapidly by the 
use of the refractometer, and whether foreign oils, 
present in small quantities m ay be detected, will 
depend very largely on the results of future cooperative 
investigation.

T a b l e  I .

Index  of refraction
M ark. a t  25° C.

A.3.20.12...................................... .............. 1.5148
A No. 1 A .................................... .............. 1.5118
A No. 2 A .................................... .............. 1.5130
A No. 3 A ....................................
A No. 4 A .................................... .............  1.5153
A No. 9A (R. M. S. 3534) . . . .............. 1.5154
A No. 10 A (R. M. S. 3528).. .............. 1.5174

Sample from Mr. B acon .......... .............  1.5186

C C.....................................

C / 7 5 \ C .....................................

C /S 3  C ..................................... .............. 1.5167
A No. 19...................................... .............. 1.5163
R. M. S. 3505.............................
W . K . C. W . O ........................... ..............  1.5110

The results in Tables II and III require little com
ment; they show clearly that the admixture of small 
amounts of other drying oils lowers the refractive index.

T a b l e  I I .
Sample. Index of refraction a t  25° C.

100 per cent, wood oil (m ark) A.3.20.12................ 1.5147
9 5  per cent, wood oil, 5 per cent, soya bean oil 1 .5 1 2 2  
9 5  per cent, wood oil, 5 per cent, linseed oil. . .  . 1 .5 1 2 8  
9 0  per cent, wood oil, 10 per cent, linseed o il . . .  1 .5 1 1 4

100 per cent, soya bean o il..........................................  1.4751
100 per cent, linseed o il................................................  1 .4810

T a b l e  I I I .

Sample. Index  of refraction  a t 25° C,
100 per cent, wood oil (Bacon’s sam ple)................  1.5186
95 per cent, wood oil, 5 per cent, soya bean oil 1.5163
95 per cent, wood oil, 5 per cent, tallow  o il  1.5161

100 per cent, tallow  o il.................................................. 1 .4833

All indices of refraction were taken without the use 
of water circulation. All refractometric readings were 
made in the Advanced Physics Laboratory of Colum
bia University.

* The explanation of these high refractive indices will probably  be 
found in the  exam ination of the  chief constituen t of the  oil, nam ely, the 
rem arkable glyceride of oleomargaric acid, which is present in none of th e  
o ther common drying oils.

1 Private communication.

In conclusion, I beg to thank Mr. Bloch, chemist for 
the Standard Varnish Works, for his material aid, 
Dr. C. C. Trowbridge, of the Department of Physics 
of Columbia University, for his kind advice and Dr. 
Parker C. M cllhiney for his just criticism and his help.

L a b o r a t o r i e s  o f  t h e  S t a n d a r d  V a r n i s h  W o r k s ,

E l m  P a r k , N. Y .

T H E  R E F R A C T IV E  IN D E X  O F B E E S W A X .1

B y  L .  F e l d s t e i n .

Received Jan . 5, 1912.

Lewkowitsch, in “ Chemical Technology and Analysis 
of Oils, Fats, and W axes,”  recommends refractometric 
examination as a preliminary test in the examination 
of beeswax, giving as the limits between which pure 
beeswax should fall, 4 2 .9 °-4 5 .6 °; butyro-refractom- 
eter scale, calculated to 40° C. These figures were 
obtained from the work of Werder1 and Berg,* who 
made the determinations at temperatures ranging 
between 700 and 84° C. and then calculated them to 
40° C. Neither Werder nor Berg in their original 
articles give the figures actually observed nor explain 
how their calculations were made, but it is assumed 
that they added to the observed figures the correction 
0 .5 5 0 butyro for each degree centigrade between the 
observed figures and 400 C., the correction value 
0 .55° being generally used for all fats and oils when 
calculated to 400 C. In this laboratory an Abbe- 
Zeiss direct-reading refractometer is used, and for 
beeswax a correction of 0.00037 Per degree centi
grade was found necessary. This figure was obtained 
b y  taking the refractive index at 65°, 75°, and 85° C. 
and dividing the difference in the reading b y  the differ
ence in degrees centigrade. This correction of o . 00037 
per degree centigrade was found to be practically 
constant between these temperature limits not only 
for all pure beeswax examined, but also for those 
which, upon further examination, showed adultera
tion.

As beeswax is a solid at 400 C. and the refractive 
index is always read on the melted w ax at some tem 
perature above 63° C., it seems desirable to eliminate 
the use of the calculation to 400 C. and to set limits 
for the refractive index of pure beeswax at some tem
perature above the melting point. For this purpose 
a number of samples of known purity and origin, 
obtained from the Bureau of Entom ology, United 
States Department of Agriculture, and some others 
purchased on the open market were examined. All 
of these have been analyzed by the drug laboratory 
of the Bureau of Chemistry. The readings were made 
at 65°, 750, and 85° C., and the results are given in 
the following tables. Table I consists of the figures 
obtained on the samples of pure beeswax secured from 
the Bureau of Entomology. Table II shows the re
sults on those samples obtained in the open market, 
m any of them adulterated samples. In the column 
headed "Rem arks”  are placed conclusions as to the 
nature of the sample based on the chemical analysis:

E5 1 Contribution from the  Contracts L aboratory , B ureau of Chem istry 
W ashington. D. C.

2 Chem. ZtQ., 22, 59 (189S).
5 Ibid., 27, 752 (1903).
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T a b l e  I .— R e f r a c t i v e  I n d e x  R e a d in g s  a t  D i f f e r e n t  T e m p e r a t u r e s  
o n  B e e s w a x  S a m p l e s  o f  K n o w n  P u r i t y .

R efractive index.

Contract laboratory  
No. A t 65° C. A t 75° C. A t 85° C. Locality.

12616................ . 1.4458 1.4424 1.4390 N ot given
12617................. 1.4458 1.4425 1.4391 “
12618................ 1.4456 1.4420 1.4380 “
12619................ . 1.4454 1.4418 1.4378 “
12620................. . 1.4449 1.4414 1.4380 Mexico
12621................ . 1.4453 1.4416 1.4377 N orth  Carolina
12622................. . 1.4460 1.4426. 1.4388 W isconsin
12623................. 1.4441 1.4403 1.4365 Cuba
12624................ 1.4449 1.4412 1.4375 H abana
12625................. . 1 .4448 1.4410 1.4374 H aiti
12626................. . 1.4448 I .4414 1.4374 Southern  S ta tes
12627................. 1.4458 1.4424 1.4387 A frica
12628................ . 1.4456 1.4420 1.4384 New Y ork
12629................. . 1.4488 1.4451 1.4415 San Domingo
12656................ . 1.4440 1.4402 1.4363 N ot given
12657................. . 1.4443 1.4406 1.4367 W isconsin
12658................. . 1.4460 1 .4424 1.4388 Illinois
12659................ . 1.4449 1.4413 1.4377 Texas
12660................. 1.4444 1.4405 1.4368 Iow a
12661................ . 1.4450 1.4413 1.4378 U tah
12662................. . 1.4458 1.4422 1.4384 Iow a
12663................ . 1.4444 1.4405 1.4368 California
12664................. . 1.4436 1.4398 1.4361 Hilo
12665................. . 1.4434 1.4398 1.4361 “
12666................. 1.4435 1.4400 1.4362 “
12667................. . 1.4447 1.4410 1.4375 N ot given
12801................. . 1.4470 1.4433 1.4395 M innesota

T a b l e  I I . — R e f r a c t i v e  I n d e x  R e a d in g s  a t  D if f e r e n t  T e m p e r a t u r e s  
o n  Co m m e r c ia l  S a m p l e s .

R efractive index.

Contract A t A t A t
laboratory No. 65° C. 75° C. 85° C. Rem arks.
1263 0 ..............  1.4463 1.4425 1.4389 P u re  wax
1263 1..............  1.4459 1.4425 1.4387
126321............. 1.4379 1.4340 1.4302 Paraffin present
12633..............  1.4456 1.4421 1.4387 P u re  wax
126341............. 1.4380 1.4344 1.4307 Paraffin present
126351.............  1.4379 1.4342 1.4302 S tearic acid and  paraffin present
12636..............................  1.4540 1.4505 Resin present
126371............. 1.4375 1.4338 1.4301 Paraffin present
12638»............. 1.4350 1.4313 1.4275
1263 9 ..............  1.4448 1.4410 1.4372 Pure  wax
1264 0 ..............  1.4454 1.4416 1.4380 14
126411............. 1.4421 1.4384 1.4346 Paraffin present
12642».............  1.4363 1.4323 1.4284
1264 3 ..............  1.4447 1.4410 1.4372 Pure  wax
1264 4 ..............  1.4437 1.4400 1.4364
1264 5 ..............  1.4440 1.4402 1.4368
1264 6 ..............  1.4445 1.4410 1.4372
1264 7............... 1.4438 1.4401 1.4362
126481.............  1.4421 1.4384 1.4348 Paraffin present
12649*............. 1.4335 1.4300 1.4260 S tearic acid and paraffin present
12650».............  1.4342 1.4304 1.4268 Paraffin present
12651..............  1.4439 1.4402 1.4365
12652».............  1.4345 1.4307 1.4269
12653............... 1.4445 1.4408 1.4372 Pure  wax
12654».............  1.4355 1.4318 1.4280 Paraffin present
12655............... 1.4441 1.4406 1.4369 Pure  wax

Upon examining the tables it will be found that 
the refractive index at 75 ° C. for pure beeswax falls 
between 1.4398-1.4451. Table II shows that the 
refractive indices of all those samples bought in the 
open market, which on chemical analysis appeared 
to be pure, fell within the limits for pure beeswax 
(1.439 8-1.4 451), while of the adulterated samples 
only one fell within these limits. This sample was 
No. 12651, which has a refractive index of 1.4402, a 
figure very close to the lowest value obtained for 
pure beeswax. In this instance it is quite possible 
that the beeswax had a high refractive index and 
was adulterated with a small amount of paraffin

1 Grossly adu ltera ted  samples.

One sample (No. 12636), showing a high refractive 
index of 1.4540, proved on chemical examination to 
have resin in it. It  was not possible to obtain a clear 
reading of this w ax at 65° C. Those samples which 
have a very low refractive index proved to be grossly 
adulterated with either paraffin or stearic acid or 
both. A  temperature of 750 C. was selected because 
at this point all beeswaxes are liquid, a clear, sharp 
line can be obtained in the refractometer, and it is 
com paratively easy to make the reading.

It is seen that the determination of the refractive 
index of beeswaxes is of great help in detecting gross 
adulteration and will generally reveal small adultera
tions, samples containing only a small amount of 
foreign material generally giving figures outside the 
limits mentioned, namely, 1.4398-1.4451 at 750 C. 
The results obtained show also that it is both unneces
sary and unwise to calculate the refractive index to 
the butyro scale a t 400 C., for the following reasons: 
(1) It  is unreasonable to report the refractive index 
of a wax at a temperature a t which it is an opaque 
solid, when the actual reading is made on the melted 
wax. (2) The calculation consumes time. (3) A  
clear reading can be obtained at 750 C. and the figures 
obtained can be reported unchanged.

T H E  C H E M IS T R Y  O F  A N A E S T H E T IC S , I V :  C H L O R O F O R M .
B y  Ch a r l e s  B a s k e r v il l b  a n d  W . A. H a m o r .

Received December 13, 1911.

{Continued from June No.)
V III. T h e E x a m in a tio n  o f A n aesth etic  C h lo ro fo rm .

4. T H E  D E T E C T IO N  O F W A T E R  IN  C H LO R O FO R M .

Since pure chloroform is not hygroscopic in the 
ordinary sense, and 100 cc. dissolve but 0.152 cc. of 
water at 22°,' such chlorofprm is not likely to 
contain appreciable amounts of water. In the case 
of anaesthetic chloroform, 0,025-0.05 per cent, by 
volume of water is introduced by the alcohol; it m ay 
be said, therefore, that the maximum amount of 
water likely to be present in anaesthetic chloroform 
is approxim ately 0.2 per cent, by volume, although 
the usual amount is about 0.05 per cent., according 
to our experience. Tests for the presence of water 
in anaesthetic chloroform are generally not specified. 
Since, however, the presence of water facilitates oxi
dation, it is at least desirable that the amount present 
is not excessive: and occasions m ay arise which re
quire anhydrous chloroform. The authors are able 
to present tests, by the application of which both of 
these conditions m ay be met.

A . Tests Based upon the Evolution of Gas.
(a) The Test with Calcium Carbide.— V itali2 found 

that calcium carbide serves for the detection of water 
in chloroform: and we have learned th at it is both 
a convenient and generally suitable reagent for the 
presence of water, even in minute amounts, in chloro
form of all grades. It  is the test which we recommend 
for establishing the anhydrous nature of a chloroform 
desired in a water-free condition.

» Herz, Bet., 31, 2670.
-B o ll. chim. jartn., 3 7 , 2 5 7 ;  c f .  B a s k c rv i l le  a n d  H a m o r ,  T h is  

J o u r n a l , 3 ,  311.
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When pure chloroform containing an addition of
0.025 per cent, by volume of water is agitated with 
anhydrous cupric sulphate, no reaction indicative of 
the presence of water is had; whereas if 20 cc. of the 
same chloroform is gently boiled over 1 gram of cal
cium carbide, and the gas evolved is passed into an 
ammoniacal silver nitrate solution, a pronounced 
acetylene reaction is obtained. In fact, since 1 gram 
of water yields, at o° and 760 mm., 580 cc. of acetylene, 
the merest traces of water m ay be detected in chloro
form of all grades by boiling the sample under exam i
nation over clean crystals of calcium carbide, and 
passing the vapors evolved into ammoniacal silver 
nitrate solution.

(b) The Action of Copper-Zinc Couple on Chloro
form.— Gladstone and Tribe1 found that copper-zinc 
couple did not act on pure chloroform, but that in 
the presence of alcohol at + 60 0 C., methane was evolved, 
together with a small amount of acetylene, and in the 
presence of water, methane was evolved even at + 12 0 C. 
This reaction is not adaptable as a test for the presence 
of water.

(c) The Action of Sodium on Chloroform.— Sodium 
acts on chloroform containing w ater,3 but in such a 
manner that it cannot be employed as a reagent for 
the presence of water in this case.

(d) The Test with Anthraquinone and Sodium Amal
gam.— The authors have reported! that “ hydro- 
anthraquinone” serves for the detection of both water 
and alcohol in ethyl ether. When several mg. of 
anthraquinone and a small piece of 2 per cent, sodium 
amalgam are added to 20 cc. of anaesthetic chloroform 
containing 0.8 percen t, of absolute alcohol and 0.025-
0.065 Per cent, of water, an alcohol reaction alone is 
obtained; with anaesthetic chloroform containing
0.115 per cent, of water, a faint, but decided, water 
reaction is had, although this is somewhat masked by 
the alcohol reaction, the amalgam becoming colored 
green and red in places. The test is not recommended 
for the detection of water in chloroform containing 
alcohol.

B. Tests Dependent upon the Production of a Turbidity.
(a) Tests wherein the Chloroform is Cooled to Low 

Temperatures.— Behai and Francois4 considered that 
the simplest test for the presence of water in chloro
form was to bring some of the crystals of ice obtained 
by submitting chloroform to a temperature of — 20 0 to 
— 40 0 in contact with mercuric ammonium iodide, when 
red mercuric iodide resulted. Chloroform freed from 
water does not afford any crystals of ice when exposed 
to the low temperature, and therefore pure chloroform 
should com ply with this qualitative test ; but since the 
addition of 5 parts of 98 per cent, alcohol in 1,000

1 J .  Chem. Soc., 2 8 , 5 0 8 .
2 K ern, Chem. News, 3 1 , 121. The reaction is in apparen t ac

cordance w ith th is equation: CIIC13 4- 3N a 4- I I2O — 2NaCl 4- N aOH 4- 
II Cl 4- C 4- H . W ith  pure chloroform, however, sodium  form ate is ob
ta ined , and  the  variables of anaesthetic chloroform would render the use of 
sodium as a  te s t of no value. The action of sodium on anaesthetic chloro
form  will be discussed more fully in Section 5.

3 T h is  J o u r n a l , 3 , 3 1 0 .
4 J . Phanm. Chim., 5, 417 (1897). I t  is a lm ost needless to  s ta te  th a t  

none of the samples of chloroform exam ined by  Behai and  François com
plied with this test.

causes them to appear, the test cannot be used for 
determining whether or not anaesthetic chloroform 
contains a permissible amount of water. The French 
Codex requires that anaesthetic chloroform shall not 
become turbid on cooling to — io°. Chloroform of 
the grade official in France should readily com ply 
with this requirement for the following reasons: 
Chloroform saturated with water a t + 20 ° becomes 
turbid white or grayish on sudden cooling to — 20°, 
owing to the formation of dispersed ice ; but in a water 
concentration below 0.05 per cent, by weight of w ater 
in chloroform, there is no turbidity, although, ac
cording to Ostwald,1 the Tyndall effect is pronounced 
down to 0.02 per cent, water.

(6) The Test with Paraffin Oil.— According to Cris- 
mer,J the “ liquid paraffin”  of the German pharmaco
poeia* mixes in all proportions with anhydrous chloro
form, but if water is present the liquid becomes turbid.

In order to determine the delicacy of this test, a 
sample of anaesthetic chloroform containing 0.8 per 
cent, by volume of alcohol and 0.04 per cent, b y  volume 
of water was taken. When 10 cc. of this sample were 
agitated with an equal volume of paraffin oil (sp. 
gr. = 0.880), the oil dissolved to a clear solution, 
without any evidence of a turbidity. When the w ater 
content was increased to 0.065 Per cent, b y  volume,, 
the solution still remained clear and transparent; b u t 
when 0.09 per cent, of water was present, a faint y e t  
decided turbidity resulted. When chloroform con
tains 0.118 per cent, of water, the reaction is very 
pronounced.

C. Tests Based on the Color Assumed by the Hydration 
of a Dehydrated Compound.

(a) The Test with Anhydrous Cupric Sulphate.—  
Since anhydrous cupric sulphate is a very satisfactory 
reagent for the presence of water in ethyl ether, the 
salt was tried in this connection. None of the com
mercial or anaesthetic chloroforms examined b y  us 
gave a response, when 20 cc. were shaken with 1 gram 
of anhydrous cupric sulphate during one hour; in fact, 
only a faint reaction was had with anaesthetic chloro
form containing o. 115 per cent, of water, and a marked 
response was obtained only when the saturation point 
of the chloroform was reached.

D. Recommendations.
Pure chloroform and anhydrous anaesthetic chloro

form should comply with test A (a); and anaesthetic 
chloroform should readily conform to test B  (b), 
although it is highly expedient that the amount of 
water present be reduced to a trace, if not totally  
excluded, which could be accomplished by preserving 
anhydrous^chloroform with anhydrous alcohol.

5. T H E  D E T E C T IO N  AND E S T IM A T IO N  O F A LC O H O L IN  

C H LO R O FO R M .

The presence of ethyl alcohol in chloroform, in 
amounts varying from 0.25—1.00 per cent., has been 
almost universally recognized as necessary; in fact, 
all grades of chloroform on the market contain alcohoL

1 Z . Chem. Ind. Kollaide, 6, 183.
2 Ber., 17, 649.
3 B . p. *** 215—240° under 6 mm. pressure.



July, 1912 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 .

Therefore, whenever it is desirable that chloroform 
intended for certain chemical work should be alcohol- 
free, it is necessary to resort to methods of purification 
which serve to eliminate alcohol; but in such cases 
it is always important that the purified chloroform 
be tested to prove the absence of alcohol, for which 
purpose sensitive, qualitative tests are necessary. In 
the case of anaesthetic chloroform, the amount of 
alcohol present need not exceed the specified phar- 
macopoeial limits, and then, in general, qualitative 
tests are valueless in practice1 and it is necessary to 
determine the amount present b y  a determination 
of the specific gravity  or, preferably, by a quanti
tative estimation of the amount of alcohol. It should 
be mentioned here, however, that at the present time 
alcohol is seldom present in anaesthetic chloroform 
in excessive amounts.3 Anaesthetic chloroforms on 
the American m arket generally contain 0.50-0.84 cc. 
of alcohol, calculated as absolute, per xoo cc., and only 
one sample examined by us contained as much as
0.97 cc. of absolute alcohol.3

W ith the object of finding just what tests and meth
ods of estim ation are suitable and reliable, all of the 
schemes for the detection and determination of alcohol 
in chloroform were studied, and where the method 
appeared w orthy it was tried out. For convenience 
sake, these methods will be considered in classes.

A . Physical Methods.

(a) The Determination of the Amount of Alcohol from 
the Density.— I t  has been quite a general practice to 
infer the amount of alcohol present in any sample of 
chloroform from the specific gravity  of the sample in 
question, and it is generally considered that this in
ference m ay be accomplished accurately; but as alco
hol does not reduce the density in exact ratio 
to its amount, several investigators have found 
it necessary to determine the specific gravity  of known 
mixtures of absolute alcohol and chloroform.*

Provided the past history of the sample is known, 
the density of anaesthetic chloroform is an indication 
of the amount of alcohol present, and therefore the 
percentage of alcohol m ay be approxim ately estimated 
therefrom; but we consider that after a determination 
of the specific gravity  has been made, no conclusions

1 Cf. D o tt. Pharm. J . ,  [3] 12, 769.
2 M uch of th e  chloroform  in  Am erica in 1875 was, however, con

tam ina ted  w ith alcohol; for, according to  the  rep o rt of Meigs, i t  possessed 
a  density  of 1.45 (see N orm andy-N oad’s Commercial Hand-book of Chemical 
Analysis, 1875, p. 122).

3 The official chloroform of th e  Pharmacopoeia of the United States is 
specified as a  liquid consisting of 99-99.4 per cent, by  weight of absolute 
chloroform and 0.6 -1  per cent, of alcohol.

* R em ys (Arch. Pharm ., [3] 5, 31), assum ing th a t  “ pure” chloroform 
possesses a  density  of 1.500 a t  15° C-, s ta ted  th a t  the  presence of V* per 
cent, of alcohol reduced th e  density  b y  0.002 and  0.5 per cent, by  0.008. 
R um p (A m . Chemist, 6, 359) gave th e  sam e results. Besnou (see V . S . 
Dispensatory, 18th edition, p. 378; and  Vremon in S tohm ann and  K erl's  
Technischen Chemie, 2, 646) determ ined the  specific gravities a t  4 .5° C. 
of m ixtures of th e  "p u re s t com m ercial" chloroform  w ith  sm all quan tities  
of alcohol. Schacht and  B iltz (Pharm. J . ,  1893, 1005) obtained the  follow
ing da ta :

A t 15° C.
" P u re ” chloroform ..........................................................................  1.5020
“ P ure” chloroform w ith 0.25 per cent, alcohol...................  1.4977
"P u re” chloroform  w ith 0.50 per cent, alcohol.................... 1.4939
" P u re ” chloroform withjl.OOjper cent, alcohol.................... 1.4854
" P u re ” chloroform  with 2.00^per cent, alcohol.................... 1.4705

as to the percentage of alcohol should be arrived at 
until a quantitative estimation is carried out.

(£>) The Influence of Alcohol on the Boiling Point.—  
W hile alcohol m ay be readily identified in anaesthetic 
chloroform by fractionation,1 and m ay be partially 
eliminated by this means, the variables of such chloro
form render the determination of its boiling point 
valueless as a criterion of purity.

B. Chemical Methods.
i. Tests Based on the Oxidation of Alcohol:—

(a) The Chromic Acid Test.— Several3 have pro
posed that sulphuric acid and potassium dichromate 
be used as a reagent for the detection of alcohol in 
chloroform. The test serves to prove the absence of 
alcohol,3 and is given in the pharmacopoeias of Ita ly  
and Spain.

Based on the oxidation of alcohol by chromic acid, 
Nicloux4 devised a method for the estimation of alco
hol in chloroform, according to which the small pro
portion of alcohol added is separated by shaking 
5 cc. of the sample w ith 20 cc. of water; 5 cc. of 
the alcoholic solution (containing not more than 1 
part in 500) are mixed in a test tube with o. 1-0.2 cc. 
of a solution of potassium dichromate (19 g. per 1.), 
and then with pure sulphuric acid (sp. gr. 1.84), added 
cautiously. When sulphuric acid is added in sufficient 
quantity (4.5-6 cc.), the solution is decolorized; and 
the liquid is now gradually titrated with the dichromate 
solution, being shaken and gently heated after every 
addition, until the color changes from greenish blue to 
a permanent greenish color. This change, we m ay 
note, is most readily recognized in solutions containing 
less than 0.2 per cent, of alcohol. It is advisable to 
make a second determination in which the amount of 
dichromate used in the first experiment, less 0.1 cc., 
is run in at once, the sulphuric acid added, and the 
liquid is heated to boiling. The contents of the tube 
should remain greenish blue, while in another deter
mination in which 0.1 cc. more than the first reading 
is added, the color should change to greenish yellow. 
The number of cc. consumed, divided by 1,000, gives 
the amount of.absolute alcohol in cc. per cc. of solution. 
When the proportion of alcohol is less than 0.1 per 
cent., the strength of the dichromate solution should 
be doubled. Although Pozzi-Escot* found that in 
order to obtain comparable results w ith the method

1 On th is point, see also R um p, A m . Chemist, 6 , 359; B ehai and  F ran 
çois, J .  Pharm . Chim., 5, 417 (1897); R yland, A m . Chem. J . ,  22, 384. 
On the  boiling points of alcohol and chloroform  m ixtures, see Thayer, J .  
Phys. Chem., 3, 37; W ade and Finnem ore, J .  Chem. Soc., 85, 940.

2 Cottell, J .  Pharm. Chim., [3] 13, 359; P rocter, A m . J .  Pharm ., 1856, 
213; Fleischm ann, Polyt. Notizblatt, 34, 47; Gay, J .  Pharm . Chim., 4, 259. 
Rusconi, Arch, farmacol. sper., 8, 196. Cf., however, Lepage, J .  Pharm . 
Chim., 1860, 93. Thresh (Chem. News, 38, 251; see also, Pharm. J . ,  [3] 
11, 319) proposed a  m ethod according to  which the  sam ple of chloroform  
is agitated  w ith an  equal volum e of w ater, the  aqueous so lu tion  is distilled 
w ith potassium  dichrom ate and  sulphuric acid, and  th e  distillate  is tested  
for the  presence of aldehyde by means of potassium  or sodium  hydroxide. 
The presence of 0.5 per cent, of alcohol is th u s  m ade evident. The am ount 
of aldehyde produced m ay  also be approxim ately determ ined colorim etri- 
cally by  means of the  reagent of François (Chem. News, 76, 7).

3 See Pharm. J . ,  [3] 22, 1041. I t  is, of course, very  fallible, since m any 
substances give the sam e reaction as alcohol.

* Bull. soc. chim., [3] 35, 330 (1906). T he potassium  dichrom ate 
m ethod of estim ation is detailed in the  French Codex.

5 A nn . chim. anal., 1902, 11, 12.
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of Nicloux for the estimation of alcohol in dilute 
solutions,' it was essential to maintain absolutely identi
cal conditions, and that even then discordant results 
might be obtained in duplicate experiments; yet when 
the procedure above described is followed exactly, the 
method is very useful. There is but one important 
source of error, and that is th at agitation of 5 cc. of 
chloroform containing alcohol with 20 cc. of water 
does not serve to deprive the chloroform of all the 
alcohol present; this can be accomplished, however, 
by repeatedly shaking the sample under examination 
with double its volume of water, which operation 
should be repeated a t least ten times. The water- 
extracts m ay then be combined, and a suitable amount 
taken for analysis.

Behai and Francois3 modified the method of Nicloux3 
by extracting the alcohol b y  agitation w ith sulphuric 
acid, diluting the acid solution with water, and then 
gently distilling; a portion of the distillate is boiled 
with sulphuric acid, and dichromate solution (16.97 g. 
per 1.) is added until a green, but not greenish yellow, 
tint is reached. Each 2 cc. of the solution corresponds 
to 0.01 gram of absolute alcohol. This method gives 
concordant and quite accurate results under the con
ditions observed. If, however, the result obtained 
indicates a higher amount of alcohol than 2 cc. per 
1,000, it is necessary to dilute the distillate with water, 
and then repeat the determination.

(6) The Test with Alkaline Potassium Permangan
ate.— Since pure chloroform will not reduce an alka
line solution of potassium permanganate, Yvon* 
recommended a reagent (potassium permanganate, 1 
part; “ alcoholic potash,”  10 parts; water, 250 parts) 
which changed from a violet to a green color when 
mixed with "im pure” chloroform.* Since, however, 
the change is caused b y  alcohol equally with more 
objectionable impurities, the test is of no value, except 
in examining pure chloroform,6 and in this case barium 
hydroxide should be used in place of potassium h y
droxide.5

An analogous test is that proposed by Jolles8 for the 
detection of aldehyde, ethylene, etc., in chloroform. 
Jolles found that pure chloroform did not act on 
potassium manganate, whereas an addition of about

1 Bull. soc. chim., [3 ]  1 7 , 4 2 4 ;  J . Pharm. Chitn., [6 ]  5 ,  4 2 4 .
2 J .  Pharm. Chitn., [6] 8, 4 1 7 .
* Bull, de la Soc. Thera p.. 3 , 860 .
* M on. Sci., {3] 1 2 , 2 6 2  ( 1 8 8 2 ) ; / .  Pharm. Chim.. [5 ]  5 , 2 2 5 .
5 Y von found th a t  the  rap id ity  of the  change depends on the  p u rity  of 

the  chloroform, and stiggcstcd th a t  all chloroform which reduces the  re 
agent w ithin ten  m inutes should be considered incompletely' purified or 
a ltered. G ay (J . Pharm. Chim., 4, 2 5 9 )  devised a  m ethod for estim ating 
approxim ately the  am ount of alcohol in chloroform by  means of M ohr's 
so lution; th is m ethod is rap id , b u t the  results obtainable are too  indefinite.

e D ott, Clark and also Gilmour (Pharm. J .,  [3 ]  1 2 , 7 6 9 ) discredited 
Y von’s proposed te st as an indication of the  pu rity  of anaesthetic chloro
form. M artindale (Ibid., [3 ]  1 2 , 7 3 4 ) found th a t the  B ritish  chloroform  of 
1882 would not s tand  Y von’s te st, b u t considered th a t  th is  failure was no t 
due to  the alcohol presen t; this was denied by  Clark (Ibid., 7 6 0 ) , who, 
considering i t  necessary to  add alcohol, s ta ted  th a t  Y von’s te s t is w o rth 
less when such a  procedure is followed. P reston (Ibid., 9 8 1 )  believed th a t  
Y von’s te s t is a  failure, since chloroform containing dangerous im purities 
cannot be differentiated from anaesthetic chloroform b y  its use alone. 
On th is test, see also Portes, Ibid., {3] 1 2 , 2 6 8 ;  and  Lotzc, Rep. anal. Chein., 
1 8 8 3 , 29 .

7 Cf. De Koninck, Z . anęew, Chem., 1 8 8 9 , 4,
8 Chem. ZtQ., 1 1 , 786 .

2 per cent, of alcohol or similar oxidizable m atter 
quickly caused a reduction.1

(c) The Molybdic Acid Test.— D avv] found that a 
solution of molybdic acid in concentrated sulphuric 
acid served as a reagent for the detection of alcohol 
in chloroform; but since this test is only capable of 
detecting the presence of i part of alcohol in 1,000 
parts of chloroform3 and reducing substances in gen
eral give the reaction, it cannot be said to be of value.'*

(d) The Nitric Acid Test.— Ivossa5 has found that 
nitric acid (50 per cent.) and ethyl alcohol (90 per 
cent.) give a decided color reaction;6 but this behavior 
is not applicable as a test for the presence of alcohol 
in chloroform, since it is lacking in sensitiveness.

2. The Iodoform Test:—
Undoubtedly the most delicate test for the presence 

of alcohol in chloroform is that of Lieben, as modified 
b y  Hager. Usually it is directed that the sample 
under examination be agitated with 5 volumes of 
water, the liquid passed through a wet filter, and th at 
the filtrate be then examined. W e recommend the 
following procedure for the separation of alcohol from 
chloroform: 10 cc. of the chloroform under examination 
are shaken in a separatory funnel with 4 cc. of con
centrated sulphuric acid, which combines w ith any 
alcohol; the extraction is again repeated with 4 cc. of 
sulphuric acid, and finally with 2 cc. The sulphuric 
acid solution (10 cc.) is now mixed with 40 cc. of water, 
and the diluted solution is gently distilled until the 
distillate amounts to about 20 cc. In this w ay the 
ethyl- sulphuric acid is decomposed into sulphuric 
acid and alcohol, and the iodoform test m ay now be 
applied to 10 cc. of the distillate. A dd 6 drops of a 
10 per cent, solution of potassium hydroxide, and 
warm the liquid to about 50° C. A  solution of po
tassium iodide, saturated with free iodine, is next 
added drop by drop with agitation, until the liquid 
becomes permanently yellowish brown in color, when 
it is carefully decolorized with potassium hydroxide 
solution. If alcohol is present, iodoform is gradually 
deposited at the bottom of the tube in yellow crystals.7

This test is not peculiar to alcohol, being produced 
also b y  acetone, aldehyde, isopropyl alcohol, propyl 
and butyl alcohols and aldehydes, various ethers, e tc .; 
but pure chloroform should give absolutely no re
sponse when the test is applied in the manner indicated.

j .  Tests based on Solubility:—
(a) Tests wherein Various Dyes are Employed.—  

Regnault8 stated that if chloroform contained a trace
* See Loevy and Jolles, Chem. Ztg., 11, 1394.
2 Chem. News, 34, 137; see also B oettger, Z . Allq. Oest. A p  Ver., 1879,

431.
3 See D ott, Ibid., 191. D o tt pointed o u t th a t  a  determ ination  of th e  

density  is a  m ore delicate te s t for the  presence of alcohol.
4 Cf. G ladstone and Tribe, J .  Chem. Soc., 43, 346.
8 Pharm. Centralh., 46, 893.
8 A w hite cloudy layer appears a t  the  surface of co n tac t a fte r th e  

alcohol is carefully poured on to  an equal am ount of the  acid, and  soon 
afterw ards a  green or bluish green ring is observed on th e  lower side of 
th is ; the  green layer sinks gradually, effervescence occurs, and  aldehyde 
“ is form ed."

7 For details concerning the  iodoform test, see H ager, Z . anal. Chem., 
9, 492; Pharm. J .,  [3] 1, 683: Pharm. Centralh., 1870, 155. T his te s t is  
capable of detecting 1 p a r t  of alcohol in 2000 of w ater.

8 J .  Pharm. Chim., [4] 29, 402.
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of alcohol, it was colored purple on agitation with 
“ Hofmann’s violet,”  which is quite insoluble in pure 
chloroform; and also reported that chloroform should 
not dissolve or be colored by “ aniline blue” 1 or fuch- 
sine.2 Stoedeler recommended fuchsine for the de
tection of alcohol in chloroform ;3 and Allen-* attem pted 
to apply rosaniline acetate in the estimation of alcohol. 
The Nueva Farmacopea Mexicana5 gives the “ aniline 
violet” 6 test. Behai and Francois7 rejected the 
magenta test as too delicate, they having been unable 
to prepare chloroform which was not rapidly colored 
in contact with air b y  this reagent; it is indeed difficult 
to prepare' chloroform which affords no coloration 
with rosaniline acetate, for example, and it is sufficient 
to require that pure chloroform shall give but a very 
slight coloration, if any, after continued agitation.

(b) The Test with Potassium Hydroxide.— Potassium 
hydroxide is quite insoluble in anhydrous chloroform, 
but dissolves sensibly in the presence of water or 
alcohol. Blachez8 therefore proposed the following 
test for the presence of alcohol: Add to the sample a
small piece of potassium hydroxide, and leave the 
mixture at rest for several minutes; decant the chloro
form, shake w ith water, and add a solution of a copper 
salt to the aqueous extract; if a precipitate forms, it 
may be generally assumed that the chloroform con
tains alcohol.

A  more reliable method, however, is to add to the 
chloroform under examination a small piece of fused 
potassium hydroxide and red litmus paper; if the latter 
assumes a blue color on being shaken w ith the chloro
form, the presence of either water or alcohol is indi
cated.

To distinguish between water and alcohol, the sam
ple m ay be agitated with ignited potassium carbonate, 
which treatm ent removes any water present; if the 
chloroform still possesses the power of dissolving 
potassium hydroxide, the presence of alcohol m ay be 
assumed. Pure chloroform should com ply w ith this 
test.

(c) The Test with Iodine.— It was pointed out in 
1869» that when chloroform is free from alcohol or 
ether, the color produced when iodine is dissolved in it 
is bright red ; but when either alcohol or ether is present, 
the color of the solution is brown.10 Siebold11 proposed

1 R egnau lt probably referred to rosaniline blue.
2 M on. jet., [3] 12, 262.
3 The sample becomes colored red  if alcohol is present, and the depth 

of the coloration varies w ith the  proportion of alcohol.
4 A nalyst, 2, 97. Chloroform containing alcohol still dissolves ro s

aniline aceta te  a fte r tre a tm e n t w ith calcium  chloride; ag itation  w ith con
cen tra ted  sulphuric acid elim inates alcohol and  w ater, b u t the  p roduct re
tains so much acid i t  cannot be directly  tested  w ith fuchsine; the  acid m ay 
be got rid  of by  m eans of potassium  carbonate, b u t the  chloroform  re ta ins 
sufficient alkali to  p reven t the  coloration, and barium  carbonate  is more 
satisfactory ; b u t when the  dealcoholized chloroform is fractionated, these 
difficulties are n o t encountered.

s 1904, p. 477.
6 M ethyl-aniline violet is undoubtedly  referred to.
7 J .  P h a m . Chim., 5 , 417 (1897).
8 Neues Jahrb. Pharm ., A ugust, 1869; J .  Pharm . Chint., [4] 9, 289; 

Z . anal. Chem., 8, 472; R uss. Z . Pharm., 8, 582. See also Vogel, N . Rep. 
Pharm., 18, 306.

8 Pharm. Z . Russland, March, 1869.
10 In  order to  distinguish between alcohol and  ether, a  crystal of fuchsine 

was added to  th e  chloroform ; when a red  solution ensued, th e  presence of 
alcohol was assumed.

J* Pharm . J . ,  [3] 10, 213.

a method1 for the detection and approxim ate esti
mation of alcohol in chloroform by the use of iodine, 
but it is not delicate.’

{d) Oudemanns3 found that the proportion of alco
hol contained in chloroform m ay be determined by 
means of cinchonine,4 but the method is neither delicate 
nor practical.

4. Miscellaneous Tests.

The other tests which have been proposed for the 
detection of alcohol in chloroform are the iron dinitro- 
sulphide test of Roussin,* the sulphuric acid test of 
Guthrie,6 the test with sodium proposed b y  H ardy.7 
the potassium test of Mialhe,8 the test depending upon 
the solution of the alcohol in water which originated 
with Soubeiran,» the albumen test of Kappeler,10 and 
the almond oil test.11 These tests are either not

1 A small q u an tity  of iodine is introduced in to  10-15 cc. of the sam ple, 
which is then  shaken un til the  solution has acquired a  purple o r purplish 
red  color, b u t not opaque; the  solution is decanted from th e  uudissolved 
iodine, and  is divided in to  tw o parts , which arc placed in tw o separate  
te s t tubes of equal diam eter. One is shaken w ith abou t four tim es its 
volum e of w ater, and the  o ther is kep t for comparison. The w ater absorbs 
alcohol, and w hat settles down is a  solution of iodine in chloroform , th e  
color of which will be exactly  the  sam e as th a t  of the  o ther portion  if the  
chloroform is "p u re ,”  b u t will be d istinctly  different if th e  sam ple contains 
alcohol.

2 W ith  2 per cent, of alcohol or more, the difference is s trik ing; with 
1 pei* cent., i t  is d istinc t; and w ith 0.5 per cent., i t  is discernible; b u t 0.25 
per cent, m ay only be definitely detected  b y  resorting to  distillation  and 
then  using the  first portion of the  distillate.

3A nn ., 166, 1; Z. anal. Chem., 11, 409.
4 10 cc. of the  sample are shaken w ith  an excess of pure, dry  cinchonine 

in a flask; the  la tte r  is kep t for an hour a t 17° C., w ith frequent agitation , 
and the  liquid is then  passed through a  d ry  filter and 5 cc. of th e  filtrate 
are evaporated to  dryness in a small beaker. The am ount of residual 
alkaloid is then  determ ined. Pure chloroform yields 21 mg., while chloro
form containing 1 per cent, of alcohol yields 67 mg.

5 J .  Pharm. Chim., [3] 34, 206; see also A m . Apoth. Ztg., 20, 32. Pure 
chloroform shaken up  with iron dinitrosulphide rem ains colorless; b u t if i t  
contains alcohol, e ther o r wood spirit, it acquires a  dark  color. K appeler, 
referring to  th is te s t in his Anacsthetica, s ta tes  th a t  th e  reaction  is also 
caused by  aldehyde and amyl alcohol. According to  Lepage (J . Pharm. 
Chim., I860, 93), the te s t of Roussin will detect one-thousandth p a rt of 
alcohol. On this test, see also Pharm. Cenlr., 1899, 199.

6 Am . J .  Set., [1] 22, 105. In  1832, G uthrie  s ta ted  th a t  sulphuric 
acid affords “ a  fine te s t of the  presence of alcohol; if alcohol be present, 
so soon as the  chloric e ther is all over, th e  acid acts  upon the  alcohol which 
i t  has detained, and generates sulphuric ether, which is instan tly  indicated 
b y  its  peculiar flavor; if no alcohol be present, no sulphuric e ther will be 
produced.”

7 Pharm. J .,  [2] 4, 62; Chem. News, 5, 286. H ard y  considered th a t  
when a small piece of sodium rem ains una ttacked  in chloroform , the  la tte r  
is pure. W hen, however, the  sample contains alcohol or o ther substances 
susceptible of alteration , a disengagem ent of gas occurs. T raub  (Pharm. 
Centralh., 33, 245) s ta ted  th a t  there  should be no deposit of colored sodium  
chloride; he confused alcohol w ith aldehyde.

8 J .  Chim. M ed., [3] 4, 279.
9 See Kessler, J .  Pharm. Chim., [3] 13, 161. M ialhe (Pharm. J . ,  7, 

345) proposed th a t  a small q u an tity  of the  chloroform  be dropped on some 
distilled w ater, when, if th e  sample is pure, it rem ains tran sp aren t; if, 
however, i t  contains alcohol, th e  globules acquire a  m ilky opacity . W ith  
l/3 0 0 th  p a rt of absolute alcohol, the  opalescence is m arked (Mialhe).

Letheby (N orm andy-Noad’s Commercial Hand-book of Chemical 
Analysis, 1875, p. 121) adopted a  sim ilar test, b u t recom m ended th a t  the  
am ount of alcohol dissolved be determ ined by  the  d im inution in bulk of the 
chloroform afte r shaking with w ater. The proportion of alcohol in 
anaesthetic  chloroform can be determ ined only w ith tolerable accuracy 
by means of th is  m ethod when the  q u a n tity  present exceeds 1 per cent. 
“ On the  Estim ation  of Alcohol by  G lycerine,” see H ager, Z. anal. Chem., 1889, 
375; and “ On the  Solubility of Chloroform in W ater,”  cf. Chancel and Par- 
m entier, Compt. rend., 106, 577.

10 Anacsthetica, Loc. cit. K appeler s ta ted  th a t  alcohol m ay be rec
ognized in chloroform by the  coagulation which occurs in the  w hite of 
egg when a  few drops of the sam ple are added.

11 This te s t was also devised b y  Soubeiran. Lepage found th a t  i t  will 
no t serve to  detect a  sm aller q u a n tity  of alcohol than  5-6  per cent. (Pharm. 
J .,  11, 213). H ager (Kommentar, 1865, p. 439) gave the  lim it of deli
cacy as 4 -5  per cent, of alcohol.
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characteristic of the presence of alcohol alone or are 
wanting in necessary delicacy, and all are unsatisfactory.

C. Recommendations.
(a) Pure chloroform should possess a correct specific 

gravity  and boiling point, and should give no response 
when tests 1 (a), 1 (6), 2 and 3 (6) are applied.

(i>) In the case of anaesthetic and commercial 
chloroform, a determination of the density should 
first be made, and then a quantitative estimation of 
the amount of alcohol present by the method of 
Nicloux as elaborated by the authors [1 (a), supra]. 
Anaesthetic chloroform should not contain over 1 cc. 
of alcohol, calculated as absolute, in 100.

6 . T H E  D E T E C T IO N  O F A C E T O N E  IN  C H LO R O FO RM . 
Since chloroform is now largely manufactured from 

acetone, this is a probable contaminant of anaesthetic 
and commercial chloroform, and it is sometimes 
necessary to test for it 1— a difficult procedure if 
present in likely amounts.

Pure chloroform complying with the iodoform test 
as described is assuredly free from acetone; but the 
detection of acetone in anaesthetic and commercial 
chloroform presents greater difficulties. The tests 
wherein advantage is taken of the solubility of mer
curic oxide in acetone (Reynolds) and of the solubility 
of mercuric sulphate in acetone (Denigfcs) are not 
applicable in this case. This is principally due to the 
fact that chloroform containing any likely amounts 
of acetone will not part with sufficient of the com
pound to afford a response; in fact, we obtained nega
tive results with chloroform containing 1 part of 
acetone in 500 of anaesthetic chloroform. The tests 
with silver nitrate solution,1 potassium hydroxide and 
hydrated oxide of silver3 are not decisive, being 
generally indicative of the presence of acetaldehyde, 
and for this reason alone cannot be considered in this 
connection.

We have found the following test satisfactory in 
the absence of all but com parative traces of acetalde
hyde :* 10 cc. of the sample of anaesthetic or com
mercial chloroform are agitated with 5 drops of a 0.5 
per cent, sodium nitroprusside solution and 2 cc. of 
ammonium hydroxide (sp. gr. 0.925), and then al
lowed to stand several minutes. Chloroform con
taining up to 1 per cent, of alcohol m ay impart a yel
lowish brown color to the .supernatant liquid on agi
tation, but when acetone is present there results an 
amethystine color. On adding solid ammonium sul
phate to the mixture, then shaking and allowing to 
stand several minutes, in the case of acetone-free 
anaesthetic chloroform a yellow color results, while 
in the presence of acetone the am ethyst color disap
pears, but reappears on standing 5 minutes. This 
test must be conducted in the cold.1 It is also subject

* Scholvicn (Pharm. Ztg., 32, 686) pointed ou t th a t  owing to  the  fact 
th a t chloroform was then (1888) prepared to a  considerable ex ten t from 
acetone, th is  substance is likely to  occur as an im purity , the  boiling points 
of the tw o bodies only didering by  5 °C . G errard (Pharnt. J .,  [3] 23, 
231) found th a t  on distilling 200 cc. of chloroform the last 2 or 3 cc. of 
residue contained traces of acetone bodies.

2 See Gay, J .  Phartn. Chirn., 4, 259.
* See The Detection of Aldehyde in  Chloroform, Section Q.
4 The presence of 2 pa rts  of acetaldehyde in 1,000 gives an intense 

reaction; when, however, the proportion becomes greater than  1 : 3300, 
.acetaldehyde no longer interferes.

to the limitations of solubility referred to above, but 
is the only convenient test to our knowledge and 
anaesthetic chloroform should give a negative reaction 
when it is applied. In the presence of x part of ace
tone in 500 of anaesthetic chloroform, the am ethyst 
color is marked; when the proportion is i : 1,000, the 
coloration is not distinct until the m ixture of chloro
form with ammonium hydroxide and sodium nitro
prusside has been saturated with ammonium sulphate, 
shaken and then allowed to stand five minutes, when 
a decided amethystine color is observed. The colora
tion is, in all cases, rendered apparent by comparing 
with a blank.

W e recommend that the above test be applied to 
the suspected chloroform direct, and then to the first 
10 per cent, distillate and to the 10 per cent, residuum, 
obtained b y  the fractionation of 100 cc. of the sample; 
and anaesthetic chloroform should give a negative 
result in all cases.
7. T H E  D E T E C T IO N  O F M ETH Y L A LC O H O L AND O T H E R

M ETH Y L C O M PO U N D S IN  C H LO R O FO R M .
Reference has been made to the manufacture of 

chloroform from “ methylated spirit.” 1 When such 
chloroform is properly purified, it is identical w ith 
that prepared from alcohol or acetone; but it is only 
in anaesthetic or commercial chloroform prepared 
from “ methylated spirit”  that one m ay reasonably 
suspect the presence of methyl alcohol. Various 
tests have been proposed in the past for the detection 
of this then probable contaminant;3 but chloroforms 
now on the market are, so far as we have been able to 
ascertain, free from methyl alcohol, formaldehyde and 
formic acid, and, at all events, it is unnecessary to 
test for the presence of these substances in anaesthetic 
and commercial chloroforms at present on the American 
market.

8 . T H E  D E T E C T IO N  O F E T H Y L E T H E R  IN  C H LO R O FO R M .

From 1865-1875, ethyl ether was regarded as one 
of the general contaminants of anaesthetic chloroform 
and various tests were devised for its détection.4 It

1 Cf. R o thera’s te st for the  presence of acetone in urine (J . Physiol., 
37, 491).

2 See I I I ,  2, in this paper.
3 Ulex (Arch. Pharm., [3] 5, 523) s ta ted  th a t m ethyl alcohol m ay  be 

detected  in chloroform by means of sulphuric acid; b u t th is is correct only 
when furfural is also present. R appeler (Loc. cit) reported  th a t  chloroform  
containing m ethyl com pounds forms a  black oily layer when trea ted  w ith 
zinc chloride; and  Langbeck s ta ted  th a t silver n itra te  m ay  be used for 
distinguishing between the  so-called m ethylated  chloroform  and  th a t from 
alcohol, a  precipitate of silver oxide being formed when "m eth y l"  is present. 
D o tt (Pharm. J .,  [3] 9, 524) showed th a t  the  te s t of Langbeck is w orth
less for the  purpose claimed.

According to  N orm andy and Noad (Commercial Hand-book of Chemical 
Analysis, 1875. p. 123), one of the  best indications of the  presence of m ethyl 
com pounds is the  effect which they  produce upon th e  anim al system  1

The presence of m ethyl alcohol in chloroform m ay be determ ined by 
fractionation. 0.42 gram  of m ethyl alcohol to  99.58 gram  of chloroform  
forms a  m ixture  which is said to begin to  boil a t  54.43 0 C.

* I t  was stated , for example, th a t  any considerable adm ixture  of 
e thyl e ther w ith chloroform would be indicated by  the  inflam m ability and 
diminished density  of the liquid. On the  specific gravities of chlorofom i- 
e thcr m ixtures, see K atz, Apoth. Ztg., 17, 514. R osenthalcr (Arch. P harm .t 
244, 24) found th a t  when chloroform and  e thy l e ther are mixed, under 
vary ing  conditions, a  notable rise of tem peratu re  invariably  ensues.

Rabourdin (Compt. rend., 31, 786) reported  th a t  e ther m ay  be de
tected in chloroform by  the  addition of a  trace  of iodine— a te st of ab
solutely no value.

E th er m ay be detected in anaesthetic chloroform  by fractionation  of 
the  sam ple; this is the  only suitable m ethod (cf. Farmacopea Italiana, 
fourth  edition, p. 1357).



July, 1912 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 .

is unnecessary to look for the presence of such an im
probable im purity at the present time.

9 . T H E  D E T E C T IO N  O F A C E T A L D E H Y D E  IN  C H LO R O FO R M .

Chloroform, whether made from alcohol or acetone, 
should be, and is, so far as we have been able to ascer
tain, free from appreciable amounts of acetaldehyde,1 
although in the past such contamination was quite 
general, owing to the use of impure alcohol, to imper 
fections in purification, and to careless storage. The 
alcohol present in anaesthetic chloroform is generally 
9 5  per cent, rectified spirit, which should not contain 
over x part of acetaldehyde by volume in 10,000. 
Assuming the presence of this amount of aldehyde, 
and an addition of 1 per cent, of such alcohol to 
properly purified chloroform, it will be apparent that 
the anaesthetic chloroform manufactured in this w ay 
will contain a negligible amount of acetaldehyde. 
Since acetaldehyde is, however, the primary product 
of the oxidation of anaesthetic chloroform, delicate 
characteristic tests for its presence are necessary; and 
by the application of these it m ay be determined 
whether chloroform has been purified b y  means of 
a method serving to eliminate any acetaldehyde oc
curring in the crude product and whether the sample 
under examination has been stored in such a w ay as 
to prevent, at least for ordinary periods of time, 
oxidation of the alcohol present.

A . There have been a few tests proposed for the 
detection of acetaldehyde in chloroform. Of these, 
the silver nitrate2 and “ hydrate of silver oxide” -» tests 
are not decisive; the test of Rusconi4 is, among other 
things, lacking in necessary delicacy, while the test 
w ith potassium hydroxide,! the most satisfactory of

1 Of th e  m any sam ples of anaesthetic  and  commercial chloroform  
exam ined by  th e  authors, only tw o contained  excessive am ounts of acet1 
aldehyde. One of these, an unopened tin  six years old, contained  ap
proxim ately 1 p a r t  of acetaldehyde in 3300; while th e  other, an  unopened 
tin  of chloroform  m anufactured  in 1863, contained 1 p a rt in 2000. B oth  
of these sam ples also contained acetic acid, b u t th e  chloroform  itself was 
unaltered. These findings support m ost convincingly the  views already 
expressed as to  the  role of alcohol in preservation.

2 Gay (J . Pharm . Chim., [6 ] 4, 259) proposed th a t  the  sam ple be 
shaken w ith an  equal volum e of 10 per cent, silver n itra te  solu tion; a w hite 
precip ita te  on standing  indicates th e  presence of hydrochloric acid, and  a 
black precip ita te  on boiling th a t  of aldehyde, formic acid, o r acetone. See 
also Scholvien, Pharm. Ztç., 32, 686; Behai and  François, J .  Pharm. 
Chim., [6 ] 5, 417.

3 This test, based on the  reducing action of aldehyde on th e  “ hydra ted  
oxide” of silver, is given in th e  pharm acopoeias of I ta ly  and Mexico.

* Rusconi (Arch, farmacol. sper., 8 , 196) found th a t  0.1 per cent, of 
aldehyde m ay be detected  in chloroform by m eans of sodium  nitroprusside 
and  (CH3)2NH, the  te s t being m ade on the  distillate.

6 L ctheby (Loc. cit.) poin ted  o u t th a t  aldehyde m ay  be occasionally 
m et w ith  in chloroform. l ie  considered it questionable if i t  occasions 
any  injurious influence when i t  is inhaled w ith  th e  chloroform , b u t in
dicated  th e  irrita ting  action of acetic acid. H e recom m ended th e  “ hydra ted  
oxide of silver” and “ liquor potassae” tests. R egnault (J . Pharm. Chim., 
[4] 29, 402; see also M on. Sc i., [3] 12, 262) s ta ted  th a t  aldehyde m ay be 
detected  by  m any of the  tests  for ethyl alcohol, and  also by  w arm ing with 
potassium  hydroxide, when its presence is indicated by  a  darkening in color. 
Scholvien (Pharm. Ztç., 32, 686) found th a t a sample of chloroform, which, 
as regarded its density , boiling point, and reaction w ith bo th  silver n itra te  

• and sulphuric acid, satisfied the  tests  prescribed by  the  G erm an P harm a
copoeia, possessed an  odor of aldehyde. A piece of potassium  hydroxide 
placed in th e  chloroform assum ed a  brown color, the  chloroform  itself 
becom ing yellow in color. A fter trea ting  the sample w ith alcoholic am m onia 
and gently  distilling off the  chloroform, the  residue gave th e  characteristic  
odor of aldehyde-am m onia and a  reaction  w ith Schifl’s reagent. B ehai 
and  François (Loc. cit.) s ta ted  th a t  pure anaesthetic  chloroform  should no t 
be colored by  boiling w ith solid potassium  hydroxide.

The Ita lian , D utch and A ustrian  pharm acopoeias give th is  te s t for 
th e  presence of aldehyde. The chloroform should give no brown colora-

5 ° S

the recommended tests, is not altogether character
istic of the presence of acetaldehyde, and there are, in 
addition, certain sources of error.1

Pure chloroform complying w ith the iodoform and 
chromic acid tests is certainly free from acetaldehyde; 
but the definite recognition of small amounts of this 
substance in anaesthetic chloroform presents greater 
difficulties.

We have found that when acetaldehyde is present 
in anaesthetic or commercial chloroform in appreciable 
amounts, it m ay be readily detected b y  agitating 5 
cc. of the sample with an equal volume of the reagent 
of Francois (22 cc. sulphurous acid, 30 cc. 1 : 1,000 
rosaniline acetate solution, and 3 cc. sulphuric acid), 
which also shows the presence of those very unusual 
contaminants, furfural and chloral.3 The presence 
of 3 parts of acetaldehyde b y  volume in 10,000 of 
chloroform m ay thus be readily made evident, and 
even smaller amounts m ay be detected by fraction
ation.

W hen anaesthetic chloroform containing 6 parts 
of acetaldehyde in 10,000 is agitated with an equal 
volume of water, the water extract fails to respond 
with Francois’ reagent; therefore the test should 
always be applied to the sample direct, as given above, 
and no coloration should result even after 15 minutes 
in the case of anaesthetic chloroform. This method 
may, obviously, be made approximately quantitative, 
since the amount of aldehyde m ay be determined 
colorimetrically by comparison with standards, just 
as in the case of ethyl ether.*

Confirmation m ay be had of the presence of alde
hyde by applying the test with 1 : 10 metaphenylene- 
diamine hydrochloride solution. 10 cc. of the sample 
should afford no coloration, even after one hour’s 
standing, after being thoroughly agitated with the 
test solution.

B. The Deportment of Chloroform with Nessler’s 
Reagent.— The Phannacopoea Ncderlandica' requires 
that s cc. of chloroform ad narcosin shall give no reac-
tion  in 12 hours on shaking i t  w ith solid potassium  hydroxide. Stengel 
(Z . Oester. Apoth. Vcr., 46, 279) claim ed th a t  no chloroform  of th e  olficial 
specific grav ity  1.485-1.490 will m eet th e  requirem ents of the  potassium  
hydroxide te s t of the  A ustrian pharm acopoeia. In  Belgium it  is required 
th a t  chloroform shall im part no coloration to  an  equal volum e of sodium 
hydroxide solution; potassium  hydroxide is specified in Chili, Spain, and 
Mexico; and potassium  hydroxide solution in Switzerland and France.

In  the  six th  revision of the Pharmacopoeia of the United States (1882) 
it  was required th a t  when a  portion  of chloroform  was digested, warm, 
w ith a  solution of potassium  hydroxide, the la tte r  should no t become 
“ dark  colored.”

I t  is true  th a t  pure chloroform is not visibly altered  when heated  w ith 
a  solution of potassium  hydroxide, although it is slowly acted  on with 
form ation of form ate and chloride of potassium . In  alcoholic solution 
this reaction occurs rapidly (see, in th is connection, Desgrez, Compt. rend., 
125, 780; Thiele and D ent, A n n ., 3C2, 273); formic acid is produced 
by the secondary reaction of carbon monoxide on th e  alkali. The test 
w ith  potassium  hydroxide is n o t characteristic  of th e  presence of aceta l
dehyde, however, being also indicative of contam ination  w ith acetone 
and extractive  m atte r. A m ore decisive te s t is therefore necessary.

1 For exam ple, the potassium  hydroxide used m ust contain over 80 
per cent. K O II and no water, otherwise anaesthetic chloroform  containing 
no aldehyde m ay give the  coloration, owing to  the  oxidation of the  alcohol 
in th e  chloroform. See Stengel, Z . Allg. Oester. Apoth.-Ver., 46, 279.

2 “ On the D etection of Traces of Chloral in Chloroform ,”  see Jona, Giorn. 
F arm . Chim., 61, 57.

* See Baskerville and  H am or, T h is  J o u r n a l , 3, 393, wherein th e  
procedure of François (Chem. News, 76, 7) is discussed.

« 1905, p. 90.



tion when shaken with 5 cc. of water and 3 drops of 
Nessler’s reagent— a com paratively stringent require
m ent,1 for, while pure chloroform should, of course, 
give an absolute non-response with Nessler’s reagent, 
since it is necessary to add alcohol for preservation, 
the test cannot be required wherein the reagent is 
used direct without dilution or other modification.

In order to determine the applicability of Nessler’s 
reagent as a test for the presence of acetaldehyde in 
anaesthetic chloroform, the following experiments 
were performed, using 5 cc. of each sample and 5 cc. 
of Nessler’s reagent U. S. P. :—

Sam ple and conditions. R esults.
1. Salicylid-chloroform, containing R eagent assum ed a  fa in t opales- 
no detectable im purities; 0.25 per ccnce a fte r the  m ixture  had  been
cent, pure e thyl alcohol. shaken and then  allowed to  stand

5 minutes.

2. A naesthetic chloroform prepared  A fter 5 m inutes, a  tu rb id ity  was ob-
from carbon tetrachloride and  of served, b u t no coloration o r pre
full U. S. P . quality  ; 0.7 per cent. cipitate.
alcohol.

3. A sam ple of anaesthetic chloro- R eagent assum ed an orange opales- 
form  prepared  from acetone and  cence a fte r shaking and  allowing
com plying in full w ith the  require- to  s tand  5 m inutes: a fte r 10
m ents of the  U. S. P . m inutes, the  reagent became red

colored.

4. An old sample of anaesthetic  R eagent darkened imm ediately, 
chloroform (48 years), which gave A fter 5 m inutes it possessed a
a  m arked reaction w ith François* d irty  yellow color and  a  black
reagent. p recip itate was observed.

5. “ Purified chloroform/* of full U. A fter 5 m inutes, th e  reagent pos- 
S. P . grade; 0.9 cc. absolute alco- sessed an  opalescent orange color;
hoi in 100 cc. i t  appeared turb id , b u t no p re

c ip ita te  settled  out.

6. "Chloroform pure ,” of U. S. P . As in No. 5. 
grade, and in addition conforming
with th e  form alin-sulphuric acid 
te s t; 0.56 cc. absolute alcohol in 
100 cc.

7. A naesthetic chloroform prepared As in No. 5. 
from  chloral, and conforming w ith .
all requirem ents of the  U. S. P. bu t 
the  sulphuric acid te s t ; 0.30 cc. ab- 
solute alcohol in 100 cc.

8 . A naesthetic chloroform conform- R ed color a t  once; a fte r 5 m inutes, 
ing with all the  requirem ents of th e  i t  became darker in color than  
G erm an Pharm acopoeia. No. 5.

9. Pure chloroform  containing 1 R eagent assum ed a  brick-red color 
p a rt of acetaldehyde in 555. a t  once, b u t became black after

several seconds; a  heavy black
precip itate a fter 5 m inutes.

10. Pure chloroform  containing an  Red color a t  once; a heavy brick-red 
addition  of 2 pa rts  of acetaldehyde precipitate a fte r 5 m inutes.
in 1 1 ,000.

11. Ten cc. of pure chloroform con- O palescent yellow color a t  once, 
tain ing  an  addition of 2 pa rts  of A fter 5 m inutes, the  reagent pos- 
acetaldehyde in 11 ,000; 10 cc. of sessed an  opalescent orange-yellow 
water, and 5 drops of Nessler’s re- color (turbid).
agent U. S. P.

12. Ten cc. of No. 5 ; 10 cc. of w ater; No color a t  once, b u t a  very  fa in t 
and 5 drops of Nessler’s reagent yellow color a fter 5 m inutes; the  
U. S. P . reagent was slightly  tu rb id  a fte r

agitation  for 1 m inute. The 
difference from the preceding was 
m ost marked.

From  these general experiments, supplemented by
1 Cf. Weigel, Pharm. Centralh., AT, 400.
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tests made on various other anaesthetic chloroforms, 
it was concluded that the test with Nessler’s reagent 
is more delicate in this case than that with the reagent 
of Francois; and that while pure anaesthetic chloro
form should behave as in Experiment 1, in our opinion 
it is sufficient to require that anaesthetic chloroform 
should comply with the following test: When 10 cc.
of the sample are agitated with 10 cc. of w ater and 5 
drops of Nessler’s reagent U. S. P., and the m ixture is 
then allowed to stand 5 minutes, there should result 
no precipitate and the reagent should assume no 
coloration, although it m ay become opalescent or 
slightly turbid.

(To be concluded in the August No.)
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I. K IN D S O F R E N N IN .

Rennin Precipitated by Sodium Sulphate.— The ren
nets are digested to complete solution at i i o °  F. 
A fter separation of the fa tty  matter and clarification 
of the solution, this is precipitated by adding 3 vo l
umes of a saturated solution of sodium sulphate, at 
104° F . ; the precipitate is collected, pressed and then 
dried at a temperature not exceeding 110° F. The 
yield is greater than that obtained by sodium chloride, 
the bulk being made up by albumose bodies. This 
makes it of a lower strength, ranging from r : 30,000 
to 1 : 40,000 in 12 minutes.

Rennin Precipitated by Sodium Chloride.— The clari
fied solution of the rennets is saturated with sodium 
chloride a t 104° F. The rennin is collected, pressed, 
then dried a t a temperature not exceeding n o °  F. 
The yield is much smaller than with sodium sulphate, 
giving a rennin of a much higher strength, from 
1 : 150,000 to 1 : 200,000 in 12 minutes.

Rennin in Scales (Granular Rennin).— Prepared by 
scaling the clarified solution of the whole rennets at a 
temperature not exceeding n o °  F. When perfectly 
dry, the scales are forced through a 16-mesh sieve. 
The strength of this rennin is from 1 : 30,000 to 1 : 40,-
000 in 12 minutes.

Commercial Rennin.— There are two different forms 
of rennin upon the market: (1) Rennin in powder
form, prepared from the sodium chloride product, 
powdered and diluted with sugar of milk, testing
1 : 30,000 to 1 : 40,000 within 12 minutes. (2) 
Granular rennin, prepared from the scales, which also 
tests 1 : 30,000 to 1 : 40,000 within 12 minutes.

Difference between Precipitated and Scales Rennin.—  
The precipitated rennins are diluted w ith more or 
less albumose substance. They are acid in reaction, 
as they carry the greater part of the acid from the 
solution during the precipitation. The scaled rennin 
contains the soluble products, peptone and albumose

1 P resen ted  a t  A. C. S. m eeting a t  W ashm zton, D. C„ December. 1911
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substances, formed during the process of digestion 
of the rennets b y  aid of hydrochloric acid, which it 
also retains and which gives to it its acid reaction.

The rennin b y  sodium sulphate is no longer manu
factured for use in the pharmaceutical preparations, 
the most important of these being the Essence of 
Pepsin, which is much used as a vehicle for bromides; 
the presence of sulphates would make it incompati
ble with strontium bromide. The complete separa
tion of the sulphuric acid from rennin is not easily 
accomplished: b y  the use of calcium chloride, the re
action requires several days, during which time the 
rennin loses its activ ity ; with barium chloride, there 
is formed a nearly colloidal barium sulphate, extremely 
difficult of separation.

The sodium chloride product is not so permanent 
as the granular rennin and the sodium sulphate prod
uct in a glycerine-water solution in the form of g lyc
erol, which is a most excellent solvent for making 
permanent solutions of this class of substances.

The following tests made with a glycerol contain
ing both rennin and pepsin, upon milk kept refrigera
ted for 17 +o 18 hours after the milking, shows the 
permanency of the different forms of rennin, each 
giving a strength of 1 : 2500 in the time indicated:

R e n n i n  a n d  P e r s i N  G l y c e r o l .

K ind of reunin. NaCl pp td . N a^O * pptd . Granular.

No. of m ilk ......... 1 2 1 2 1 2
W hen p re p a re d .. . 12 min. 12 m in. 12 min. 12 min. 12 min. 12 min.
A fter 1 m o ........... 30 “ 25 u 12 “ 12 44 12 “ 12 M
A fter 2 m o .......... 2 .5  h rs. 2 hrs. 12 “ 12 “ 12 u 12 “
A fter 12 m o ........... 3 .5  u 3 .25  hrs. 12 “ 12 “ 12 “ 12 “
A fter 15 m o ........... 12 “ 12 “ 12 u 12 “

The permanency of the rennin in solution seemed 
to be dependent upon phosphoric acid. This is con
tained in the rennets probably as a calcium salt, and 
during the digestion of ■ these, for the preparation of 
rennin, the phosphoric acid is liberated b y  the hydro
chloric acid used in the process. The granular scale 
and sodium sulphate product react for phosphoric 
acid, and in this they differ from the sodium chloride 
product, which appears to contain but very  small 
quantities or none.

I I .  A C TIO N  O F P H O S P H O R IC  A CID.

The addition of phosphoric acid in the proportion 
of 0.075 per cent, to milk, from individual cows or 
that mixed from the herd, has the effect of increasing 
the activ ity  of the rennin very much. This applies 
to milk from 4 to 8 hours after the milking; as the milk 
gets older the rennin acts more rapidly, and w ith milk 
2 days old preserved by refrigeration, the curd is 
formed within a few minutes without the need of any 
accelerant. The curd formed in milk from 4 to 8 
hours old forms very  gradually after the action of the 
rennin sets in and, when complete, is not nearly so 
firm as that formed in the presence of the phosphoric 
acid, which reduces the time of action to between 
7 10 and */„.

Lactic, hydrochloric and oxalic acids also have an 
accelerating action upon rennin, but less than phos
phoric acid. Lactic acid possesses about Vs. and the 
other acids about x/io the activ ity  of phosphoric acid. 
Lactic acid forms a firmer curd than hydrochloric or

oxalic acids, but not so perfect and firm a curd as is 
formed b y  the phosphoric acid:
C o m p a r a t i v e  A c t i o n  o p  R e n n i n  ( R .)  a n d  R e n n i n  A c c e l e r a t e d  b v

P h o s p h o r i c  A c i d  ( R .  P .) .

Milk. 4-5 hrs. old. 17-18 hrs. o ld .1 40—»2 hrs. o ld .1
Specimen. R .  R .  P .  R .  R .  p . R .  R .  p.

Min. Min. Min. Min. Min. Min.
 1.......................  60 1.75 9 .5  1 4 .0  0
 2.......................  35 1.5  3 .5  1 3 .0  0
 3.......................  62 2 .0  7 .0  1 2 .5  0
4 ..." .................  40 1.5 8 .0  1 2 .0  0
 5.......................  42 1.75 9 .0  1 3 .0  0
 6.......................  63 . 2 .0  5 .0  1 1 .5  0

The glycerol solution, 12 months old, prepared w ith 
sodium chloride precipitated rennin, which requires 
3 to 3.5 hours to curdle 18-hour milk, curdles this 
same m ilk in one minute when accelerated b y  phos
phoric acid.

I I I .  V A R IA B IL IT Y  OF M IL K S.

The length of time required to curd by the same 
specimen of rennin seems to be influenced b y  the 
length of time the milk is kept after the milking, as 
already noted under “ Action of Phosphoric A cid .”  
There is a slight difference in the degree of acidity of 
the milk, that which curds the quickest being slightly 
more acid. Milk which curds very  quickly with ren
nin can be modified to require a greater length of 
time to curd, by varying its degree of acidity by ad
dition of an alkali. This is shown in the following 
table:

Milk. N  NaOH. Curd formed in
Cc. Cc. min.
75 0.0 0 .5
75 0 .6 0 .5
75 1 .2 13.0
75 1.5 None in 3 hrs.

Other investigators, Sm eliansky3 and Werncken,^ 
have noted the effect of acids (other than phosphoric) 
and alkalies upon the rennin coagulation of cows’ 
milk, and these same investigators, with Van Dam* 
and Gerber, s have observed the influence of m any 
other substances in this same direction.

The tendency of the milk to curd more quickly 
the longer it is kept after milking would appear to be 
of bacterial origin; but if this be the cause, how can 
we explain why a mixture of rennin and milk kept at 
104° F. for several hours does not curd, while if the 
milk is kept a t that temperature for several hours 
the addition of the same rennin causes very quick 
curdling? In the latter case the influence of bac
terial growth is suggested, and in the first case we also 
have all the conditions to favor bacterial growth and 
hasten the curd forming, but such action is not per
ceptible.

Fuld and W ohlgemuth6 have found that cows’ 
milk is more easily curdled after it has been frozen. 
According to Van Dam ,’  when milk is heated the acid
ity  increases. M y observations in this direction have 
been with milk 18 to 20 hours after milking; when 
heated for 2'/j hours at a temperature of 1040 F., the

1 Refrigerated.
2 Milchutrlsch. Zentr., 4, 379-381; Arch. Hyg., 59, 187-215.
3 Z . Biol., 52, 47-77.
4 Z. physiol. Chem., 58, 295-330.
5 Compt. rend., 66, 552 ; 68, 201-207; 145, 577; 147, 1320.
* Biochem. Z ., 5, 110-42.
7 Milchvsirtsch., 5, 154-155.
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acidity was raised from 30 to 40 per cent, in different 
specimens. W ith milk 2 hours after milking, kept 
at 1040 F. for 2'/j hours, there was no change in the 
acidity.

The results of these investigations would indicate 
that acidity to within a limited degree influences the 
more rapid curdling of the milk b y  the rennin, but 
whether the increased acidity is directly of bacterial 
origin or due to a change in the acidity of the phos
phates, will have to be proved b y  further investiga
tion.

Standardized Rennin to Control M ilk Used for Test
ing the Activity of Rennin.— To control the variability 
of milk for the assay of rennin it was found necessary 
to prepare a standard rennin to show whether the 
milk was fast or slow. This rennin was standardized 
by testing its action upon not less than 12 different 
specimens of milk, as daily supplied from a reliable 
source, and the average taken. Thus, if the rennin 
is standardized to 1 : 30,000 in 8 minutes, its use as 
a control with the rennin to be assayed readily shows 
whether the milk is fast or slow, and allowance is made 
accordingly. The rennin should be added to the milk 
as soon as it has the temperature of 1040 F., for a 
longer time before the rennin is added makes^it curd 
more rapidly.

Permanency of Rennin Solutions.— Aqueous solu
tions of rennin of a density 1.010, containing 0.20 
per cent, b y  volume hydrochloric acid, lost 30 per 
cent, of their activ ity  in one day at a temperature of 
700 F. More concentrated solutions of a density 
1.090 per cent., containing 1.30 per cent by volume 
hydrochloric acid, were more permanent. Elevation 
of temperature causes more rapid destruction. The 
denser the solution, the slower the destruction at an 
elevated temperature.

Essence of Pepsin.— The results here obtained would 
suggest the use of the granular scaled rennin and of 
phosphoric acid in place of lactic acid in the prepara
tion of essence of pepsin. Investigations concerning 
the making of a permanent rennin preparation are 
now under way.

B r o o k l y n , N. Y.

M IC R O -C H E M IC A L  T E S T S  F O R  T H E  ID E N T IF IC A T IO N  O F 
SO M E O F  T H E  A L K A L O ID S .

B y E a r l  B. P u t t .

R eceived Jan u a ry  29, 1912 .

Though the use of certain précipitants for detecting 
alkaloids has been quite general for a long time, the 
characteristics of the precipitates so produced do not 
seem to have received the study which they deserve.

Most schemes of analysis employ these general pré
cipitants to detect the presence of alkaloids and then 
rely upon various color tests to identify any particular 
alkaloid, without subjecting the first precipitate to 
any further examination. If the color tests which 
are, at present, so extensively applied were always 
satisfactory and distinctive, there would be little value 
attached to any other system of identification. But 
most analj'sts arc familiar with the fact that, in order 
to secure these color reactions so generally relied upon,

the alkaloids being tested must be in a fairly high 
state of purity, since the original tests were applied 
to pure alkaloids: that, in "shaking out” alkaloids-by 
means of immiscible solvents, there is alw ays a con
siderable amount of foreign m atter present in the 
alkaloidal residue which interferes with m any color 
reactions.

Then again it must be recalled that colorations 
produced with metallic and many other substances 
are reactions of the reagent employed and not of the 
alkaloid. An example of this m ay be cited in the 
tests for morphine and codeine with selenous acid.

Finally, the amount of material required to per
form a series of color tests on an alkaloidal residue is 
frequently many times greater than the entire available 
sample.

A  survey of the standard tests for alkaloids indi
cates that cocaine is the only alkaloid commonly iden
tified by micro-chemical means. The characteristics 
of its precipitates with such reagents as chromic acid, 
platinic chloride and potassium permanganate are 
familiar to all toxicologists and are relied upon for 
identifying that alkaloid.

While but few alkaloids can be precipitated as 
easily and in such peculiar forms as cocaine, yet it is 
safe to predict that a number of very satisfactory 
tests m ay be employed in a similar manner for the 
identification of other alkaloids. W ith this idea in 
mind, the writer has been engaged, during the past 
two years, in an investigation of the precipitates pro
duced b y  about forty of the alkaloids w ith some of 
the common alkaloidal reagents.

The method of procedure differs slightly from th at 
usually employed, in that solution of the alkaloid is 
made directly on a microscope slide and not in a test 
tube or flask. In making a microscopic examination 
of crystals, it is entirely unnecessary to make a solu
tion in a test tube and then use but a few drops for 
testing. It  is also important whether a precipitate 
is produced in a test tube, the crystals filtered off and 
then placed on a slide or whether precipitation is 
made directly on the slide and the precipitate viewed 
at once through the microscope. The significance of 
this point will be shown later. A  moment’s considera
tion ought to show also that it is just as easy to work 
with a milligram of alkaloid dissolved in a drop of 
solvent on a slide as to prepare a i-xoo  solution and 
then use only a drop of the dilution. Moreover, the 
practical analyst does not have available the large 
amounts usually prescribed for many of the tests and 
if he identifies a given alkaloid with a 10 mg. sample 
that is his good fortune.

In every case the method of procedure in precipi
tating the alkaloids was the same and essentially as 
follows: Using a teasing needle or glass rod, transfer
a fragment of the alkaloid to a perfectly clean glass 
slide and drop upon it, from a burette, one drop of 
N / io  HC1. B y  tapping the end of the slide with the 
finger, ■ sufficient agitation of the liquid is produced 
to effect solution of the alkaloid. When all is dis
solved, add from a dropping bottle a drop of the 
appropriate reagent and, without stirring or otherwise-
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disturbing the mixture, place on the stage of a micro
scope and examine under the low power. In general, 
it m ay be said that the solution of alkaloid must be 
of such concentration that precipitation on the slide 
takes place immediately when the precipitant is added. 
B y noting the rate of solution in the acid this m ay 
be readily determined in the first trial. If no pre
cipitation takes place a t once, set the slide aside pro
tected from dust and make a new precipitation using 
not necessarily more alkaloid, but a smaller quantity 
of solvent, in order to obtain a more concentrated 
solution. In all cases except when using iodine as 
the precipitant it is advisable to use a slight excess 
of precipitant, i. e., so that after precipitation the 
supernatant liquid has a distinct color of the pre
cipitant. In general, it m ay be stated that when 
using iodine, only a fraction of a drop of solution 
should be added in order to secure a crystalline pre
cipitate free from large masses of amorphous pre
cipitate which obscure and prevent the coalition 
of compound crystals. The reagents used to secure 
the crystals shown in the accompanying photomicro
graphs were as follows: N /10  iodine, 10 per cent, 
platinic chloride solution and 5 per cent, palladous 
chloride solution.

It is well to note that when crystallizing on a flat 
surface, there will often be fern-like crystal forms 
along the edge of the field which are due simply to 
evaporation of liquid and distortion due to the flat 
surface. The crystals shown in the accompanying 
photomicrographs were all formed within five minutes 
after precipitation took place.

A L K A LO ID S P R O D U C IN G  C H A R A C T E R IST IC  CRY STA LS 

W IT H  IO D IN E .

Morphine (Plate 1).— Even the smallest drop of 
N/10  iodine solution produces instantly a dense red- 
colored precipitate which when viewed at once appears 
perfectly amorphous under the microscope. W ithin 
about a minute, however, the agglutinated masses 
begin to separate and disclose shining red plates which 
overlap each Qther and often extend a third of the 
distance across the field. In some cases they assume 
a branch-like appearance but the individual plates 
can be clearly distinguished.

Codeine (Plate 2).— This alkaloid yields an amor
phous precipitate at first as in the case of morphine, 
but the crystals eventually formed appear much more 
slowly. A lw ays of a yellow color (never red) they 
first appear as little blade-like needles which slowly 
grow in size and send out little branches. The clusters 
finally formed are much smaller than those of dionin.

Dionin  (Plate 3).— This alkaloid (ethylmorphine) 
is closely related to the above, which is methylmor- 
phine, and as we might expect gives a precipitate very 
similar to codeine. Here again the crystals are yellow 
in color, but they are quickly formed, frequently at 
the first precipitation, and are much larger and more 
branching than those produced by codeine. If the 
solution of alkaloid is quite concentrated, a number of 
compound crystals are sometimes formed which, 
though much smaller, are very similar to the crystals

yielded b y  the alkaloid heroin with platinic chloride 
(Plate 14).

The other alkaloids of the morphine group, heroin, 
apomorphine and narcotine yield amorphous precipi
tates with iodine which do not become crystalline.

Atropine (Plate 4).— This alkaloid, though yielding 
oily, amorphous precipitates with a large number of

P l a t e  1.

M o r p h in e  w it h  N /1 0  I o d i n e  X 40 .

reagents, forms quite readily a crystalline precipitate 
with iodine. When first precipitated, the field is 
simply filled with minute, red, oily globules. A fter 
about a minute, however, these little globules begin 
to elongate and within a few seconds after that pro
cess has begun, the entire field is covered with very 
small red crystals. The latter are fairly uniform in 
size and show a tendency to form small clusters, though 
they never unite to form large masses.

P l a t e  2.

C o d e i n e  w it h  N /10  I o d i n e  X 40.

A LK A LO ID S PR O D U C IN G  C H A R A C T E R IST IC  CRY STA LS 
W IT H  PA LLA D O U S C H L O R ID E .

Morphine (Plate 5).— In a concentrated solution 
this reagent produces beautifully characteristic clus
ters of sheaves of crystals with morphine. They are 
light brown in color and in some cases form so dense 
a cluster as to appear almost spherical. If the solution 
is dilute, there is no precipitation at first, but if the 
slide is observed through the microscope, one m ay 
presently see an occasional cluster or bundle of crystals 
along the edge of the drop. These crystals thus 
observed along the edge are alw ays much larger than



P l a t e  3 .

D io n i n  w it h  N / 10 I o d in e  X  4 0 .
P l a t e  4 .

A t r o p in e  w it h  N / 10 I o d in e  X  4 0 .

P l a t e  5 .

M o r p h in e  w it h  P a l l a d o u s  C h l o r id e  X  4 0 .

P l a t e  6 .

C o d e in e  w i t h  P a l l a d o u s  C h l o r id e  X  4 0 .
P l a t e  7.

C o d e in e  w it h  P a l l a d o u s  C h l o r id e  X  40 .
P l a t e  8.

^ - E u c a in e  w it h  P a l l a d o u s  C h l o r id e  X  40 .

P l a t e  9 .

C o c a in e  W ITH P l a t in ic  C x il o r id b

P l a t e  10.

Æ -Eu c a in e  w it h  P l a t in ic  C h l o r id e  X  4 0 .
P l a t e  1 1 .

N ic o t i n e  w it h  P l a t in ic  C h l o r id e  X  4 0 .

P l a t e  12.

A n t i p y r in e  w it h  P l a t in ic  C h l o r id e  X  4 0 .
P l a t e  13.

S t r y c h n in e  w it h  P l a t in ic  C h l o r id e  X  4 0 .
P l a t e  14.

H e r o in  w it h  P l a t in ic  C h l o r id e  X  4 0 .



those formed in the center of the drop by reason of 
concentration due to creeping and evaporation. 
Whenever this first crystal makes its appearance, 
however, in this as in all other similar tests, it is 
usually but a few seconds till a number of other similar 
crystals make their appearance in other parts of the 
field. The first one is therefore a good index of the 
kind of crystal to follow. Though codeine sometimes 
forms a somewhat similar type of crystals, the latter 
rapidly grow in size and all tend toward the spherical 
form.

Codeine (Plates 6 and 7).— This alkaloid forms very 
peculiar crystals w ith palladous chloride which rapidly 
change in appearance. As first precipitated there 
appear a large number of light brown crystals which 
are clustered needles arranged in a spherical form 
very like the crystals of heroin w ith platinic chloride. 
This form is transient, however, and the crystals begin 
to grow in size and density till they assume the ap
pearance shown in Plate 7. W hen the precipitate is 
not extrem ely dense, the crystal still continues to 
grow and needles become more divided and branching 
(Plate 6). The latter figure shows the compound 
crystal in its final form which is decidedly different 
from that first produced. The behavior of this crystal 
shows clearly the advantage of watching the develop
ment and growth of these crystals from the time the 
precipitation is first made.

Beta-Eucaine (Plate 8).— Though crystallization is 
relatively slow, this alkaloid forms highly characteristic 
crystals of a deep yellow color. The figure represents 
crystals formed from a concentrated solution. If they 
were perm itted to remain undisturbed they would 
grow to a size almost twice that shown in the figure. 
The crystals are very distinct and seldom have more 
than eight branches.

A L K A LO ID S P R O D U C IN G  C H A R A C T E R IS T IC  CRY STA LS 

W IT H  P L A T IN IC  C H L O R ID E .

Cocaine (Plate 9)..— This plate . is introduced, not 
with the idea of presenting a new reaction, but for 
the purpose of emphasizing the importance of viewing 
alkaloidal precipitates when first formed. The ac
companying photograph was taken immediately after 
the precipitant was added to the alkaloidal -solution, 
and shows the highly characteristic, feathery crystals 
b y which cocaine m ay be readily identified. But 
there is a vast difference in the appearance of these 
crystals at the end of even a few minutes after pre
cipitation. They lose their delicate structure and 
while of course retaining a semblance of their former 
outline, they become more dense and show heavy 
spines where at first were only delicate feather-like 
processes. It  is significant that while cocaine is the 
only alkaloid which produces these delicate, feathery 
crystals, yet other alkaloids also produce precipitates 
with platinic chloride which are very similar to the 
large heavy crystals into which the cocaine crystals 
are gradually transformed. A  notable example of 
this is the alkaloid nicotine (see below).

Beta-Eucaine (Plate 10).— This alkaloid yields, w ith 
platinic chloride, crystals which resemble a cluster of 
little golden flower petals and are highly characteristic.
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They do not in the least resemble those produced b y  
the near relative of this alkaloid, cocaine. The pre
cipitate, at first amorphous, slowly becomes crystalline 
and the crystals stand out in bold relief.

Nicotine (Plate u ) . — The precipitate which this 
yields with platinic chloride is often so similar to a 
large dry crystal of cocaine utider similar conditions 
that they can scarcely be distinguished. It  is im
portant to note, however, that the nicotine precipitate 
takes place only in neutral or faintly acid solution and 
is soluble in acids. The cocaine precipitate is of 
course insoluble. The point is well worth remembering 
when one is examining a preparation of tobacco for 
the presence of cocaine. When making quick pre
cipitations one m ay frequently produce crystals with 
nicotine and platinic chloride as small as those shown 
in Plate 9, and on the other hand cocaine when pre
cipitated with platinic chloride and the crystals 
allowed to become dry will often yield crystals very 
like those shown for nicotine (Plate 11).

Antipyrine (Knorr’s) (Plate 12).— Though a syn
thetic compound which does not occur in nature, yet 
this well known artificial alkaloid yields, as one might 
expect, a precipitate w ith platinic chloride. The 
crystals are yellow ' and branching, often quite 
feathery in appearance.

Strychnine (Plate 13).— This alkaloid forms alm ost 
instantly with platinic chloride a great number of 
characteristic crystals. The peculiar chisel-shaped 
crystals of strychnine are present and these rapidly 
assemble to form a cluster. The interesting thing 
about them is that the clusters are scarcely formed 
till they suddenly fly apart Again, leaving only a num
ber of individual needles. When viewed under the 
microscope the crystals seem curiously unstable and 
active. The field is in constant motion with the 
union and dissolution of clusters. In order to secure 
a satisfactory photomicrograph, one must almost take 
a “ snap shot.”  Such crystal forms could never be 
noted b y  viewing the dry crystals, filtered from an 
ordinary precipitation.

Heroin (Plate 14).— This alkaloid, diace tylmorphine^ 
yields with platinic chloride crystals which are as 
characteristic as those for cocaine. The precipitate 
as first formed is perfectly amorphous and remains 
so for fully a minute. W ithin usually a minute or 
two, there appear at numerous places on the field, 
clear circular spaces in the amorphous mass in which 
are small clusters of needle-like crystals, one cluster 
in each space. The cluster grows quickly both in 
size and number of needles until it presents the ap
pearance of a golden yellow spherical mass of spines. 
Frequently a chain of these clusters will extend across 
the field. Curiously enough, when the crystal has 
attained its full size, the needles begin to fly off from 
the main body as in the case of strychnine, but not so 
rapidly. These little spines keep splitting off, usually 
in pairs, until the whole cluster is disintegrated and 
finally there is nothing left of the original symmetrical 
cluster but its center, an orange yellow cube of platinic 
chloride.

The above test is infallible for this alkaloid and is

A N D  E N G I N E E R I N G  C H E M I S T R Y .  511
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applicable to the extract obtained after subjecting 
the alkaloid to the usual “ shaking-out” treatment 
with immiscible solvents, since heroin is not thus 
decomposed.

Of the common alkaloids which yield amorphous 
precipitates, under the above conditions, with pal- 
ladous chloride m ay be mentioned the following: 
Apomorphine, physostigmine, nicotine, heroin, dionin, 
narcotine, hydrastine and arecoline.

Amorphous with iodine: Heroin, caffeine (neutral
solution), alypin, emetine, narcotine and hydrastine.

Amorphous with platinic chloride: Morphine, atro-
oine, quinine, coniine, codeine, hydrastine, dionin, 
alypin, aconitine, apomorphine and physostigmine.

W ith these and other reagents many of the alkaloids 
yield crystals which are fully as characteristic as 
those illustrated above. B ut these will serve to indi
cate the results which m ay be obtained.

In many cases, several distinct types of crystals 
are formed successively by the same precipitate, and 
such a series of changes has an additional value in 
determining the identity of any particular alkaloid.

A  number of the above alkaloids have been identified 
b y the above reagents in actual unknown samples, 
and all others have been subjected to the usual scheme 
of extraction and tests applied to the alkaloidal extract 
thus obtained. In every case, a satisfactory test was 
secured on the first extract without necessitating any 
further purification of the alkaloidal residue.

When not otherwise stated, the photomicrographs 
here shown were taken when the crystal had just 
attained its full size and before there was any ap
preciable evaporation of mother liquor from the slide.

Though the writer is fully aware that it is not 
customary to mix strong solutions in order to secure 
satisfactory crystallizations yet the method here em
ployed minimizes the frequency of formation of ro
sette- or cluster-forms of needles, so common in con
centration of an alkaloidal solution. It  should be 
be borne in mind, however, that many reagents will 
throw alkaloids out of solution, not b y  the formation 
of insoluble double salts, but by a “ salting-out” 
action. Many of the slightly soluble alkaloids, such 
as strychnine, are thus easily precipitated when a 
drop of salt solution is added to the alkaloidal solution 
on the slide. When thus precipitated, the alkaloids 
show a pronounced tendency to assemble in needle 
clusters, and this behavior is not to be confused with 
the formation of a true double salt.

The tendency of a number of the alkaloids to form 
a series of crystal forms m ay explain, in part at least, 
the extreme variability of results obtained when 
volumetric solutions of alkaloidal précipitants are 
used for the quantitative estimation of alkaloids. 
If the solution of the alkaloid is fairly concentrated, 
most of the precipitate is amorphous and slowly 
becomes crystalline; if dilute, the tendency is toward 
a crystalline precipitate at once; and the two varieties 
of precipitate are not, of necessity, identical in com
position.

D e p a r t m e n t  o f  P h a r m a c y ,

N o r t h  D a k o t a  A g r i c u l t u r a l  C o l l e g e .

A N  IM P R O V E D  M E T H O D  O F A S S A Y  F O R  A R O M A T IC  S U L 
F U R IC  A C ID .1

B y  L i n  w o o d  A .  B r o w n .

Received Jan u a ry  17, 1912.

During the examination of some samples of aro
matic sulfuric acid, it was noticed that all the samples 
were running abnormally low in sulfuric acid, so much 
so that it made us think that possibly the method 
might be at fault. Consequently, we began some 
experiments on the method of assay for this preparation, 
the results of which are given in this paper, and which 
we believe will be of some interest to pharmaceutical 
chemists.

Aromatic sulfuric acid is a mixture of strong sul
furic acid, alcohol, tincture of ginger and oil of cinna
mon, and is described b y  the U. S. P. as follows: 
“ Should contain not les;. than 20 per cent, b y  weight, 
of absolute sulfuric acid, partly in the form of ethyl- 
sulfuric acid.”

The consensus of opinion appears to be that ethyl- 
sulfuric acid is formed even at ordinary temperature 
when strong alcohol and sulfuric acid are m ixed; also 
that it is hydrolyzed on heating with water or alcohol, 
but with the exception of Kastle and Frazer, no one 
seems to have studied its quantitative decomposition 
by hydrolysis.

It appears to be generally thought that the de
composition must be complete when heated with water, 
and it appears that the Revision Committee of the 
U. S. P. 8th held this opinion, for the present method 
of assay is based upon that theory. The first edition 
of the U. S. P. 8th, in the assay of this preparation 
required it to be boiled with 30 cc. water “ for a few 
minutes;” the later editions, “ with additions and 
corrections to June 1, 1907,”  extend this time of 
heating to 4 hours. E thyl sulfuric acid is stated to 
be more easily decomposed than its salts, in fact the 
salts of this acid are considered as not being hydro
lyzed on heating. This view is contradicted b y  the 
work of K astle and W ilkie1 in their work “ On the

T a b l e  A .
Time of Per cent. H 2S0 4.

No. heating:. Cc. of HsO. U. S. P . M ethod.
1 4 hours 30 18.40
2 4 “ 30 * 18.40
3 None 13.35
4 2 hours 30 15.44
5 4 " 30 16.81
6 6 « 30 17.83
7 8 « 30 19.02
S 4 •* 30 16.81
9 4 ** 60 16.46

10 4 “ 90 16.35
11 4 “ 120 15.77
12 4 « 150 15.53
13 4 " 300 14.81

T a b l e  B.
P er cent.

P er cent. H jS 04 G ms. BaSO* D ate
free as ethyl Total B aS 04 Time of (addi- of

No. H îSO«. sulfuric. H 2SO4. (direct). heating. tional). assay.
14 16.89 3 .29 20.18 7 /1 /11
15 6 .92 12.81 19.73 12/ 6/11
16 6.94 12.86 19.80
17 6.95 12.59 19.54 0.1518 1 hour 0.0033
18 6.98 13.05 20.03 0.1509 2 hours 0.0048
19 7.00 12.99 19.99 0.1520 3 hours 0.0044
20 6.94 12.82 19.76 0.1503 4 hours 0.0046

1 P resented a t A. C. S. Meeting a t  W ashington, D. C., December, 1911 
1 U npublished— Thesis for U.S. degree, K y. S ta te  Univ.. 1904.
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Decomposition of Barium E th yl Sulfate.”  They, how
ever, were studying the effect of the halogen salts 
upon the barium ethyl sulfate, which has very little 
bearing upon the conditions present in this paper.

The salts of ethyl sulfuric acid are soluble; even 
the barium salt is soluble, while any free sulfuric acid 
is precipitated as the sulfate, the barium ethyl sul
fate remaining in solution. It  is upon this feature 
that we have endeavored to work out a method for 
the determination of the total sulfuric acid in the 
aromatic sulfuric acid, U. S. P.

M ETH O D  O F A N A L Y SIS.

A fter making up m y standard sample of aromatic 
sulfuric acid, containing a known amount of sulfuric,
I then assayed it b y  the U. S. P. method with the 
results shown in Exps. 1 and 2, and did not recover 
all of the sulfuric acid. Now, the next thing to do 
was to devise a method which would yield the total 
acid present. A fter a number of ideas were tested 
out, we finally decided upon the following method:

A  sample of about 10 grams was weighed out and 
diluted with water to exactly 100 c c .; 10 cc. aliquots 
were taken and the total acidity determined by ti
trating against decinormal K O H , using phenolphthal- 
ein as indicator. This gave us the acidity due to free 
sulfuric acid and to ethyl sulfuric acid. The neutral
ized sample was then diluted to a volume of 100 cc., 
then quickly heated to boiling over a free flame, 2 
cc. hydrochloric acid added, followed by an excess 
of barium chloride solution; the solution was boiled 
for an additional minute or two, then placed on the 
water bath and heated for one hour. The precipitate 
of BaSOj was filtered off, washed well, ignited and 
weighed.

C A L C U L A T IO N  O F R E S U L T S .

Grams BaSO , X 0.42 = grams H ,S04 in form of 
free sulfuric acid, divided b y  0.0048675 = cc. of deci
normal K O H  required to neutralize free sulfuric acid.

Cc. N /xo K O H  consumed in total acidity determina
tion, minus cc. equivalent of free H ,S04 equals cc. 
N/10  K O H  required to neutralize ethyl sulfuric acid.

As ethyl sulfuric acid is a monobasic acid, m ultiply 
the number of cc. for ethyl sulfuric b y  2 X 0.0048675 X 
10 X 100 and divide b y  weight of sample, equals per 
cent, of sulfuric acid in sample in the form of ethyl 
sulfuric acid.

Grams free sulfuric X 10 X 100, divided by 
weight of sample equals per cent, of free sulfuric.

This method was tried out on the standard sample, 
with the results shown in Exps. 14-16.

In samples that have been allowed to stand several 
months a small amount of the sulfuric acid is con
verted into the di-ethyl sulfate and which is not de
termined b y  this method; this, however, is very small, 
amounting to only about 0.4 per cent. H aS04 in five 
months, under the conditions existing in the U. S. P. 
preparation.

In 1898, K astle and Frazer, in an unpublished 
work (Thesis for Master of Science degree, K y . State 
U niv.), studied the hydrolysis of sulfuric ethers, and 
came to the conclusion that ethyl sulfuric acid is hy

drolyzed to a greater extent in concentrated than in 
dilute solutions.

Experiments 8-13 show the effect of dilution upon 
the hydrolysis of ethyl sulfuric acid, the time of heat
ing being constant throughout the series.

Experiments 3-8 show the effect time of heating 
has upon the hydrolysis, the dilution remaining con
stant throughout the series.

In order to see what effect heating would have upon 
the barium ethyl sulfate, in separating the free sul
furic from the ethyl sulfuric acid in the proposed 
method, Experiments 17-20 were run as follows:

A fter the sample was neutralized by the standard 
alkali, rendered acid by hydrochloric and an excess 
of barium chloride added, the sample was heated on 
the water bath for 20 minutes, or just long enough to 
enable us to filter off the precipitated barium sulfate, 
after which the filtrates were heated for x, 2, 3, and 4 
hours longer, and any additional barium sulfate 
formed was filtered off and weighed up separate from 
the main bulk of the precipitate. Reference to Table 
B will show that practically no hydrolysis of the 
barium ethyl sulfate took place, as the small amount 
of barium sulfate obtained after heating remained 
fairly constant. The author believes that the addi
tional amount of barium sulfate, thus obtained, was 
largely, if not entirely, due to the difficulty of re
moving the finely precipitated barium sulfate after 
only 20 minutes’ heating, and not to any hydrolysis 
of the barium ethyl sulfate.

Table C shows the analysis (by both the U. S. P. 
and the proposed method) of some samples of aro
matic sulfuric acid, as found in drug stores.

T a b l e  C.
Brow n’s method.

Per cent. P er cent.
H 2SO4. P er cent. H2SO4 P er cent.

E xperi U. S. P. free as ethyl to ta l
m ent No. m ethod. H 2SO4. sulfuric. H 2SO4.
33.860 14.46 8.35 10.94 19.29
33,862 15.28 7.71 14.74 22.45
33.884 12.50 6 .12 9.47 15.59
33.887 14.87 6.43 13.82 20.25
33,889 18.79 13.45 12.60 26.15
33,894 16.44 8 .37 12.96 21.33
33,910 16.69 6 .72 14.14 20.86
33,970 17.63 7.77 15.30 23.07
33,974 18.14 6.93 14.58 21 .51

C O N C L U S IO N .

1. The U. S. P. method of assay does not give the 
total amount of sulfuric acid present.

2. E th yl sulfuric acid is hydrolyzed to a greater 
extent in concentrated than in dilute solutions.

3. The hydrolysis of ethyl sulfuric acid is not com
plete, even after 8 hours’ heating, but does increase 
with the length of time of heating.

4. That a small amount of di-ethyl sulfate is formed 
after a few months in the aromatic sulfuric acid, and 
is not determined b y  either the U. S. P. or b y  the 
proposed method.

5. That the proposed method of assay gives more 
accurate results, closely approaching the theoretical 
amount of sulfuric acid present.

6. That the proposed method of assay show’s the
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amount of esterification that has taken place in the 
sample.

7. That barium ethyl sulfate is not hydrolyzed in 
dilute slightly acid aqueous solution, to any appreciable 
extent.

In conclusion, I wish to give credit to J. M. Humble 
for his assistance to me in conducting the experimental 
part of this work.

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 i o n .

A  M E T H O D  F O R  A S S A Y IN G  S P IR IT S  O F  C A M P H O R .

B y  A r t h u r  T. C o l l in s .

R e c e iv e d  F e b r u a r y  2 9 , 1912.

Spirits of camphor can be assayed, and the per
centage of camphor very accurately determined, b y  
the use of the polariscope. I t  has been long known 
that camphor is optically active, some camphors 
rotating the plane of polarization to the right, and 
some to the left. The amount of this deviation will 
vary  in camphors coming from different localities, 
or even from the same locality.

Most camphors are dextro gyrate, a 10 per cent, 
solution giving in a 200 mm. tube an angle of 8°, 
more or less. In order to know the percentage of 
camphor in a solution, it will be necessary to know 
the rotation angle of the particular camphor that was 
used in making up the solution. This can be done by 
taking 50 cc. or more of the spirits of camphor, and 
evaporating on a water bath; by this operation the 
camphor can be obtained free from alcohol or moisture. 
Of course there is a considerable loss of camphor, 
often as much as 30 to 40 per cent, but the camphor 
that remains has exactly the same rotation as the 
original.

The camphor obtained by evaporation on the water 
bath contains all the non-volatile impurities that were 
in the original solution, and in order to get rid of 
these, the camphor is transferred to a watch glass of 
about 7 or 8 cc. diameter, having for a cover a glass 
funnel of the same diameter— both funnel and watch 
glass having ground edges. The apparatus is placed 
over a low flame, and the camphor sublimed on to the 
funnel.

We have now the pure camphor that went to make 
up the original solution. This is made up to a 10 per 
cent, solution in a 25 cc. volum etric flask, and used as 
a standard for the determination of the camphor in 
the spirits of camphor in question. The method is 
very accurate and the entire operation m ay be ac
complished in two hours time.

Using camphors from different sources made up to 
io per cent, solutions, the results are as follows:

Rotation  in m inutes. Per cent.
Sam ple A ........................  482.8  9 .94
Control.............................  485.3
Sample B ........................  488.5  10.003
C ontro l............................  488.3
Sample C......................... 492 .5  10.01
C ontrol............................. 491.7

If the original gum camphor has been impure, or 
if optically active substances have been added to 
increase the rotation, these m ay be found on the watch 
glass, after the camphor has been sublimed, and can 
then be weighed or investigated.

In case sugar has been added, this will be found by 
evaporating in a drying oven at a temperature of 
105° C. After all smell of camphor is gone the sugar 
should be made up to volume with water, and the 
amount of rotation deducted from the optical rotation 
of the original spirits.

The entire method is as follows:
Polarize in a 200 mm. tube, making correction for 

temperature by adding x/, minute for every degree C. 
above 200 C., and deducting same amount below 
20° C. Take the mean of 10 readings, place 50 cc. 
or more of the spirits in an evaporating dish on water 
bath, using cold air je t if convenient, to facilitate 
evaporation. Just before the camphor solidifies, stir 
with glass rod, so that it m ay become dry as soon as 
possible. When quite dry place on watch glass having 
funnel cover, over a low flame, with wire gauze between, 
and fitting closely to the bottom of the watch glass.

When the camphor is entirely sublimed, remove the 
pure camphor from the funnel, take 21/, grams of this, 
make up with alcohol in a 25 cc. flask, polarize as in 
the first case; this is called the “ control.”  The per
centage is found by dividing the minutes of rotation 
of the control into minutes of rotation of the original 
sample, multiplied by ten.

S W A R T H M O R E , Pa.

S U G G E S T E D  M O D IF IC A T IO N S TO  T H E  U . S. P . A S S A Y  O F  
O P IU M .1

By R . N o r r i s  S h r e v b .

Received Jan u ary  17, 1912.

The Pharmacopoeia directs for the determination 
of Morphine, an aqueous extraction of the opium, 
concentration of these extracts, precipitations of the 
morphine from a weak alcoholic solution, and determi
nation of the impurity in the precipitated morphine 
by weighing of the substance insoluble in lime-water. 
As thus carried out the method gives results that are 
not accurate. There are the following sources of 
error:

1. Incomplete extraction of the opium.
2. Retention of morphine by the mother liquor 

during precipitation.
3. Inaccuracies in the lime water method for de

termination of the impurities in the precipitated 
morphine.

IN C O M P L E T E  EX T R A C T IO N  O F T H E  O P IU M .

The Pharmacopoeia directs for the extraction: 
Agitation every ten minutes (or continuously in a 
mechanical shaker) during three hours, followed by 
filtration, washing, re-agitation, and re-washing. In 
case of certain opiums this procedure will not exhaust 
the opium of its morphine as is shown in Table I.

Comment on Table I.— The three samples of opium 
were of Turkish grade and of a moderately fine powder. 
In every case ten grams were used for assay. In
stead of determining the purity of the crude mor
phine by the lime water method as the U. S. P. directs, 
the more accurate but slightly longer Mallinckrodt

1 Presented  a t the  A. C. S. Meeting a t  W ashington, D. C., December, 
1911.
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No. O utline of extraction , U. S. P . M ethod except as indicated.

1 In  m echanical shaker for 8 h rs .............................................................................
Marc of preceding rcex trac ted ..........................................................................

2 E x tracted  3 tim es in shaker..................................................................................
3 O pium  tri tu ra ted  in m ortar, then  p u t in shaker; m arc of preceding

re-ex trac ted ............................................................................................................
4 E x tracted  shaker; L am ar2 modification a p p lie d ............................................
5 Opium  +  45%  lime, ex tracted , acidified; L am ar modification applied

6 In  m echanical shaker for 8 hou rs ........................................................................
7 D uplicate......................................................................................................................
8 In  very  rap id  shaker for 12 hou rs .......................................................................

9 In  m echanical for 8 hou rs ......................................................................................
10 D uplicate......................................................................................................................
11 I n  very  rap id  shaker for 8 hou rs .........................................................................

12 In  m echanical for 8 hou rs ......................................................................................
13 D uplicate......................................................................................................................
14 In  very rap id  shaker for 8 hours .........................................................................

1 Proc. A. O. A. C. 23rd convention, B ur. Chem.. Dull. 105, 128 (1906).
2 A m . J .  Pharm ., 71, 36 (1900).

re-assay was used. This re-assay is carried out as 
follows:
' Morphine up to 2 grams is mixed w ith 0.5 gram 

of freshly slaked lime, and 18 cc. of water added, 
rotated occasionally during half an hour, filtered 
without suction (suction causes foaming), and washed 
with lime water until the filtrate weighs 35 grams: 
3 cc. of alcohol added, flask rotated; 20 cc. of ether 
added, flask rotated again; finally o. 5 gram of ammonium 
chloride added, and the flask shaken for ten minutes: 
set aside for 2 hours (or over night) for the morphine 
to precipitate. Morphine filtered and washed, in 
the manner which the U. S. P. directs in case of the 
crude morphine. Correction for the morphine soluble 
in alcoholic mother liquors is determined b y  blank 
assay on pure morphine. The “ +  correction for 
solubility of morphine in U. S. P. mother liquors” 
was obtained likewise b y  running a blank precipita
tion, but of course under the conditions parallel 
to the U. S. P. assay.

The opium of sample 1 was not com pletely ex
hausted of its morphine b y  the aqueous extraction, 
as is readily seen from Experiments x to 4 of Table I. 
However, in Experim ent 5, which was a lime assay, 
the opium was exhausted as determined by test on 
the marc. The details of this experiment are as 
follows: 10 grams opium were mixed with 4.5 grams 
of lime, and triturated with 100 cc. water for several 
hours, filtered and washed with water sufficient to 
make filtrate measure 150 c c .; retriturated and re- 
washed; filtrate acidified w ith dilute hydrochloric 
acid, concentrated, and inorganic matter, etc., thrown 
out b y  alcohol (Lamar Modification, Loc. cit.); alcohol 
evaporated and morphine precipitated as U. S. P. 
directs.

The opium of samples 2, 3 and 4 was exhausted of 
only about a/s of its morphine b y  gentle mechanical 
shaking for 8 hours. B y  employing a mechanical 
shaker making three strokes a second, it was possible 
to exhaust the opium.

Such being the case with some opiums, I always

T a d l e  I .

W eight of crude P u rity  of crude by  4* correction for solu
precipitated M allinckrodt b ility  of m orphine in Pure

morphine. re-assay .1 U . S . P. m other liquors, m orphine.
Grams. P er cent. Grams. Per cent.

Opium sam ple 1.

1 5 8 7 5 \ l  90 6  
0 .3 1 8 5  /  ■

9 4 .6 0 .0 5 2  1 o  0 7 6  
0 .0 2 4  (

1 8 .7 9

1 .9 0 9 9 3 .0 0 .0 6 3 5 1 8 .3 9

1 6 2 6 5  \  1 .7 5 1 5  
0 .1 2 5  J

1 .3 1 2 5 9 4 .6 0 .0 6 0 1 3 .0 2
° 2 .0 9 7 8 8 .7 0 .0 5 5 1 9 .1 6

Opium sample 2.
0 .9 8 8 9 0 .6 0 .0 5 0 9 .4 5
1 .0 3 0 9 1 .8 0 .5 1 9 .9 6
1 .6 2 3 8 9 .3 0 .0 6 0 1 5 .1 1

Opium sample 3 .
0 .9 1 4 91 .3 0 .0 5 1 8 .8 6
0 .9 6 0 9 1 .1 0 .0 5 1 9 .2 6
1 .6 6 8 8 9 .6 0 .0 5 2 1 5 .4 6

Opium sample 4 .
0 .9 8 7 9 3 .7 0 .0 5 1 9 .7 6
0 .9 9 0 9 1 .4 0 .0 5 1 9 .5 6

1 6 .5 5 9 0 .6 0 .0 5 2 1 5 .5 1

test the marc for completeness of extraction; for this, 
the following test is satisfactory: W ash the marc 
with an additional 100 cc. of water; evaporate the 
filtrate to about 2 cc., filter, add 4 cc. of washed ether, 
and ammonia to faint alkalinity. If the morphine 
was not all exhausted in the regular extraction, it 
will precipitate here in well defined crystals which 
give the characteristic color reactions. The pre
cipitation is facilitated by scratching the inside of 
the test tube with a glass rod. I suggest that opium 
alw ays be tested for completeness of extraction of 
its morphine, and that the Pharmacopoeia Revision 
Committee embody some such test as the one just 
given in the official method, with directions to re
peat the assay using more vigorous shaking and more 
washing in case the test shows morphine in the marc. 
This repeating will be generally necessary, as b y  the 
time the result of the test is obtained the morphine 
in the assay will have been precipitated, since it is 
not worth while to w ait for a test which will indicate 
morphine in the marc in only an occasional opium.

In case of the U. S. P. powdered opium, the sub
stances used by the manufacturers to standardize 
the opium often retard the extraction of the morphine, 
so that in assay of opium of this kind, it is especially 
necessary to apply tests to determine completeness of 
extraction. Because of this difficulty of extracting 
some opiums, an aliquot part method for the assay 
of this drug is not advisable as one could never be sure 
of the relative amount of morphine in th at part taken 
for assay.
R E T E N T IO N  OF M O R P H IN E  BY T H E  M O T H E R  LIQ U O R S 

D U R IN G  P R E C IP IT A T IO N .

It  is well known that the alcoholic mother liquors 
employed during the precipitation of the morphine 
hold in solution some of the morphine. This has been 
pointed out b y  m any workers especially in the co
operative work on opium assaying, done during the 
leadership of the Bureau of Chemistry.

The amount of pure morphine retained b y  solvents 
present when the morphine is precipitated in the
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U. S. P. assay is easily obtained by dissolving one 
and one-half grams of morphine in 5.5 cc. N / i  sul
furic acid and water sufficient to weigh 20 grams; 
then precipitate under the conditions of the U. S. P. 
Table II gives results of such blank precipitations.

T a b l e  I I .
Amt. of A m t. of A m t. of morphine Tem perature

morphine morphine retained by during
taken. recovered. m other liquors. precipitation.

No. Grams. Grams. Gram. Centigrade.
1 1.500 1.459 0.041 0°
2 1.500 1.443 0.057 20°
3 1.500 1 .428 0.072 26°
4 1.500 1.426 0.074 26°

Comment on Table II .— In case of No. 4, instead of 
dissolving the morphine in 5.5 cc. of normal acid, 
there was used 16.5 cc. to ascertain if the decrease of 
free ammonia and the increase of ammonium salts 
would have an appreciable effect on the morphine 
retained; the result shows no effect. The length 
of time for precipitation was over night, though for 
the blanks themselves one or two hours is sufficient.

The corrections for solubility of morphine in Table 
I were determined b y  such blanks run parallel to the 
opium precipitation. There is no doubt, however, that 
the extractive m atter in opium has an influence on 
the amount of morphine thus retained. To obtain 
some evidences on this point the following experiments 
were conducted:

Two assays were run: No. 1 on 10 grams of opium
in the regular w ay; No. 2 on 100 grams of opium, 
using 10 times the quantities of solvents, etc. Both 
assays were precipitated under the same conditions: 
No. 1 gave 1.624 grams of crude morphine, reassaying 
80.2 per cent, pure and, hence containing x.302 grams 
pure morphine; No. 2 gave 16.007 grams of crude 
morphine, re-assaying 81.1 per cent, pure, and hence 
contained 13.0 grams pure morphine. Thus both 
gave the same percentage of morphine.

The mother liquors of No. 2, the 100 grams assay, 
were analyzed for morphine b y  this method: Made
slightly acid, evaporated, mixed with excess of slaked 
lime and the cake exhausted of its morphine. The 
lime water filtrates were extracted w ith benzole to 
remove non-phenolic alkaloids, then acidified, 
evaporated to small volume, alcohol added to throw 
out inorganic matter, filtrates plus washings heated 
to drive off alcohol. Now morphine com pletely ex
tracted with am yl alcohol, after making alkaline; 
am yl alcohol extracted with 10 per cent, sulfuric acid, 
and morphine precipitated by ammonia. The purity 
of this morphine was determined b y  Mallinckrodt 
re-assay: result, 1.15 grams of morphine alkaloid which 
remained dissolved in the mother liquors. This corre
sponds to 0.115 gram for regular U. S. P. mother 
liquors. A  parallel blank on pure morphine indicated 
a correction of 0.069 gram, so it is apparent that in 
this case the extractive plus the solvent present held 
back considerably more morphine than is represented 
by the dissolving power of the solvents themselves.

This analysis of the U. S. P. mother liquors was 
very tedious, yet it should be carried on the mother 
liquors of assays from a number of different opiums 
before we can say just how much morphine is re
tained in the precipitation mother liquors. The

chloroform alcohol method of E aton1 could probably 
be used and would be simpler.

Of course it would be better to use an immiscible 
solvent method for the assay of morphine and thus 
avoid altogether this retention of the morphine in the 
mother liquors of the U. S. P. assay. I have success
fully used an am yl alcohol extraction, but the method 
is tedious and long. It  gives results agreeing w ith the 
modified U. S. P. method as was used for the assays 
of Table I.

The chloroform alcohol extraction method of Eaton 
looks very promising, but I would suggest, because 
of the difficulty in extracting opium, that instead of 
an aliquot part extraction of the opium, a complete 
lime extraction be employed. This indeed works 
very nicely, and to carry it out I mix w ith the opium 
40 per cent, of its weight of lime and extract w ith lime 
water. Furthermore it would be advisable to collect 
a sufficient quantity of the morphine from the evapora
tion of the chloroform alcohol, and compare the purity 
b y  titration against the accurate Mallinckrodt re
assay (run with blank to determine morphine in the 
mother liquors).

IN A C C U R A C IE S  IN  T H E  L IM E  W A T E R  M ETH O D  F O R  D E 

T E R M IN A T IO N  O F T H E  IM P U R IT IE S  IN  T H E  P R E 
C IP IT A T E D  M O R P H IN E .

These inaccuracies were pointed out b y  Kebler 
in the above-mentioned cooperative work under 
direction of the Bureau of Chemistry. My experience 
has been that the lime water method gives results that 
are from 3-7 per cent, higher than the truth, the error 
varying with the nature and amount of im purity with 
moiphine. This variation in the im purity depends 
on the sample of opium and the treatm ent it has been 
subjected to, such as temperature during and upon 
the conditions of the assay.

The only satisfactory method for the determination 
of the purity of crude morphine in the U. S. P. and 
similar assays is the Mallinckrodt re-assay. Two 
objections have been brought against this method, 
namely (a) time involved, (b) correction for morphine 
in mother liquors.

In the hands of several chemists, whom I have ob
served, the extra time necessary over that required 
b y  the lime water method is the 15 or 20 minutes it 
takes to filter and wash the precipitated morphine 
from the re-assay. On the other hand it is neither 
essential to use counterbalanced or tared filter papers 
for filtration of the crude morphine, nor is it worth 
while to dry the crude morphine. A fter washing the 
crude morphine, suck it nearly dry, and then remove 
it to a small Erlenmeyer flask for solution in excess of 
lime, and filter through the same filter paper.

The corrections for morphine dissolved in the re- 
assay mother liquors can readily be obtained from 
blanks on pure morphine. This correction varies 
with temperature and slightly with individual 
manipulation. A fter a series of corrections for the 
conditions are determined, it is no longer essential 
to run a blank as the variations under ordinary con
ditions are relatively small. Table III gives a series

1 Bur. chem .. Bull. 137, 183 (1910).
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of blanks for different temperatures. The morphine 
used was purified by twice crystallizing from Columbian 
spirits and the alkaloid obtained b y  precipitating a 
solution of sulfate of morphine.

T a b l e  I I I .

A m t. of m orphine Tem perature
A m t. of A m t. of re ta ined  by during

morphine. m orphine recovered, m other liquor precipitation.
No. Grams. Grams. Gram. Centigrade.

1 1.500 1.482 0.018 17°
2 1.500 1.481 0.019 22°
3 1.500 1.4745 0.0255 27°
4 1.500 1.474 0.026 29°

C O N C L U S IO N .

We have discussed (1) the difficulty of completely 
extracting morphine from opium; (2) the amount of 
morphine retained by the alcoholic mother liquors 
of the U. S. P. method; (3) the determination of the 
purity of the crude precipitated morphine.

It  is suggested (r) that a test alw ays be applied to 
determine the completeness of the removal of the 
morphine; (2) that a correction be added for morphine 
dissolved in the mother liquors of the U. S. P. opium 
assay, and that provisionally a blank on pure mor
phine be made to determine this correction; (3) that 
the Mallinckrodt re-assay be used to determine the 
purity of the crude morphine.

It  gives me pleasure, in connection with this paper, 
to acknowledge m y indebtedness to the Lam ar Chem
ical W orks and to the Mallinckrodt Chemical Works.

L a m a r  C h e m i c a l  W o r k s ,

N e w a r k , N .  J .

A  N O T E  ON T H E  D E T E R M IN A T IO N  O F  T H E  D IG E S T IV E  
V A L U E  O F  P A P A IN .

B y  J . R .  R i p p e t o e .

Received Jan u a ry  11, 1912.

H. T .  Graber in a recent article ( T h i s  J o u r n a l , 

Dec., 19x1, p. 919) gives a method for determining the 
digestive value of papain, using fine ground steak in 
0.3 per cent, hydrochloric acid solution and com
ments as follows: “ Some manufacturers claim that
the test should be conducted in an alkaline media 
and that egg albumen should be used instead of raw 
beef; but to me this seems as absurd as to claim that 
pepsin should be tested upon starch in an alkaline 
media.”

For several years this laboratory has employed a 
method for determining the digestive value of papain 
using egg albumen in an alkaline media. I t  might 
be of interest to note some results obtained b y  this 
method.

Method.— Prepare egg albumen as directed under 
pepsin assay U. S. P. 8th revision. Introduce into a 
4-oz. wide-mouth flint bottle 40 cc. of a 0.1 per cent, 
sodium hydroxide solution and add 10 grams of the 
disintegrated albumen; stopper the bottle and shake 
vigorously until the albumen is broken up. Then 
add the papain in fine powder and m ix by shaking 
gently for 15 seconds. Place the bottle in a water 
bath previously heated to 520 C. and digest a t this 
temperature for 6 hours, removing the bottle every 
10 minutes and shaking gently for 15 seconds. A t the 
end of this period transfer the m ixture to a 100 cc.

graduated stoppered cylinder, rinse the bottle with 
water, add the rinsings to the m ixture and make the 
volume up to 70 cc. with water. Set the cylinder 
aside and after standing for 1 hour read off the volume 
of the deposit. The deposit m ay be read a second 
time after standing 16-18 hours (over night) which 
seems to give more positive results, especially if the 
volume is large.

The results of the assay of five samples by the above 
method are recorded in the following tables:

T a b l e  I.
D eposit read  a fte r s tanding

1 hr. 16 hrs.
Sample. Cc. Cc.
B lan k .........................................................  5 2 .0  43 .0
A 0.1 gram  papain ................................  26 .0  18.0
A 0.2 grain papain .................................. 8 .0  8 .0
B 0.1 gram  papain ................................  4 1 .0  3 1 .0
B 0.2 gram  papain ................................  3 6 .0  18.0

The blank consisted of 10 grams of. the disintegrated 
albumen in 40 cc. of the alkaline solution without 
the addition of papain and was carried through the 
digestion and agitation in the same manner as _the 
tests containing the papain.

Sample A  was assayed in an acid media using 0.2 
grams of papain in fine powder with the results as 
shown in Table II:

T a b l e  II .
D eposit read  a fter standing

1 h r. 16 hrs.
Cc. Cc.

0.1 per cent. HC1 so lu tion .. . 20.0
0.2 p er cent. HC1 so lu tion ... 30 .0
0.3 per cent. HC1 so lu tio n ... 30 .0

T a b l e  I I I .
D eposit read  a fte r standing

1 hr. 16 hrs.
Cc. Cc.

C 0.1 gram  papain .................. 12.0

C 0.2 gram  papain .................. 5 .0
D 0.1 gram  papain ................. 23 .0
D 0.2 gram  papain ................. ...........  13.0 12.0

T a b l e  IV .
D eposit read afte r standing

1 hr. 16 hrs.
Cc. Cc.

C 0.1 gram  papain .................. 3 .0
C 0.2 gram  pap ain .................. 1.0
E  0.1 gram  papain .................. 5 .5
E  0.2 gram  pap ain .................. 1.5

It might be said that Sample A, Table I, had twice 
the digestive value of Sample B, since the deposit from 
o. 1 gram A was the same as the deposit from o. 2 gram 
B, reading after 18 hours.

The results shown in Table II indicate that some 
digestion takes place in 0.1 per cent. HC1 but 0.2 or
0.3 per cent, inhibits the action of the ferment.

The variation in the volume of the deposit obtained 
w ith Sample C, as shown in Tables III and IV, is possi
bly due to the varying composition of the albumen 
of the eggs used, and suggests the advisability of using 
a standard sample of papain for comparison when 
making an assay of an unknown sample upon egg 
albumen.

The method is also applicable for determining the 
digestive value of pineapple juice. A  sample of dry
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pineapple juice, using 1 gram of dry juice, neutralized 
with sodium hydroxide, to ro grams of the albumen 
in 35 cc. 0.1 per cent, sodium, hydroxide solution, 
with 3 hours’ digestion, left a residue of 2 cc., reading 
after iS hours, while a blank read 41 cc.

A n a l y t i c a l  D e p a r t m e n t ,
SC H IEFFELIN  A C o .,  N E W  Y O R K .

T H E  B R O M IN E  A N D  IO D O M E T R IC  M E T H O D S  F O R  T H E  
V O L U M E T R IC  D E T E R M IN A T IO N  O F  C R E S O L .1

B y C. M. P e n c e .

Received Jan u a ry  17, 1912.

Of the several methods suggested for the volu
metric determination of phenol, the bromine method 
has received the most consideration, and in almost 
every instance where bromine has been used an a t
tem pt has been made to substitute iodine in its stead.

The popularity of the bromine method is no doubt 
due to two causes: First, to the fact that it answers 
the demand for a reliable method in the determination 
of the first member of the series, namely, phenol; 
second, to the ease in manipulation resulting from the 
use of the Koppeschaar bromine solution.

Now cresol is the next member of the homologous 
series; however, it presents, upon treatm ent with 
bromine solution and acid, problems quite different 
from that of phenol. Since commercial cresol is a m ix
ture of the three isomeric phenols o-, ni- and p-cresol, 
the presence of the CH, group in the different positions 
necessitates the formation of compounds structurally 
unlike and empirically the same, and also causes, 
in the case of meta cresol, the formation of compounds 
both structurally and empirically different from those 
formed by o- and p-cresols. In 2,4,6-tribrom phenol 
brom, the bromine occupies both the 0- and ^-positions. 
Now in the case of o- and ^-cresol the CH, group 
occupies the o- and ^-positions and only dibromcresol 
and dibromcresol brom compounds can be readily 
formed since the CH , group is more difficult to replace 
by free Br than is a hydrogen atom. However, 
the CH, group is slowly replaced and prolonged 
standing (several days) results in formation of tri- 
bromphenol brom— W. Autenrieth and F. Beuttel3 
have recently published the results of an extensive 
investigation along this line.

Meta cresol forms tribrom-w-cresol brom since 
the CH , group is not in the position that the Br atom 
would occupy.

H. Ditz and F. Cedivoda3 have proposed a bromine 
method for cresols depending upon the difference 
in speed of reactions between bromine and wi-cresol 
on the one hand and bromine and o- and p-cresols 
on the other. If either o- or /»-cresol is mixed with 
a known excess of bromine solution, acidified with 
(1 : 1) hydrochloric acid and agitated for 1 min., on 
adding K I and titrating with thiosulfate it will be 
found that each molecule of 0- and p-cresols has

1 R ead a t  A. C. S. m eeting a t  W ashington. D. C., December, 1911.
2 ‘ Ueber die Bestim m ung des Phenols, Saiicyl alkohols, der Salicyl- 

saurc und /»-oxybenzotsiiure als Tribrom  phenol brom** (A utenrieth und 
Beutel), Archiv der Pkarm ., 1910, 112.

3 "R eactions of B rom ine with Phenol and the  Cresols, a  Process for 
Calculating the  Composition of M ixtures Therebf” (D itz and  Cedivoda), 
Z . angew Chem ., 1899, 873 and 897. A bstr.—Analyst, 25, 74.

absorbed 2 atoms of bromine. Under the same con
ditions each molecule of wi-cresol will absorb 3 atoms 
of bromine. Now if acidification is effected by con
centrated sulfuric acid, the solution shaken for five 
minutes and insoluble m atter removed b y  filtration, 
3 atoms of bromine will have combined w ith each 
molecule of o- and p-cresol, 4 atoms with each molecule 
of jH-cresol.

The above method depends for its success upon 
definitely fixed conditions; namely: time, strength 
of acid, excess of bromine, etc. F. Russig and G. 
Fortm ann1 have criticized this method and H. D itz3 
has replied at length.

The present study of the reaction of bromine and 
iodine upon the different cresols was made for the 
purpose of finding which of the cresols were amenable 
to assay by processes which do not require previous 
knowledge concerning the percentage of product, 
that is, by processes dependent upon the formation, 
of definitely fixed, com paratively stable, final products; 
nam ely: compounds containing three atoms of bromine 
in combination.

Samples of the individual cresols were redistilled 
and volumetric solutions prepared from the dis
tillates, small amounts of N /2 NaOH being added to 
facilitate solution. Aliquot portions of these solutions 
were used in the several determinations.

The results appearing in the tables are based upon 
the formation of dibromcresol brom and tribrom com
pounds on the one hand and diïodo compounds on the 
other.

Ortho Cresol .
Cc. Cc. Cc. Cc. Cc. Tim e of Results.

O rtho JV/10 Cc. Cone. Time of 20% Cone. standing. Per
No. cresol. Br. HsO. HC1. standing. K I. HC1. Hrs. cent.

1 20 50 175 5 20 m in. 10 - IV* 94.45
2 20 50 175 5 IV 2 hrs. 10 - IV* 103.5
3 20 50 175 5 1V 2 hrs. 10 - 2V* 102.7
4 20 50 175 5 l 1/?  hrs. 30 - 3 Va 10 1 .1
5 20 50 275 5 IV 2 hrs. 20 - 2 100.98
6 20 50 275 5 l V i  hrs. 20* - 2 100.68
7 20 50 275 5 l 1/*  hrs. 20 - 14 99.78
8 20 50 275 5 IV 2 hrs. 30 - 2 99.98
9 20 50 275 5 IV 2 hrs. 30 - 3Va 100.17

10 20 50 275 5 lV a h rs . 30 - 4V* 99.95
11 20 75 275 5 IV 2 hrs. 20 - 2 109.4
12 15 50 275 5 IV 2 hrs. 30 - 18 105.15
13 10 50 275 5 I Va hrs. 30 - 18 106.85
14 15 50 275 5 3 hrs. 30 - 5 m in i 13 .3
15 15 50 275 2.5 5 hrs 30 - 18 106.9
16 10 50 275 2.5 4 hrs. 30 5 20 93 .4
17 15 50 275 2.5 5 hrs. 30 5 40 86.22

o’

0

O g 
u . o

8

CS

O
o  O
S

D £  
n

b ti Ti
m

e 
of 

st
an

d
in

g.

Pr
oc

ed
ur

e.

R
es

ul
t. 

P
er

 
ce

nt
.

*-•
0

£

hX °

18 25 50 5 30 min. D iluted, added 5 cc. 93 .66 ± 2 5
19 25 50 5 1 V* hrs. CHCI3. t itra te d  with 100.04 ± 2 5
20 25 50 5 14 hrs. N /1 0  th iosulphate, 100.71 ± 2 5
21 25 50 9 1 hr. using starch  as in 99.93 ± 2 5
22 25 50 9 2 hrs. d icator 100.1 ± 2 5

Ortho cresol does not readily form a stable di- 
brom-o-cresol brom or a tribrom compound as is 
evidenced in Exp. r. However, upon i 1/, hours’ stand-

1 "E stim a tio n  of Cresol” (Russig and F ortm ann), Z . ançeu\ Chem., 
1901, 157-60. A bstr.— J .  Chem. Soc., 1901, I I ,  289.

2 "E s tim a tio n  of Cresol”  (H . D itz), Z. ançew. Chem., 1901, 160-5. 
A bstr.—J .  Chem. Soc., 1901, I I , 289.

8 H eated to 40° C. a fte r add ition  of K I.
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ing more than sufficient Br is absorbed for the forma
tion of these compounds and the addition of 10 to 
30 cc. of 10 per cent. K I  w ith from 11/, to 3V3 hours' 
standing does not result in the liberation of the bromine 
necessary for the formation of either dibrom-o-cresol 
or a tribrom compound as would occur if reaction 
proceeded in a manner strictly analogous to phenol 
<Exps. 2, 3, and 4).

Now a greater dilution results in the absorption 
of a smaller quantity of bromine but results are still 
too high, Exps. 5 and 6. Increased standing after 
addition of 20 cc. 20 per cent. K I  causes a reversal 
with practically theoretical quantities of bromine 
absorbed, the time of standing being m aterially reduced 
upon increase in the quantity of K I  (Exps. 7, 8, 9 
and 10).

An increase in concentration of bromine in contact 
with o-cresol as is effected by larger quantities of Br 
•solution or a decrease in the quantity of cresol solu
tion results in the absorption of much more than the 
theoretical quantity of bromine and even upon prolonged 
•standing in contact with increased quantities of K I, 
suitable reversal does not take place (Exps. n ,  12, 
13, 14 and 15).

The effect due to increase in the quantity of acid 
is very marked. When bromine is liberated b y  one- 
half the usual quantity of concentrated HC1 sufficient 
reversal does not take, place after addition of K I 
(Exps. 14 and 15). However, when an additional 5 
cc. of concentrated HC1 are added a t the same time 
as the K I, the reversal causes far less than theoretical 
quantities of bromine to remain in combination (Exps. 
16 and 17).

Thus it will be seen that practical results dependent 
upon the formation of a dibromcresol brom or tri
brom compound can not be obtained except by defi
nitely fixing the several conditions of the experi
ment in pursuance of which a previous knowledge 
of the percentage of o-cresol is required.

Now when iodine acts upon o-cresol, diiodo-o- 
cresol is formed. The reaction is reversible and 
sodium acetate is added to unite with the hvdriodic 
acid produced by the substituting iodine, thereby 
causing the reaction to proceed to completeness 
(Exps. 18, 19, 20, 21 and 22). In this case, the reaction 
ends with the formation of the diiodo compound, 
hence it is made the basis of the following method for 
the determination of o-cresol.

Dissolve 2-2.5 £• o-cresol in distilled water contain
ing about 10 cc. iV/2 NaOH to facilitate solution. 
Dilute to 1000 cc. W ithdraw 25 cc. portions and place 
in a 500 cc. glass stoppered receptacle. Add to the 
receptacle approxim ately 9 grams sodium acetate 
and then 50 cc. N/10  I solution. Let stand 1 hour, 
dilute with 100-200 cc. distilled water, add a few cc. 
of CHC1, to dissolve the precipitated diiodocresol 
and titrate with N/10  thiosulphate, using starch as 
an indicator.

1 cc. AT/io I = 0.002681 g. o-cresol.
Meta cresol does not rapidly form tribrom-w- 

cresol brom w ith the subsequent formation of tri- 
brom-w-cresol upon standing in contact with K I

M e t a  C r e s o l .

Cc. Cc. Cc. Cc. Cc.
Meta iV/10 Cc. Cone. Time of 20% Cone. Time of

Xo. cresol. Br. II2O. HC1. standing. K I. HC1. standing. R esult.
1 20 50 - 5 1 min. 10 - 1 hr. 97.9
2 20 50 - 5 V * hr. 10 - 2 hrs. 98.48
3 20 50 - 5 1 hr. 10 - 1 hr. 99.2
4 . 20 50 - 5 IV2 hrs. 10 - 2 hrs. 99 .9
5 20 50 175 5 V2 hr. 10 - 2 hrs. 99.6
6 20 50 175 .5 I 1/* hrs. 10 - 2 hrs. 100.07
7 20 50 175 5 3 hrs. 10 - 18 hrs. 99.93
8 o 20 50 175 5 6 hrs. 40 - 18 hrs. 99.81
9 15 50 175 5 6 hrs. 10 - 5 min. 10 1 .11

10 15 50 175 5 6 hrs. 10 - V a h r. 100.5
11 15 ‘ 50 175 5 6 hrs. 10 - IV 2 hr. 100.2

£Oo
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H  Ph Si
1 hr. D iluted, added abou t 5 cc. 118.5 
1 hr. Cl ICI3 and titra te d  122.0
1 hr. with N /1 0  thiosul- 130.0
2 hrs. phate, using starch  155.0
2 hrs. indicator. 152.0

(Exps. 1, 2 and 3). If the w-cresol solution stands 
i 1 /2 hours in contact with the bromine and then 10 
cc. 20 per cent. K I  are added and solution is allowed to 
stand 1 to 2 hours, all the cresol is converted into 
tribrorn-m-cresol (Exp. 4).

Dilution permits a more rapid reaction which almost 
completes itself in '/a hour. The addition of K I 
causes a complete reversal even though the time of 
standing in contact with free bromine has been much 
prolonged (Exps. 5, 6, 7, 8, 9, xo and 11).

It is thus apparent that jn-cresol m ay be determined 
by a conversion into the tribrom compound.

Upon the other hand, when iodine1 acts upon 
wr-cresol in the presence of sodium acetate or sodium 
bicarbonate, a dii'odo compound that m ay be made 
the basis of calculation is not produced. More than 
the theoretical quantity of iodine is absorbed (Exps. 
12, 13, 14, 15 and 16).

P a r a  C r e s o l .

Cc. Cc. Cc. Cc. Cc. R esult.
Para N /1 0 Cc. Cone. Time of 20% Cone Tim e of Per

No. cresol. Br. H 2O. HC1. standing. K I. HC1.. standing. cent.

1 20 50 275 5 1 hr. 10 - 2 hrs. 81.1
2 20 50 275 5 4V z  hrs. 10 - 18 hrs. 95.73
3 20 50 - 5 4»/2 hr. 10 18 hrs. 76.35
4 15 50 275 2 .5 3 hrs. 10 - 5 min. 97.34
5 15 50 275 5 1 V i hrs. 30 . _ 18 hrs. 89.73
6 10 25 200 2 .5 3 hrs. 10 - 18 hrs. 101.8
7 10 25 200 2 .5 3 hrs. 20 - 18 hrs. 101.75
8 10 25 200 5 hrs. 3 hrs. 10 - 18 hrs. 97 .7
9 10 25 200 2 .5 8Vs hrs. 10 - 16 hrs. 104.6

10 10 25 200 2 .5 4 hrs. 30 5 20 hrs. 84 .94
11 10 25 200 2 .5 5 hrs. 30 5 40 hrs. 82 .90
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12 25 30 9 1 hr. D iluted, added 5 cc. 98.81 25
13 25 30 15 1 hr. CHClg, titra te d  w ith 99 .56 25
14 25 40 9 1 hr. JV/10  thiosulphate, 99.75 25
15 25 50 9 1 hr. using starch  as in 99.75 25
16 25 50 9 2 hrs. d icator. 99.75 25

1 “ Preparations of Iodo D erivatives of P henol" (E. R ichard), J .  
Pharm. Chem., 1902, IS [5 ] 217-221. A b s tr—/ .  Soc. Chem. Ind .. 1902, 
423. “ New Class of lo d a ted  Phenols" (Messenger and V ortm ann), Ber.t 
22,2312-2322. A bstr.—/ .  Chem. Soc.. 1889, 1150.
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Para cresol absorbs bromine much more slowly 
than either of the other cresols. Under similar 
experimental conditions, 41/, hours’ standing in con
tact with free bromine results in absorption of only 
95-73 Per cent, of the theoretical quantity (Exps. 
r, 2, and 3). If concentration of free bromine is 
increased and the usual quantity of HC1 decreased 
one-half, the bromine in combination exceeds the 
amount necessary for the formation of a dibrom- 
p-cresol brom or tribromcresol compound and 18 
hours’ standing does not result in sufficient decom
position even though the quantity of K I is doubled 
(Exps. 4, 5, 6, 7, 8 and 9).

However, an increase in both HC1 and K I results 
in a most pronounced reversal1 which is due to the 
decomposition of dibrom-p-cresol brom into dibrom- 
p-cresol (Exps. 10 and r i) .

Here again the result is directly dependent upon 
conditions and previous knowledge is necessary on 
part of the operator.

Now when iodine reacts with p-cresol in presence 
of the condensing agent, sodium acetate, diïodo- 
p-cresol is formed in theoretical quantity if sufficient 
time is allowed for reaction to complete itself.

This reaction is made the basis of a method for the 
determination of ÿ-cresol (Exps. 12, 13, 14, 15 and 
16). The procedure is exactly the same as that given 
under o-cresol.

SU M M A RY .

1. Usual bromine methods for determination of 
cresol depend upon fixed conditions presupposing 
a previous knowledge on the part of the operator, and 
while they m ay be of service they do not satisfy the 
demand for a desirable method.

2. Tribrom-o- and p-cresol brom compounds can 
not be formed in a manner analogous to the production 
of 2,4,6-tribrom phenol brom. Dibromcresol brom 
compounds are formed and finally tribromphenol 
brom; however, o- and p-cresols can not be determined 
volum etrically by a conversion into these compounds.

3. Meta cresol is determined by a conversion into 
tribrom-w-cresol.

4. Ortho and para cresols form diïodo compounds, 
and this reaction is made the basis of a method for 
their determination.

5. Meta cresol does not yield diïodo compounds 
under the same conditions; hence, cresol U. S. P. 
or any mixture containing w-cresol can not be deter
mined by a volumetric iodine method.

D e p a r t m e n t  o f  C h e m i c a l  R e s e a r c h ,
E l i  L i l l y  &  C o m p a n y .

I n d i a n a p o l i s .

T H E  A C C U R A T E  V O L U M E T R IC  D E T E R M IN A T IO N  O F  PH O S
P H O R IC  A C ID  IN P H O S P H A T E  R O C K .

By J o h n  G. F a i r c h i l d .

Received January  30, 1912.

The method of determining the phosphoric acid 
content of phosphate rock here described is a modi
fication of Pemberton’s caustic alkali titration, which

1 "Z ur  Q uan tita tiven  R estbnraung des Phenols und Parakresols in 
Geinischen derselben und  ihre Anwendung auf den H a m .”  Pliarm. Zentral- 
haUe, 1911, 128S.

has the great advantage of being quicker than other 
volumetric or gravimetric methods. The difficulty 
experienced in the use of the Pemberton method 
has been invariably a low result compared w ith that 
obtained by the standard method of weighing the 
phosphoric acid as magnesium pyrophosphate. A fter 
close observation of the successive operations where
by the yellow precipitate is dissolved in an excess 
of standard alkali and this excess titrated after ad
dition of a few drops of phenolphthalein, it was noticed 
that the final end point was considerably delayed, 
and this was the more marked the greater the amount 
of phosphoric acid present or the larger the aliquot 
parts taken.

In the belief that if this behavior of the indicator 
toward phosphoric acid could be overcome the method 
would be very accurate, the suggestion of Sutton1 
was adopted, namely, to precipitate out the phosphoric 
acid with barium chloride in excess before titrating 
the excess of alkali. The results stated below show 
how the method is improved by this modification.

In the first place low results being obtained in 
dealing with phosphate rocks by standardizing the 
alkali solution against microcosmic salt in the old way, 
it was thought possible that the other salts in the rock 
solution interfered with the titration. A  rock solu
tion whose phosphoric acid content was accurately 
determined gravim etrically was taken as the standard. 
The average of four results (32.69, 32.82, 32.88 and 
32.93) obtained by using different aliquot2 parts 
of a 2 gram solution was found to be 32.83 per cent. 
P ,05. Double precipitations were made after weighing 
the first precipitate, any calcium sulfate or silica 
being removed b y  its solution in sulfuric acid with 
alcohol. The second weights were only 0.1 to 0.3 
mg. less, so that this correction could be disregarded.

The next step was to take an aliquot part, preferably 
0.1 gram, add 20 cc. of strong ammonia (sp. gr. 0.90), 
make acid with 1 : 1 nitric acid, and add slowly 
25 cc. of warm molybdate solution (about 400 C.). 
The temperature of formation of the yellow pre
cipitate here is most important, the limits being 
45° to 55° C. After shaking for five minutes the 
precipitate is let stand till cool, then filtered through 
a 9 cm. No. 590 S. & S. paper and washed, once with 
a 2 per cent, nitric acid solution and then with a 2 
per cent, potassium nitrate solution till the washings 
cease to redden blue litmus. Paper and precipitate 
are then transferred to the original flask and dissolved 
in an excess of standard alkali; diluted slightly with 
cold water; three drops of phenolphthalein solution 
are added and one drop of m ethyl orange (to give a 
sharper end point). Excess of alkali is then titrated 
with standard acid, either nitric or hydrochloric. 
Next, about 8 cc. excess of alkali are again added and 
10 cc. of a 10 per cent, solution of neutral B aCl„ 
which is usually sufficient to precipitate all the phos
phate, the molybdate, and also any carbonate. The 
important feature is the elimination of the phosphate. 
A fter again titrating the excess of alkali the two read
ings show 32.6 cc. and 33.1 cc. The results of several

1 Volumetric Analysis, 9 th  E d., p. 113.
2 P ipettes used were standardized  to  the flask.
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determinations gave this difference of 0.5 cc. Dividing 
the amount of P 205 present, 0.03283 gram, by 32.6 
and by 33.1 gives two values per cubic centimeter, 
namely, 0.001007 and 0.000992 gram P 205, a difference 
of r.5 per cent.

Again, taking the value per cubic centimeter as 
0.001007 gram P 205 and m ultiplying this by 33.1, 
the correct number of cubic centimeters required 
for 0.1 gram of the standard rock solution, the per
centage of P 205 found is 33.33, which is 0.51 per cent, 
too high in P 205, or a 1.5 per cent, actual error cor
rected by the use of BaCl2.

A  solution of microcosmic salt was then prepared 
by dissolving 2.088 grams in some water containing 
40 cc. 1 : 1 nitric acid and diluting to 500 cc. Several 
portions of 25 cc., equivalent theoretically to 0.03546 
gram P205, were taken and their content, determined 
gravim etrically, was found to be 0.03575 gram P 20s. 
E xactly  the same value was found b y  using 50 cc. 
of solution. A  volum etric determination was now 
made on 25 cc., which required 35.5 cc. of alkali, 
barium chloride not being used. Exccss of alkali 
was again added with 10 cc. of BaCl, and the excess 
titrated. The result of the second titration was
36.0 cc. M ultiplying the value of the alkali solution 
previously obtained against the standard phosphate 
rock we have 36.0 X 0.000992 = 0.03571 gram P 205 
which is the exact amount taken for analysis. If 
the first burette reading is used we have 35.5 X 
0.000992 = 0.03522 gram P 20B, a difference of 0.5 
per cent, of P jO s, or 1.5 per cent, actual error, as 
before.

Although this calculation proves that microcosmic 
salt can be safely used in standardizing the alkali 
solution, still, in order to show more strongly that 
such salts as calcium nitrate have no effect on the 
titration figure, sufficient pure dry calcium carbonate 
was added to the nitric acid solution of the micro
cosmic salt to form tricalcium phosphate w ith all the 
phosphoric acid. The same aliquot portions were 
taken, precipitated, and titrated with these results: 
without BaCl2, 35.5 c c .; after addition of BaClJP 36.0 
cc. These check the results first obtained.

The value of the alkali solution having in this w ay 
been fixed very accurately, analyses of a series of 
eight phosphate rocks (from different localities in 
order that all probable variations might occur in the 
composition of the rock solution) were made in the 
regular w ay b y  both volum etric and gravim etric 
methods. Two grams of the rock powder were put 
with a little water in a small covered casserole and 
digested on the steam bath with 40 cc. of 1 : 1 nitric 
acid for 20 minutes or more. The filtered solution
Volumetric, per cent. 

31 .63
25.42 
31 .79  
14.40 
24.83 * 
20.66
24.43 
37.82

G ravim etric, per cent. 
31 .70  
25.74 
31 .99  
14.34 
24.67 
20.42 
24.49 
37.93

Differences. 
—0.02 
— 0.32 
—0.20 
+  0 .06  
+  0 .16  
+  0 .24  
—0.06  
—0.11

was made up to 200 cc., a portion amounting exactly  
to 0.1 gram being taken for the volum etric and 0.5 
gram for the gravim etric determination. In the pre
ceding table will be found the results of single determi
nations.

Exam ination was next made of the insoluble resi
dues. Four of these were combined and the papers 
were ashed in a large platinum crucible and fused 
with sodium carbonate. Silica was removed by evapo
ration of the acidified solution in a porcelain dish, 
the residue taken up with hot 1 : 1 nitric acid, and 
test made for P 205. Only a trace was found. The 
papers of the second four were ashed, the silica 
volatilized with H F and H2S04, the H F being prac
tically all expelled by repeated evaporation on the 
steam bath. A fter oxidation w ith H NOs, filtration, 
addition of ammonia and about 10 grams of NH^NO,, 
the P ,08 found after dividing b y  8 was 0.05 per cent. 
Several other tests have been made of residues in
soluble in hot dilute nitric acid and only once was as 
much as 0.10 per cent, found, the usual result being 
no more than a trace.

The curve below shows the effect of BaCl2 on the 
titration when increasing amounts of phosphate solu
tion are used.

Sum, .25
Average difference — 0.03 per cent.

These are the actual percentages:
Portions (grani)  0 .04  0 .100  0 .150  0 .200  0 .250
W ith  BaCl2................. 33 .0 2 ‘ 32.84 32 .84 32 .84  32 .84
W ithou t I>aCl2  32 .50  32 .34  32.14 32.14 32.01

The following results compare the two methods 
just described, the old method of weighing the yellow 
precipitate direct, and Blair’s method2 of reducing 
the molybdic acid followed b y  titration with KM n04.

1 Single determ ination. A bout 0.2 per cent. high. See curve.
2 Analysis of Iron , 6th  Ed., p. 92.
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The factor used for P 30, in the ammonium phospho- 
molybdate was 0.03782. The yellow precipitate was 
washed well with 2 per cent, nitric acid and dried in 
a porcelain Gooch crucible a t 1250 C. to constant 
weight.
Weighed as am m onium  phosphom olybdate.

Gram . P er cent. P2O5.
Portion  tak en ...........................  0 .250 32.66
Fresh sam ple............................. 0.500 32 .70

R e d u c t i o n  M e t h o d .
Portion taken.

Gram. P er cent. P^O*.
0.025 32.94
0.050 32.94
0.050  32.51
0.050 32.51

Blair’s reduction m ethod1 gives accurate results 
when extreme care is taken to wash the yellow pre
cipitate entirely free from the molybdate precipitant. 
Inasmuch as the portion taken here is very small, 
any slight difference in cubic centimeters of KM nOj 
used is multiplied by a large factor four times the 
factor for the caustic alkali titration. A  difference 
° f  °-35 cc. on a 0.05 gram portion gives a difference 
of 0.40 per cent, in P 30, content.

It  is important to bear in mind that the barium 
phosphate precipitate hydrolyzes rather rapidly, so 
that the titration should be finished in 15 minutes. 
If let stand an hour or more the pink color returns 
to the indicator. The reaction is probably like this:

B a ’ (H P04)3 + 2HOH B a(O H ), + B'a(H3P04)3
The phenolphthalein is then affected b y  the barium 
hydrate. W ith precipitates containing more than 
°-°35 gram P,O s it requires more care in order to strike 
the true end point. The plan followed above was to close 
the flask and shake it violently a few minutes, keeping 
it cold. W ith smaller precipitates there is no difficulty.

The least amount of molybdate solution necessary 
to completely precipitate 0.030 gram of P ,05 was 
found to be 20 cc. One cc. of this solution contains
0.048 gram MoO, and will precipitate, theoretically,
0.002 gram of P ,05. When only 15 cc. were used on 
a 0.1 gram portion of the standard rock solution 
25-5 cc- of alkali were required for solution of the 
phosphomolybdate. On adding 5 cc. more of m olyb
date solution to the filtrate and titrating the pre
cipitate, 7.2 cc. more of alkali were used, a total of 
32.7 cc., whereas the correct figure was 33.1 cc. To 
insure a noticeable excess 25 cc. of the molybdate 
solution are added.

B y  allowing 20 minutes for solution of the rock the 
time for a single determination will average not 
more than one hour.

As a final test, the amount of error due to expan
sion of the standard solutions was fixed. A  standard 
alkali solution was transferred to a 100 cc. flask up 
to the mark and its temperature taken. The solution 
was then heated exactly 100 and the rise in volume 
noted on the neck of the flask. This increment was 
then withdrawn by a pipette and its value found 
b y  running in from a burette enough to reach the top 
mark again. This difference due to 100 C. was found 
to be 0.2 cc., an error altogether negligible.

1 F ac to r MoOa : Fc, 0.85714.

In conclusion, it is seen that the greatest accuracy 
possible by the gravim etric method is 0.50 per cent., 
or 0.15 per cent, of the P 305 content, and it varies 
to 0.75 per cent., or 0.25 per cent. P ,O s. The accuracy 
of the caustic alkali method is a trifle over 1 per cent, 
actual error, or a difference of 0.30 per cent. P 3Ot 
in the rock.

STA ND A RD  S O L U T IO N S.

Caustic Alkali.— 31 grams of the C. P. soda sticks 
dissolved in water and diluted to 2 liters: 1 cc.
equals about 0.001 gram P305. The small amount 
of C03 present, about 0.12 per cent., is negligible.

Nitric Acid.— Practically a 2 per cent, solution 
which is diluted till 1 cc. equals 1 cc. alkali solution.

Phenolphthalein.— A  1 per cent, alcoholic solution.
Methyl Orange.— A 0.1 per cent, solution.
Molybdate Solution.— 100 grams MoOa, 144 cc. 

NHjOH  (sp. gr. 0.90), and 271 cc. H 30 ; 489 cc. HNO, 
(sp. gr. 1.42) and 1.148 cc. H30 .

U. S .  G e o l o g i c a l  S u r v e y ,
W a s h i n g t o n , D. C.

T H E  D E T E R M IN A T IO N  O F  T O T A L  M A N G A N E SE  IN SO IL S.

B y R oss A. G o r t n e r  a n d  C l a y t o n  O. R o s t .

Received Jan u ary  25, 1912.

IN T R O D U C T IO N .

I t  is a well-known fact that the gravim etric estima
tion of small quantities of manganese, such as occur 
in rocks or, soils, is highly inaccurate even when great 
care is used. The inaccuracy m ay be caused b y  a 
number of factors, including incomplete separa
tion from the iron and aluminium, incomplete pre
cipitation, and contamination of the precipitate by 
other substances. These errors, because of the small 
amounts of manganese present, can not be depended on 
to balance each other.1 The usual method which is now 
employed is to determine the manganese colori- 
metrically after oxidation to permanganic acid. 
Various means of effecting this oxidation have been 
employed. The oldest method is the oxidation of 
the manganese in nitric acid solution by the addition 
of lead peroxide.3 This material proved unsatis
factory owing to the necessity for the removal of the 
excess of the lead peroxide, which settled very  slowly.

Acting on the suggestion of Marshall,3 Walters-» 
substituted ammonium persulfate for the lead peroxide. 
A ll of W alters’ determinations were made either 
on steel, pig irons or blast furnace cinders. This 
method was later adopted by Hillebrand* and W ashing
ton6 for the determination of total manganese in 
rocks.

Essentially the method consists in decomposing the 
rock powder in a platinum basin by means of hydro
fluoric and sulfuric acids, expelling the excess of hy
drofluoric acid by repeated evaporation w ith small 
amounts of sulfuric acid, evaporating almost to 
dryness, diluting with r : i nitric acid, filtering, and

1 See H illebrand, Dull. 422, 116, U. S. Geol. Survey.
2 P icliard, C. R . acad. set., Dec. 30, 1872.
3 M arshall, Chtm. News, 83, 76 (1901).
4 W alters, Ibid., 84, 239 (1901),
* Loc. cit.
6 W ashington, “ The Chemical Analysis of Rocks,” W iley and  Sons, 

N. Y .. 1910.
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oxidizing the manganese to permanganic acid by the 
addition of ammonium persulfate. The permanganic 
acid solution is then diluted to a known volume 
and the color read against a solution of known strength 
in a colorimeter.

In applying this method to Nebraska soils, following 
the detailed directions of W ashington1 we have found 
that in many cases we could not obtain concordant re
sults on duplicate determinations, the variation between 
duplicates being sometimes as much as two hundred 
per cent. Brinton* has already noted that in some 
iron ores the treatment with sulfuric and hydro
fluoric acids docs not give complete extraction of the 
manganese, and we have found that this is the case 
with all of the soils which we have investigated. In 
most of these soils, three, and in some cases four, 
extractions with hydrofluoric and sulphuric acids 
were necessary before all of the manganese was ob
tained in solution. Inasmuch as each extraction 
requires nearly three hours, it will be seen that to 
accurately determine manganese in soils by this 
method ■ is a very tedious operation. We have, 
therefore, endeavored to devise a' method which is 
much more rapid, more accurate, requires less atten
tion, and eliminates all fumes of hydrofluoric acid 
or Sulfur trioxide. The smaller amount of platinum 
required in the process is also a decided advantage.

As an oxidizer we have used sodium bismuthate 
instead of ammonium persulfate, inasmuch as it gives 
a better oxidation, always giving the true permanganate 
color while the persulfate oxidation often produces 
a reddish tint that is difficult to read accurately. 
Blair3 and Brii-iton« seem to recognize the superiority 
of the "bism uthate” oxidation by stating that “ for 
samples containing not over 2 per cent, of manganese 
the bismuthate is the most accurate method known.” 
Waiters4 states that the persulfate oxidation does not 
alw ays progress smoothly for when the salt is dry 
“ the reaction is very incomplete and irregular and 
not to be depended on” , a fact that is not mentioned 
in the description of the method by Ilillebrand or 
Washington. B y  moistening the persulfate much 
more concordant results are obtained, but we have 
found that the bismuthate is much more reliable 
than the persulfate. In some instances we were 
unable to oxidize all of the manganese by means 
of ammonium persulfate but when these same solu
tions were reduced with sulfurous acid and reoxidized 
with bismuthate the correct percentage of manganese 
was obtained. The bismuthate method has the added 
advantage over the persulfate in that it is not necessary 
to add silver nitrate to catalyze the reaction.

E X P E R IM E N T A L .

The Estimation of Manganese in Soils by Walters’ 
Method.— The soil, which had been ground to pass 
through bolting cloth of 0.1 mm. mesh, was treated 
with hydrofluoric and sulfuric acids as described by

1 Loc. cit.
- Brinton, T h i s  J o u r n a l , 3, 237 (1911).
3 Blair, J .  A m . Chem. Soc., 26, 793; also Chem. Anal, o f Iron, 7 th  Ed.,

p. 121 .
4 Loc. cit.

W ashington1 and the manganese determined in the 
extract. The first part of Table i shows the results 
which were obtained on eight different soils. Soil 
number 3490 was selected to determine whether or 
not all of the manganese was rendered soluble with 
one extraction, and it was found that in some instances 
four extractions were necessary to completely remove 
all traces of manganese. In those samples where 
several extractions were made, the total amount 
of manganese obtained was nearly a constant, but 
even in these there is too great an error for exact 
work, for, although the maximum difference between 
duplicates is only 0.010 per cent., this error represents 
almost ten per cent, of the total manganese present.

The Estimation of Manganese in Soils by our Method. 
— One gram of soil is intimately mixed with four 
grams of manganese-free, dry, sodium carbonate ' 
and fused in a 20 cc. platinum crucible over a blast 
lamp until the melt is quiet, usually after about ten 
minutes’ fusion. The liquid mass is then poured into 
a platinum basin and the basin rotated in order 
to obtain the melt in a thin film, thus providing for 
more rapid solution. The melt and the crucible are 
then treated with about 100 cc. of distilled water and 
heated on a water bath in either a platinum or a porce
lain dish1 until the fused product is completely dis
integrated. The crucible is then removed from the 
dish, any adhering solution washed off, and the. mixture 
acidified with 130 cc. of 35 per cent, (by weight) 
sulfuric acid-! and diluted to 250 cc. Should there 
be a heavy precipitate of silica at this point it is ad
visable to filter, using a Büchner funnel and filtering 
by suction. This is seldom necessary, however, 
for in most cases the silica does not precipitate to any 
extent, but merely produce a slight opalescence which 
does not interfere with the permanganate readings. 
One hundred cc. of this solution are then placed in a 
beaker and from 0.25 gram to 1 gram of sodium bis
muthate added, depending on the quantity of man
ganese present. W e have found that 0.25 gram is 
sufficient where the manganese content does not 
exceed 0.20 per cent. The oxidation m ixture is then 
heated to boiling and the boiling continued until 
the liquid has the true permanganate tint. If there 
is any red coloration the boiling has not been continued 
long enough. The solution is then cooled and read 
in a colorimeter or Nessler’s glasses against a standard 
solution of permanganic acid which has been prepared 
by reducing a solution of potassium permanganate 
in 20 per cent, sulfuric acid by the cautious addition 
of sulfurous acid, and rcoxidizing with bismuthate. 
This standard solution should contain about 0.2 mg. 
of MnO per 10 cc. From the ratios thus obtained 
the quantity of manganese in the original sample

1 Loc. cit.
2 Glass should no t be used inasm uch as the  alkali m ight a tta ck  the  

glass and dissolve ou t some of the  m anganese which is present in m ost 
laboratory  glass, including Jen a  apparatus. See G ortner, A m . Chem. J .,  
39, 157 (1908).

3 This excess of sulfuric acid is em ployed inasm uch as the oxidation 
progresses m ore rap id ly  and  basic bism uth  salts do no t precip ita te . The 
sam e results m ay be obtained when half of th is  q u a n tity  of acid is used, 
b u t the  oxidation requires several m inutes' boiling and th e  perm anganic 
acid solution m ust be filtered through asbestos in order to  free the solution 
from precipitated bism uth  salts.
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is calculated. After a little practice, the complete 
operation can be carried out in an hour and a half, 
so that in this respect alone the method is greatly 
to be preferred.

When duplicate determinations are desired only 
one fusion is necessary, for two separate oxidations 
m ay be taken from the total 250 cc. In the data which 
are given in the last column of Table 1 each figure 
represents a separate fusion and oxidation, and in 
the sixteen determinations, representing duplicate 
fusions on eight different soils, the maximum difference 
between duplicates amount to only 0.002 per cent. 
No determinations were discarded in compiling this 
table.
T a b l e  1.— P e r c e n t a g e  o f  MnO F o u n d  b y  W a l t e r s ’ M e t h o d  a s  D e 

s c r i b e d  b y  W a s h i n g t o n ,  a n d  d y  o u r  N e w  M e t h o d .

Kxp. Soil W alters’ m ethod, MnO in ex tractions I-IV . A uthors’
No. No. I. 11 . I I I .  IV . Total. m ethod.

1 3490 0.082 0.020 0.004 trace 0.106 0.109
2 3490 0.080 0.027 0.005 ? 0 .1 12 0 .1 11
3 3490 0.060 0.042 trace ? 0.102
4 3490 0.095 0.013 trace ? 0.108
5 3490 0.095 0.013 trace ? 0.108
6 3490 0.064 0 .016 ) not
7 3490 0.046 0.029J determ ined
8 3486 0.045 no t determ ined 0.107
9 3486 0.052 0.105

10 3487 0.018 0 .1 11
11 3487 0.028 0.1 10
12 3488 0.020 0.111
13 3488 0.1 12
14 3489 0.025 0.120
15 3489 0.031 0.119
16 3491 0.044 0.123
17 3491 0.044 0.125
18 3483 0.060 0.096
19 3483 0.060 0.098
20 3459 0.033 0.067
21 3459 0.067

SUM M ARY.

I . We have found that W alters’ method for the
determination of small quantities of manganese, as 
described by Washington and Hillebrand, is not 
applicable to Nebrasks soils, but that in some instances 
four extractions on a one-gram sample w ith hydro
fluoric and sulfuric acids were necessary before all 
of the manganese was obtained in solution.

2. We have found that when such soils arc fused 
with sodium carbonate and the solution of this melt 
is acidified with sulfuric acid and oxidized by means 
of sodium bismuthate, that all of the manganese is 
oxidized to permanganic acid, and m ay easily be 
estimated colorimetrically.

3. W e claim for this method greater rapidity, 
absence from irritating fumes, less danger of loss by 
spattering, more ease of operation in unexperienced 
hands, duplicate determinations on one sample of 
soil, and much greater accuracy.

A L T E R IN G  T H E  CO M PO SITIO N  O F  IN D IA N  CO R N  B Y  S E E D  
S E L E C T IO N .1

B y  L .  H. S m i t h .

Received Jan u a ry  8 . 1912.

In a paper presented before the American Chemical 
Society in 1899 Dr. C. G. Hopkins reported a line 
of experiments undertaken at the Illinois Experim ent 
Station to influence the composition of the corn

} Presented a t  A. C. S. M eeting a t W ashington, D. C., December, 1911.

kernel by selection and breeding. A t that time the 
experiments had been under w ay only about two 
years, but already results had been obtained suffi
ciently pronounced to indicate the possibility of 
changing the composition of the corn kernel as regards 
protein, oil and carbohydrates. In fact, in his con
clusion the author remarks that “ while it m ay require 
ten or twenty years’ work to enable one to form a 
very definite opinion as to the extent to which it is 
possible to influence the chemical composition of corn, 
it is believed that the data thus far obtained m ay be 
of practical and scientific value.”

Since the time this statement was made this in
vestigation has been continued and twelve years’ 
work has been added to these experiments. No 
further report, however, has been given to this Society, 
and in view of this fact it was thought that the members 
would be interested to learn regarding the present 
status of the work.

Inasmuch as the general purpose of the investiga
tion and the methods of carrying it out have been 
given already quite fully in the above-mentioned 
paper and elsewhere (see Bull. 128, Illinois Agri
cultural Experiment Station), it will be the present 
plan to mention only as much of this m atter as is 
necessary to an intelligent understanding of the re
sults, the chief purpose being to give a brief- résumé 
of the results up-to-date.

Stated briefly, the proposition involved in this 
investigation was to take a variety of corn and through 
selection and breeding try  to influence the composition 
of the grain in four different directions, namely: 1, 
Increase the protein content; 2, Decrease the protein 
content; 3, Increase the oil content; 4, Decrease the oil 
content.

Through a preliminary study involving the analyses 
of a good many samples of different ears and parts 
of ears the principles of the selection were established. 
It was found that there is considerable variation 
among different ears with respect to composition, 
while the kernels within a single ear are com paratively 
uniform ; that is to say, the car can be taken as the 
unit of selection and this gives the working basis. 
Thus the method is to take two or three rows of 
kernels lengthwise of the ear as a sample for analysis. 
If the ear proves to be suitable for seed the remaining 
kernels are planted.

Starting in 1896 with a variety then known as 
Burr’s White, 163 cars were chosen and analyzed, 
determinations being made for protein, oil, ash and 
carbohydrates. According to the percentage of the 
constituents, four lots of these ears were picked out 
with which to start the four respective breeding plots, 
a high protein plot, a low protein plot, a high oil 
plot, and a low oil plot. Each ear was planted in a 
separate row, the different plots being isolated in 
order to avoid contamination from cross pollination. 
From the harvest a large number of ears were analyzed 
from each plot, and based upon these results ears 
were selected for seed with which to plant the respect
ive plots the following year.

I'his general plan, with a few minor changes of
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detail, has been followed year after year until we now 
have the results for 14 generations (the samples for 
the fifteenth generation have not yet been analyzed). 
In this manner four different strains emanating from 
the same variety have been derived. It has been 
extremely interesting to watch their gradual evolution. 
This m ay be shown in outline by the following tabular 
arrangement:

B r e e d in g  f o r  H ig h  a n d  L o w  P r o t e in .

Average per cent, pro te in  in crop each generation.
Year. High protein. Low protein. Difference.
1896 1 0 .9 2 1 0 .9 2 0.00
1897 1 1 .1 0 1 0 .5 5 0 .5 5
1898 1 1 .0 5 1 0 .5 5 0 .5 0
1899 1 1 .4 6 9 .8 6 1 .6 0
1900 1 2 .3 2 9 .3 4 2 .9 8
1901 1 4 .1 2 1 0 .0 4 4 .0 8
1902 1 2 .3 4 8 .2 2 4 .1 2
1903 1 3 .0 4 8 .6 2 4 .4 2
1904 1 5 .0 3 9 .2 7 5 .7 6
1905 1 4 .7 2 8 .5 7 6 .1 5
1906 1 4 .2 6 8 .6 4 5 .6 2
1907 1 3 .8 9 7 .3 2 6 .5 7
1908 1 3 .9 4 8 .9 6 4 .9 8
1909 1 3 .4 1 7 .6 5 5 .7 6
1910 1 4 .8 7 8 .2 5 6 .6 2

B r e e d in g  f o r  H ig h a n d  Low  O i l .

Average per cent, oil in crop each generation.
iT car. H igh oil. JLow oil. Difference.

1896 4 . 7 0 4 .7 0 0.00
1897 4 .7 3 4 .0 6 0 .6 7
1898 5 .1 5 3 .9 9 1 .1 6
1899 5 .6 4 3 .8 2 1 .8 2
1900 6 .1 2 3 .5 7 2 .5 5
1901 6 .0 9 3 .4 3 2 .6 6
1902 6 .4 1 3 .0 2 3 .3 9
1903 6 . 5 0 2 .9 7 3 .5 3
1904 6 .9 7 2 .8 9 4 .0 8
1905 7 .2 9 2 .5 8 4 .7 1
1906 7 .3 7 2 .6 6 4 .7 1
1907 7 .4 3 2 .5 9 4 .8 4
1908 7 .1 9 2 .3 9 4 .8 0
1909 7 .0 5 2 .3 5 4 . 7 0
1910 7 .7 2 2 .1 1 5 .6 1

In considering these data attention should be callcd 
to the fact that environmental conditions exert an 
influence upon the protein as well as the oil contcnt 
and a study of these results reveals some pronounced 
seasonal effects. B y  having a "h igh” and a “ low” 
plot of each, however, we obtain a check which enables 
us to eliminate these seasonal effects to some extent. 
Thus the last column of the table showing the dif
ference in per cent, each year furnishes the best 
information of the real progress due to heredity.

W ithout going further into a detailed discussion 
of the figures we m ay say b y  w ay of summary that 
starting with a variety  of corn of average composition 
it has been possible b y  14 years of breeding to 
increase the protein content from 10.92 per cent, 
in the original, to 14.87 per cent, in the crop of 1910, 
at the same time b y  selection in the opposite direction, 
to decrease this constituent to 8.25 per cent. Even 
more striking changes than these have been produced 
in the oil content. The oil has been increased from 
4.70 per cent, in the original to 7.72 per cent in the 
crop of 1910 while at the same time in another strain 
it has been decreased to 2.11 per cent.

In other words, out of a  single variety  of corn 
two strains have been developed of which one is

now nearly twice as rich in protein as the other, and 
two other strains have been developed, the one of 
which is now more than three times as rich in oil as 
the other.

The question arises as to the effect of this selection 
upon the composition of parts of the plant outside 
of the kernel. This m atter has been studied by 
analyzing each year different plant parts in the various 
strains. W ithout entering into any discussion of 
the results it m ay be stated in a general w ay that as 
yet we have been able to find no pronounced changes 
in the composition of other parts of the plant resulting 
from the changes produced in the grain.

Another practical question always arises in this 
connection, and that is regarding the effect of this 
selection upon productive qualities. It m ay be said 
that in spite of the rigorous selection for special 
characters to which this corn has been subjected, the 
yields in these four strains have, in general, been quite 
well maintained, Selection for high protein seems 
to have been accompanied in this instance by a some
what diminished yield as measured by bushels of corn 
per acrc. If, however, we place it upon the basis 
of pounds of protein per acrc our high protein strain 
is sufficiently higher in percentage, so that it yields 
more protein per acre than the ordinary varieties 
growing alongside it in the productivity tests.

C o l l e g e  o f  A g r i c u l t u r e ,
U n iv e r s it y  o f  I l l in o is .

R E L A T IO N  O F A C T IV E  P O T A S H  TO  P O T  E X P E R IM E N T S .1

By G. S. F r a p s .

Received M arch 25, 1912.

By the term "active potash” we mean that soluble 
in N /s  nitric acid. This solvent has been in use for 
some time for extracting the more soluble potash and 
phosphoric acid from the soil. As pointed out in a 
previous article, the quantity of phosphoric acid 
extracted is related to the results of pot experiments 
on the soil. Similar experiments will here be reported 
on potash.

Pot experiments with representative Texas soils 
have been made at this station for seven years. The 
experiments have been carried on under diverse con
ditions, sometimes not favorable to the bestgrow thof the 
plants. The plants were grown in W agner pots contain
ing 500 grams soil, applications of fertilizer being made 
to the various pots. The pots were kept in houses 
covered partly or completely with canvas, in order 
to moderate the temperature. A  crop is regarded as 
very deficient if it is only 50 per cent, or less, of the 
completely fertilized crop. If less than 90 per cent., 
it is considered deficient (D). If between 90 and n o  
per cent., it is considered as not deficient (S). If 
over n o  per cent., it is considered that the fertilizer 
injures the crop (T). The crop without potash (PN) 
is always compared with the crop with potash (PN K ).

Relation of Deficiency to Active Potash.— The 172 
soils studied have been divided into groups according 
to their content of active potash. The following

1 A full account of th is work will he published as BulUttn  145 of the  
Texas E xperim ent Station.
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table shows the percentages of deficient crops, D and 
DD, and of those injured by potash T.

The percentage of deficient crops decreases with 
the quantity of active potash in the soil. The per
centage of injured crops increases with the quantity 
of active potash in the soil.

T a b l e  I.— R e l a t i o n  o f  A c t i v e  P o t a s h  t o  N u m b e r  

o f  D e f i c i e n t  C r o p s .

Active potash
in soil. Percentage Percentage

P arts  per deficient. injured.
million. (DD and D). (T).

0-50 86.7 7
50-100 55.1 17
100-150 54.3 16
150-200 30.1 17
200-300 37.5 31
300-400 42.6 25
400-600 15.0 46
600-800 18.0 44

Relation to Weight of Crop.— The weight of the crop
without potash divided by the weight with potash, 
expressed in percentages, shows the relative effect of 
the potash on the growth of the plant. The average 
figures for 403 crops are given in Table II.
T a b l e  I I .— R e l a t i v e  S i z e  o f  C r o p  w i t h o u t  a n d  w i t h  P o t a s h .

Active potash in soil Percentage
in pa rts  per million. P N /P N K .

0-50 67
50-100 79

100-150 84
150-200 91
200-300 100
300-400 98
400-600 101
600-800 116

The effect of fertilizer potash on the weight of the 
crop decreases with the active potash in the soil. 
When the active potash exceeds 200 parts per million, 
the fertilizer potash effects no increase, on an average.

Relation to Potash Content of Crop.— The average 
potash content of (a) the corn crop and (b) the kaffir 
and sorghum crop, is given in Table III.
T a b l e  I I I .— R e l a t i o n  o f  A c t i v e  P o t a s h  o f  S o i l  t o  P o t a s h  C o n t e n t  

o f  C r o p .

Percentage of potash.
A ctive potash in parts  

per million.
0-50

50-100
100-150
150-200
200-300
300-400
400-600
600-800

Com  crop. Kaffir and sorghum  crop. 
1.38 0 .78
1.70 0 .93
2.29  0 .89
2.55  1.45
3 .65  1.68
3 .53  1.72
3 .83  2.44
4.31 1.79

The potash content of the crops increases with the 
active potash content of the soil.

Relation of Active Potash to Total Potash Removed.—  
The average and maximum quantity of potash rc-
T a b l e  IV .—R e l a t i o n  o f  Q u a n t i t y  o f  P o t a s h  R e m o v e d  b y  A l l  C r o p s  

t o  A c t i v e  P o t a s h  o f  S o i l s .

Potash rem oved by  crops in pa rts  per million of soil.
1 UUMl 111 ‘--

P a rts  per million. Average. Maximum.
0-50 29.3 53 .4

50-100 37.2 143.3
100-150 51.0 176.2
150-200 80.9 249.6
200-300 120.1 434.6
300-400 156.9 354.8
400-600 119.4 295.8
600-800 206.9 3S0.8

moved by the crop which received no potash is given 
in Table IV.

The average quantity of potash removed by the 
crop increases with the active potash content of the 
soil.

SUM M ARY AND C O N C L U SIO N S.

1. The average percentage of crops deficient in 
potash decreases with the active potash in the soil.

2. The average percentage of crops injured by 
potash increases with the active potash in the soil.

3. The effect of fertilizer potash on the weight of 
the crop decreases as the active potash content of the 
soil increases.

4. The percentage of potash in the crop increases 
as the active potash in the soil increases.

5. The total potash removed by the crop from the 
soil increases as the active potash content of the soil 
increases.

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 i o n ,

C o l l e g e  S t a t i o n . T e x a s .

T H E  D E T E C T IO N  O F FO R M IC A C ID  IN F R U IT  P R O D U C T S .

B y  F .  I ,. S h a n n o n .

Received March 22, 1912.

In Bull. 1 9 5 , of the Dairy and Food Depart
ment of the State of Michigan, the author called 
attention to the fact that formic acid was being used 
in this country as a preservative of fruit products.

It has been the general belief among chemists, for 
some time, that some preservatives other than the 
ones ordinarily found were being used in the pre
servation of fruit products, and investigations have 
been made in various laboratories throughout the 
country for the purpose of determining the identity 
of the substance used. Owing to its use in Germany, 
a number have suspected formic acid and have built 
up their investigations with that substance in mind, 
but because of the unsatisfactory and indirect methods 
of identification it has been difficult to reach a positive 
conclusion.

A  search of the literature on the subject revealed 
the fact that the detection of formic acid did not de
pend upon its isolation and subsequent identification, 
but mainly upon the indirect method of its reducing 
power, principally upon silver nitrate and mercuric 
chloride solution. For example, the older literature 
states that formic acid is a constant constituent of 
many plant and animal products, a statement based 
on the fact that when they are subjected to steam 
distillation some substance is obtained in the distillate 
which reduces silver nitrate and mercuric chloride 
solution. However, in view of recent investigations 
along this line, it seems that this whole subject of the 
natural occurrence of formic acid needs further study, 
as it has been found possible to subject a host of sub
stances which were known to contain no formic acid, 
to steam distillation and obtain a distillate which gave 
a pronounced reduction with both silver nitrate and 
mercuric chloride solution. From none of these 
substances, however, has it been possible to isolate 
and identify formic acid as such. Therefore, it is 
evident that we are not justified in designating as 
formic acid every substance obtained by steam dis-
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filiation which reduces silver nitrate and mercuric 
chloride solution. It  was found, for example, that 
when phosphoric acid was subjected to distillation, 
the distillate possessed the reducing properties generally 
ascribed to formic acid. Furthermore, in a number 
of methods in which the formic acid recovered by 
steam distillation is neutralized using phenolphthalein 
as indicator, the indicator itself was found to have 
a reducing action on mercuric chloride.

One of the most satisfactory indirect methods for 
the detection of formic acid is based on its reduction 
to formaldehyde by means of magnesium and dilute 
sulphuric acid. Fenton1 has shown that carbonic acid 
may be reduced in the same way, b u t Bacon3 has 
called attention to the fact that this is of theoretical 
importance only, there being no danger of confusing 
the two in practice. However, every step in this 
method must be carried out with absolute precision, 
or erroneous conclusions may be drawn.

The qualitative method as applied to the products 
used in this investigation is as follows: To about
200-500 cc. of the syrup or crushed fruit in a two-liter, 
long-necked round bottom flask provided with a 
Reitmeier bulb, add about 50-100 cc. of water. Sub
ject to steam distillation, collecting the distillate 
(usually about 2500 cc.) until it ceases to give an acid 
reaction with litmus. E xactly  neutralize the distillate 
with N / i  NaOH, using litmus as an indicator. E vap 
orate on a steam or water bath to about 50 cc., trans
ferring from the large evaporating dish to smaller 
ones as the volume decreases. Transfer to an Erlen- 
meyer flask, provided with a glass tube about three 
feet long as an air condenser, add a few pieces of pure 
magnesium ribbon or wire and a slight excess of dilute 
sulphuric acid and set in a cool place for one hour, 
adding dilute sulphuric acid through the tube from 
time to time as the reaction ceases. Transfer the liquid 
tu a suitable distilling flask and collect the first ten cc. 
of the distillate, which will contain most of the formal
dehyde, if the original syrup contained formic acid.

There are a number of methods published for the 
detection of formaldehyde and nearly every analyst 
has his favorite test. However, the methods which 
proved the most satisfactory in this work were, Leach’s 
Method,3 Phloroglucinol Method,> Rim ini’s Method,^ 
and the Rescorcin Method of the United States Phar
macopoeia. A  positive reaction with these four tests 
was considered conclusive evidence of the presence of 
formaldehyde.

C R Y S T A L L O G R A PIIIC  ID E N T IF IC A T IO N .

Inasmuch as practically all methods for the de
tection of formic acid previously reported are indirect 
methods depending upon the decomposition of the 
formic acid or upon its reducing powers, it seemed 
desirable to attem pt the isolation of formic acid in the 
form of an insoluble salt.

The usual procedure in determining the identity 
of an organic acid in plants is to prepare some readily 
crystallizable salt, sparingly soluble in water. Of the

1 J . Chew, Soc. London, 1907, 91, 687.
2 Cxrc. 74, U. S. D ept. A u r ic . .  B ur. of Chem.
3 Bull. 107, 185, U. S. Dept. A g r ic . ,  Bur. of Chem

various formates the lead salt crystallizes readily 
without water of crystallization, is very stable and 
requires 63 parts of water for solution. The formation 
and identification of lead formate would therefore 
constitute a direct and positive proof of the presence 
of formic acid. A fter numerous attem pts the follow
ing procedure was adopted:

Steam distil about 1000-1200 cc. of the syrup as 
in the first operation, collecting the distillate (2500- 
3000 cc.) in a receiving flask to which about 5 cc. of 
lead cream has been added. (This is made as follows: 
Precipitate a solution of lead nitrate with potassium 
or sodium hydrate in the presence of phenolphthalein 
until a faint pink color appears. Wash by décan
tation 8-10 times.) Shake the flask occasionally and 
as the lead hydrate is dissolved add a few cc. more, 
until all of the formic acid is combined. Concentrate 
the liquid in a large dish on a steam or water bath to 
about 50 cc. Filter and transfer to a suitable crystal
lizing dish and set aside in a desiccator. If formic 
acid was present in the original material, needle-like 
crystals of lead formate will form. W ash the crystals 
with absolute alcohol, to remove any lead acetate 
which m ay be present, spread on filter paper and dry. 
To the dry crystals apply the following tests:

(а) Aqueous solution will reduce AgN O , upon 
warming.

(б) Aqueous solution will reduce mercuric chloride 
solution upon warming.

(c) Aqueous solution will reduce platinum chloride 
upon warming.

(d) To a portion of the crystals in a dry test tube 
add sulphuric acid and warm. Carbon monoxide is 
generated which will burn in the tube with a blue flame 
when ignited. Further note that the lead formate 
is not discolored.

(<?) Transfer some of the crystals to a small distilling 
flask, treat with concentrated phosphoric acid and 
distil. The distillate, which is formic acid, will react 
as follows:

1. Acid to litmus and acid taste.
2. Reduces silver nitrate on warming.
3. Reduces mercuric chloride on warming.
4. Reduces platinum chloride on warming.
5. Is reduced to formaldehyde by magnesium and 

dilute sulphuric acid.
As previously mentioned it was found that when 

phosphoric acid and water alone were distilled, the 
distillate would reduce silver nitrate and mercuric 
chloride solution. Therefore, before test (e) was car
ried out the phosphoric acid was subjected to distil
lation until it no longer gave a distillate that would 
reduce silver nitrate or mercuric chloride. The 
crystals of the lead compound were then added and the 
distillation continued.

Although the chemical evidence that the volatile 
acid obtained from the fruit products used in this 
investigation is conclusive, it was thought desirable 
to submit the crystals to Dr Edward H. Kraus, Pro
fessor of Geology and Mineralogy, University of 
Michigan and he reports as follows:
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"The crystals, which were examined crystallo- 
graphically, were obtained b y  slow crystallization 
from an aqueous solution of the material furnished 
by Fern L. Shannon, State Analyst, Lansing, Michigan. 
They are prismatic in habit and about 2-3 mm. in 
length and of slightly yellowish color. A ll crystals 
were, clear and transparent. Although the crystals 
were in general doubly terminated, readings were 
made only upon the faces of the prism zone, the end 
faces being extrem ely small and, hence, difficult of 
adjustment. The images obtained were very good, 
considering the size of the crystals.

“ The measured angles, compared with the values 
given by Plathan,* for lead formate are as follows:

K raus. P lathan.
m : m  (1 1 0 )  : (H O )  73® 26' 73® 28'
m : m  ( 1 1 0 ) :  (1 1 0 )  53® 1 7 » / /  53® 16'

“ This comparison shows that the agreement in the 
values for this material and those given by Plathan for 
lead formate are exceedingly close.

"Parallel extinction was observed upon all the faces 
examined. The indices of refraction are higher than 
that of methylene iodide, as determined by the Becke 
and the Schroeder van der K olk methods.

“ The above crystallographic-optical properties, to
gether with the fact that a distinct reaction for lead 
is easily obtained upon the plaster tablet with the 
blowpipe, indicates conclusively that the substance 
examined is lead form ate.”

To further substantiate the proof a number of fruit 
syrups th at were known to contain no added formic 
acid were subjected to steam distillation, and an at
tempt made to separate a lead compound. In some 
instances a few crystals were obtained, but at no time 
would the crystals give the characteristic tests for lead 
formate.

It would seem then that the formation of formal
dehyde coupled with the formation of lead formate 
and their subsequent identification would furnish a 
conclusive and positive proof of the presence of formic 
acid.

The author desires to take this opportunity to 
thank Dr. Edward II. Kraus for his cooperation in 
this work.

M i c h i g a n  D a i r y  a n d  P o o d  D e p a r t m e n t ,

L a n s i n g .

F A C T O R S  D E T E R M IN IN G  T H E  C A P A C IT Y  O F  A F IL T E R  
P R E S S .

B y  C . A l m y , J r ., a n d  W .  K .  L e w i s .

Received March 18, 1912.

Very little information can be found in the literature 
regarding the flow of a liquid through a filter cake. 
Hitherto the popular assumption has been that the 
rate of flow is, up to a certain point, directly propor
tional to the pressure and inversely proportional to 
the thickness of the cake. The object of this investiga
tion has been to establish more accurately the relation
ships existing between the rate of flow, pressure, 
and thickness of cake: relationships which, as will

1 G ru th , Chemisch* KrystaUogrit pfii*, 1910, 3, 16,

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

By F r e d  W e s t .

Received Jan u ary  26. 1912.

In this test advantage is taken of the well known 
blue color reaction between Prussian blue and a solu
tion of oxalic acid.

Grind about 15 grams of the tea to be examined, 
in a mortar, and pass through a 20-mesh sieve, neg
lecting the few stems which resist comminution.

Procure five squares of plate glass 1 5 X 1 5  cm. each; 
upon each plate place an 11 cm. circular filter, as thin 
as procurable and having a smooth surface.

Saturate each filter with test solution oxalic acid, 
U. S. P., removing any air spaces under filter.

The well wetted filters are now to be sprinkled with 
the ground tea. • This is best performed b y  sifting the 
tea from the sieve, holding it about 30 cm. above the 
plates, which should lie flat. Sprinkle filters well but 
avoid overlapping the particles of tea.

Allow the filters to dry on the plates in the air. 
When thoroughly dry remove filters from plates and 
brush off tea with a stiff brush.

The presence of Prussian blue is indicated by bright 
blue spots, best seen with the aid of a hand glass, and 
where large particles of the Prussian blue have rested, 
the color radiates and spreads through the filter fiber.

If smooth filters are not procurable, rough ones 
m ay be used, but a second glass plate should be clamped 
over the filter to press the particles of tea against the 
fiber. This necessitates the use of gentle heat to dry 
the plate.

Comparison of the amount of color in different 
samples m ay be observed by noting the total number 
of spots to each sample, using five plates to each one. 
Difficulty in counting spots on the filters can be over
come by using a Wolffhuegel counting plate and a large 
hand lens.

A s the natural coloring matter in tea does not stain 
the filters in the presence of the oxalic acid, this gives 
a clear white field upon which any blue spots will 
show very clearly. The blue spots on the filters, are 
fairly permanent and the filters m ay be attached to 
the report sheets for reference.

S a n  F r a n c i s c o , C a l .

be shown, can for any particular sludge be expressed 
by a simple mathematical equation.

For this purpose we used a chromium hydrate 
sludge made by reducing dichromate with glucose and 
precipitating with sodium carbonate. The filter press 
was a six inch corner-feed laboratory press. It was 
of course impracticable to measure the thickness of 
the cake during the progress of a run, but as the volume 
of filtrate at any time is obviously proportional to 
the thickness and is an equally significant value in 
filtration, this figure has been substituted throughout 
this work in both plots and equations.

Six runs were made, at 100 lbs., 75 lbs., 50 lbs., 25 
lbs., 10 lbs. and '5 lbs. pressure per square inch re-

LABORATORY AND PLANT
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T a b l e  I .1 
100 l»is.

Vol. of filt. Vol. of filt.
Time. Cc. Time. Cc.

1 ' 15* 6 0 0 1 4 ' 30* 2 4 0 0
2 '  55" 1000 1 8 ' 20* 270 0
6 '  00* 1500 2 2 ' 35* 3 0 0 0
8 '  20* 1800 2 7 ' 30* 3 3 0 0

1 1 ' 15* 21 0 0 3 2 ' 50* 3 6 0 0

T a b l e  I I .  

75 lbs.
Vol. of filt. Vol. of filt.

Time. Cc. Time.% Cc.
2 ' 15* 80 0 1 5 ' 35* 2 300
4 '  00* 1100 1 9 ' 40* 2 600
6 '  10* 1400 2 4 ' 25* 2 900
8 ' 45* 1700 2 9 ' 30* 3 2 0 0

1 1 ' 55*. 200 0 3 5 ' 30* 3 5 0 0

T a b l e  I I I .  
50 lb s. .

Vol. of filt. Vol. of filt.
Time. Cc. Time. Cc.

45* 4 0 0 1 6 ' 00* 2 2 0 0
2 '  00* 7 0 0 2 0 ' 25* 2 5 0 0
3 '  45* 1000 2 5 ' 20* 280 0
6 '  00* 1300 3 0 '  50* 3 1 0 0
8 ' 50* 1600 3 7 ' 05* 3 4 0 0

12' 10* 1900 4 2 ' 35* 3 6 0 0

T a b l e  I V .  

25 lbs.

Time.
Vol. of lilt. 

Cc. Time.
Vol. of filt. 

Cc.
40* 3 0 0 1 7 '4 0 * 2 1 0 0

2 ' 00* 6 0 0 2 2 ' 35* 2 4 0 0
3 '  55* 9 0 0 2 8 ' 10* 2 7 0 0
6 ' 30* 1200 3 4 ' 25* 3 0 0 0
9 ' 40* 1500 4 1 ' 35* 3 3 0 0

1 3 ' 20* 1800 4 9 ' 05* 3 5 7 5

Time.

. T a b l e  V. 
10 lbs.

Vol. of filt.
Cc. Time.

Vol. of filt. 
Cc.

2 ' 05* 5 0 0 2 1 ' 10* 200 0
7 ' 35* 1100 2 7 ' 10* 2 3 0 0

1 1 ' 20* 1400 3 4 ' 10* 2 6 0 0
1 5 ' 55* 1700 4 2 ' 30* 2 9 0 0

Time.

T a b l e  VI. 
5  lbs.

Vol. of filt.
Cc. Time.

Vol. of filt 
Cc.

1 ' 50* 4 0 0 2 0 ' 45* 1S00
5 ' 20* 8 0 0 2 7 ' 25* 2 1 0 0

1 0 ' 10* 1200 3 5 ' 25* 2 4 0 0
1 4 ' 55* 1500 1 4 1 '5 5 * 2 6 0 0

spectively. Two half-inch distance frames were used 
giving two cakes s/," thick with an area of about 
35 sq. in. These runs were all made on the same day 
with the same sludge, experience having shown us 
that in order to get comparable results this is abso
lutely essential. It is impossible to exactly duplicate 
conditions on two different days, and furthermore 
the character of the sludge itself has unquestionably 
been shown to alter very materially on standing.

The sludge which was kept thoroughly agitated 
was pumped into the frames by hand, and the time 
recorded for every 100 cc. of filtrate (see Tables I-V I).

From the data in these tables, the six curves in 
figure 1 were plotted. B y  means of these curves, 
the rate of flow was graphically determined at frequent 
intervals and plotted against the volume of filtrate 
as before. It is evident that the rate of flow is, as

1 To economize space, only a  small num ber of the recorded values have 
been given in tliis and in the  following tables.

expected, some function of both the volume of filtrate 
and the pressure. W ith the object of ascertaining 
whether the rate was a power function of the volume 
of filtrate, in which case the relationship could be 
expressed by the equation,

R = /. b
the logarithms from these curves were plotted as shown 
in figure 2.1 It will be seen that with the exception 
of the 100 lb. run, these arê  all parallel straight lines 
for the greater part of their length, showing that up 
to the break, the rate of flow for a constant pressure 
is a power function of the volume of filtrate or thick
ness of cake.

The unexpectedly quick rate of flow for the first 
part of the 100 lb. run is a phenomenon that was 
alw ays observed at high pressure and is difficult to 
satisfactorily account for. Presumably it is due 
to the fact that the sludge, rushing into the frames 
with increased velocity, does not at first pack evenly 
over the surface of the filter cloths but forms small 
channels through which the liquid flows more readily. 
It should be mentioned incidentally that a pressure 
of 100 lbs. is so high that it could not be used in prac
tice on account of the probability of obtaining a 
cloudy filtrate.

The break in the curves which occurs after approxi
m ately 2000 cc. of filtrate have come over represents 
the point at which the distance frames become com
pletely filled with the precipitate. If more sludge 
be pumped in, it gets tightly packed around the in
lets with the result that the entire filtering surface 
of the cloths is no longer effective and consequently 
the rate of flow decreases. A s would be expected, 
this point occurs somewhat later with the higher 
pressure than with the low, since at high pressure 
the capacity of the frames is increased on account 
of the greater compression of the precipitate.

W ith the idea that the rate of flow might possibly 
be a power function of the pressure as well as of the 
volume of filtrate, we plotted the rate for a constant 
volume (1000 cc.) against the pressure, and taking 
the logarithms as before, obtained the straight line 
shown in figure 3. This indicates th at such is actually 
the case, or to express the relationships mathematically,

where R  is the rate of flow in cubic centimeters 
per minute, V  is the volume of filtrate in cubic 
centimeters, and K  is a constant. For the series 
of runs above described, the calculated values of 
m, n and K  will be found to be 0.270, 0.810 and 13,600, 
respectively, giving as the equation for the rate of 
flow at any volume of filtrate or pressure,

■pO‘27

R = I 3-6°°  yo^I '
From this equation, it is strikingly evident that 

instead of the rate of flow being directly proportional 
to the pressure as has hitherto been generally supposed,

* As each of these runs was carried  o u t a t  a  constan t pressure, / ( P) 
is, of course, a  constant, and the  equation becomes R  — K /V n . Taking 
the logarithm  of each side gives us Log R  — K  —  «  Log V.
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approach unity, and work to  determine th is point 
has, already been started in this laboratory

A  study of these results makes it clear that all 
the problems in filter press design can readily be solved 
b y  their aid. The equation for the rate of Sow  ha.Ting 
been established as

in is only necessary to determine experim entally the 
values- of K , m, and «, to be able to calculate the rate at 
any pressure o r  thickness of cake desired. From work 
th at is a t present being carried on in this laboratory, and 
from other data already on hand* it is known that these 
values vary very  greatly with the nature of the pre
cipitate. but for any particular sludge they are constant. 
To determine these values for industrial application, 
it is necessary to make only two trial runs a t different 
pressures, and It is our opinion that these runs m ay be

this point, and also to ascertain whether the viscosity 
has an y effect on the pressure and volum e coefficients, 
the tw o runs described below were undertaken.

These runs for determining the effect o f viscosity 
were exactly  the same, except that the am ount of pre
cipitate- var.ec. An indefinite amount of sludge 
''about a  ¿iter and a  half for the first run and a half 
hter for the second) was pumped into the frames at 
25 lbs. pressure, an : then filtrate alone was pumped 
through until the rate of fiow became constant. B y  
referring to Run Xo. 4. the volume of filtrate to  which 
this rate corresponds can be readily ascertained. 
The filtrate was now diluted one-half w ith water 
and again pumped hi until the rate was constant. 
W ithout changing the solution entering the press, 
the pressure was dropped to j  lbs. and then raised

- Tae dow t t a u i h .  a  capillary tufb* is eqTial to xr+ P; $ ;z f . wfcurr« r »  
Zhjt r u ih vi i'.f t i e  Znb*t, I Is xh& k a g i l t ,  P  tb e  pressure, a n d  .* til* viscosity 
c l  t2ut liquid. I  am h , "H  y x f r o t i ^  544.}

iz. m zr.r particular siutige g^ gceoggal- ss* cmjr
sppr"":m ate[y the fourth, roo t or the- pressure. As
suming, as »  probable, th at the sane o f  f c w  through 
a  Slaw cake is analogous to than through in e  capillary 
tabes. where the rase is ■iireetly proportional to the 
pressure and to the vinare o f the radius of the openings, 
this low coefficient is readily explained. b y  the nature 
of the sludge here used. Owing to  its. non-crystalling 
character, in is. very easily compressed, and conse- 
queatly with the same- amount of precipitate in. the 
frames, a t the higher pressure the passages through, 
the cake would he expected^ to- be considerably sm aller 
toaa a t the lower pressures. If this explanation is 
correct, then with, a  sludge containing a  more granular 
precipitate the pressure coefficient should more nearly

carried out inside- o f tw o hoars on a  small laboratory 
tress such a i was used in this investigation w ith results 
vhich m ay be depenited on to closely approxim ate 
those of actual practice.

H.3T7ECT O f  T IS C O S IT T .

In commercial filtration, the viscosity is, as a  rule., 
a  pre-determined factor which cannot be varied at 
w-ZL Eut it »  very  possible that the viscosity effect 
m ay be of considerable importance in determining 
the rate of washing,, where the washing medium is 
usually less viscous than the original filtrate. Reason
ing from the analogy already observed between 
to w  through a  filter cake and fiow through capillary 
tubes, it would be expected that the rate would be 
inversely proportional to the viscosity.1 To determine
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again to 25 lbs., the rate being recorded for each pres
sure. The discrepancy which will be noticed ex
isting between the rates at 25 lbs. before and after 
dropping the pressure is probably due to channels 
forming through the sludge when the pressure was 
relieved, and on this assumption the second rate has 
been accepted as the more comparable to the other 
values. Finally in the same manner, pure water was

explanation advanced for the low coefficient previously 
encountered, for in this case where the pressure is 
simply lowered and raised again without the addition 
of any more precipitate, it would not be expected 
that the size of the small openings through the cake 
would alter m aterially; consequently the rate of flow 
would follow the law for flow through capillary tubes 
where it is directly proportional to the pressure.

pumped in, and the rates of flow determined as before 
at 25 lbs. and 5 lbs. pressure.

From these runs, the following data were secured:
R un A. Run B.

Cc. Cc.
R ate of flow with filtrate (a t 25 lb s .) .............................  87 167
Volume of filtra te  corresponding to  th is ra te  as de 

term ined from R un No. 4 ...............................................  1515 675
R ate with dilu ted  filtra te  a t  25 lbs:

Before dropping pressure..............................................  9 2 .3  174
A fter dropping pressure....................................................... 100 175

R ate with diluted filtrate a t 5 lbs....................................  20 35
Rate with pure w ater a t 25 lbs.............................................  109 ISO
Rate with pure w ater a t 5 lbs...........................................  21 .5  36
Absolute viscosity of filtra te1........................................................  0.0124
Absolute viscosity of d ilu ted  filtra te ..........................................  0.0109
Absolute viscosity of pure w a ter.................................................  0.0096

From these figures, the rate of flow is apparently 
approxim ately proportional to the viscosity as was 
expected, but owing to the fact that on account of 
the change in conditions experienced on dropping 
the pressure, the rate with straight filtrate is not 
strictly comparable to the other rates; too much faith 
should not be put in this conclusion in the absence 
of further confirmatory evidence.

It will be noticed that the rate of flow at 25 lbs. 
pressure is in every case just five times that at 5 lb s.; 
in other words, the pressure coefficient has become 
equal to one. This is directly in accordance with the

1 Viscosity determ inations were m ade according to  G urney 's m ethod. 
(See J .  A m . Chtm . Soc., Z i,  24.)

The values for the volume coefficient (>;) as calculated 
from these runs are:

n.
S traigh t filtra te ............  0 .810
Diluted filtra te ..............0 .692
Pure w a ter.....................  0.621

It must be understood that these figures are not 
to be considered anything but relative, since their 
absolute accuracy depends, of course, on the correct
ness of the value for the volume of filtrate which was 
taken from Run No. 4— a run made with a different 
batch of sludge. But though the above calculated 
figures for u are for this reason possibly considerably 
in error, nevertheless the relationship between them 
is correct, which is all th at is essential. Comparing 
these values with the absolute viscosity of the solu
tion, it appears that the volume coefficient is roughly
proportional to the viscosity. This relationship is
brought out by the following table:

Viscos.
Viscosity. «. «.

0.0124 Ó.810 0.0153
0.0109 0.692 0.0158

. 0.0096 0.621 0.0155

The reason for this unexpected relationship is 
very difficult to aee, and it is unquestionably true 
that too much emphasis should not be laid upon re 
suits from preliminary experiments such as these. 
But it is hoped that by pointing out this apparent
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proportionality, other investigators will be led to 
try more exhaustive and accurate experiments which 
viil afford an explanation tor the phenomenon.
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From the equation R  =  K — - , it would be expected

that K  would vary  inversely with the viscosity, but 
the effect of the above-mentioned variation in n is 
so great th at the reverse is true. The calculated 
values of K  are; as follows:

Viscosity. K.
0 . 012*  1310
0.0109  * 635
0.0096  410

These values of K  are interesting chiefly as an in
dication of w hat m ay be expected to develop on further 
investigation of the subject.

The purpose of this article is twofold: First, to 
point out that, despite the popular theory, the rate 
of flow of a liquid through a filter cake is not as a 
rule directly proportional to the pressure and inversely 
proportional to the thickness of cake, but can be

p«
expressed b y  the equation R =* K  —  in which the

\ n
constant and coefficients can be quickly and easily 
determined; and secondly, b y  outlining some pre
liminary experiments carried out in this laboratory 
to stimulate further investigation which will be able 
to explain the v e ry  interesting and unexpected re
lationships which apparently exist between the vis
cosity of the filtrate and the values of n and K .

R s s k a r c h  L a b o r a t o r y  0 »  A m na* C n u s i x r ,

M a s s a c h t 7s e t t 3  I n s t x t c t s  o r  T r c j ix o l o g y .
Borqk

IM P R O V E D  S U L P H U R IC  A C ID  C H A M B E R S .1
By T h o m a s  H . Norton .

While visiting the extensive works of the Union 
Fabrik Chemischer Produkte a t Kratzw ieck, near 
Stettin, I was afforded an opportunity to examine 
minutely two series of sulphuric-acid chambers re
cently constructed by the company: These are re
garded as embodying the most advanced ideasof the day.

1 Special report to  Bureau oi  M anufacturer*, D epartm ent o f Commerce 
.m i  Labor.

On October ic , 19x0, three of the nine chamber 
plants were destroyed by fire. In planning for re
building, the director decided to adopt the essential 
features of the so-called Moritz system of chamber 
construction, as not-only promising economy in future 
cost o f production, but also offering exceptional 
facilities for rapid replacement of the missing units, 
even during the winter season. He was able to use 
the first series of chambers on March 15th and the 
second on April 4th of this year. The construction 
of the third unit did not begin until July.

The Moritz system was brought to the attention of 
technical chemists about four years ago. It  was first 
introduced at Wasquetal, northern France, b y  the 
Société anon, des Etablissements Evken et Leroy, 
with which the inventor, R  Moritz, is connected. 
The results obtained in a  chamber system  of 4,500 
cubic meters were so satisfactory th at several French 
and Belgian works utilized the new method when 
increasing their chamber capacity.

A t  present a large system of 8,000 cubic meters is 
under construction at Hainaut, Belgium, a smaller 
one of 4,000 meters at Elberfeld, Germany, and the 
third unit of the “ U nion” works (5,200 meters).

A s a rule, in chambers constructed according to 
prevalent methods, the sides, the top, and the bottom  
of a  lead chamber are supported b y  strong wooden 
beams. These timbers, while showing externally 
no change, are seriously affected b y  the radiation of 
heat from the adjacent lead walls. The temperature 
of the walls m ay attain 90° and even 100° C., and as a 
result the wood rapidly loses its strength, becomes 
brittle, and is w arped This leads to a dangerous 
strain upon the flaps along the walls. T hey are 
frequently tom  off and the wall loses its shape. This 
tendency is heightened b y  the great difference be
tween the coefficients of expansion of lead and wood. 
The thoroughly dry timber offers also an undesirable 
amount of very combustible material, as shown b y  the 
extensive fire a t Kratzw ieck m 1910 and the con
flagration at the W asquetal works in 1907.

Much more serious, however, is the increased 
corrosion of the lead chambers, due to the use of 
wooden supports. Those portions of the lead walls 
adjacent to the tim ber supports are prevented from 
radiating heat freely. This retards the oxidizing 
reaction in the immediate vicinitv, while allowing 
the lead to be corroded more rapidly. Careful measure
ments of the thickness of the wall in different parts 
of a lead chamber, after the fires mentioned, showed 
that the portions of wall screened b y  a tim ber were 
on an average half a millimeter thinner than other 
sections of the chamber. This was in spite of the fact 
that, the timbers were separated by spaces of 8-10 cm. 
from the lead walls.

A n additional disadvantage results from the more 
rapid corrosion of the lead behind a  beam, as leaks 
occur thereby most frequently at points where the 
repairs are difficult to execute. In some few works 
iron instead of wooden beams have been introduced. 
This obviates the distortion of the chamber walls, 
due to the warping of the wood, but does not diminish
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the trouble arising from rapid corrosion and the diffi
culty in carrying out repairs.

W ith regard to the bottom of chambers, observa
tion shows that corrosion is very pronounced along 
the lower edge, where the lead is bent upward. Here 
a zone of about 6 inches is peculiarly liable to rapid 
attack; and the same is true of the lower part of the 
side walls, which form the hydraulic^ joint. The 
direct cause of this quick corrosion is the thick floor
ing of wood necessary to support the weight of the 
acid, by retarding the radiation of heat from the 
surface of the lead.

The tops of chambers are ordinarily flat. The lead 
sheets are attached b y  flaps to overhead beams or 
hung upon iron rods or tubes. In both cases the same 
disadvantages exist as have been previously men
tioned. A  flat roof also favors the accumulation of 
dust, which in turn retards radiation. A s a rule it 
is a m atter of great difficulty to clean thoroughly the 
ordinary flat roof of an acid chamber.

The prevalent method of attaching the various 
sections of a lead chamber to its supports prevents 
almost entirely any uniform expansion of the different 
parts. In consequence of the heavy weight of the 
lead, and of the uneven expansion, there is a constant 
tendency toward strain about the flaps, and cracks 
that are exceedingly awkward to mend appear along 
the soldering lines.

All of these defects of the custom ary construction 
seem to be avoided in the Moritz chambers. The 
essential feature of such a chamber unit is a strongly 
built skeleton of structural iron, enclosing the cham
bers, which are suspended from overhead beams. 
The skeleton serves also as a support for the roof.

The main columns of this skeleton, which bear the 
weight of the roof, have been constructed in some cases 
of concrete or masonry. Preference is, however, 
given to iron, as involving less time in preparation 
and assuring greater strength. A  tile roof is used. 
The outer walls of the structure are built of brick, 
laid between the upright columns. The bricks are 
placed edgewise, so that the walls are exceedingly 
light, 2.36 inches in thickness. No windows are re
quired. An abundant use of panels of wire-net glass 
and of ordinary glass tiles in the roof affords all needed 
light. Some additional light and abundant ventila
tion are assured b y  numerous series of openings in 
the brick walls, the bricks being arranged in a lattice
like manner at distances of 3.937 inches from each 
other. Such an arrangement suffices to keep out 
snow and rain, while affording a maximum of air 
circulation for cooling purposes.

A t K ratzw ieck two units are located side b y  side, 
separated from each other b y  an aisle about 4 feet 
wide, and under a single roof. In other forms of con
struction there is a separate roof over each unit.

Great ingenuity is displayed in the manner of sus
pending the chambers from the skeleton framework. 
A t intervals of 31.5 inches along the top edges (27.5 
inches on the end sides) hooks of half-inch iron are 
attached firmly to the lead sheets. These hang by 
iron rods (1.57 by 0.24 inches) from the T  girders

overhead, and thus insure a complete, unhindered 
exposure of the side walls to the cooling action of the 
air. There is, however, a further addition necessary, 
in order to obviate any danger from expansion or 
contraction. Along the walls, likewise at distances 
of 31.5 inches (or 27.5 inches on the end walls), vertical 
flaps are soldered on tightly. Light iron rods, round 
or flat, pass through these, and are connected above 
with the pendant supports, while below they are 
attached, by means of spring hooks, to the upturned 
edge of the chamber floor. They give a ribbed ap
pearance to the chamber walls and increase the cooling 
surface. While imparting a certain amount of rigidity, 
and preventing undue swelling outward, or inward 
depression, they still permit of free p lay for ordinary 
contraction, or the reverse, without any undue strain 
falling upon the soldered fastening of the ribs. The 
effectiveness of this rib construction is heightened by 
numerous horizontal connections, b y  means of iron 
rods, with the skeleton frameworks.

A  similar principle is applied in the case of the top 
of a chamber. Here there is also a ribbed construc
tion, and hooks at frequent intervals are connected 
by round iron bars with the girders overhead. All 
exposed iron parts are carefully protected from cor
rosion by a special paint.

In the shape of the chamber top we encounter one 
of the most striking innovations of the Moritz system. 
It  is of a semicylindrical form to prevent the accumula
tion of dust, while avoiding “ dead com ers” inside the 
chamber, and their liability to frequent repairs, 
and assuring a more perfect circulation of air about 
its upper surface.

The lead floor of the chamber rests upon an under 
floor of iron plate 0.197 inch in thickness, and this in 
turn is supported b y  brick columns about 8 feet high. 
In some instances the constructors have used wood 
or ferro-concrete. In all cases, however, the up
turned edge of the floor consists of iron plate, bent 
underneath to a distance of 9.8 inches. This is to 
insure the most rapid cooling at the weakest point 
in the construction of a chamber, where corrosion is 
most pronounced, and repairs involve a complete 
stoppage of manufacture. An identical method is 
used in supporting the lead mantles of the Glover and 
Gay-Lussac towers. Details are naturally much 
simpler, on account of the smaller size of the towers. 
Each tower shows eight vertical ribs.

There are certain theoretical considerations con
nected with the use of the rounded roof that deserve 
mention. In addition to the advantages attendant 
upon this particular shape, the inventor claims that 
it is a powerful factor in equalizing temperature, and 
consequently in insuring uniform chemical activ ity  
and production in all parts of a chamber. While 
there is little movement of air over a flat roof, there 
is, on the contrary', an active current over the surface 
of a curved roof, thus bringing about a more rapid 
cooling. In a chamber of rectangular construction 
the hotter gases accum ulate at the top. W ith a 
curved roof the volume of such gases is reduced to a 
minimum. They are constantly drawn off by the
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gyratory movement of the chamber’s contents, due to 
external cooling, and descend steadily downward along 
the walls. An instance is cited from the observations 
made at W asquetal upon the temperatures at three 
different points in the first chamber of a plant. Under 
similar conditions of external temperature, with the 
same pyrites, the same ovens, and the same towers, 
the temperatures observed at the three points in a 
rectangular chamber were 90 °, 88°, and 86° C. In 
the chamber with curved top, which replaced the 
former, they were 75 °, 75 °, and 740 C. The more 
rapid cooling and the close approach to uniformity 
are noteworthy. The director of the works at Kratz- 
wieck is, however, of the opinion that a more gently 
curved roof is quite as effective as one of semicircular 
shape and more desirable from several standpoints. 
In the plant now under construction he plans to 
modify this feature.

A t the outset it must be noted that the cost of con
struction, per unit of cubic chamber space, is higher 
than by the old method. A t K ratzw ieck the addi
tional cost was found to be about 33 per cent. 
This figure would vary according to local factors.

There seems to be no doubt of the manifest economy 
in space, frequently an important factor where chemical 
works are hampered in their development b y  lack of 
sufficient available area for building. A t K ratz
wieck the two units already built on the Moritz system 
occupy but two-thirds of the area formerly covered 
by three separate units before the fire. Y et these 
two units produce more sulphuric acid than the 
three units that were destroyed.

The next important economy is in the amount of 
nitric acid required to produce the maximum effect 
in the lead chambers, The newly erected plant of 
the “ Union" yields daily about 7 kilograms of acid 
(50° Baum6) per cubic meter of chamber space. 
Formerly, at this rate of production, 0.7-0.8 kilogram 
of nitric acid (36° Baurne) was consumed for each 
100 kilograms of chamber acid of the above strength. 
This consumption has now fallen to very nearly 0.5 
kilogram. It is to be noted that 0.9 kilogram is a 
very common figure in German acid works. In 1900 
the average consumption was 1.4 kilograms in Ameri
can acid works burning pyrites. This loss of nitric 
acid is an important item in the cost of producing 
sulphuric acid. In Germany it constitutes 4-8 per 
cent, of the total cost. It is obvious that a saving 
of 1 or 2 per cent, in this direction constitutes a notable 
economy. The inventor guarantees a maximum loss 
of 0.6 kilogram where chambers are producing 7 
kilograms daily per cubic meter. I t  m ay be men
tioned in this connection that in the “ U nion” system 
water in the form of spray is adm itted to the chambers 
in summer and in the form of steam during the winter.

Apart from the direct saving on the daily cost of 
production, the director of the “ U nion” works is 
confident from his study of the plant during the few 
months that it has been in operation that there will be 
ultim ately a very material saving in the item of de
preciation, through the prolonged life of the chambers, 
and the ease and sim plicity with which any necessary 
eventual repairs can be executed.

A  M O D IF IC A T IO N  O F  T H E  F R A R Y  E L E C T R O D Y N A M IC  
S T IR R IN G  D E V IC E .

B y  J .  M . K n o t s  a n d  W .  R .  W o r k .

Received March 14, 1912.

The use of a solenoid for the rapid determination of 
metals in the electrolytic w ay was proposed by Frary 
(Journal of the American Chemical Society, November, 
1907, and in other publications). He employed the 
usual form of solenoid which is a coil of copper wire 
cylindrical in shape and hollow, and enclosed in an 
iron case. The beaker containing the electrolyte is 
put into the hollow space in the center of the coil and 
a current passed through the electrolyte in the usual 
way. A t the same time a current through the solenoid 
produces a magnetic field in the region of the beaker 
which in conjunction with the electrolyzing current 
causes a rapid circulation in the electrolyte.

The disadvantages of this form of apparatus are that 
the electrolyte is not in sight and an inspection of the 
electrodes during the process of electrolysis is not easy. 
The solution becomes quite hot and in some common 
determinations this is not desirable. The use of a 
cooling coil complicates the apparatus.

M O D IFIC A T IO N .

By actual measurements the magnetic field pro 
duced by a solenoid was shown to be practically as 
strong at the top of the coil as it is at any point in the 
interior, and an inch above the top it still amounts to 
40 per cent, of this strength, gradually decreasing as 
the distance increases, as shown by Fig. i. The lines

F i g . 1.—- V e r t ic a l  S e c t io n  t h r o u g h  S o l e n o id  a n d  
D ia g r a m  o p  M a g n e t ic  F i e l d  A b o v e  I t .

of force which constitute the field pass without hin
drance through glass, paper, wood, brass, etc., so it 
is a simple m atter to put the coil of the solenoid around 
an iron core, cover the top with a suitable material 
and place the beaker containing the electrolyte on it. 
B y using electrodes with bent stems a very simple
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and convenient electrode holder can be used in con
junction with this form. Both electrodes are fastened 
to a small block which is raised with one hand while the 
wash bottle is used with the other.

The objection might be raised to our modification 
that on account of the strong field at the bottom of the 
beaker and the weak one at the top, most of the 
stirring would be at the bottom. It is true that the 
vigorous stirring does originate at the bottom, but 
on account of the free circulation, the upper part of 
the solution gets all the stirring necessary. In any 
event the solenoid stirring does not produce the com
motion in the solution caused by a mechanical stirrer 
but nevertheless results can be obtained quickly. 
The average strength of the magnetic field measured 
in the region of the beaker is 700 gausses.

R E S U L T S .

(Frary has described in detail the speed and ac
curacy obtained by the use of a solenoid in electrolytic 
work.)

The four solenoids shown in Fig. 2 have been in use 
in the Chemical Department of the Pittsburg Testing

F ig . 2.—  S o l e n o id s  w it h  Mo v iïa u i. i: E l e c t r o d e  H o l d e r s  in  P o s i t io n .

Laboratory for several months and arc very satis
factory for the large variety of determinations we are 
called upon to make. W e recognize the merits of 
the various forms of apparatus proposed for mechanical 
stirring but prefer our present equipment. W e find 
it much more satisfactory than the stationary gauze 
electrode alone where a variety of determinations are 
to be made.

W ith stationary gauze electrodes in 125 cc. of solu
tion containing about one gram of copper we allowed 
three amperes to pass for fifty  minutes in order to 
be sure all the copper had been deposited. W ith the 
solenoid the same amount of copper is deposited in 
thirty minutes under the same conditions using the 
same electrodes. W ith a higher current the results 
can be obtained in less time.

P i t t s b u r g h  T e s t i n g  L a b o r a t o r y ,
C a r n e g ie  T e c h n ic a l  S c h o o l s .

T H E  U N D E R W R IT E R S ’ L A B O R A T O R IE S  E X T R A C T IO N  
A P P A R A T U S .

B y  H e n r y  J .  C a r y -C u r r .

Received April 16, 1912.

It has been found necessary in certain lines of ex
traction work to devise for routine work a method 
that is both rapid and convenient, such, for example,

as the determination of certain cxtractable con
stituents of rubber insulation on wire, etc. In such 
a case the moisture content (generally less than one- 
half of i per cent.) is a negligible factor in the deter
mination and may therefore be overlooked except in 
special cases where it is especially desired. Based on 
this ground the Chemical Department of the Under
writers’ Laboratories at Chicago have spent several 
years in developing methods and apparatus to be used 
in a standard procedure for chemical tests of rubber 
compounds used on wires and cords.

Any form of extraction apparatus m ay be used, 
but it must conform to the following specifications: 
(i)  “ The extraction cup shall be surrounded by the 
vapor of the solvent at its boiling point.”  (2) “ The 
condensed solvent shall fall directly on the sample.” 
(3) “ The outlet from the extraction cup shall be 
at the bottom only.”  (4) “  No rubber or cork stoppers 
shall come in contact with the solvent.” (5) “ Sample 
shall be put directly into extraction cup without the 
use of a paper thimble— a disc of filter paper or its 
equivalent at the bottom of the cup being depended 
upon to hold back the solid part of the sam ple.”

Following the manipulations of the above-men
tioned methods it becomes necessary to extract into a 
tared flask which must be reweighed and which must 
therefore be of proportions and style suitable for ad
mission to the bows and pans of an ordinary analytical 
balance.

Rapidity and efficiency of condensation together 
with ease of manipulation and installation as well as 
simplicity of construction and therefore low cost of 
maintenance and replacement were other points to be 
considered.

To meet these requirements a new apparatus has 
been devised and thoroughly tried out and is of ex
ceptional merit.

It consists of a short, metallic, spiral-tube reflux
condenser, whose inlet 
and outlet tubes project 
through a metal plate 
which serves the double 
purpose of a support for 
the condenser and a 
closure for the extraction 
flask. The flask is of 
rather conical form with 
a long neck and flat 
bottom. Tw o holes are 
bored on opposite sides 
of the upper rim of a 
porcelain Gooch crucible 
which is suspended from 
the condenser by passing 
through the holes a short 
piece of platinum or- 
aluminum wire which also 
passes through the loop 

at the bottom of the condenser. The charge having 
been placed in the crucible, the condenser and crucible 
are placed in the neck of the flask, the water connec
tions made and when a good flow of water has been
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established, heat is applied to the flask and the action 
is carried on autom atically. .

The evaporated solvent is condensed on the spiral 
coil and drops into the crucible, passing through the 
sample into the flask where it is again volatilized and 
the cycle is repeated.

As the whole apparatus is only 6" high and 3" wide 
it takes up the minimum of space, and where much 
work of this character is done a battery of extractors 
and flasks can be arranged on a hot plate or water

bathof very small dimensions, say two rows of tenormore 
flasks, in which case the bath can be furnished with a 
set of spring clips to steady the flasks when one of the 
set is removed. The water flowing from one condenser 
to the other only one inlet and one outlet is needed.

Copies of the Standard Methods alluded to above m ay 
be obtained from the Underwriters’ Laboratories of 
Chicago; the apparatus from E. H. Sargent & Co., of 
Chicago.

C h i c a g o .

ADDRESSES
T H E  P R E S E N T  S T A T U S  O F  T H E  G A S  IN D U S T R Y  AN D ITS 

O U T L O O K .1
n y  C h a r l e s  E .  M u n r o e .

W h en  sp e a k in g  of th e  g a s  in d u s try  o u r  m in d  n a tu r 
a lly  re v e r ts  to  th o se  p u b lic  se rv ice  c o rp o ra tio n s  th a t  
a re  m a n u fa c tu r in g  g a s  fo r  d is tr ib u t io n  a n d  sale , a n d  
i t  is in te re s t in g  to  n o te  t h a t  w e a re  a lm o s t to u c h in g  
th e  c e n te n a ry  of th e i r  o rig in , a n  e v e n t  w h ic h  h a s  
p ro v e d  o f su c h  im p o r ta n c e  in  th e  d e v e lo p m e n t of 
c iv iliz a tio n  a n d  in  m a k in g  life  in  d en se  c o m m u n itie s  
feasib le , a n d  re la tiv e ly  secu re , a s  to  b e  w o r th y  of 
c o m m e m o ra tio n ; fo r, a l th o u g h , fo llow ing  M u rd o c h ’s 
d e m o n s tra t io n  a t  R e d ru th , in  C ornw all, E n g la n d , in  
1792, sev e ra l is o la te d  p la n ts  fo r  lig h tin g  h o u ses  a n d  
fa c to rie s  w ere  b u il t  a n d  o p e ra te d , th e  g a s  in d u s try  
a s  w e n ow  re g a rd  it, w ith  its  c e n tr a l  p ro d u c in g  p la n t  
co n n e c te d  b y  m a in s  a n d  se rv ices  w ith  a  m u l t i tu d e  of 
co n su m ers  b e g a n  w h en , in  A pril, 1812, a  R o y a l C h a r te r  
of In c o rp o ra tio n  w a s  g ra n te d  to  th e  C h a r te re d  G as
lig h t a n d  C oke C o m p a n y  of L o n d o n , E n g la n d .

In  th e  U n ite d  S ta te s , a lth o u g h  iso la ted  p la n ts  of 
a n  e x p e r im e n ta l n a tu r e  a re  re c o rd e d  a s  h a v in g  p r e 
v io u s ly  b een  e re c te d  a t  N ew p o rt, R . I., a n d  R ic h m o n d , 
V a ., th is  in d u s try  b e g a n  w ith  th e  c h a r te r in g  of a  g a s  
c o m p a n y  in  B a ltim o re , M a ry la n d , in  1816.

Gas Industry,
Number of establishments ..................................................  1,296
Capital................................................................................. $915,537,000
Cost of materials used................................    52,428,000
Salaries and wages.........................    33,316,000

»Salaries.......................................................................... 12,385,000
Wages...........................................................................  20,931,000

Miscellaneous expenses.........................................................  27,757,000
Value of products................................................................. 166,814,000
Value added by manufacture (products less cost of materials) 114,386,000 
Employees:

Number of salaried officials and clerks.........................  13,515
Average number of wage earners employed during the

year........................................................................  37,215
Primary horsepower............................................................  128,350

Products.
Total gas produced............................................... *150,835,793,000 cu. ft.

Straight coal..........................   -19,985,253,000 “ **
Straight water............................................... 1,726,082,000 “ **
Carbureted water.....................................  .. 79,418,486,000 ** “
Mixed coal and water.................................... 40,775,283.000 “ "
Oil................................................................  8,688,860,000 “ “
Acetylene...................................................... 225.186,000 “ “
All other....................................................... 216,643,000 “ “

Coke.................................................................... 2 82,049,683,000 bu.
Tar......................................... ............................  2 92,152,938,000 gal.

1 Address before the Division of Industrial and Engineering Chemistry, 
Annual Meeting A. C. S., Washington, December, 1911.

a In addition, 27,558 thousand cubic feet of straight coal gas. 13,070 
thousand cubic feet of acetylene gas, 44,347 bushels of coke, and 38,370 
gallons of tar were produced for sale by establishments engaged primarily 
in the manufacture of other products.

The present status of this industry in the United 
States is approxim ately set forth in the preceding 
table, wherein the statistics given are those collected 
by the Bureau of the Census for the year ending De
cember 31, 1909; they show to what enormous di
mensions this industry has grown in this country in 
less than one hundred years.

In presenting these statistics I must, as I have on 
several previous occasions, call your attention to the 
limitations placed on census statistics, in common 
w ith all other bookkeeping statistics, growing out of 
the necessity for keeping each category carefully 
separated.

Thus while in the foot-note there is given the sta
tistics for those establishments that manufacture 
“ artificial gas for sale” as a subsidiary product, there 
is not included in the table or foot-note the natural 
gas produced for sale, since this is not manufactured, 
nor the blast furnace gas or producer gas, since while 
these are manufactured they are not produced for sale 
but arc consumed b y  the establishments manufactur
ing them. Likewise, though the by-products coke 
oven gas produced for sale is included in the statistics 
of the table when such establishments arc primarily 
engaged in producing gas for sale, yet the gas from the 
larger number of by-product plants, and also the cokc 
and tar produced by them, is not included in the table 
since these products arc chiefly consumed by the 
establishments of which they form a part. Such gas, 
however, as has been sold by these last mentioned 
establishments to gas companies appears in the table 
b y  value, though not by quantity.

A  comprehensive treatment of all gas industries 
would include the statistics for gas from all these 
sources, and I hope to be able later to present them.

I t  is to be noted that the Chartered Gaslight and 
Coke Company and the Baltimore Gas Company made 
coal gas by the destructive distillation of bituminous 
coal. The table includes water gas, mixed coal and 
water gas, oil gas, and acetylenc gas in addition to 
coal gas. In quantity, carbureted water gas exceeds 
them all, and if the straight water gas together with 
that used in compounding the mixed gas be also re
garded, water gas greatly exceeds in quantity all 
other gases combined. There m ay 'be some little 
surprise at finding acetylene gas and oil gas carried 
in this account for they are not usually thought of 
as being handled by public service corporations, yet 
to-day there are a considerable number of smaller
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communities having central acctylene plants, and as 
this condition carries these acetylenc statistics into 
this account, other returns for acetylene, shipped in 
containers, are combined with them. Oil gas is more 
remotely connected with this category, for it is almost 
wholly, if not completely, sold in containers, but 
nevertheless it is more closely connected with this 
account than any other opened on the Census books, 
and hence is placed here. Besides, since the product 
is largely supplied to railway coaches, and thus enters 
as a factor in interstate commerce, the companies are 
quasi-public.

The history of the gas industry is a record of con
tinued struggles. As Walton Clark has said: “ The 
conception of a system of illumination comprehending 
a central source, and radiating lines of conduits; the 
measurement and recording of the service rendered 
as rendered, and the absolute and immediate control 
by the served of the time, period and measure of ser
vice, was as bold and startling as has occurred in the 
mind of man.”  The prodûçt was early known to 
possess poisonous, properties and to form explosive 
mixtures with the atmosphere. Its manufacture was 
promptly observed to create nuisances. For fifty 
years its most potent competitors in the field of arti
ficial illumination were tallow, wax, and sperm oil, 
and the producers, conveyors and merchandizers of 
these materials were active in proclaiming the evils 
and dangers attending gas lighting, and opposing its 
introduction and growth. Because of its advantages 
outbalancing its disadvantages and because of many 
inventions, through which these evils and dangers 
were reduced and its benign characteristics improved, 
it eventually overcame these competitors and out
stripped them, only to be met by petroleum and petro
leum refining which, through the m any forms of lamps 
devised for the burning of its products, gave cheap 
and brilliant illumination.

Fortunately about this time, ’through the ingenuity 
of Tessie du M otay and of T. S. C. Lowe, the manu
facture of water gas and especially carbureted water 
gas was made commercially practicable. Moreover, 
in 1856, Perkin had made his discovery of mauve. 
In 1867 Kekulé published his classic memoir which 
stimulated the utilization of coal tar. The Bunsen 
burner had become known and its value demonstrated. 
About this time the value of ammoniacal salts as 
fertilizers began to be recognized and in consequence, 
the tar and ammoniacal liquor began to assume com
mercial value, and, thus protected and fostered, the 
gas industry flourished and grew side by side with its 
competitor petroleum, and even fed upon the latter 
in that the cheaper petroleum distillates were suc
cessfully adapted to the carbureting of the water gas.

B ut in 1879 Edison gave to the world the first prac
tical incandescent electric lamp and in- a short time 
the commercial feasibility and advantage of this 
method of illumination became so markedly apparent 
that the gas industry was thought to be doomed. 
Y e t a series of events regalvanized it and put fresh 
life into it. First in importance was the invention 
by Auer von Welsbach in 1886 of the incandescent

gas mantle which he attached to the Bunsen burner 
and which had been so perfected by 1892 that the use 
of these mantles became so widespread that approxi
m ately 100,000,000 of them were manufactured in 
the year 1903, and a larger number annually since then. 
In 1881 the Siemen's regenerator was adapted to the 
Copped oven and the general type of by-product oven 
since styled Otto-Hoffmann was produced. In 1882 
the Knab-Carvds oven was developed into the Semet- 
Solvay by-product oven, and through these and sub
sequent improvements in the designs and methods of 
operation of the by-product ovens and their accessories 
the cost of the manufacture of gas became greatly 
reduced. Moreover, by the adaption of the Bunsen 
principle by Fletcher, in 1883, and others, to burners 
of various kinds, gas heating became feasible, and the 
use of gas as a source of heat and power, as well as 
of light, promoted the growth and extension of the 
industry.

B ut the perfection of methods for low cost genera
tion and distribution of the electric current and its 
utilization as a source of light, heat and power for 
almost every condition under which these forms of 
energy are employed for domestic, manufacturing and 
community purposes, has gone on in the last ten years 
with continued acceleration so that the gas industry 
to-day finds itself menaced at every point by this 
competitor, and in the power field finds the gas engine 
completely outranked in sim plicity and certainty 
of operation, and cost of up-keep, by the electric motor. 
W isely, most of the larger gas corporations have pro
tected themselves by combining the generation and 
distribution of electricity with the manufacture and 
distribution of gas, thus removing a dangerous com
petitor from the field, while at the same time gaining 
an intimate acquaintance with each industry and 
keeping informed of the state of each art and the 
attitude of the community toward each product.

I sympathize with the owners of gas securities who 
anticipate a great shrinkage in the values of their 
holdings, but I cannot believe the chance of this oc
curring in the near future to be so likely as some m ay 
fear. I t  is true that to hold the field where active 
competition with electricity m ay arise or to prevent 
this competitor from entering the field, the price of 
gas must be reduced; but the profit can be maintained 
by reducing the cost of its production; this simply 
means, in most instances, the introduction of better, 
and in most cases, now known methods and deviccs, 
and in a more scientific management of the enterprise.

A  first step m ay be taken in the employment of the 
chemical engineer to observe and check with his ther
mocouples, his burettes, and reagents, the operations 
of gas making and purification, and the character of 
the by-products and their derivatives at every stage 
of the operations. The expense involved in the 
employment of a wise and accomplished chemical 
engineer cannot fail to prove to be a profitable in
vestment.

A  second step m ay be taken in the reduction of 
heat losses whereby a saving m ay be effected in the 
fuel account, and the efficiency of the operators im
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proved, for this is a feature in the manufacturing 
operations which, until recently, has been almost 
universally overlooked.

A third step m ay be taken in the more complete re
covery of the by-products and their more complete utili
zation. This will lead to a more diversified industry 
and demand a larger measure of chemical knowledge 
and experience. It m ay be of interest to recall, what 
has already been recorded in our literature, that one 
gas establishment in the United States has, in addi
tion to producing coke, tar and ammonium salts, 
entered on the manufacture of cyanides. But it 
tries the patience of the chemist to see the sulfur and 
other compounds going to waste in the purifying 
material when they can be usefully employed for so 
m any different purposes.

A cheapening of cost throughout may be effected by 
the introduction of more modern plants. There is 
not time in which to go into details of the several 
systems but I m ay refer to the by-product coke ovens 
as having, through the size of their units the following 
advantages; the introduction of mechanical methods 
for handling coal and for charging and discharging 
the ovens; the ability to successfully make use of 
coals not before classified as gas coals; the better re
covery and utilization of the by-products; and thecheaper 
production of gas. A difficulty in their use lies in 
the fact that they are primarily coke producers and 
that they can be employed profitably only where, as 
at blast furnaces, there is an assured market for this 
coke at a reasonable price. When, in 1906, I was 
engaged in the study of this industry I found its prog
ress arrested b y  an inability to dispose profitably of 
the tar. It is worthy of note that in the interval 
that has elapsed, the proof of the value of coal tar as 
a binder for road material has been so well demon
strated, and the "good roads- m ovement” has met 
with such acceptance, that an active m arket has been 
made for coal tar and the building of by-product coke 
ovens has proceeded while the outlook for the dis
posal of tar from gas works has improved. Beginning 
with the by-product plant at Everett, Massachusetts, 
gas from such plants has been distributed for sale 
when they were conveniently adjacent to large con
suming communities, and to a m arket for the coke, 
but a combination of these prerequisite conditions 
is not common.

Fortunately there have now been devised, both by 
Koppers and by the Semet-Solvay Company, gas 
ovens which combine with the proved advantages of 
the by-product oven a method of utilizing such a 
portion of the coke in further manufacture that most 
neighborhood markets can absorb the residue at a 
good price. So far as I am aware the Sem et-Solvay 
oven is yet undemonstrated but the Koppers gas 
oven has been built and operated and it has been 
ready to contract to put gas made in this oven into 
the holder at a cost of but 6.3 cents per thousand 
cubic feet. A t such a cost gas can for a long time yet 
compete with electricity.

The development of flameless incandescent surface 
combustion m ay fortify the gas industry. The ap

plications of gas by this means to domestic uses, 
manufacturing and metallurgical purposes and to the 
generation of steam, are most impressive. This dis
covery and invention is now being subjected to severe 
scrutiny and test and if it proves to be what it now 
appears to be, it is expected to be of more benefit to 
the gas industry than Welsbach's invention of the 
incandescent gas mantle.

Moreover, the recovery of the sulfur whose loss in 
the past has been mentioned and deplored seems now 
commercially possible since means for its utilization, 
which have been demonstrated as feasible and opera
tive in the laboratory are now being tested on a com
mercial scale in the factories, Burkheiser’s recovery 
process being operated in connection with the Flemalle 
Grande coke ovens near Liege, Belgium, while W alther 
Feld’s rival process is being employed at the gas works 
in Königsberg, Germany. Both aim to produce 
ammonium sulfate from the ammonium compounds 
in the gas liquor and the sulfur compounds obtained 
from the coal. Feld’s process is of special interest to 
the theoretical chemist in that the formation of the 
commercial product sought and the saving of the use
ful m atter accomplished is effected through the aid 
of the tetrathionates and the controlling under manu
facturing conditions of the reactions through which 
they are formed and those into which they will enter.

An unexpected competitor to the gas industry in 
its commercially successful utilization of its by-products 
is the alcohol industry which produces as a by-product 
enormous quantities of slops, the major portion of 
which have gone-to waste, for it is found that through 
the action of the enzyme, amidase, upon the diamido 
acids present in these distiller}’ residues, ammonia 
and propionic acid are formed. Being an enzymatic 
reaction no expensive or complicated plant and no 
difficult or dangerous manipulation is required in the 
process. This process, known as the Effront process, 
produced at the Nesle distillery, from the molasses 
vinasse, resulting from the production of 100 liters of 
alcohol, 35 kilos of ammonium sulfate and 35 kilos of 
the fa tty  acid; and from the beet-root vinasse repre
senting 100 liters of alcohol it produced 16 kilos of 
ammonium sulfate and 12-14 kilos of fa tty  acid. In 
the process, the diamido nitrogen was completelv 
converted into ammonia, no amines or ammonia 
compounds resulting.

The competition from this quarter is prospective 
but it is not likely to materialize immediately. For 
the consolation of the afflicted manager of gas works 
it m ay be said that the microorganisms and their 
enzymes m ay be commercially employed in the reso
lution of some of his troubles. V ery properly the 
denser and more progressive communities are for
bidding him to discharge his polluted effluents into the 
adjacent water courses. I imagine nothing can be 
more enraging than to be thus enmeshed, but these 
microscopic bodies m ay be put under his command 
to not only so purify these effluents that they become 
quite innocuous, but to also give such a commercially 
valuable return in the product as to almost if not quite 
repay the cost of the operation.

G e o r g e  W a s h in g t o n  U n iv e r s it y ,
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CURRENT INDUSTRIAL NEWS
S E L E N IU M  G LA SS.

Selen ium , to  th e  e x te n t  o f a b o u t 11,000 lbs. a n n u a lly , is  p ro 
duced b y  th re e  A m e rica n  firm s from  th e  an od e m u d s in elec
tro ly tic  co p p er refin in g. T h e  d em an d , ivh ich  is n o t large, is 
p r a c tic a lly  lim ited  to  m a n u factu re rs  o f red  glass and  red  en am eled  
w are; b u t  w h ile  th e  use o f selenium  as a  m ean s o f co lo rin g  glass 
w as p a ten te d  tw e n ty -o n e  y e a r s  ago  b y  F . W elz  (B er., 25, 8 19), 
v e r y  lit t le  h as  been  p u b lish ed  on selen iu m  glass. I t  is fo r th is  
reason th a t  th e  p a p er b y  F r itz  K r a z e  in Sprcclisaal, 45, N o. 14, 
2 14 -6 ; N o . 15, 2 27-8  (19 12 ) is o f g re a t  in te re st to  th e  glass 
m an u factu rer; a cco rd in g ly , i t  is a b stra c te d  a t  som e len gth .

W elz used selen iu m  or a  com p ou n d  o f selenium  a n d  cadm iu m  
sulph ide fo r th e  p ro d u ctio n  o f rose, red  a n d  o ra n g e  colored  
glasses (see, in  th is  co n n ectio n , E n g. M in . ] . ,  D ecem b er 18, 
1897, 7 3 1 );  b u t  a n  e n q u iry  in th e  " F r a g e k a s te n ”  o f th e  Sprcch- 
saal show ed K r a z e  th a t  th ese m ix tu re s  w ere  n o t y e t  sa tis
fa cto ry . H e  g iv e s  a s  a  good  co m p osition  fo r coral-red  corre
spo ndin g to  K a iser-red  glass (see Sprcclisaal, 1 9 1 1 , 70 7): 100 
k g . sand, 20 k g . sod a, 8 k g . p o ta sh , 7 k g . lim e, 0.5 k g . b o rax, 
13 kg. cry o lite , 300 g ram s selenium , 700 g ram s cad m iu m  sulphide, 
a nd  230 g ra m s su lp h u r. S im ila r ly , fo r a  tra n s p a re n t yellow -red  
glass, 200-300 g ra m s selen iu m  and  60 g ra m s u raniu m  o x id e  
w ith  100 k g . sand , 12 k g . sod a, 16 k g . p o ta sh , 20 k g . m iniu m , 
and  10 k g . lim eston e, a re  recom m en d ed . T h e  use o f selenium  
and u raniu m  o x id e  in  th e  m a n u fa ctu re  o f o ra n g e-ye llo w  glass, 
w as p a ten te d  in  1893. U ran iu m -selcn iu m  glass sh ow s a  green  
color in reflected  lig h t, w h ile  i t  is ye llo w -red  in  tra n sm itte d  
lig h t (cf. u ran iu m  glass).

S p itze r  p a ten te d  a  process for th e  red c o lo ratio n  o f g lass b y  
th e  u se o f se len itcs an d  se len atcs (B er., 27, 7 7 7 ). T h e se  co m 
pounds a re  m ore s u ita b le  th a n  m eta llic  se len iu m , sin ce  th e y  a re  
m ore s ta b le  in  th e  h e a t  o f th e  fu rn ace, a n d  a re  in  con seq uen ce 
less lik e ly  to  b eco m e lo st th ro u g h  v o la tiliza tio n  an d  o x id a tio n . 
N ew  sh ad es o f co lor a re  o b ta in e d  b y  th e  u se o f selen iu m  and  
selenium  co m p o u n d s w ith  gold  (Ib id ., 28, 195), o r w ith  silver, 
o p a c ify in g  m eta llic  o x id es  and  ce rta in  m in erals, su ch  a s  cry o lite , 
fluorspar, v ario u s p h o sp h ates, e tc .

E v e n  if e le m e n ta ry  selenium  is in co rp o rated  in to  th e  glass 
b a tc h , i t  d isso lves in th e  c le a r  fu sion  w ith o u t p ro d u cin g  a n y  
co lo ratio n ; d o u b tless i t  is o x id ized  and  ex is ts  in  th e  form  of 
d io x id e  in a  co llo id a l s ta te . A  re d u cin g  a g e n t i . n ecessary  if a  
red  selen iu m  glass is to  b e  o b ta in e d . A rsen ic  tr io x id e  w ill 
e ffect th e  red u ctio n  o f selenium  co m p o u n d s d isso lved  in  glass, 
and  th e  sa m e rea ctio n  o ccu rs w ith  co rresp o n d in g  a m o u n ts  of 
p ow d ered  ch arco al o r in  fusion  in a  red u cin g  a tm o sp h ere. W ith  
glasses fu sed  w ith  sod iu m  selen ate , K r a z e  a lw a y s  o b ta in e d  a red 
co lo ratio n  fo llo w in g  an  a d d itio n  o f arsen ic tr io x id e  co rresp o n d 
in g  to  th e  red u ctio n  to  selenium .

" A ll  fo rm u las in clu d in g  sa ltp e te r  for red selen iu m  glass a rc  
a b su r d ;”  in fa c t , th e  u se o f sa ltp e te r  “ does n o t seem  to  a p p ly  
e v e n  in  lea d  glass co lored  w ith  se len iu m ”  (Sprcchsaal, 1 9 1 1 , 
142), fo r t h e e  w ill a lw a y s  b e  a n  o x id a tio n  of th e  selen iu m  
p resen t, g iv in g  rise to  in effectiv e  selenium  (colorless d ioxide) 
a n d  o cca sio n in g  co n sid erab le  loss. K r a z e  fa iled  to  o b ta in  a  
co lo r w ith  a  b a tc h  o f th e  fo llo w in g  co m p o sitio n : 100 k g .
san d , 15 k g . p o ta sh , 15 k g . soda, 12 k g . m arb le , 6 k g . m in iu m , 
3  k g . sa ltp e te r, and  125 k g . se len iu m .

K r a z e  co n clu d ed  th a t  if th e  red  co lor of se len iu m  glass is  due 
to  th e  sep a ra tio n  o f red  e le m e n ta r y  selen ium , th en  th ere m u st 
resu lt an  evo lu tio n  o f h y d ro g en  u p on  tr e a tin g  th e  g lass w ith  
co n cen trated  h yd ro flu o ric  a cid . In v e stig a tio n  sh ow ed  a  
s im u ltan eou s fo rm a tio n  o f h y d ro g e n  selen ide, w h ich  co u ld  o n ly  
be a ttr ib u te d  to  th e  p resen ce o f a  se len id e  in th e  g lass e xa m in ed , 
N o, 1 o f th e  exp e rim e n ts  g iv e n  below .

G lasses decolpxizpd b y  jtaeans o f se len iu m  p ossess a n  u nusual

clearn ess and  b rillia n cy . T h e  u se  o f selenium  a s  a  d eco lo riz in g  
a g e n t (sodium  selen ate  is g en era lly  used) is c la im ed  in  G erm an  
P a te n ts  63,558, 78,565, and  88,615. C arefu l exp e rim e n ts  h a v e  
show n  (see M iskow slcy, K eram . R undschau, 18, 457) th a t  th e  
r a tio  o f ferrous o x id e  to  d eco lo riz in g  a g e n t is 1 : 0.00020S for 
selen ium , w h ich  a c ts  as a  d ecolorizer b y  p ro d u cin g  a  co m p le 
m e n ta ry  co lor w h ich  " c o v e r s ”  th e  green  t in t  im p arted  to  g lass 
b y  iron  o x id es. (S elen iu m -m an gan ese  is n o w  b e in g  m ark e ted  
in  th e  U n ited  S ta te s  as a  g lass d ecolorizer.) K r a z e  fou n d  th a t  
th e  un desirab le  red  tin t , d ue to  to o  m u ch  selenium  in  d ecolorized  
glasses, w a s  rem o ved  w h en  arsen ic w a s  ad d ed  to  th e  m o lten  
glass, w h ich  show ed th a t  arsen ic a c te d  as a  re d u cin g  a g e n t.

In  th e  exp erim en ts  m ad e  b y  K r a z e , th e  fo llo w in g  ty p e s  o f 
g lass w ere  p laced  in a  S eger o v en  in  c h a m o tte  cru cib les and  
m ixed  w ith  sod iu m  se len ate  or se le n iu m :

No. I. 1.7 K*0 CaO 9.8 SiOa
No. I I . 1.7 NajO CaO 9.8 SiOa
No. II I . 1.18 NaaO CaO 6.94 SiOj
No. IV. 1.53 K*0 CaO 5.4 SiOa
No. V. 1.53 KjO BaO 5.4 SiOa
No. V I. 1.53 NajO BaO 5.4 SiOa
No. V II. 1.53 KjO ZnO 5.4 SiO ,
No. V III. 1.53 NaaO ZnO 5.4 SiOa
No. IX . 1.49 KsO CaO 9.8 SiOa
No. X . 1.49 KjO BaO 9.8 SiOa
No. X I. 1.49 KjO ZnO 9.8 SiOa
No. X II . 1.49 KjO PbO 9.8 SiOa
No. X III . 1.49 KzO CaO 9.3 SiOa 0.5 B,Oa
No. X IV . 1.49 K 2O CaO 9.47 SiOa 0.33 PjO*
No. XV. 1.49 K 2O CaO 9.3 SiOa 0.5 SnOa
No. X V I. 1.49 K*0 C aFa 0.3 AI2O3 9.8 SiOa

A cco rd in g  to  th e  ca lcu la tio n  of th e  m ix tu re s  o f ty p e s  I - X V I ,  
a ll co n tain ed  100 p a rts  b y  w e ig h t o f q u a rtz , in ord er to m ea su re  
th e  p ro p o rtio n  o f ad d ed  selen iu m  recom m en d ed  b y  S ch u ste r 
&  W ilh e lm y  A .-G . fo r th e  p ro d u ctio n  o f rose-colored  glass. 
A cco rd in g  to  th is  firm , 300-350 gra m s sod iu m  selen ate  o r 10 0 - 
120 g ram s e le m e n ta ry  selen iu m  a re  used  w ith  100 k g . sand.

N o. I .— T h e  cru d e m ix tu re  co n ta in ed  b y  w eig h t: 100 q u artz , 
40 p o ta sh , 17 lim eston e. O f th is  m ix tu re  157 g ra m s w e re  fused 
w ith  0.3 g ram  so d iu m  selen ate . O n th e  first run, 3 hou rs a fte r  
h e atin g  th e  S eger o ven , th e  glass w as still colorless. I t  w as th en  
tre a te d  w ith  0.5 g ram  arsen ic, a n d  a fte r  30 m in u tes a n o th e r 
te st  w as m ad e. T h e  re su lt w a s  a  c o m p le te ly  fused g lass w ith  a 
v e r y  fa in t red color. T h is  m o lte n  glass w a s  n e x t  w ell-stirred  
and  1 hou r a fte r  th e  p rev io u s te s t  w as foun d to  b e  co lored  red. 
A fte r  a n o th er hou r th e  co lo r rem ain ed  u n ch an ged . I t  w a s  n e x t  
m ix e d  w ith  0.6 g ra m  m o re arsen ic, w h ich  p rodu ced  a  d eep  red 
co lo r; and, in  15 m in u tes, w ith  th e  a d d itio n  o f a n o th e r g ra m  of 
arsen ic, th e  co lor rem ain ed  u n ch an ged . T h is  e x p e rim e n t 
show ed t h a t  th e  red  colored  selenium  sep a ra ted  o u t  u n der stro n g  
re d u cin g  influences, the co lo r in creasin g  u n til th e  co m p letio n  

o f red u ctio n .
N o. I I .— A n  eq u a l m o le cu lar w e ig h t o f so d a  w a s  su b stitu te d  

fo r p o tash ; and  th e  m ix tu re  co n ta in ed  100 g ram s q u a rtz , 31 
g ram s ca lcin ed  soda, an d  17 g ram s lim e. T h is  t im e  0.5 gram  
selenium  w a s ad d ed . A fte r  2 hou rs, th e  g lass w a s  co lorless; 
th e  a d d itio n  o f arsen ic an  h o u r la te r  g a v e  n o  resu lt, and  th e  
g lass fin a lly  b ecam e green ish  w ith o u t a n y  n o tice a b le  red  tin t. 
T h e se  exp erim en ts  sh ow ed  th a t  th e  so d a-lim e g lass w a s  un- 
su itcd  for selen iu m  co lo rin g; th e  fo rm a tio n  o f a  co lored  sod iu m  
selen id e h ad  n o t ta k e n  p lace. T h e  green  co lo r ob served  w as 
tra c e d  to  d isso lved  ferro u s s ilica te , re su ltin g  fro m  th e  iron  rod 
e m p lo yed  in  stirrin g.

N o. I I I .— T h is  corresp on ded  to  a  g lass co m p o sitio n  a cco rd in g  
to  T sch eu sch n er and  w as se lected  in ord er to  try' a  h ig h -a lk ali 
g lass: 100 g ram s q u a rtz , 30 g ram s ca lc in ed  sod a, a n d  24 g ram s
ca lc iu m  c a rb o n a te  w ere  fu sed  w ith  0.3 g ra m  sod iu m  selen ate . 
A fte r  3 hours, th e  glass w a s  in co m p le te ly  fu sed , v e r y  op aq u e,
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b u t  c le a rly  rose-colorcd, b e in g  e ven  stro n ger th a n  N o. I  b efore 
th e  a d d itio n  o f arsen ic. T h e  glass b e ca m e  s lig h tly  tra n sp are n t 
30 m in u tes la ter , b u t  th e  red  co lor h ad  d isap p eared ; a fte r 
a n o th er h alf-h ou r th ere  still rem ain ed  som e u n fu scd  m a tte r , 
b u t  oth erw ise  th e  glass w as c lear, a lth o u g h  i t  possessed a  greenish 
tin t. A n  a d d itio n  o f 0.5 g ram  arsen ic w a s  n o w  m ad e, and  th e  
re su lt w as a  clou d ed  and  in ten sely  green  co lored  g la ss; th e  green  
co lor persisted  u n til c lea r fu sion . A n o th er  a d d itio n  o f 0.5 gram  
arsen ic g a v e  a  p a le  b u t  still green  glass. T h e se  fu sion s show ed, 
as in  th e  ca se  o f N o . I I ,  th a t  sod a-lim e glass w a s h a rd ly  su ited  
fo r selenium  colorin g, even  th o u g h  th e  g rea ter lim e c o n te n t as 
com p ared  to  th e  sod a  p resen t, w as so m e w h a t fa v o ra b le  fo r co lo r
in g  a t  first. T h e  in crease in d ep th  o f th e  green  co lo r a fte r  th e  
a d d itio n  o f arsen ic w as ascrib ed  to  a  red u ctio n  of ferric silicate .

N o . I V .— 100 g ram s q u artz , 65 g ra m s p o tash , and  31 g ram s 
ca lc iu m  ca rb o n a te  w ere  fused w ith  0.5 gram  selen ium . T h e  
iron o x id e  (from  th e  rod) a ltered  th e  red  co lor o f th e  selenium . 
A n  a d d itio n  o f 0.5 g ram  arsen ic b rig h ten ed  th e  glass, and  fu rth er 
a d d itio n s served  to  p ro d u ce ferrous o x id e , th e  green  co lo r o f 
w h ich , w ith  th e  red  co lo r o f th e  selen ium , p ro d u ced  th e  de- 
co lo rizatio n . T h e  co ld  glass w as b r ig h t  ye llo w -b ro w n , a lth o u gh  
i t  h ad  a  rose tint.

N o. V .— T h e  b a tc h  co n ta in ed  100 g ram s q u artz , 65 gram s 
p o tash , a n d  60 g ram s b ariu m  ca rb o n a te , m a k in g  a  g lass w h ich  
fused e as ily : 0.5 g ram  selen iu m  w as add ed, and  b efore fu sion
an  a d d itio n  o f 1.5 g ra m s arsen ic w a s m ad e. A fte r  2 hours, th e  
glass w as b rig h t a n d  possessed a  co ffee-brow n  co lo r and  a  rose 
shade. A fte r  30 m in u tes, 1 g ram  arsen ic w a s a d d ed , w h ere
upon th e  glass ra p id ly  b cca m e  colorless, w ith  o n ly  a  w e a k  b ro w n  
tin t. F u rth e r  a d d itio n s o f arsen ic p ro d u ced  a  green  color. 
T h e  arsen ic h ad  fin a lly  cau sed  a  co m p lete  red u ctio n  o f ferric  
o x id e  to  ferrous o x id e  and  co n se q u e n tly  a  green  co lo r; th e  
selenium  h ad  been  vo la tilize d , a lth o u g h  p r o b a b ly  b ariu m  
selenide w as form ed to a  certa in  e x te n t.

N o . V I .— T h e  b a tc h  co n ta in ed  100 g ram s q u a rtz , 50 g ram s 
ca lc in cd  sod a, 60 g ram s b ar iu m  ca rb o n a te , and  0.5 g ram  
selen iu m . T h e  a d d itio n  o f arsen ic w a s  m ad e  as in  N o . V . 
T h e  first resu lt w a s  a n  oran ge-b ro w n , cry sta llin e  g la ss; a fte r 
a n o th er a d d itio n  o f arsen ic (1 g ra m ), i t  b ecam e colorless. T h e  
c o m p le m e n tary  effects  o f th e  co lors en tered  in  here, for on  re 
p e a te d  ad d itio n s of 1 g ram  arsen ic, th e  glass b cca m e  v e r y  green 
colored .

N o. V I I .— T h e  fu sion  w a s m a d e  w ith  100 g ra m s q u a rtz , 65 
g ram s p o tash , 25 gra m s z in c  o x id e , a n d  0.5 g ram  selenium . 
A fte r  2 1/ ,  hours, th e  glass w a s  c lea r and  o f a  d eep brow n ish  
y e llo w  color. T h e  a d d itio n  of arsen ic fa iled  to  p ro d u ce a  ch an ge 
in  co lor a fte r  15 m in u tes; a secon d  a d d itio n  g a v e  rise to  a  y e llo w 
ish g ra y  t in t ;  a n d  a  th ird  a d d itio n  cau sed  no ch an g e  b u t  a  s lig h t 
b righ ten in g . K r a z e  w as led to  b e lie ve  th a t  z in c  selenide w as 
form ed in  th is  exp erim en t.

N o. V I I I .— 100 g ram s q u a rtz , 50 gra m s ca lcin ed  sod a, 25 
gram s z in c  o x id e , and  0.5 g ram  selen iu m . T h e  resu lts o b tain ed  
w ere  sim ilar to  th o se  in  N o. V I I ,  e x c e p t th a t  th e  c larifica tio n  
occu rred  a fte r 3 h o u rs and  th e  co lo r ch an ges w ere  d ifferen t. 
A fte r  th e  first a d d itio n  o f arsen ic, th e  co lor ch an ge w as to  y e llo w , 
and  fu rth e r ad d itio n s effected  no ch an g e  in co lo r a n d  o n ly  a  
s lig h t cla rifica tio n . A  red  t in t  w as n ever n o ticed .

T h e  fo llo w in g  te sts  w ere  d ec id e d ly  m o re  a c id  th a n  th e  p re
ced in g  and  th e  glasses w ere  sim ilar to  p o ta ssiu m  glasses o f th e  
ty p e :

1.49 K jO .R O .9 .8  acid.

In  th e  p rev io u s tests th e  acid s en tered  in to  th e  co m p osition  
so le ly  a s  s ilica ; in th e  fo llow in g  d ifficu ltly  fu sib le , ac id  glasses 
w ere exp erim en ted  w ith  for com parison.

N o. I X .— T h is  w as a  co m p osition  for B o h e m ia n  c ry s ta l 
glass ta k e n  from  H o lilb a u m ’s "Z e ilg e m isse  H crsiellung, Bcar- 
beitung u nd  Verzierung des jeineren H ohlglases.”  T h e  b a tc h  o f 
100 gram s q u artz , 35 gram s p o tash , and  17 gram s calciu m

c a rb o n a te  w as fused w ith  o n ly  0.1 g ram  selenium . T h re e  hours 
a fte r  h e atin g  th e  fu rn ace, te s t  1 show ed n o un fused  p a rts  and  
w a s  deep b ro w n ; 2 hours a fte r, tests  2 and  3 possessed th e  sam e 
color. T h e  a d d itio n  o f 0.5 gram  arsenic, h o w ever, caused  a 
ch an ge to  a  p r e tty  red (tes t 4)* T h e  rose co lor d id  n o t ch an ge 
a fte r  */t hour ( te s t  5), and  e ven  rem ain ed  a fte r  rep ea ted  a d d i
tio n s (2.5 gram s) o f arsen ic (tes t  6). E v e n  a fte r  30 m in u tes 
la ter , fo llow in g  an a d d itio n  o f arsen ic (0.5 gram ), n o ch an g e  in 
co lor w as ob served. T h e  resu lts o f th is  e xp erim en t show ed 
th a t  th e  desired color h ad  been o b ta in ed  w ith  v e r y  sm all a m o u n ts 
o f selenium  (0.1 g ram ). H en ce th e  resu lts  agreed  w ith  th o se  of 
N o. I, for th e  m easured  a d d itio n  o f sodium  sc le n a te  (40 p er 
cen t, sa lt) used in th e  la tte r  corresponded to 0 .12  g ram  selen iu m ; 
b u t  glass N o. I , w ith  less silica, d id  n o t assu m e a  rose co lo r so 
ra p id ly  as N o. I X .  T h erefore, it  seem s th a t  the acid  co n te n t 
of th e  glass p la y s  ai) im p o rta n t p a rt  in d ev e lo p in g  th e  red  color. 
N everth e less, it  m u st n o t be considered  th a t  sod iu m  selen ate  
requ ires m ore en ergetic  red u ction  for red co lo rin g  th a n  selen ium .

K r a z e  also fused th e  b a tch  o f N o. I X  w ith  0.2 g ram  o f selenium , 
w ith  1 g ram  selenium , and  a g a in  w ith  d ou ble  and  fiv e  tim es th e  
am o u n t. W h a t  h e  exp ected  d id  n o t o ccu r: h e red  co lo ratio n  
did n o t becom e intensified  from  a n  in crease in th e  selenium  
co n ten t, and  th e  rose co lor resu ltin g  from  an  a d d itio n  o f 0.1 
gram  selenium  could  n o t b e  d istin gu ish ed  from  th a t  fro m  0.2 
gram  selenium — in fa c t, b o th  glasses w ere  co lored  even  m ore 
stro n g ly  th a n  w h en  0.5 gram  selenium  w as used.

N o. X . — In  th is exp erim en t lim e w a s  su b stitu te d  b y  b ariu m  
o xid e , b u t  oth erw ise  th e  glass w a s  th e  sam e. T h e  b a tc h  w as: 
100 gram s q u artz , 35 gram s p o tash , 33 g ra m s b ariu m  carb o n a te , 
an d  0.2 gram  selenium . T h e  first te s t  h a d  h a rd ly  been  fused 
b efo re  i t  show ed a  rose tin t . T w o  hou rs a fte r  th e  gas o v en  w as 
s ta rte d , th e  glass w as th o ro u g h ly  fused, b u t  th e  ro se  co lor w as 
b ro w n  tin ted . F o u r hours la ter, te sts  sh ow ed  th a t  th e  p ro d u ct 
w a s  so m ew h a t b righ ter.

N o. X I .— A  m ore acid  z in c  g lass th a n  N o. V I I  w a s o b tain ed  
b y  s u b stitu tin g  zin c o x id e  for b ariu m  o x id e . T h e  b a tc h  co n 
sisted  o f 100 g ram s q u artz , 35 g ra m s p o tash , 14 g ram s zin c 
o x id e , and  0.2 g ram  selenium . T e s ts  sh ow ed  th a t  a t  th e  b e
g in n in g  o f th e  fusion th ere  w as a  v e r y  w e a k  ro se  t in t , b u t  th e  
m e lt la te r  b ecam e a b so lu te ly  co lorless; th e  a d d itio n  of arsen ic 
d id  n o t cau se  th e  le a st co loration .

N o . X I I . — C om position : 100 g ram s q u a rtz , 35 g ram s p o tash , 
39 g ram s m iniu m , and  0.2 g ram  selen ium . A fte r  4 hours 
fusion, th e  tests  show ed a  y e llo w  glass, b u t  la ter  b row n ish  y e llo w , 
and  fin a lly  a  g lass colored a lit t le  m ore in ten sely .

T h e  n e x t  th ree  exp erim en ts w ere a g a in  w ith  p o tassiu m — lim e 
glasses, b u t  b o ric  a cid , ph osp h oric a c id , o r sta n n ic  o x id e  w as in 
p a r t  su b stitu ted . R e p lace m e n t o f p a r t  o f th e  silicic  b y  b o ric  
acid  in  th e  acid  p o tash  glasses d im in ish ed  th e  red  co lor; and  
p h osp h oric  acid  and  sta n n ic  o x id e  acted  in  a  sim ilar m an n er and  
to  a  g rea ter e x te n t. R e p la c e m e n t o f th e  lim e b y  flu orsp ar 
g a v e  o n ly  a  colorless glass, ow in g, n o  d o u b t, to  th e  v o la tiliza tio n  
o f th e  selenium  as flu oride d u rin g  th e  fusion.

K r a z e  prom ises to  in v e stig a te  th e  ex isten ce  o f selenides in 
co lored  selenium  glasses.

H E A V Y  O IL  EN G IN E S.

T h e  fo llo w in g  is an  a b s tr a c t  o f a n  ad d ress b y  C a p t. H . R . 
S a n k e y  b efo re  th e  R o y a l S o c ie ty  o f A rts , A p r il 29, 19 12 :—

S o m e  tw e n ty  y e a rs  ago  th ere  w as o n ly  on e form  o f oil engine, 
o f w h ich  th e  H o rn sb y -A k ro y d  a n d  P r ies tm a n  could  b e  ta k e n  
a s  ty p e s . T h e se  engines req u ired  e xte rn a l h e a t  a t  s ta rt in g  for 
th e  e v a p o ra tio n  o f th e ir  fuel a n d  w orked  on  paraffin . In  1890, 
D a im ler in ven ted  th e  petro l-en gin e, w h ich  w o rk ed  w ith  p etro l 
o f a  specific g r a v ity  o f a b o u t 0.68 and  w h ich  req u ired  n o e x 
tern a l h e a t  fo r th e  eva p o ratio n  o f its  fu el. S e v e n  y e a rs  la ter 
D iesel in tro d u ced  his engine, w h ich  w o rk ed  w ith  h e a v y  oil and  
req u ired  n o  ex te rn a l h eat, as th e  fuel w a s m ech a n ica lly  “ pulvei>  
ize d ”  in stead  o f b ein g  eva p o rated .
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A t  th e  p resen t tim e, tw o  classes o f o il-engines are  in use, v iz.:  
light-oil engines, w h ich  u se fuel c a p a b le  o f fo rm in g  e x p lo siv e  
m ixtu res a t  ord in ary  te m p e ratu re s  and  possessing a d e n sity  of 
0.68-0.72; a n d  h e a v y -o il engines, w h ich  use fu el req u irin g  h igh  
tem p eratu res or m ech an ica l “ p u lv e riz a tio n ”  for th e  form ation  
of e xp lo siv e  m ixtu re s, and  possessing a  specific g r a v ity  o f 0 .8 -  
0.9. O f th e  h e a v y -o il class, th e  D iesel engine, w h ich  has re
ceived  m uch  sp a ce  la te ly  in  th e  tech n ica l press, is th e  m o st 

im p o rta n t ty p e . In  it  th e  com pressio n  o ccu rs e n tire ly  on a 
charge o f air, in to  w h ich  th e  fuel is a fte rw ard s in jected , so th a t  
there is n o  d an g er o f p re-ign itio n , an d  com pressio n  pressures 
up to  450-500 lbs. p er sq . in . can  b e  u sed. I t  is, in fa c t, in its  
high com pressio n  th a t  th e  g r e a t  e ffic ien cy  o f th e  D iesel engine 
lays. In  th e  sem i-D iesel ty p e  of engine, in  w h ich , a fte r  com 
pression of a ir, th e  fuel is in je cted  in to  a  h o t  b u lb , th ere  is no 
dan ger o f p re-ign ition , b u t  com pressio ns up to a b o u t 200 lbs. 
per sq . in . are  u s u a lly  fo u n d  to  b e  su fficien t to  en su re  ign ition .

In  th e  D iesel en gin e adm ission  o ccu rs a t  c o n sta n t pressure 
and  e x h a u s t  a t  c o n sta n t vo lu m e, as co m p ared  w ith  th e  gas- 
engine and  p etro l-en gin e, in w h ich  adm ission  ta k e s  p la ce  a t  
c o n stan t vo lu m e. T h is  d ifferen ce  g iv e s  th e  D iesel engine an 
a d v an tag e , sin ce  th ere  is a  g rea ter d ifferen ce  b etw een  th e  u p p er 
portions o f th e  a c tu a l a n d  th eo re tica l d iag ram s in  th e  tw o  cases. 
T h e  eco n o m y  o f th e  D iesel en gin e is also la rg e ly  a cco u n ted  for 
b y  th e  h ig h  com pressions, u p  to  from  450-500 lbs. p er sq . in ., 
w hich  can  b e  used. T h e  te m p e ratu re  reach ed  in  th e  cy lin d e r 
of a  D iesel en gin e is u su a lly  a b o u t 1200° F . W ith  a  2 -stroke 
cycle  gas-en gin e th ere  is d an ger th a t  som e o f th e  n ew  w o rk in g  
ch arg e  m a y  b e  b lo w n  o u t o f th e  e x h a u s t b y  th e  sca ve n g in g  air, 
b u t in  a  D iesel en gin e th is  ca n  n o t h ap p en , so th a t  th e  D iesel 
m a y  b e  regard ed  as e sse n tia lly  a  2-stroke en gin e.

A cco rd in g  to Ind u strial Engineering, u ,  401, th e  th erm al or 
in d icated  e ffic ien cy o f th e  D iesel en gin e o f to -d a y  reach es 48 
per cen t., w h ile  th e  e ffe c tiv e  or b ra k e  effic ien cy  reaches, in som e 
cases, 35 p er cen t, o f th e  h e a t  v a lu e  o f th e  fu el. T h is  engine 
co n verts  th e  h e a t  o f th e  n a tu ra l fuel in to  w o rk  in  th e  cy lin d er 
itself, w ith o u t a n y  p rev io u s tra n sfo rm in g  process.

A lln e r  ( J . Gasbel., 54, 321) re p o rted  th a t  te sts  o n  a  100 h. p. 
D iesel m o to r sh ow ed  v ertica l-o v en  ta r  w as a  v e r y  s a tis fa c to ry  
fuel fo r th is  ty p e  o f en gin e; la te r  (Progressive Age, 29, 481) 
i t  w as p o in ted  o u t  th a t  ta r  fuel w a s  t h e  le a st exp e n sive  for 
D iesel engines a n d  th a t  w ith  s lig h t ch an ges in th e  engine, no 
d ifficu lty  w as exp erien ced  in  u sin g  it ;  a n d  A lln e r  h as m ore 
re ce n tly  p o in te d  o u t  ( / .  Gasbel., 54, 1025) th a t  th e  p resen t 
p ractice  in  u sin g  ta r  is to  assist ig n itio n  b y  sp u rtin g  in to  the 
cy lin d e r a b o u t 5 p er cen t, o f gas oil ju s t  ah ea d  o f th e  ta r . R e 
ce n tly , h o w ever, i t  h as b een  fo u n d  possib le  to  o p e ra te  on  ta r  
oil and  a v o id  th e  u se o f e ven  th is  sm all a m o u n t o f gas oil, and  
q u ite  la te ly  i t  h a s  b een  a scerta in ed  th a t  a  40 h. p. D iesel en gin e 
m a y  b e  o p era ted  b y  th e  use o f ra w  ta r  itse lf, u sin g  b o th  v ertic a l 
o v en  ta r  a n d  ce rta in  k in d s o f re to r t  o v en  tar , a n d  w h o lly  a v o id 
in g an>r use o f ig n itio n  oil.

T H E  C L A S S IF IC A T IO N  O F  S O A P S.

W ith  th e  o b je c t  o f c la ss ify in g  d ifferen t soaps on  a co m m ercia l 
scale, th e  C o m m ission  a p p o in ted  b y  th e  I ta lia n  U n io n  o f S oap  
M akers h as proposed to  d iv id e  th em  in th e  ord er of th e ir  re
qu irem en ts. G ia n o li rep o rts as fo llo w s co n cern in g  th e  re c 
om m en d atio n s o f th e  C om m ission  [Chem . Trade J . ,  50, 465 
(I9I2)]:

I .  PURE SOAPS OP THE FINEST QUALITY.

(a) B oiled  S oap s.— H ard , so ft, flo atin g , w h ite  a n d  d yed , 
scen ted  or u n scen ted ; n o t lia b le  to  ch an g e  co lor or to  becom e 
ra n cid ; co m p le te ly  so lu b le  in w a te r  and  in a lco h o l; a n d  co n 
s titu te d  b y  a  c o m b in a tio n  o f so d a  a n d  fa t t y  a cid s  w h en  th is  is 
in solu b le in  so d iu m  ch lo rid e  so lu tio n s a t  1 5 0 B é ., i. c., free 
from  o x y - f a t t y  acids, a n d  in  w h ich  th e  to ta l p ercen tag e  of 
h y d r a te d  fa t t y  açids, B o n -siccativ e , is n o t less th a n  60 p er cen t.

F re e  from  unsap onified  g lycerid es, h yd ro carb o n s, w a x , a lk a lin e  
an d  m eta llic  so ap s; n o t m ore th a n  0.3 p er cen t, free  so d iu m  
h y d ro xid e ; n o t m o re th a n  1.5 p er cen t, to ta l m in eral m a tte r ;  
n o t  m ore th a n  2 p er cen t, foreign  o rg an ic  m a tte r  (co lo rin g  
m a tte r, p erfum e, or fa t t y  acid s o f lo w  m o lecu lar w eig h t).

(6) R esin  S oaps.— B oiled  w ith  n o t m ore th a n  15 p er cen t, of 
co lo p h o n y, and  oth erw ise  corresp on din g to  th e  req u irem en ts  
assign ed  to  th e  p reced in g.

(c) M ottled and M arbled Soaps, in  w h ich  th e  p ro p o rtio n  o f 
h y d ra te d  fa t t y  acid s is n o t less th a n  55 p er ce n t., a n d  th e  to ta l 
free a lka lies, ca rb o n a tes, su lp h ates, a n d  a lk a lin e  silica te s  d o  n o t 
exc ee d  3.5 p er cen t.

2. CURRENT SOAPS OF INFERIOR QUALITY.
H ard  or so ft, p la in  or m arb led , co n tain in g, o r n o t  co n tain in g , 

a lk a lin e  m ineral d eterg en ts, o rg a n ic  o r m in eral fillin gs in  q u a n 
tities  g rea ter th a n  3.5 p er cen t, w h en  th e  soaps c o n ta in  33 p er 
cen t, h u m id ity — n am ely , soaps co n ta in in g  ca rb o n a tes and  
a lk a lin e  silicates, ta lc, kao lin , asbestin e, fossil flour, o r su gar, 
sta rch , fecu la , h yd ro carb o n s, e tc . S o ap s m an u factu re d  co ld  
or h o t w ith  fa t t y  a c id  or g lycerid es o f a n y  n atu re , w ith  or w ith 

o u t resin.
3. DRY SOAPS.

S o ap s w h ich  do n o t g iv e  m o re  th a n  20 p er cen t, o f w a te r  w hen  
exp o sed  for 3 h o u rs to  a  te m p e ra tu re  o f 1 0 5 -1 1 0 °  C. a fte r  b e in g  
p u lverized  w ith  10 tim es th eir w eig h t of pow d ered  glass.

T h e  soap c lassification s h ith e rto  p u b lish ed  h a v e  been  g e n e ra lly  
b ased  on  th e  m eth o d s o f m an u factu re . T h e  a b o v e  c la ssifica 
tio n  seem ed to  th e  I ta lia n  C om m ission  to  m o re  n e a rly  m ee t th e  
req u irem en ts o f th e  a n a ly s t  and  con su m er. W h a t  th e  la tte r  
desires to  k n o w  is th e  p ecu lia r ch a ra cte r  o f th e  so ap  h e is  b u y in g , 
and  n o t h o w  it  is m ad e. C o n seq u en tly , to  s a t is fy  th e  trad e, 
th e  lim its  w ith in  w h ich  th e  co m p o sitio n  m a y  v a r y  m u s t  b e  

specified.

T H E  SP O N TA N E O U S C O M B U STIO N  O F C H A R C O A L .

In  19 11 , th ere  w ere  64 rep o rted  fires in  th e  tra n sp o rta tio n  o f 
ch arco a l in th e  U n ite d  S ta te s , a n d  o f th ese  63 w ere  e v id e n tly  
caused  b y  sp o n tan eou s co m bu stio n . D u rin g  19 11 , e xp erim en ts 
on th e  sp o n tan eou s h e a tin g  and  ign itio n  o f h ard w o o d  ch arco al 
w ere sta rte d  a t  S tra ig h t, P a ., and  a t  W estlin e, P a ., b y  th e  
B u re au  for th e  S a fe  T r a n sp o rta tio n  o f E x p lo s iv e s  and  o th er  
D an gero u s A rtic le s . T h e  ch arco al, a fte r  v a ry in g  tr e a tm e n t 
as to  coolin g  and  a ir exp osu re, w as loaded  in to  b o x  cars, and  th e  
tem p eratu re  o f th e  in terio r of th ese  ca rs  w as o b served  a t  in te r
v a ls  to  d e te c t  a n y  in crease  in  tem p eratu re . F ro m  th e  in com 
p le te  series o f e xp erim en ts perform ed , i t  w as rep o rted  (B u reau  
o f E x p lo siv e s, R eport N o. 5, F e b ru a ry , 1912, p . 47) th a t  " n o  
con clusion s ca n  b e  d ra w n  as to  th e  re la tiv e  effic ien cy  o f vario u s 
perio ds of co o lin g  a n d  a irin g . I n  n o  case  w as th ere  a n y  ign itio n  
o r a n  in crease of te m p e ratu re  a p p ro a ch in g  ign itio n . In  e v e r y  
case  b u t  on e th ere  w a s  a  n o ticeab le  rise  o f tem p eratu re , w h ich  
can  be ascrib ed  o n ly  to  th e  a ctio n  o f a ir  on  th e  co ld  ch arco al, 
and  n o t to  a n y  resid u al sp a rk s  o r fire .”  T h e  figures o b tain ed  
so far h a v e  n o t sh ow n  th a t  w e ttin g  th e  ch arco a l in creases th e  
h e a tin g  effects, a lth o u g h  i t  is th e  general b elie f t h a t  h e atin g  
m o re freq u e n tly  o ccu rs in  d am p  w eath er. " T o  a tta in  ab so lu te  
se cu rity  from  fires o f sp o n tan eo u s o rig in  i t  is n ecessary  to  sto re  
th e  ch arco al in  th e  op en  till  su ch  tim e  as i t  a tta in s  its  eq u ilib 
riu m  w ith  regard  to  a b so rp tio n  o f a ir ” — a n  im p ra ctica b le  
proced u re, so “ th e  lo g ical a lte r n a tiv e  is to  su p p lem en t th e  b e st 
p resen t p ractice  o f coolin g, a irin g  and  sto rin g  in op en  cars for 
24 hours p rior to  sh ip m e n t b y  a  sa fe  m eth o d  o f v en tila tio n  of 

ca rs  d u rin g  sh ip m e n t.”
T h e  exp erim en ts  on  th e  sp o n tan eo u s co m b u stio n  o f ch arco al 

re ce n tly  p u b lish ed  b y  th e  N a tio n a l P h y sic a l L a b o r a to r y  (R e
port for 1910 , 85; 1 9 1 1 , 86) w ere  co n d u cted  in a n  e le c tr ic a lly  
h e ate d  o v en , in  w h ich  1 cu . ft . o f th e  ch arco a l w as exp o sed  to  a  
u n ifo rm  te m p e ra tu re  (c o n sta n t w ith in  i °  C .), m easu red  b y
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m ean s o f th erm ocou ples. T h e  ch arco al w as surro un d ed  b y  an  
a ir sp ace  a b o u t 3 inches w ide, and  th e  o v en  cou ld  b e  closed  a ir
t ig h t  or a  c u rre n t o f a ir  o f a n y  desired  v e lo c ity  passed  th ro u g h  
it . E x p e rim en ts  w ith  flak e  ch arco al sh ow ed  th a t  w ith  air 
cu rren ts ra n g in g  from  5-6 2  cu. ft. p er m in u te  fo r 1 cu . ft . of 
ch arco al, sp o n tan eou s co m bu stio n  occu rred  a t  tem p eratu res of 
from  9 6 -1 1 0 °  C., w h ile  a t  low er te m p e ratu re s  no signs of 
sp o n tan eou s h e atin g  cou ld  b e  o b served . A d d itio n a l e xp e ri
m en ts sh ow ed  th a t  in a  cu rren t o f a ir co n ta in in g  5 p er cen t, 
su lp h u r d io xid e, sp o n tan eo u s co m b u stio n  o f th e  ch arco a l to o k  
p la ce  a fte r  som e h ou rs; th erefo re, th ere  is r isk  of d an ger in  u sin g 
su lp h u r d io x id e  fo r d isin fectin g  room s, e tc ., w h ere  ch arco al 
is p resen t in th e  w alls . I t  is rep o rted  th a t  d ec ay e d  w ood a p 
pears to  be m u ch  less in flam m ab le  th a n  ch arco al.

A R T IF IC IA L  R U B B E R  F R O M  S E A W E E D .

A  p ro d u ct, now  b e in g  m ark e ted  u n der th e  n am e " S c a g u m ite ,”  
said  to  be n on -in flam m able, d am p -p roof, a n d  u n affected  b y  
h e a t or cold , and  to  be e x p e cte d  to  p ro v id e  a  s u b stitu te  
for ru b b er and  leath er, is  th e  su b je c t  o f a  p a te n t  re c e n tly  
issued to  J. S . C a m p b ell, o f L o n d o n  (E n g lish  P a te n t  5395, 
19 1 1 ) . H is in ve n tio n  re la te s  to  im p ro v e m e n ts  in th e  p ro 
d u ctio n  o f a  su b stan ce  h a v in g  th e  ch ara cte ristics  o f ru b b er 
an d  ca p ab le  o f v u lca n iza tio n . I t  had  p rev io u sly  been  p ro 
posed to  tre a t  m arin e p la n ts, lix iv ia te d  b y  a c id u la ted  w a te r, 
w ith  a lka lies su ch  as a m m o n ia; a n d  it  is said  th a t  th e  m ateria l 
th u s produ ced  h as, a fte r  im p regn atio n  w ith  s icca tiv e  oil or d is
so lved  in d ia-ru bber, b een  foun d su itab le  for use in th e  w h ale 
bone in d u stry . T h e  C am p b ell process con sists in b o ilin g  
w ashed  and  cru sh cd  seaw eed  in  s te am -ja ck e te d  p an s w ith  a m 
m onia  for a b o u t 45 hours, 1 ga llo n  o f a m m o n ia  (specific g ra v ity , 
0.88) b e in g  used for 5 c w ts. o f seaw eed ; d ry in g  in an  a g ita tin g  
a p p a ratu s, to  w h ich  h e a t  is ap p lied , a n d  d u rin g  a g ita tio n  ad d in g  
1 ga llo n  of a  m in eral or v eg eta b le  oil, as rosin  o il;  a d d in g  n e x t  
a  v u lcan iz in g  su b stan ce , su ch  as su lp h u r, and  su b seq u en tly  
m ix in g  th e  w h ole m ass w ith  25 p er cen t, b y  w e ig h t o f a  g lu tin o u s 
o r resilien t b in der, as p o n tia n a c  gu m , je lu to n g , gu tta-p e rch a , or 
recla im ed  ru b b er w a s te . T h e  w h ole  is  th en  h eated  for 1 hour 
and  fin a lly  dried  in a  vacu u m  p an  or press. P r io r  to  re m o vin g  
an d  d ry in g , a  p res erv a tiv e , as w o o d  or b a rk  e x tr a c t , m a y  be 
ad d ed  to  th e  a m o u n t o f 0.85 p er cen t, b y  w e ig h t o f th e  seaw eed  

used.
T h e  C am p b ell process seem s to  be p r im a rily  d ep en d en t upon 

th e  fo rm a tio n  of am m on ium  a lg in ate . A lg in  in its  so lu b le  
form s is recogn ized  as h a v in g  p ro b a b le  v a lu e  as a n  a g g lu tin a n t, 
and  a  su b stan ce  resem blin g  g u tta-p e rch a  m a y  b e  prep ared  
from  th e  a lk a lin e  a lg in ates and  shellac.

“ T E M P E R E D  C O P P E R ”  TO O LS.

A c c o rd in g  to  T h e E ngineering and M in in g  Journ al, 93, N o. 
.20, 986, th e  co p p er-cu ttin g  in stru m en ts  o f th e  T a ra scan s, foun d 
in th e  B a lsas R iv e r  ru in s in  G u errero , are  so h ard  th a t  th e y  
w o u ld  tu rn  th e  edg e o f a  m odern  k n ife , and  it  h as been  cla im ed  
th a t  th ese  people, a lo n g  w ith  th e  A z te c s  and  T o ltecs , possessed 
th e  se cre t o f te m p e rin g  co p p er. O n  th e  o th er  h an d , cop p cr 
k n iv e s  a n d  axes, fou n d  a t  A tc o p o tz a lc o , are  so s o ft  th a t  th e y  
p an  b e  c u t  w ith  a n  o rd in ary  p o ck e t k n ife . A n a ly s is  show ed 
th a t  in a ll th re e  lo ca lities  th e  co p p er im p lem en ts w ere  o f the 
sa m e  co m p osition  as th e  cop p er ores fo u n d  th erein . T h e  
b lad es from  G u errero , w h ich  are h ard  and  a p p a re n tly  tem p ered , 
w e  e  m ad e  from  th e  n a tu ra l ore c a rry in g  n ick el and  co b a lt, 
th u s ren d erin g  th e  sm elted  a llo y  steel-like  in hardness. T h u s, 
th e  n a tu ra l p ro d u ct g a v e  a n  a llo y  o f g re a t hard n ess w h en  h eated  
and  sharpened, w h ile  th e  o th er  ores o f p r a c tic a lly  p u re  copp er, 
w h en  sm elted , resu lted  in im p lem en ts w h i h  w ere  so ft and

inferior in  c u ttin g  valu e. T h e  sh arp  c u ttin g  im p lem en ts w ere 
th erefo re  th e  resu lt o f N a tu r e ’s handiw 'ork, a n d  i t  is in deed  v e r y  
q u estio n ab le  w h eth er th ese  p eop le  possessed th e  see e t  o f te m 
p erin g.

T H E  P U R IF IC A T IO N  O F  A IR  B Y  O ZO N E.

N ature, 89, 304, sta te s  th a t  th e  sy ste m  of ozo n e p ro d u ctio n  
and  d is tr ib u tin g  p la n t in stalled  for a ir p u rificatio n  a n d  v e n tila 
tio n  on  th e  C en tra l L o n d o n  R a ilw a y  is a  p len u m  one, an d  co n 
sists  o f S iro cco  fan s p laced  a t  each  o f th e  u n derg ro u n d  sta tio n s, 
e x c e p t  th a t a t  S h ep h erd ’s B u sh . T h e  to ta l a ir  su p p lied  to  th e  
tu b e s  is a b o u t 80,000,000 cu. ft . p er d a y . E a c h  fan  d raw s its  
a ir th ro u gh  a  filter screen, and  w o rk s in  co n ju n ctio n  w ith  an 
o zo n e-gen eratin g  p la n t. T h e  la tte r  con sists o f m ica  sh eets 
w ith  m eta llic  g a u ze  on each  side, sta c k e d  sid e  b y  side, and  
en ergized  b y  a ltern a tin g  cu rren t a t  a b o u t 5,000 vo lts, in such  
co n n cctio n  th a t  a  silen t d isch arg e  passes b etw een  th e  vario u s 
p la tes, so th a t  a ir p assin g b etw een  th em  is ozon ized . T h e  
ozon e g en erato r is su pplied  w ith  a  sm all tran sfo rm er, w h ich  in 
tu rn  is su pplied  w ith  380 v o lts  a lte r n a tin g  cu rren t from  a  sm all 
r o ta r y  co n verter . T h e  co n ve rte r is co n n ected  on  its  d irect- 
cu rren t side to  th e  550 -vo lt lig h tin g  c irc u it  o f th e  ra ilw a y .

T H E  U S E  O F C O K E -O V E N  GAS.

C o oper ( J . Cas l.lg ., 118, 107) s ta te s  th a t  in G e rm a n y  the 
to w n s of W ald cn b u rg , A ltw a sscr, S alzb ru n n , E ssen , D o rtm u n d , 
an d  M iilhcim  h a v e  been  su pplied  for som e t im e  w ith  g a s  from  the 
n eigh bo rin g  coke-oven  p la n ts . T h e  en tire  s u p p ly  of gas for 
M ulheim -on -the-R u hr and  fo r B a rm en  is o b ta in e d  from  tw o  
co k e-o v en  p lan ts. T h e  in sta lla tio n  con sists o f 50 K o p p e rs ’ 
h o rizo n tal regen erato r o ven s, each  o f w h ich  is c a p a b le  of ta k in g  
a  ch arg e  of 8 -10  to n s o f co a l; th e  perio d  o f ca rb o n iza tio n  is 24 
h ours a n d  o n ly  th e  rich er p o rtio n  o f th e  g a s  ( th a t  e v o lv e d  from  
th e  secon d  to  th e  tw e lfth  hour, rep resen tin g  50 p er cen t, o f th e  
y ie ld ) is used  for d istrib u tio n . D u rin g  th is  tim e  on e o v e n  w ill 
p ro d u ce  70,600 cu . ft . o f gas p ossessin g a  ca lo rific  v a lu e  w ell 
o v e r  600 B . t . u . p er cu . ft. a n d  co stin g  $ 0 .17 p er 1,000 cu . ft . 
T h e  gas is purified  from  h yd ro g en  su lp h id e b y  th e  tow n  a u th o ri
ties  a n d  d istrib u ted .

T H E  P R E S E R V A T IO N  O F  W O O D  W IT H  “ B E L L IT .”

In  ord er to  in crease th e  p re s e r v a tiv e  e ffe ct o f sod iu m  
flu oride on  w ood , i t  is n o w  b ein g  m ix e d  w ith  n itro-p h en ols. 
A cco rd in g  to  N o w o tn y  (Oesterr. Cliem . Ztg., 15 , 100; c f. Idem , 
13 , 81), one of th ese m ixtu res, “ B e llit ,”  con sists o f 90 p a rts  of 
90-95 p er cen t, sodium  fluoride and  10 p a rts  o f d in itro p h en o l- 
a niline. T h e  la tte r  com poun d is  used b ecau se  it  does n o t, lik e  
free d in itrop h en ol, a c t  u p on  th e  iron  vessels in  w h ich  th e  cim ber 
is im p reg n ated ; i t  is a lso  a c tiv e  as a n  a n tise p tic . T h e  se le c tiv e  
ph en om en a ob served  w h en  tre a tin g  tim b er w ith  m ix tu re s  o f 
z in c  fluoride and  h yd ro ch lo ric  acid  are  rep rodu ced  in the 
" B e l l i t ”  tre atm e n t.

C H R O M E -N IC K E L  B R O N Z E .

C h rom e-n ickel bron ze is n o w  b e in g  m an u factu re d  b y  a  P h ila 
d elp h ia  co m p an y , th e  p ro d u ct b e in g  k n o w n  as "C h ro m a x  
B ro n z e .”  T h e  p rop ortion s o f m eta l in th e  a llo y  a re  said  to b e  
a s  fo llow s: Copper, 66.66 p er ce n t.;  zin c, J2 .13  p er ce n t.;  
n ick el, 15 .15  per cen t.; ch rom ium , 3.03 p er ce n t.;  and  a lum in u m , 
3.03 per cen t. T h e  ten sile  stre n g th  o f the a llo y  is said  to b e  
79,000 lbs. p er sq . in .; th e  color is w h ite , and  i t  ta k e s  a  fine, 
s ilv e ry  polish; the fractu re  is fine a n d  dense, p a rtic u la r ly  a fte r  
b e in g  re m elted ; an d  th e  a llo y , o w in g  to  its  h igh  m eltin g  p o in t, 
h a s  a  denser s tru ctu re  and  g rea ter co m p ressive  stre n g th  th a n  
m an gan ese  bronze. I t  can  be rolled  in to  sh eets and  w ire.
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NOTES AND CO RRESPO N D EN CE
N OTES ON T H E  C O M PO SIT IO N  A N D  A N A L Y S IS  O F  D E S IC 

C A T E D  M IL K  A N D  C R E A M .

B y  R .  S . F l e m in g .

The analysis of desiccated milk presents several difficulties 
which do not appear in the analysis of fresh liquid milk, and 
serious errors have been made through assuming th a t methods 
which apply to the one would necessarily apply to the other. 
Especially is this the case in the estim ation of bu tter fat.

Before making the analysis the sample should be thoroughly 
mixed and then placed in a tightly  stoppered bottle to prevent 
the absorption of moisture, most milk powders being quite 
hygroscopic.

M oisture  is e s tim a te d  b y  d ry in g  in  a  w id e sh allo w  w eig h in g  
b o ttle  on e o r tw o  g ra m s o f m ilk  p o w d er to  c o n s ta n t w eigh t, 
p referab ly  in  a  v a c u u m  o v en  a t  9 5 °  to  io o °  C. F iv e  h ou rs is 
gen erally  su fficien t. D o n o t  d r y  lon ger th a n  th is  w ith o u t 
w eighing. A  s lig h t in crease  in  w e ig h t ta k e s  p la ce  a fte r  lon g 
d ryin g, p r o b a b ly  fro m  o x id a tio n  o f som e o f th e  co n stitu en ts. 
In  th e  ab sen ce  of a  v a cu u m  o v en  a n  o rd in a ry  w a te r  or steam  
o v en  h a v in g  a  te m p e r a tu re  o f 9 9 ° to  io o °  w ou ld  g iv e  fa ir  re 
sults, b u t  i t  ta k e s  co n sid e ra b ly  lo n ger, a b o u t 10 hours, an d  even  
then  th e  re su lts  a re  lik e ly  to  b e  a  trifle  low .

M ilk  sugar ca n  b e  b e s t  d eterm in ed  g ra v im e tr ic a lly  a s  fo llow s: 
W eigh  o u t  in  a  sm all b e a k e r  2]A  g ra m s o f th e  m ilk  p o w d er or 
such a  q u a n tity  th a t  th ere  is n o t o v e r  0 .3  p er ce n t, o f su gar 
in th e  purified  so lu tion . A d d  a  lit t le  w arm  w a te r  a t  a b o u t 
50° C. and  stir  u p  th e  m ix tu re  to  a  sm o o th  p a ste , th e n  a d d  m ore 
w arm  w a te r  a n d  w ash  in to  a  500 cc. flask . S h a k e  u p  w itil th e  
w arm  w ate r u n til th o ro u g h ly  d isso lved . S m a ll p a rtic le s  of th e m ilk  
pow der a re  lia b le  to  rem ain  u n d isso lved  if ca re  is n o t  ta k e n . 
Cool a n d  m a k e  u p  th e  v o lu m e to  a b o u t 400 cc . A d d  10 cc. 
to  F e h lin g ’s co p p er su lp h a te  so lu tio n  a n d  proceed  as in  A . O. 
A . C. m eth o d s, B u ll. 107, B u re a u  o f C h e m istry , p ages 119  
and  148. P re fe r a b ly  d ep o sit th e  red u ced  cop p er e le c tro ly tic a ily  
from  su lp h u ric  a c id  solution .

Cane sugar, if p resen t, ca n  b e  e stim a te d  re a d ily  b y  a  m o d i
fication  o f th e  S to k es  a n d  B o d n er m eth o d , b y  w h ich  th e  can e 
su gar is in v e rte d  b y  m ean s o f c itr ic  a cid , th e  c itr ic  acid  h a v in g  
no in v e r tin g  a ctio n  on  th e  m ilk  su gar. In  a  250 cc. E rle n m ey e r  
flask, p la ce  50 cc. o f th e  su g a r so lu tio n  p rep ared  a s  fo r m ilk  
sugar d eterm in atio n  b y  p rec ip ita tin g  p rotein s, e tc ., w ith  cop p er 
su lp h a te  an d  c a re fu lly  n eu tra liz in g . A d d  0 .5  g ra m  of c itr ic  
acid . B o il w ith  re flu x  con d en ser fo r 35 m in u tes. N e u tra lize  
and  d eterm in e th e  re d u cin g  p o w er o f th e  so lu tio n  in sa m e  w a y  
a s fo r m ilk  su gar, a d d in g  th e  b o ilin g  F e h lin g  so lu tio n  d ire c tly  
to  th e  flask  c o n ta in in g  th e  su g a r so lu tio n . F ro m  th e  w e ig h t 
o f cop p er foun d, s u b tr a c t  th e  a m o u n t fo u n d  in  p rev io u s d e te r
m in atio n  fo r th e  m ilk  su gar, m u ltip ly  b y  th e  fa c to r  0 .5 39 5  
as g iv e n  b y  A llen , V o lu m e  1, p a g e  284. T h is  g iv e s  th e  a m o u n t 
o f ca n e  su gar.

C asein  is r a t t e r  d ifficu lt to  d eterm in e  from  th e  fa c t  th a t  
i t  p rec ip ita te s  in  v e r y  fine p a rtic le s  th a t  c lo g  th e  filter. T h e  
fo llo w in g  h as b een  fou n d  b y  th e  w rite r  to  b e  th e  m o st sa tis
fa c to ry  o f sev era l m eth o d s trie d : T o  50 cc. o f a  10 p er cen t, 
so lu tio n  o f th e  m ilk  p o w d er a t  4 0 ° C. ad d  2 cc. o f a  w arm  s a tu ra 
ted  so lu tio n  o f p o ta ssiu m  a lu m . A llo w  to  se ttle . F ilte r  o n  a 
large filter  p a p e r (15  cm .). I f  th e  filtr a te  is n o t c lear, filter 
o n  a n o th er sm aller p a p er. T ran sfe r p rec ip ita te  to  filter. W ash  
and  p la ce  filter p ap ers a n d  co n ten ts in  a  K je ld a h l flask. 
D eterm in e n itro gen  b y  a n y  o f th e  K je ld a h l m odificatio n s. I f  
th e  G u n n in g  m eth o d  is u sed, add  a  lit t le  a n h y d ro u s copp er 
s u lp h a te  to  h asten  th e  rea ctio n . T h re e  h o u rs’ d igestion  b y  th is  
m eth o d  is g e n e ra lly  sufficient. U se  th e  fa c to r  6 .3 8 .

A lb u m in  is a p p ro x im a te ly  d eterm in ed  b y  su b tra c tin g  th e

casein  from  th e  to ta l p rotein . T h e  la tte r  m a y  b e  d eterm in ed  
b y  d ig estin g  one g ram  of m ilk  p o w d er a n d  p roceed in g in  th e  
regu lar w a y . I t  is to  b e  n o ted  th a t  in  m ilk s  w h ich  h a v e  been  
h ig h ly  h eated  th e  a lb u m in  is p a rtia lly  o r w h o lly  co a g u lated . 
In  th a t  case  th e  suspen ded a lb u m in  w'ill p r e c ip ita te  w ith  th e  
casein, m a k in g  th e  p ercen tag e  o f th e  la tte r  h igh er th a n  i t  sh ou ld  
b e.

A sh  is b e s t  d eterm in ed  b y  in c in e ratin g  on e o r tw o g ra m s in 
a  p la tin u m  dish a t  a  lo w  red  h eat. F o r  th e  first h a lf h o u r use 
a  v e r y  lo w  flam e.

B utter fat m a y  b e  d eterm in ed  b y  a n y  of th e  fo llo w in g  m eth o d s:
F irst. E x tr a c tio n  w ith  p u re  e th y l e th e r  o f a  sp ecific  g r a v ity  

o f 0 .7 2 0  (an h yd ro u s eth er +  0 .5  p er cen t, b y  v o lu m e  o f w a te r) 
a s  described  b y  M cL ellan , Analyst, 1908, p a g e  353. I t  is u n 
necessary, h ow ever, to so a k  o v e r  n ig h t a n d  re -e x tra c t. S ix 
teen  h o u rs’ co n tin u o u s e x tr a c tio n  in  a  S o x h le t  o r a  d ire ct 
e x tra c tio n  a p p a ra tu s  is sufficient. S ch le ich er &  S c h u e ll’s 
d ou ble  th ic k  e x tra c tio n  c a rtrid g e s  are  e x c e lle n t for re ta in in g  
th e  fine p a rtic les  o f m ilk  pow d er.

S eco n d . T h e  W e rn e r-S ch m id t m eth o d . T h is  m eth o d  is 
m o st co n v e n ie n tly  ap p lied  as fo llo w s: W eig h  o u t  on e g ra m  of 
m ilk  pow d er. P la c e  on  a  w ell a n n ealed  glass sto p p ered  tu be 
o f a t  le a s t 80 cc. c a p a c ity . A d d  5 cc. o f w a te r . S h a k e  u n til 
h om ogeneous, then add  7 .5  cc. o f co n cen trated  h y d ro ch lo ric  
a cid  (sp. gr. 1 .1 9 ) .  S h a k e  u n til d isso lved. R e m o v e  th e  sto p p er. 
P la c e  in  b o ilin g  w a te r  b a th  for fiv e  m in u tes, sh a k in g  g e n tly  
to  k ee p  the m ix tu re  a g ita te d . R e m o v e  and  cool. T h e n  ad d  
p u re  e th y l eth er. S h a k e  v ig o ro u sly , a llo w  to  s e ttle  fo r ten  
m in u tes. R e m o v e  eth erea l la y e r to  a  w eigh ed  flask  b y  m ean s o f a 
w ash  b o tt le  con n ection. R e p e a t  th e  e x tr a c tio n  th re e  tim es. 
E v a p o r a te  off th e  eth er and  d r y  in  th e  w a te r o v en . Cool a n d  
w eigh . S h o u ld  th e  fa t  b e  co n ta m in a te d , as i t  w ill be a t  tim es, 
d isso lve  o u t  th e  fa t  w ith  p etro leu m  eth er, le a v in g  th e  im p u ri
ties  ad h erin g  to  th e  flask. D r y  and  re-w eigh. S u b tr a c t  th e  

im p u rities.
T h ird . A  new  m eth o d  w o rk ed  o u t  b y  R ed m o n d  in th is  la b o ra 

to r y  and  d escribed  in  th e  a c co m p a n y in g  p aper, “ A  N ew  M eth od  
fo r th e  D e te rm in atio n  o f F a t  in  D esic cated  M ilk ,”  h as  been  
fou n d  to g iv e  sp len d id  resu lts.

F o u rth . T h e  R o se-G o ttlieb  m eth o d  h as been  foun d to  g iv e  
s a tis fa c to ry  resu lts, b u t  is so m ew h a t tedious.

T h e  fo llo w in g  m eth o d s h a v e  b een  foun d to  b e  u n sa tis fa c to ry  
a s  th e y  g iv e  lo w  resu lts: A d am s, B a b co ck , e x tr a c tio n  w ith
a n h y d ro u s e th e r or ch loroform .

T h e  coniposition  o f m ilk  p o w d er varies w ith in  w id e  lim its . 
V e r y  re c e n tly  crea m  p o w d er h as  been  p u t  on th e  m a r k e t  w h ich  
h as  a lm o st as h igh  a  b u tte r  fa t  c o n te n t as b u tte r  itse lf. S m a ll 
a m o u n ts  o f can e su g a r a re  freq u e n tly  a d d ed . M odified m ilk  
fo r in fa n ts  h as m u ch  less casein , m o re a lb u m in  an d  m o re m ilk  
su gar th a n  norm al m ilk . T h e  a c co m p a n y in g  ta b le  g iv e s  th e  
a n a ly se s  o f a n u m b er o f d ifferen t m ilk  and  cream  p o w d ers: 

B u tte r Albu- Milk Cane Mois-
No. fat. Casein. min. sugar. sugar. Ash. tu re . Total.

1 29.12 24.06 1.86 3 7 .S2 5 .72  1.48 99 .76
2 1.81 32.31 5 .85  49.32 8.21 2 .53  100.03
3 15.26 27.18 4 .84  43 .92 6 .46  2.03 99.69
4 0 .6  2 .3  10.20 77 .2  9 .1 0  1.40 100.80
5 11.25 11.30 7.57 60 .10 7 .66  1.37 99.25
6 53.08 16.89 26.04 3 .7 8  0.81 100.60
7 67.64 12.21 15.92 2 .67  0 .76  99.20
8 21 .00  18.90 23.82 29.98 3 .93  2 .94  100.57
9 47 .16  2.25

10 49.71 1.54
No. 1, m ade from  whole milk.
No. 2. m ade from skimmed milk.
No. 3. m ade from half skim m ed and  half whole.
No. 4 , m ade from whey, the  casein having  been l a r g e ly  r e m o v e d .



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 .  July, 1912

No. 5, m ade from whole m ilk modified w ith whey. W hen dissolved 
w ith the  proper proportion of w ater i t  has approxim ately the  com
position of hum an milk.

No. 6, m ade from light cream  and No. 7 from  heavier cream .
Nos. 1-7, m ade from known milks.
No. 8, evidently from whole milk with the  addition of cane sugar.
No. 9 and No. 10, evidently from skimmed m ilk w ith the  addition  of small 

am ounts of cane sugar.
Nos. 8-10 m ade from unknown milks.

L a b o r a t o r y , M e r r e l l -S o u l b  Co.,
S y r a c u s e , N. Y .( Feb. 17, 1912.

A  M O D IF IC A T IO N  O F  T H E  B A B C O C K  T E S T  A S A P P L IE D  TO  
T H E  E ST IM A T IO N  O F F A T  IN D E S IC C A T E D  M IL K .

B y N. G r e g o r y  R e d m o n d .

A s th e  B a b c o c k  m eth o d  is th e  one m o st g e n e ra lly  used b y  
d a iry m e n  a n d  m an u factu re rs  u sin g  m ilk  p ro d u cts, e ith er i t  or 
som e e q u a lly  u n su ita b le  m eth o d  is o fte n  ap p lied  to  determ in e 
th e  f a t  in  d es iccated  m ilk . V a n  S ly k e 1 a p p recia tes  th e  fa c t  
th a t  th e  o rd in ary  B a b c o c k  m eth o d , w h en  used  w ith  m ilk  p o w 
der, g iv e s  re su lts  w h ich  a re  to o  low .

I t  occu rred  to  th e  w rite r th a t  i t  w o u ld  b e  a n  a d v a n ta g e  if 
th e  B a b co ck  te s t  cou ld  b e  so m o dified  t h a t  i t  w o u ld  g iv e  a c 
cu ra te  resu lts. T h is  m o d ificatio n  w as fin a lly  w o rk ed  o u t, a n d  
h as been  su ccessfu lly  used  fo r sev era l m o n th s. T o  te s t  th e  a c 
c u ra c y  of th e  m eth o d , th e  fa t  w a s  d eterm in ed  o n  a  sa m p le  o f 
d esiccated  m ilk  b y  sev era l d ifferen t m eth o d s. O n e  o f th o se  
used  w as th e  W e rn e r-S ch m id t m eth o d . T h a t  th is  m eth o d  is 
tru s tw o rth y  h as b een  sh ow n  b y  H . D . R ic h m o n d 5 an d  a lso  b y  
a n  a b s tr a c t  in  T h e A n aly st  o f a  re c e n t p a p e r b y  A . B u r r 3 on  th e  
“ C o m p osition  o f D ried  M ilk P o w d e r .”  T h e  re su lts  w h ich  a re  
sh ow n  in  th e  ta b le  p r o v e  th a t  th e  d ire c t e x tr a c tio n  o f th e  m ilk  
p o w d er w ith  a n h y d ro u s eth er g iv e s  resu lts  w h ich  a re  to o  low . 
In  each  ca se  w h ere  a  d ire c t e x tr a c tio n  w a s  m ad e, th e  p o w d er 
w a s  first d ried  a t  9 0 ° C. to  io o °  C. fo r a t  le a s t  f iv e  h ou rs. In  
u sin g  th e  W ern er-S ch m id t m eth o d  th e  f a t  w a s red isso lved  in 
p etro leu m  eth er and  a n  a llo w an ce  m ad e  fo r a n y  im p u rities. 
T h is  w a s  also  d on e w ith  th e  d ire c t e x tr a c tio n s  w h en  th e  fa t  a p 
peared  to  b e  im pu re.

In  th e  o rd in a ry  B a b c o c k  test, th e  p o w d er w as w eigh ed  and  
tran sferred  to  th e  te s t  b o ttle , th en  d isso lved  in  w arm  w ate r, 
cooled , a n d  c o n ce n trate d  su lp h u ric  a c id  a d d ed . T h is  p rev e n ts  
a n y  error w h i h  m ig h t  o ccu r fro m  in a c c u ra te  sa m p lin g  b y  
m easu rin g  a n  a liq u o t p a r t  o f a  10 p er cen t, o r 20 p er cen t, so lu 
tio n . T h e  gen eral exp erien ce  o f th is la b o ra to ry  h as b een  th a t  
th is  m eth o d  is a b o u t  3 p er cen t. low .

T h e  a c c u ra c y  o f th e  new  m eth o d  is  sh ow n  b y  th e  fa c t  th a t  th e  
a v e ra g e  o f ten  d eterm in atio n s b y  the vario u s m eth o d s (e x c lu d 
in g  th e  d ir e c t  e x tr a c tio n  w ith  e th e r  d istilled  o v e r  so d iu m  and  
th e  ordinary' B a b c o c k  m eth o d ) is  2 8 .4 9  p er ce n t, fa t, a n d  th e  
a v e ra g e  o f fo u r d eterm in atio n s b y  th e  n ew  m eth o d  is 28.62  
p er cen t. fa t.

A  d eterm in atio n  in d u p lic a te  b y  th e  n ew  m eth o d  ca n  eas ily  
b e  m ad e  in less th a n  on e h ou r. S o m e  o f its  a d v a n ta g e s  are  
ch eapn ess, s im p lic ity , sp eed  and  a c c u r a c y .

T h e  fo llo w in g  is a  d escrip tio n  o f th e  m eth o d :
W eig h  2 .5  gram s o f m ilk  p o w d er a n d  tra n sfer i t  to  an  o rd i

n a r y  B a b c o c k  m ilk  b o ttle , g ra d u a te d  to  10 p er cen t. A  glass 
fu n n el (a b o u t 1"  in  d iam e te r an d  w ith  th e  s te m  c u t  o ff to  % " )  
is in serted  in  th e  n eck  o f th e  b o tt le  and  is o f g r e a t  h elp  in tra n s
fe rr in g  th e  pow d er. A d d  31 cc . o f d ilu te  su lp h u ric  a c id  (395 
cc . co n ce n trate d  H 2S O , d ilu ted  to  1 liter) a n d  p la ce  th e  b o tt le  
u p rig h t in a  d ish  o f g e n t ly  b o ilin g  w a te r . S h a k e  freq u e n tly  
a n d  k eep  in th e  b o ilin g  w a te r  u n til a ll th e  p o w d er is d isso lved  
a n d  th e  so lu tio n  is d a rk  b ro w n  in co lor. T h is  u su a lly  ta k e s  
from  7 to  10 m in u tes. A fte r  re m o vin g  th e  b o tt le  from  th e

1 “M odern M ethods of Testing Milk and  Milk P ro d u c ts / ' 1906, E d ., p.

a The Analyst, 31, No. 364, pp. 218-224.
* Ibid., ZS, No. 423, p. 279.
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w a te r  ad d  12 cc. co n ce n trate d  H 2S 0 4 (sp. gr. 1 .8 2 - 1 .8 3 )  and  
m ix  th o ro u g h ly , ta k in g  ca re  to  k ee p  th e  so lu tio n  o u t  o f th e  
n eck  o f th e  b o ttle . A g ita te  w ith  a  r o ta r y  m o tio n . P la c e  th e  
b o tt le  in  a  ce n trifu g e  a n d  w h irl for 4 or 5 m in u tes. A d d  h o t 
w a te r  u n til th e  so lu tio n  reaches th e  low er en d  of th e  n eck, w hirl 
a g a in  fo r 1 m in u te , th en  ad d  h o t  w ate r u n til th e  f a t  rises. • W h irl 
a g a in  fo r 1 m in u te . I n  ord er to  secu re  a c c u r a te  resu lts, the 
f a t  co lu m n  m u st b e  read  a t  a  te m p e ratu re  n o t a b o v e  140° F . 
nor b e lo w  130 ° F ;  b y  se ttin g  th e  b o tt le  in  w ate r, th e  desired 
te m p e ratu re  m a y  b e  reached . R ea d in g s sh ou ld  b e  m ad e  to  
0 .0 5  on th e  b o ttle . T h e  re a d in g  m u ltip lied  b y  7 .2  g iv e s  th e  
p ercen tag e  o f fa t.

2 .5  g ram s : 18 gram s =  R e a d in g  : X .
I f  rea d in g  =  4 .0 0 , th en  2 .5  : 18 =  4 .0 0  : X .

l 8
O r X  =  4 .0 0  X   — 4 .0 0  X  7 .2  or X  =  28.80 p er cen t.

2 - 5

A  Co m p a r is o n  o f  D i f f e r e n t  M e t h o d s  o f  D e t e r m i n in g  F a t  i n  M il k  
P o w d e r .

F a t. Aver-
P e r cent. ages.

Squibb 's ether— 16 hours ' d irect ex trac tio n ........... 28 .30  ) 28.37
28 .45 )

E th er containing 5 cc. H 2O per liter, 16 hours’ direct 28 .50 ) 28.52
ex trac tion ........................................................................... 2 8 .55J

E th e r containing 5 cc. HjO per liter, 18 hours’ d irect 28 .50 ) 28.55
ex trac tion ........................................................................... 28 .60)

E th e r  containing 5 cc. HjO per liter, W erner- 28 .5 0 ) 28.53
Schm idt m ethod.............................................................. 28.56»

A nhydrous e ther (distilled over sodium ), W erner- 2 8 .3 9 1 28.46
Schm idt m ethod .............................................................. 28 .54 )

Average of ten  determ inations above .........................
2 8 .8 0 '

28.49

B y the proposed new m ethod .......................................... 28.44 28.6228.44
28.80

A nhydrous ether (distilled over sodium ), 16 hours ' 13.55 1 13.47
direct ex trac tion .............................................................. 13.40 J

Babcock m ethod .................................................................. 25 .20] 25.20
25.20  J

B a b c o c k  b o ttle s  v a r y  in  v o lu m e . I t  is m o re  co n v e n ie n t to
use bottles which hold a t  least 45 cc. of water when filled to 
the lower end of the neck. The bottle should be thoroughly 
cleaned, rinsed with alcohol and dried (to prevent powder 
sticking in the neck) before using. This insures clear and ac
curate readings. Commercial sulphuric acid has been used 
in making thé dilute H 2S O ( solution and good results were ob
tained. I t  is better, however, to  use c. p. acid and thus avoid 
contam ination of the fat column by impurities in the acid.

L a b o r a t o r y , M e r r e l l -S o u u e  Co.,
S y r a c u s e , N .  Y . ,  F e b .  17, 1912.

A L U N D U M  N OT CO N ST A N T  IN  W E IG H T .

B y E . B. F o r b e s .

T h e  in ve n tio n  o f p orous e arth e n w are  la b o ra to r y  u ten sils  
im m e d ia te ly  satisfied  a  large  n u m b er of. u rg e n t and  lo n g-stan d in g  
req u irem en ts. A s  is in e v ita b le  u n der su ch  circu m stan ccs  th is  
n ew  w a re  h as been  p u t to  som e uses w h ich  i t  is n o t a d a p te d  to  
serve , and  a  co rrc c t ap p recia tio n  o f its  v e r y  g re a t v a lu e  in  th e  
la b o ra to ry  req u ires th a t  w e  scarch  o u t  and  reco g n ize  its  lim i
ta tio n s.

I n  a n  e ffo rt to  sh o rten  and  im p ro v e  u p on  th e  u su al m eth o d  
for cru d e fib er d eterm in atio n , w e fo llo w ed  th e  M organ  P . 
S w e en e y  m o d ification  e x c e p t th a t  in stead  o f stra in in g  th ro u g h  
a n  u n stan d ard ized  c lo th  w e  co n d u cted  o u r filtra tio n , w ash in g  
a n d  ig n itio n  a ll w ith o u t tran sfer, in  a n  a lu n d u m  e x tr a c tio n  
cap su le . I t  ap p eared  to  be a  b e a u tifu l m eth o d , an d  th rou gh  
th e  su b stitu tio n  o f an  efficien t, s ta n d a rd ized  filte r  fo r th e  ra g  
stra in e r  i t  seem ed to  rem o ve  from  th is  v e r y  u n scien tific  d ete r
m in a tio n  one o f the p rin cip al gro un d s fo r ou r o b je ctio n s; b u t  
th in g s w ere n o t as th e y  seem ed . A lu n d u m  is  n o t c o n s ta n t in 
w e ig h t th ro u g h  tre a tm e n t writh  w a te r  a n d  h eat.
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T a b ic  I  se ts  fo r th  re su lts  o f a  te s t  w ith  fo u r a lu n d u m  e x tr a c 
tion cap su les. T h e y  w ere w ash ed  w ith  w a te r , dried  a t  io o °  
for 2 hours, w eigh ed , b u rn ed  in  a  m uffle and  w eigh ed  again . 
In  a ll w eigh in gs th e  cap su les w ere  co n tain ed  in  g lass w eigh in g  
bo ttles w h ere  th e y  h ad  b een  p laced  w h ile  as h o t  as th e y  could  
be w ith o u t b reak in g  th e. g lass. T h e  w e ig h in g  b o ttle s  w ere 
dried w ith  th e  cap su les in  th e  o v en  an d  w ere  k e p t  in  d esiccators 
o v er su lp h u ric  acid .

T h e  w e ig h t a fte r  firin g sh ow ed  th a t  a ll o f th e  cap su les h ad  
lost in  w e ig h t, th e  a m o u n ts v a ry in g  from  2.8-4.3  m g. P e r
h aps th e y  w ere  n o t d ry . W e  th en  w ash ed  w ith  w a te r  and  
len gth en ed  th e  d ry in g  to  3 hours a t  100°, w eigh ed , dried  2 hours 
m ore a t  io o °  and  w eigh ed  again . T h e re  w as n o  ch an ge in 
w e ig h t b etw een  d ry in g s, b u t  w h en  fired a ll lo st in  w e ig h t from  
1 .2 -3 .4  n ig-l an d  w h a t is m ore, th e  cap su les d id  n o t  re tu rn  to  
the w e ig h t o b ta in e d  a fte r  th e  first fir in g  b u t  d u rin g  th is  second 
te st ga in ed  1 .0 -1 .8  m g.

T a b l e  I I . — E f f e c t s  o f  H e a t  a n d  W a t e r  o n  'W e i g h t  o f  A l u n d u m .
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a  loss in each  case from  2.0-4.0 m g. and th is  la s t w e ig h t as 
com p ared  w ith  th e  one a fte r  th e  p rev io u s ign itio n  sh ow ed  in 
each  case  an  ap p reciab le  loss.

O n e p o in t had  b eco m e clear. W a te r  co m bin es ch e m ica lly  
w ith  som e co n stitu e n t o f th e  a lu n d u m  capsule, a  co m b in atio n  
w h ich  is n o t b roken  u p  a t  160 ° b u t  w h ich  is d estro y e d  a t  a  
tem p eratu re  co n sid erab ly  b elow  io o o 0.

T o  th ro w  m ore lig h t  o n  the a p p a re n t ch an ge in th e  w e ig h t 
o f th e  cap su le  aside from  th a t  caused  b y  th e  h y d r a tin g  and  
d e h y d ra tin g  process a b o v e  referred  to , w e  su b je cte d  th e  sam e 
e ig h t  capsules to  th ree  co n se cu tive  firings and  w eigh in gs w ith o u t 
tre a tm e n t w ith  w ate r. T h e  w eigh ts are s e t  d o w n  in  T a b le  I I I .  
In  th e  first firin g th e  cap su les gain ed  0 .2 -1 .5  m g ., in  th e  second 
from  2.6-4.2  m g. m ore, a n d  in  th e  th ird  firin g on e cap su le  
ga in ed  0.2 m g. w h ile  th e  re s t  lo st o .2-0.8 m g.

T h u s  asid e  from  th e ch an ge in  w e ig h t due to  th e  ta k in g  up 
an d  loss o f w a te r  th ere  seem s to  h a v e  been o p e ra tive  a  second 
fa c to r  resu ltin g  in a  ga in  in  w e ig h t w h ich  p a rtia lly  co m p en sated  
fo r th e  losses occasion ed  as a b o v e  m en tio n ed, th is  g a in  n o t 
rea ch in g  its  lim it, u n der co n d itio n s e x is t in g  in  th e  m uffle, u n til 
th e  second firin g a fte r  th e  te sts  rep o rted  in T a b le s  I  an d  I I .  
T h e  reddish  y e llo w  color o f th e  a lu n d u m  b ecam e m u ch  lig h te r  
d u rin g  th ese  te sts , p erh ap s d ue to  ch an ge in th e  co n d itio n  o f 
th e  0.5 p er cen t, o f iron  co n tain ed  th erein .

O h io  A g r ic u l t u r a l  E x p e r im e n t  S t a t io n ,
February  19, 1912.

W e  th en  ad d ed  fo u r m ore cap su les to th e  te s t  (T a b le  I I ) , 
w ashed w ith  w a te r, d ried  fo r 3 h ours a t  i i o °, w eigh ed , dried  
fo r th ree  m o re h ou rs a t  120°, w eigh ed , fired  and  w eigh ed  again . 
B etw een  d ry in g s  th e  w e ig h ts  w ere  a b s o lu te ly  co n stan t, b u t  on 
firin g w e  g o t  a  loss o f 1 .6 -2 .6  m g.

N e x t  w e  w ash ed  in w a te r , d ried  fo r 3 1/ ,  hours a t  160°, 
w eighed, ign ited  and  w eigh ed . T h is  tim e  th ere  w as as before 
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T H E  C E N T E N A R Y  O F  T H E  IN T R O D U C T IO N  O F  G A S.

T h e  C e n te n a ry  o f th e  In tro d u ctio n  o f G a s  w as ce leb rated  in 
P h ila d e lp h ia  on T h u rs d a y  a n d  F r id a y , A p ril iS th  a n d  19th , 
acco rd in g  to  th e  p rogram  p u blish ed  in th e  A p r il issue o f T h i s  
J o u r n a l ,  p . 309.

T h e  addresses are  n ow  ap p earin g  in  fu ll in th e  A m erican G as  
Light Jou rn al and  in th e  Proceedings o f  the A m erican G as I n 
stitute. A  lim ited  ed itio n  is a lso  b e in g  p rin ted  in  b o o k  fo rm ; 
180 p ages, illu strate d . P rice , §2.00. C o pies sh ou ld  b e  o rd ered  
a t  on ce  o f th e  A m e rica n  G as In s titu te , 29 W e st 3 9 th  S t . ,  N ew  
Y o r k  C ity .

B rie f a b stra cts  o f th e  fiv e  addresses fo l lo w :

B y-P ro d u cts in  G as M an u factu re. B y  C h a r l e s  E . M u n r o e , 
P rofessor o f C h e m istry  a t  G eo rg e  W ash in g to n  U n iv e rs ity .

P rofessor M unroe’s add ress g a v e  a n  e xc e lle n t re v ie w  o f th e  
scop e and  in flu en ce o f the gas in d u stry  since i t  to o k  u p  n o t  o n ly  
th e  re a l b y -p ro d u cts  o f gas m an u factu re , b u t  th e  su b sid iary  
p ro d u cts w h ich  a rc  o fte n  th o se  o f a llied  in d ustries.

A m o n g  th e  su b sid iary  p ro d u cts w ere  m en tion ed  d yes, e x 
plo sives, fla v o rin g  m ateria ls, perfum es, s y n th e tic  d ru gs, sw eeten 
in g  p rincip les a n d  p h o to g ra p h ic  d evelo p ers— all o b ta in ed  from  
th e  b y -p ro d u ct, co a l-tar, w h ile  w ater-g a s  ^tar y ie ld s lig h t  oils 
o f th e  b en zole  series, creo so tin g  oils, n ap h th alen e  oils, ro a d  
com p ou n ds and  pitch es.

T h e  U . S . B u re au  of M ines h as ta k e n  u p  the s tu d y  o f th e  
e n tire ly  u n kn o w n  co n stitu tio n  o f coals in co n n ectio n  w ith  th e  
w o rk  th e y  a re  d o in g  to w ard  th e  m o re  co m p lete  and  econ om ic 
d ev e lo p m en t o f ou r fu el resources.

T h e  b y -p ro d u cts  o f the co a l gas in d u s tr y  are  co k e, gas, carb o n , 
tar , am m o n iaca l liq u o r a n d  sp e n t p u rify in g  m ate ria l, e ith e r lim e  
o r o x id e : in  th e  w ate r gas in d u stry , ta r  a n d  p u rify in g  m ateria l 
w ith  a  m eager a m o u n t o f a m m o n iaca l liq u o r: in  th e  oil gas 
in d u stry , la m p b la ck , ta r  and  sp e n t p u rify in g  m a te ria l fo r the 
n ew  L o w  process, and  " h y d r o c a r b o n s ”  fo r th e  cra ck e d  and  co m 
pressed oil gases. In  th e  a c e ty le n e  gas in d u str y  ca lc iu m  h y 
d ro x id e  is p r a c tic a lly  th e  o n ly  p ro d u ct in cid en ta l to  th e  reactio n  
o th er  th a n  th e  a cety le n e .

T h e  im p o rta n ce  o f the m a n y  v arie ties  o f n itro gen  and 
am m o n iaca l p ro d u cts to  th e  fe rtilizer in d u str y  as w ell as to  th e  
n atio n  w e re  p resen ted  w ith  care , as w ell as th e  m eth o d s for th eir
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p rep aratio n , sp ecia l a tte n tio n  b e in g  g iv en  to  th e  processes 
fo r cy a n id e  reco v ery .

F in a lly  th e  sp e a k e r ’s sch em e o f p ro d u cin g  gas a t  th e  coa l 
m ine and  sh ip p in g  it  b y  p ip e  lin e  w as discussed , and  i t  w as n oted  
th a t  S ir W m . R a m s a y  h ad  re c e n tly  g iv en  th is  su ggestio n  his 
endorsem ent.

T h e C o m m ercial and  F in an cia l A sp ects of the G as Ind u stry.
B y  G e o r g e  B . CORTELYOU, P resid en t o f th e  C o nsolid ated  
G as C o m p a n y  o f N ew  Y o r k .

A  p o rtio n  o f this address w as d ev o te d  to  a h isto rica l a c c o u n t 
o f the d ev e lo p m e n t of th e  g a s  in d u stry  to g e th er  w ith  a  discussion  
o f th e  o b jectio n s ra ised  to  th e  in tro d u ctio n  o f gas.

T h e  ever-in crea sin g  o u tp u t of gas, n o tw ith sta n d in g  th e  co m 
p e titio n  fro m  e le c tr ic ity , kerosen e lam p s, e tc ., h as b een  a cco m 
p an ied  b y  a  s te a d ily  d im in ish in g  price  o f gas. S a les  o f gas in 
la rg e  c itie s  gro w  a lm o st tw ice  as fa s t  as th e  p o p u latio n . In  
v iew  o f th is  fa c t, th e  sp eaker p red icted  a  s te a d y  g ro w th  o f th e  
gas business, if p ro p e rly  o p erated , w ith  c o n sta n t p ro visio n  for 
in ve n tio n  an d  im p ro vem en t. T h e  im p o rta n ce  o f scien tific  
sa lesm an sh ip, com bined  w ith  effic ien t and  p ro m p t serv ice , w as 
s tro n g ly  em p hasized .

T h e  sp eaker d iscussed  the re la tio n s o f em p lo yees to  th e  
c o m p a n y  and  th e  p u b lic ; fran ch ises, m u n icip a l and  p r iv a te  
ow n ersh ip ; 1 o m p e titio n  vs. m o n o p o listic  co n tro l o f P u b lic  
U tilities ; a n d  C o m m ission  R eg u la tio n .

T h e T e ch n ic  o f G as M an u factu re . B y  A l f r e d  E . F o r s t a l l , 
S e c re ta ry  T ru stee s  G a s E d u c a tio n a l F u n d  o f th e  A m e rica n  
G as In s titu te .

B e in g  u n ab le  to  find a  d escrip tio n  o f m a n u fa c tu rin g  a p p a ra tu s  
sp ecifica lly  sta te d  to  h a v e  been  used  in  th e  first w o rk s of th e  
C h artered  G as L ig h t  &  C o k e  C o m p a n y, th e  sp eaker to ld  o f th e  
a p p a ra tu s  d escrib ed  b y  A c c u m  in 1815 . T h is  w as fo llow ed  
b y  a  d eta iled  a c c o u n t o f th e  m odern  co a l gas p la n t, th e  vario u s 
im p ro v em en ts b e in g  n oted  in order.

T h e  fa c t  th a t  m o re th an  tw o -th ird s  o f th e  to ta l a m o u n t of 
illu m in atin g  gas m ad e  and  sold  in  th is c o u n try  is c a rb u rettc d  
w a te r  gas, ca lled  fo r a  d escrip tio n  o f its  m eth o d s o f m a n u 
fa ctu re . B rie f m en tio n  w a s  m ad e  o f th e  C a lifo rn ia  process, 
th e  use of w o o d  gas and  o f ‘ ‘ M ond g a s .”

E sp ecia l a tte n tio n  w a s  ca lled  to  th e  m a n y  fa cto rs  w h ich  en ter 
in to  th e  co n tro l o f gaseou s p ro d u cts and  b y -p ro d u cts  d u e  to  th e  
co m p lex  n atu re  o f th e  ra w  m ate ria ls , final p ro d u cts  and  th e  
reactio n s th a t  ta k e  p la ce  in th e  process of m an u factu re .

G as as a n  Illu m in a n t. B y  V a n  R e n s s e l a e r  L a n s in g h , P res i
d en t o f th e  Illu m in a tin g  E n gin eerin g  S o c ie ty , N e w  Y o r k .

A fte r  a  d iscussion  o f lig h tin g  b y  to rch es, can d lcs, o il lam p s 
an d  k erosen e lam p s, th e  sp ea k er to o k  u p  gas lig h tin g , b eg in 
n in g  w ith  M u rd o ck ’s b u rn er w h ich  w as m ere ly  a  sm all iron 
tu b e  op en  a t  th e  end. T h is  w as su cceeded  b y  th e  b ats-w in g, 
th e  fish ta il, th e  A rg a n d  and  th e  re g e n e ra tive  burn ers.

T h e  in ven tio n  o f m an tle  burn ers b y  A u e r  v o n  W elsb ach  in 
1885 m ad e  m odern  g a s  lig h tin g  possible.

F la t  flam e b u rn ers are  n o w  used  o n ly  in  sp ecia l in stan ces and  
n o  re lian ce  can  b e  p u t ’in  th e  co n su m p tio n  ra tin g  o f th ese  bu rn er 
t ip s  on  th e  A m e rica n  m ark e t.

M uch p oor gas se rv ice  can  be tra ce d  to  fa ilu re  to  se lect m an tle  
bu rn ers a d a p te d  to th e  e x is t in g  q u a lity  o f g a s  a n d  pressure 
con d ition s. W ith  o rd in ary  shades, fla t  flam e b u rn ers g iv e  
sp h erical d istrib u tio n  o f ligh t, u p rig h t in can d cscen ts g iv e  tw o - 
th ird s  o f th e ir  lig h t  a b o v e , an d  in verted  b u rn ers tw o -th ird s 
b elow  h o rizo n tal. H ig h  pressure in creases th e  ca n d le  p o w er of 
m a n tle  bu rn ers as m u ch  a s  tw o  an d  on e-h alf tim es and  is used 
ch ie fly  in  s tre e t lam p s. W ith  in creased  ca n d le  pow er, d iffu sion  
b ecom es m ore a n d  m ore n ecessary  so th a t  b a re  m an tle  bu rn ers 
are  rare.

M ethods o f gas ign itio n  w ere  m ere ly  noted.
T h e  sp eaker recom m ended g reater ran ge in size  o f u n its, re 

lia b le  m eth o d s o f co m m ercia lly  ra tin g  la m p s and  s ta n d a rd iza 
tio n  o f m an tles, lam ps, and  fittin gs.

T h e  U se o f G as fo r H eat and P o w er; T h e T estin g  o f G as. B y
M r . E . B . R o s a ,  C h ief P h y sic ist, B u re a u  o f S tan d ard s, 
W ash in g to n , D . C.

W ith  m o re th a n  1300 gas co m p an ies in  th e  co u n try , w ith  a 
co m bin ed  c a p ita l o f on e b illion  d ollars and  an n u al sa les o f tw o 
h un d red  m illio n  dollars, th e  gas in d u stry  is in deed  an  im p o rta n t 
one.

M r. R o sa  d iscussed  th e  use o f co a l, a cety len e , n atu ra l and  
p ro d u cer gases, and  th e  h isto rica l d ev e lo p m e n t o f th e  use of 
g a s  fo r cookin g, w a te r  h eatin g , room  h e a tin g  a n d  in d u stria l 
purp oses. T h is  w a s follow ed b y  a  b rie f resu m e o f th e  w o rk  
th a t  h as been  d on e on  th e  vario u s ty p e s  o f gas engines.

T h a n k s  w ere  exten d ed  on  th e  p a r t  o f th e  B u re au  o f S ta n d a rd s  
to  th e  officers and  tech n ica l sta ffs  of th e  vario u s g a s  co m p an ies 
a n d  to  th e  m em b ers o f p u b lic  serv ice  com m ission s, gas in 
sp ecto rs an d  co n su ltin g  engineers for th e  fa irn ess an d  b ro a d 
m ind ed  sp ir it  th e y  h a v e  show n  in  d iscu ssin g  th e  q u estion s 
co n n ected  w ith  th e  w o rk  now  b ein g  d on e b y  th e  B u re a u  to w ard s 
th e  sta n d a rd iza tio n  o f th e  testin g  o f gas.

T h e  w o rk  accom p lish ed  a lre a d y  w as d iscussed  a n d  sp ecia l 
s tress w as la id  on th e  n ecessity  fo r u sin g th e  net heat fo r m easu re
m e n t o f th e  h e a tin g  v a lu e  o f a  gas. T h e  e ffe ct o f a tm o sp h eric  
co n d itio n s on  th e  gross h e a t w as sh ow n  and  i t  w a s  su ggested  
t h a t  a  co m m itte e  of th e  A m e rica n  G as In s titu te  co o p erate  
w ith  th e  B u re au  in  s tu d y in g  th e  q u estio n  " Shalt the actual vet 
heal be substituted fo r  the gross?" M r. R o sa  b e lieves t h a t  since 
in stru m en ts  and  m eth o d s of m ea su rem en t a rc  m o re  a c c u ra te  
th a n  e v e r  before, u n iform  sta n d a rd s  o f g a s  q u a lity  sh ou ld  be 
a d o p ted , ta k in g  in to  a cco u n t v a ry in g  d e n sity  as w ell as a ccu ra te  
m easu rem en ts o f v o lu m e a n d  q u a lity . T h e  n e x t  p u b lica tio n  
o f th e  B u reau  w ill ta k e  up these q u estio n s o f te s tin g  m eth od s, 
a n d  th e  co rd ia l co o p eratio n  o f th e  gas in terests is earn e stly  
so licited .

A M E R IC A N  E L E C T R O C H E M IC A L  S O C IE T Y  R E S E A R C H  F U N D .

In  ord er to  fu rth e r th e  o b je c ts  o f o u r S o c ie ty  as g iv en  b y  ou r 
C o n stitu tio n , i t  h as seem ed w ise  to  t r y  th e  e x p e rim e n t of a ssistin g  
p u re ly  sc ien tific  research  w o rk  in  e le c tro c h e m istry  w h ere  th is  
is done under co n d itio n s w h ic h  w o u ld  m a k e  th e  a p p lica tio n  of 
a  few  h un d red  d ollars a n n u a lly  o f e ffe c tiv e  an d  effic ien t a ssist
ance.

F o r th is  purp ose, $250 is m ad e  a v a ila b le  fo r th is  y e a r , to  b e  
g iv e n  in w h ole or in  p a r t  to  h elp  m em b ers o f th e  S o c ie ty  w h o 
n eed  su ch  assistan ce  to  c a rry  on  som e p red eterm in ed  w o rk .

T h e  C o m m ittee  docs n o t w ish  to  b u rd en  th e  sch em e w ith  
u n n ecessary  ru les or req u irem en ts, and  p roposes to  ca re fu lly  
co n sid er req u ests for th is  assistan ce  on  th e  m erits  o f th e  case  as 
i t  m a y  b e  p resen ted . I f  th e  fu rth e r d ev e lo p m e n ts  of th e  sch em e 
w a rra n t th e  issuin g of lim ita tio n s on  th e  d istrib u tio n  o f th e  fund, 
su ch  w ill b e  published.

T h e  C o m m itte e ’s a im  w ill b e  to  g iv e  a ssista n ce  to  th o se  w ho 
a re  a p p a re n tly  equip p ed  to  do e ffe c tiv e  w o rk  a lo n g  th o se  p u re ly  
scien tific  lines w h ich  a re  n o t u su a lly  exp lo red  b y  co m m ercia l 
o r in d u str ia l o rg an izatio n s. In  o th e r  w o rd s, w e  w ish  to  a d v a n c e  
th e  scien ce  o f e lectro ch em istry .

T h e  research  w o rk  th u s  a ssisted  m u st b e  p u b lish ed  in  th e  
T ra n sa c tio n s  of th e  S o cie ty .

A p p lic a tio n s  m a y  b e  se n t to  th e  C h a irm a n  of th e  C o m m ittee  
a n d  sh ou ld  b e  re ce iv ed  b efo re  A u g u s t  first.

W . R .  W h i t n e y ,  Chairm an,
W . H . W a l k e r ,
F . A . J. F it z g e r a l d .

M A IN E  SE C T IO N  O F  T H E  A M E R IC A N  C H E M IC A L  S O C IE T Y .

T h e  re c e n tly  a u th o rized  M aine S ectio n  o f th e  A m e rica n  
C h em ical S o c ie ty  held  its  in itia l m ee tin g  in  F e rn a ld  H a ll on th e  
U n iv e r s ity  o f M aine C am p u s on  M a y  16, 19 12 . T h e  m ee tin g  
w a s a tte n d e d  b y  a b o u t th ir ty  e n th u sia stic  m em b ers o f th e
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Sectio n  an d  a t  th e  a ftern o o n  m eetin g , a t  w h ich  papers w ere 
presen ted , th ere  w ere  p resen t a  n u m b er o f s tu d e n t ch em ists  o f 
th e  U n iv e r s ity  o f M aine. P a p e rs  w ere  p resen ted  b y  M r. A . B . 
L a rch a r , of O ld to w n , o n  “ Som e P r a c tic a l O b se rva tio n s on  th e  
E le ctro ly s is  o f B r in e ;”  b y  R . H . M c K e e  o n  “ A n  O il from  th e 
R e d  S p ru c e ;”  an d  b y  L . M. B u r g h a r t  on  “ S o m e N ew  F o rm s of 
C h em ical A p p a r a tu s .”

A fte r  d iscu ssion  th e  m ee tin g  te m p o ra r ily  ad jo u rn ed  to  g iv e  
o p p o rtu n ity  for th e  p rep ara tio n  of a  lu n ch  w h ich  w as served  
in th e  la b o ra to r y . A fte r  lu n ch  a  sh o rt busin ess m ee tin g  w as 
ca lled  to  ord er b y  R . H . M c K e e  and  a  c o m m itte e  n o m in a ted  th e  
fo llo w in g  officers w h o  w ere  e lected  to  serve  u n til o rg an izatio n  
h as b een  p erfec ted  a n d  b y -la w s  a d o p te d : President of the
Section, A . B . L a rc h a r , O ld to w n ; Councilor, R . H . M cK ee, 
O ron o; Secretary and Treasurer, H . H . H an so n, O rono. T h e  
officers n am ed  w ere  e lected  as an  e x e c u tiv e  c o m m itte e  to  arran g e 
for th e  n e x t  m ee tin g  an d  to  p resen t a t  th a t  m ee tin g  b y -la w s  to  
g o v ern  th e  S ectio n . H . H a n s o n ,  Secretary.

O R G A N IZ A T IO N  O F  C O M M IT T E E S  F O R  S T U D Y  O F IN D U S
T R IA L  D IS E A S E S .

T h e  m em b ersh ip  o f th e  C o m m itte e  on  In d u stria l D iseases 
o f th e  N e w  Y o r k  A ss o cia tio n  fo r L a b o r L e g is la tio n  is m ad e  up 
o f th e  fo llo w in g:

P R O F . H E N R Y  R . S E A G E R , P res id e n t o f th e  A m erican  
A ss o cia tio n  for L a b o r L eg isla tio n , Chairm an.

P R O F . S A M U E L  M c C U N E  L I N D S A Y , P res id e n t N ew  Y o rk  
A sso cia tio n  for L a b o r L e g is la tio n , E x  Officio.

D R . C H A R L E S  L . D A N A , C h a irm a n  C o m m ittee  P u b lic  H y 
giene, A c a d e m y  o f M edicine, E x  Officio.

D R . J O H N  B . A N D R E W S , S e c re ta r y  A m e rica n  A sso ciatio n  

L a b o r  L eg isla tio n .
C H A S . B A S K E R V I L L E ,  P ro fesso r o f C h e m istry , C o llege of 

th e  C ity  o f N e w  Y o r k .
D R . W A R R E N  C O L E M A N , N ew  Y o r k  A c a d e m y  M edicine.
M R . M IL E S  M . D A W S O N , A c tu a r y .
M R . L E O N A R D  W . H A T C H , S ta tis t ic ia n  D e p a rtm e n t L a b o r, 

S t a t e  o f N e w  Y o r k .
M R . F R E D E R I C K  L . H O F F M A N , S ta tis t ic ia n  P ru d e n tia l 

L ife  In s u ra n c e  Co.
D R . J O H N  H . H U D D L E S T O N , N e w  Y o r k  A c a d e m y  M edicine.
D R . J A M E S  A L E X .  M I L L E R , N ew  Y o r k  A c a d e m y  M edicine.
D R . W . G IL M A N  T H O M P S O N , N e w  Y o r k  A c a d e m y  M edicine.
D R . L I N S L Y  R . W IL L I A M S , N e w  Y o r k  A c a d e m y  M edicine.
P R O F . C . E .- A . W IN S L O W , C o llege  o f th e  C ity  o f N ew  Y o r k .
M R . P A U L  K E N N A D A Y ,  S e c re ta r y  N e w  Y o r k  A sso cia tio n  

L a b o r L e g is la tio n .

T h e  C o m m itte e  011 O ccu p atio n a l D iseases in  C h em ical T rad es, 
N e w  Y o r k  S e ctio n  of th e  A m e rica n  C h em ical S o c ie ty , is as follow s:

D R . G E O . P . A D A M S O N , B a k e r  &  A d a m so n  C h em ical Co., 
E a s to n , P a .

M R . W . H . B A S S E T T , A m e ric a n  B ra ss  C o., W a tc r b u r y , Conn.
M R . W M . F . D O E R F L I N G E R , M u tu al C h em ical Co. of 

A m e rica , 55 Jo h n  S t .,  N e w  Y o r k  C ity .
D R . A . C. L A N G M U IR , C h a irm a n  N e w  Y o r k  S ectio n , 9 V a n  

B ru n t  S t .,  B ro o k ly n , N . Y .
D R . G E O . D . R O S E N G A R T E N , P o w ers, W e ig h tm a n  &  

R o sen g a rten , P h ila d e lp h ia , P a .
D R . A . H . S A B I N , N a tio n a l L e a d  C o ., 129 Y o r k  S t .,  B ro o k ly n , 

N .-Y .
M R . E. C . U H L IG , Secretary, B ro o k ly n  U n io n  G a s Co., 

5 th  &  H o y t  S ts ., B ro o k ly n , N . Y .

O R G A N IZ A T IO N  O F R U B B E R  SE CT IO N .

E ditor of the Jo u rn a l of Industrial and E ngineering Chem istry:
A t  a  m ee tin g  o f th e  R u b b e r S e ctio n  o f th e  A m e ric a n  C h em ical 

S o c ie ty  held  on  Ju n e 5 th , the fo llo w in g  co m m ittees  w ere a p 
p o in ted  :

General Rubber Consideration Com m ittee: D . A . Ć u tlcr ,
Chairman-, H . v a n  d er L in d e, W . B . P ip er, G . T . C o ttle , A . D . 
H o p k in s, D . S p en ce, D orris W h ip p le , C. R . B o ggs, H . F a y , W . 
C. Geer.

A n alytical Com m ittee: D orris W h ip p le , Chairman-, J . W . 
Sch ad e, P . H . W a lk e r, J . B . T u tt le , G . T .  C o ttle , G eo. O en slager, 
W . A . D u cca.

Com mittee on Specifications: C . R . B o ggs, Chairnuin-, G . H . 
S av a g e , H . F a y , W . C. G eer, H . B . R o d m an , D . A . C u tler.

I t  Was a lso  decided  to  h a v e  th e  G en eral R u b b e r C o n sid eratio n  
C o m m ittee  ask  a ll the m em b ers o f th e  S e ctio n  to  su b m it th e  b est 
k n o w n  m eth o d  for a n a ly z in g  ru b b er go od s; th e  C o m m ittee  is 
th en  to  se le ct th e  b e st m eth o d , su b m ittin g  sam e, to th e  A m e rican  
C h em ical S o c ie ty  a sk in g  th e  S o c ie ty  to  pu blish  th is  as b e in g  the 
b e st a u th o rity  kn o w n  to  i t  a t  th e  p resen t tim e. T h e  A n a ly t ic a l 
C o m m ittee  w ill, in th e  m ean tim e a n d  in th e  fu tu re, a tte m p t, b y  
research  and  su ch  o th er m eth o d s as i t  m a y  select, to  re v ise  th is  
ad o p ted  m eth o d  from  tim e  to  tim e, as m a y  seem  b e s t  for the 
in terests of th e  R u b b er S ectio n , th e  o b je c t  b e in g  th a t  a n y  
ch e m ist in th e  c o u n try  w ho m a y  h a v e  occasion  to  a n a ly z e  ru b b er 
good s m a y  h a v e  an  a u th o rized  sta n d a rd  m eth o d  o f p roced u re.

W h en  th is  h as been accom p lish ed  th ere  sh ou ld  n o t b e  su ch  a 
v arian ce  in  th e  resu lts rep o rted  from  d ifferen t ch e m ists  w ho 
a n a ly z e  vu lcan ized  ru b b er p ro d u cts. W e  h ope to  h a v e  th is  
a ccom p lish ed  so th a t  it  m a y  b e  an n ou n ced  a t  th e  co m in g  In te r 
n atio n al Conference in S ep tem b er.

D . A . C u t l e r , Chairm an.

P A IN T  AN D V A R N IS H  IN T H E  U . S. N A V Y .

E d itor of the Jou rn al of Industrial and E ngineering Chem istrx :
I n o tice  in  y o u r issue o f M ay, 1912, a  co m m u n ica tio n  from  

P rofessor S ab in , in  w h ich  h e  refers to  th e  step s ta k e n  re c e n tly  
b y  th e  N a v a l a u th o ritie s  lo o k in g  to w a rd  th e  use of so-called  
"n e w e r p a in t  m a te ria ls .”

P rofessor S ab in  seem s to  b e  u n der th e  im p ression  th a t  th e  
N a v y  D e p a rtm en t e xp e c ts  to  find th ese  m a te ria ls  n o t so e ffic ien t 
a s th ose p rev io u sly  used, and  th a t  th e y  a re  even  w illin g  th a t  
such  sh ou ld  b e  th e  case.

A s  I h a v e  been  id entified, to  som e e x te n t, w ith  lite ra tu r e  
o n  th is  su b je ct, and  a  good  d eal of p rom in en ce h as  b een  g iv en  
to  a  p ap er w h ich  I  presen ted  to  th e  N a v a l In s titu te  in D ecem b er 
la st, I  feel t h a t  I shou ld  a tte m p t to  co rrec t th e  im pression  g iv en  
b y  P rofessor S ab in  in h is le tter.

A lth o u g h  on e o f th e  a rgu m en ts a d v an ce d  in fa v o r  of th e  use 
o f ch eap er p a in t m ateria ls  w a s to  th e  gen eral e ffe ct th a t  even  
if th e y  w ere  n o t q u ite  so la stin g , th ere  w o u ld  b e  still a m p le  
reason for th e ir  u se in v ie w  o f the freq u e n t re p a in tin g  t h a t  is 
n ecessary  from  o th er con sid eration s, th e  use, h o w ever, o f m a 
teria ls  th a t  a re  less e ffe ctiv e  th an  th o se  h ereto fo re  u sed  a c tu a lly  
h as n o t been  a ccep ted  and  a ll of th e  ch an ges th a t  h a v e  b een  m ad e  
b y  th e  N a v y  D e p a rtm en t h a v e  b een  m ad e  o n ly  a fte r  e x te n siv e  
exp erim en ts show ed th a t  th ere  w o u ld  b e  n o  loss in e ffic ien cy. 
T h e  ch an ges to  d a te  h a v e  b een  th e  u se to  som e e x te n t  o f low er 
priced  an d  m ore e ffe ctiv e  p a in ts  in p la ce  o f red  lea d  as a  p r im in g  
co a t, th e  u se o f h y d ro carb o n  sp irits  in p la ce  o f tu rp en tin e, th e  
use of b la n c  fix e  in s la te  colored  o u tsid e  p a in t  for b a ttle sh ip s  
and  cruisers, a n d  th e  te n ta t iv e  use o f fish oil in  p la ce  of a  p o rtio n  
o f th e  linseed  o il. T h e se  ch an g es w e re  n o t m ad e, h o w ev e r, 
un til, as n oted  a b o v e , th e  n a v a l a u th o ritie s  w ere  co n vin ced  
t h a t  th ere w o u ld  b e  n o loss o f e ffic ien cy in d u r a b ility  o f th e  
p a in ts  or in p ro te c tiv e  e ffect. H e n r y  W i l l i a m s .

N a v y  Y a r d , N e w  Y o r k .

A  C O L O R IM E 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 
C A R B O N  IN IR O N  A N D  S T E E L . A  N O T E  O F  P R O T E S T .

T h e E ditor o f  the Jo u rn al o f  Industrial and E ngineering Chem istry: 
In  th e  M ay  n u m b er o f T h is  J o u r n a l , th ere  is, u n der th e  tit le  

" A  C o lo rim etric  M eth od  o f D eterm in in g  C arb on  in Iron  and
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S te e l ,"  w h a t p u rp o rts to  b e  a  " n o v e l”  m eth o d  o f d eterm in in g  
ca rb o n  b y  a  m o d ificatio n  o f th e  E g g c r tz  process; a s  th is  “ n e w ”  
m eth o d  h as p r o b a b ly  been  p ra ctice d  e v e r  sin ce th e  E g g c r tz  
process w as in tro d u ced , I  th in k  i t  is t im e  a  p ro te st w as en tered  
ag a in st such  se lf-ev id en t m o d ificatio n s b ein g  p u b lish ed  as 
o rig in al. I  do n o t k n o w  to  w h om  th is  p a rtic u la r  m eth o d  of 
d ilu tio n  is o rig in a lly  d ue, b u t  i t  h as  been  used b y  n e a r ly  a ll stee l 
w o rk s ch em ists in  th is  c o u n try  for th e  p a s t  17 or 18 y e a r s  to  
m y  personal k no w led ge.

A  m o d ificatio n  o f th e  E g g e rtz  p rocess w h ich  I  d o  n o t k n o w  
to  b e  so co m m o n ly  used, as it  m ig h t w ell be, re fers to  th e  d e
term in a tio n  o f carb o n  in  v e r y  so ft  steel, e tc ., and  w h en  th e  carb on  
is b e lo w  0 .1 0 % , is  carried  o u t  b y  w e ig h in g  a  p o rtio n  o f a  
s ta n d a rd  steel, s a y  0.1 g ra m , a n d  a d d in g  0.1 g ra m  o f th e  sa m p le  
t o  it ;  th is  is d isso lved  a lon gsid e  a  0.2 g ram  p o rtio n  o f th e  sa m e 
(or o th er) sta n d a rd  a n d  the tw o  co m p ared , w h en  a  sim p le  c a l
cu la tio n  w ill g iv e  th e  re su lt for th e  steel.

A n y  on e w h o is asso cia ted  w ith  th e  co m p ariso n  o f lo w  carb o n  
steels, ». e., steel w ith  ca rb o n  u n der a b o u t 0 .10  p er cen t., w ill be 
a cq u a in te d  w ith  th e  d ifficu lty  o f co m p ariso n  on  a c c o u n t o f th e  
green ish  t in t ;  th e  a b o v e  process is  designed  to  o v erco m e  th is  
d ifficu lty  and  I ca n  co n fid e n tly  recom m en d  its  tria l.

W h ile  on th e  su b je c t o f ca rb o n  d eterm in atio n , I  m ig h t  m en tio n  
th a t  I h a v e  su ccessfu lly  used a  sim ilar process in co n n ectio n  
w ith  th e  d eterm in atio n  o f ca rb o n  b y  d irect co m b u stio n  in o x y g e n  
of th e  m ore re fr a c to ry  ferro  a llo y s: b y  p la cin g  a  k n o w n  q u a n tity  
of a  s ta n d a rd  steel in  th e  co m b u stio n  b o a t  a n d  sp rin k lin g  th e  
w eigh ed  p o rtio n  o f th e  a llo y  o v e r  th is , w h en  th e  h e a t gen erated  
b y  th e  co m b u stio n  o f th e  stee l sta n d a rd  h as  b een  su ffic ien t to  
in su re co m p lete  co m b u stio n  o f th e  a llo y .

X a m  n o t c la im in g  o r ig in a lity  for th ese m o d ificatio n s w h ich  
a re  in th is  c o u n try  looked  u p on  m ere ly  a s  "sh o p  k in k s .”

E . E s c o t t  W o o d .
L a b o r a t o r y  o p  T h e  B r y m b o  S t e e l  W o r k s ,

W r e x h a m , W a l e s .

A  C O L O R IM E 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  C A R B O N  IN IR O N  AN D S T E E L — A  N O TE .

E ditor o f  the J o u rn a l o f  Industrial and E ngineering Chem istry:

In  th e  M ay issue o f T h is  Jo u r n a l  for th e  cu rren t y e a r  th ere  
ap p eared  an  a rtic le  e n title d  " A  C o lo rim etric  M ethod fo r th e  D e 
term in a tio n  of C arb o n  in  Iro n  a n d  S te e l.”  T h is  m eth o d  is cla im ed  
to  be sim ilar to  th e  one proposed  b y  E g g e rtz . T h is  s ta te m e n t w as 
v e r y  su rp risin g  to  m e b ecau se  I h ad  stu d ied  E g g e r tz ’ m eth o d  
u n der h im  in th e  R o y a l M ining S ch o o l a t  S to ck h o lm , S w eden , 
a nd  la ter , in m y  o w n  la b o ra to ry , I m ad e  a b o u t fiv e  th ousan d  d e 
term in atio n s u sin g  h is m eth o d . W h en  rea d in g  M r. K o h o u t ’s 
m eth o d , I  fou n d  sam e id en tica l w ith  P ro f. E g g e r tz ’ m eth o d . A t  
p resen t I  ca n  o n ly  refer to  a  fo o t-n o te  in B la ir , "A n a ly s e s  o f Iron  
and  S te e l”  on  p a g e  170, 5 th  ed itio n , a n d  p a g e  175, co n cern in g  
th e  d ilu tio n  of th e  sta n d a rd .

Y o u r s  v e r y  tru ly ,
C . G . H e l l m a n .

165 G r a n d  S t r e e t ,

J e r s e y  C i t y , N. J.

V A L U A T IO N  O F  F L U O R S P A R — A  C O R R E C T IO N .

In  m y  a rtic le  in th is  p ap er, V o l. 4, N o. 3, M arch , 1912, I 
q u o ted  in co rrectly  M r. F . J u liu s  F o h s ’ s ta te m e n t p u b lish ed  in 
B u lletin  9 o f th e  K e n tu c k y  G eo lo g ical S u rv e y , viz., “ s ilicates 
o ccu rrin g  asso cia ted  w ith  K e n tu c k y  flu o rsp a r.”  T h e  w ord  
" K e n t u c k y ”  sh ou ld  b e  o m itte d : i t  d istu rb s th e  m ea n in g  of th e

fo llo w in g  discussion, ch an g in g  th e  sam e to  a  d ep re c ia tiv e  
critic ism  o f M r. F o h s ’ s ta te m e n t, w h ich  I  d id  n o t in ten d  to  do. 
M r. F oh s sta te s  th a t  th e  silicates m en tion ed  in  m y  a rtic le  o ccu r 
o cca sio n a lly  asso cia ted  w ith  fluorspar, b u t  n o t w ith  K e n tu c k y  
fluorspar. E r n s t  B i d t e l .

G E N E R A L  B A K E L I T E  C O M P A N Y  S T A R T S  IN F R IN G E M E N T  
S U ITS.

G en era l B a k e lite  C o m p a n y  h as  b ro u g h t su its  fo r in frin g em en ts 
o f its  B a k e lite  p a te n ts  a g a in st th e  C o n d en site  C o m p a n y  of 
A m e ric a  and  sev era l users of "C o n d e n site ;”  a m o n g  th e m  th e  
D ick in so n  M an u factu rin g  Co. o f S pringfield , M ass., T h e  D u ran o id  
M fg. Co. of N ew a rk , N . J ., and  H ard m an  &  W r ig h t  o f B e lle 
ville , N . J.

In  re la tio n  to  th is, it  is o f in terest to  n o te  th a t  th e  fu n d a 
m en ta l B a k e lite  p a ten ts  h a v e  been a llow ed  in  G e rm a n y  and  
h a v e  been  su sta in ed  b y  th e  G erm an  P a te n t  O ffice, n o tw ith 
sta n d in g  th e  fa c t  of several p u b lic  co n testa tio n s.

T H E  E N D  O F  T H E  C O O P E R A T IV E  G L A S S  F A C T O R IE S  IN 
I T A L Y .

In  th e  "F a c h g e n o sse ” , 28, N o. 58 (an  o rg an  o f th e  G erm an  glass 
u n ion s), ap p ears an  a rtic le  n o tin g  th e  fa ilu re  o f th e  c o o p e ra tiv e  
glass fa cto rie s  o f I ta ly  in th eir stru g g le  w ith  the tru s t  (cf. C . 
A .,  5, 166).

T h e se  r iv a l g lass facto ries w ere  s ta rte d  b y  th e  la b o r unions 
in  1903 w ith  th e  sm all c a p ita l o f $5,750. T h e y  p roceed ed  to  
co m p e te  w ith  th e  tru sts  for th e  co n tro l o f th e  m a rk e t, h o p in g  
a t  le a st to  com pel reco g n itio n  o f th eir  u n ion  and  im p ro v e  co n 
d itio n s for th e  m en. D u rin g  Jiie la s t  nine y e a r s  th ese  fa cto rie s  
h a v e  b een  in creased  to  seven  in n u m b er a t  th e  tim e o f th e  b a n k 
r u p tc y . B usin ess co n d itio n s in  th e  I ta lia n  g lass in d u stry  
th ro u g h o u t th e  la s t  y e a r  p a rtic u la r ly  h a v e  b een  v e r y  u n fa v o ra b le . 
I n  1910 occu rred  a  sh o rtage  in th e  g ra p e  crop  re s u lt  in  a  
lessened d em an d  for. b o ttle s , a n d  th e  T u rk o -Ita lia n  w a r  p ro ved  
to  b e  th e  la s t  s tra w  in  th e  s itu atio n  fo r th e  c o 6 p e ra tiv e  facto ries. 
T h e y  w ere  sca tte red  o v er th e  n o rth ern  p a r t  o f I ta ly ,  w ith  th e  
e x c ep tio n  o f on e fa c to ry  in th e  v ic in ity  o f N ap les, and  w ith  th e ir  
s c a n ty  c a p ita l and  la c k  o f close co o p eratio n  w ere  u n ab le  to  
co p e w ith  th e  h ard  tim es and  co n seq u en t losses.

J . B . P a tc h .

IN T E R N A T IO N A L  CO N G R E SS O F  A P P L IE D  C H E M IS T R Y .
A N N O U N CEM EN T B Y  SE C T IO N  I, A N A L Y T IC A L  

C H E M IS T R Y .

T h e  P res id en t o f S e ctio n  I, A n a ly tic a l C h e m istry  o f the 
a p p ro a ch in g  Congress of A p p lied  C h em istry , desires to  c a ll th e  
a tte n tio n  o f ch em ists to  an  official n o tifica tio n  rece ived  b y  h im , 
th a t  tw o  im p o rta n t p rop osition s w ill be a d v o c a te d  a t  th e  C o n 
gress.

I t  w ill b e  m o ved  b y  th e  V cre in  d e u tsc h e rC h e m ik e r: T o  a d o p t 
fo r p ra ctica l p u rp oses an  a to m ic  w e ig h t ta b le  o n ly  on ce  in  fiv e  
y e a r s  a n d  on  a  g iv en  d a te  to  in tro d u ce  th is  g en era lly  an d  reco g
nize i t  as b in d in g  in m u tu a l dealings.

T h e  S e ctio n a l G ro u p , “ A n a ly t ic a l C h e m istry ,”  o f th e  V erein  
d cu tsch er C h em iker w ill m ak e  the fo llo w in g  su ggestio n : T o  re 
q u est th e  S u b -co m m itte e  on  U n ifo rm  S a m p lin g  o f the I n te r 
n atio n a l C o m m ittee  o n  A n a ly ses  to  ta k e  u p  th e  sa m p lin g  o f ores.

F o r fu ller d eta ils , co n su lt Chem iker Zeitung, Ju n e  6, p age  
635, and  Z e ils c h n fl f u r  angewandte Chcm ie, Ju n e 7, p age  1 1 7 1 .



July, 1912 TH 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 . 549

BO O K REVIEWS
C o rrosion  of Iro n  and  Steel. B y  J. N e w t o n  F r i e n d ,  P h .D .

L o n g m a n s, G reen  &  C o., 1 9 1 1 . p p . 300; 62 figures. P r ice ,
S i . 80 net.

W ith  th e  e x c ep tio n  o f an  o cca sio n al fa ilu re  d u e  to  so-called  
fa tig u e , th e  life  o f a  s tru c tu re  m ad e  from  iron  or stee l is  in  
gen eral d eterm in ed  b y  th e  r a te  a t  w h ich  i t  corrodes, o r a s  w e 
s a y  ru sts . A  v o lu m in o u s lite ra tu r e  o f th e  p a s t  ex ists , w h ile  
t h a t  of th e  p resen t is c o n s ta n tly  b e in g  sw ollen  b y  c o n trib u tio n s 
fro m  th e  m a n y  in v e stig a to rs  n o w  in  th e  field . W e  th erefo re  
w elco m e h e a r tily  a  b o o k  su ch  as th e  on e h ere  con sid ered  w h ich  
so c a re fu lly  d ig ests  th e  w o rk  a lre a d y  re p o rted  an d  co lla tes in  
su ch  a  c lea r, u n biased  w a y  t h a t  p o rtio n  o f th e  lite ra tu re  w h ich  
seem s to  b e  w o r th y  o f co n sid eratio n . T h e  su b je c t  is o n e  of 
im m en se p r a c tic a l im p o rta n ce , a n d  no en gin eer or m e ta llu rg is t  
ca n  afford  to  b e  ig n o ra n t o f e ith er th e  p u re ly  scien tific  a sp ects 
o f th e  m a tte r , or o f th o se  o b se rv a tio n s w h ich  h a v e  p ro ved  a 
gen u in e h elp  in  th e  so lu tio n  of a n  a p p a re n tly  sim ple, b u t  re a lly  
h ig h ly  co m p le x  p roblem .

A fte r  a  b rie f h isto rica l in tro d u ctio n  th e  a u th o r  d iscusses w h a t 
m ig h t b e  ca lled  th e  m ech an ism  o f ru stin g  and  g iv e s  a  c lea r 
s ta te m e n t o f th e  d ifferen t th eories w h ich  h a v e  been  a d v an ce d  
to  e x p la in  ru stin g  an d  th e  exp e rim e n ts  on  w h ich  su ch  th eories 
a re  b ased . H e  fa lls  in to  a n  o b vio u s error, h o w ever, w h en  in 
a tte m p tin g  to  d istin gu ish  b e tw e e n  th e  so-called  a c id  th e o ry  
and  th e  e le c tro ly tic  th e o r y  o f corrosion, h e s ta te s  th a t  th e  la tte r  
" s ta n d s  or fa lls  w ith  th e  s o lu b ility  o r o th erw ise  o f iron  in  p e r
fe c t ly  p u re  w a te r .”  E la b o r a te  e xp e rim e n ts  a re  described  
w h ich  a re  in ten d ed  to  p r o v e  t h a t  iron  in  w ate r in  th e  en tire  
ab sen ce  o f ca rb o n ic  acid  or o th er  e le c tro ly te  is n o t d isso lved. 
W h a t  th ese  e x p e rim e n ts  p ro v e  a n d  a ll th a t  th e y  p ro v e  is th a t  
un der ce rta in  co n d itio n s b e lo w  a  d efin ite  tem p eratu re , iron 
does n o t d isso lve  ra p id ly  en o u gh  in  p u re  w a te r  to  b e  eas ily  
n o tice d . T h e  r a te  o f the rea ctio n  in creases so ra p id ly  w ith  
rise  o f te m p e ra tu re  t h a t  i t  m ig h t  b e  e x p e cte d  th a t  if th e  te m 
p e ra tu re  w ere  ra ised  w ith o u t ch an g in g  in  a n y  w a y  th e  o th er 
co n d itio n s, ru stin g  sh ou ld  b eco m e e v id e n t; H r. F le m in g  in  an  
a rtic le  in th is  n u m b er o f th e  Jo u rn a l seem s to  h a v e  p ro ved  
th is  to  b e  a  fa c t . B u t  is th is  a ll n o t " u s in g  a  sled g e  h am m er to  
k ill  a  flea?”  S u p p o se  i t  w e re  tru e  th a t  a t  o rd in a r y  te m p e ratu re s  
iron  d id  n o t ru s t  in  p e r fe c tly  p u re  w a te r ;  th is  fa c t  in  n o w a y  
in v a lid a te s  th e  e le c tro ly tic  th e o r y . W h e n  iro n  d isso lves in 
w a te r  w ith  ca rb o n ic  acid  or w ith o u t it, e n e rg y  is se t free and  can  
ta k e  th e  form  o f e le ctr ica l en erg y  in  th e  sa m e w a y  as th a t  se t 
free  b y  th e  re a c tio n  ta k in g  p la ce  in  a  D a n ie ll c e ll; and  th e  
ph en om en on  is ju s t  as t r u ly  e le c tro ly tic  in  on e ca se  a s  in th e  
o th er.

T h e  stu d ied  a tte m p t  o f th e  a u th o r  to  a v o id  a ll th e  co n cep ts 
in tro d u ced  b y  th e  e le c tr o ly tic  th e o r y  ren d ers th e  tre a tm e n t 
of m a n y  im p o rta n t'p h e n o m e n a  less c lea r th a n  i t  w o u ld  oth erw ise  
b e. H o w  else c a n  o n e  e x p la in  th e  a c c e le r a tin g  a c tio n  of m e ta llic  
p la tin u m  o r fo rg e  sca le  on  th e  r u stin g  o f iron? H o w  exp la in  
th e  p ro te ctio n  o f iron  b y  zin c, o r th e  fa c t  th a t  th e  a re a  o f iron  
p ro te cte d  b y  z in c  is  a  fu n ctio n  o f th e  c o n d u c t iv ity  o f th e  w ate r 
su rro u n d in g  th e  tw o , a n d  a  h u n d red  o th er  fa c ts ?  T o  ca ll such  
p h en o m en a  " g a lv a n ic  a c tio n ”  is  s im p ly  a d m ittin g  th e  fa c ts  
w h ile  re fu sin g  to  u tiliz e  th e  co n clu sio n s w h ich  su ch  fa c ts  w a r ra n t 
an d  to  u se  th e  b en efits  w h ich  m a y  a c c ru e  fro m  b ro ad er g e n era liza 
tio n s b ased  u p on  su ch  fa c ts  a n d  con clu sion s. T h e  b o o k  ga in s 
n o th in g  b y  th is  ca refu l exc lu s io n  o f th e  e le c tro ly tic  th eo ry , 
w h ile  i t  loses m u ch .

In  th e  ch a p te r  d ev o te d  to  th e  r u stin g  o f iron  as influenced 
b y  n a tu ra l forces an d  co n d itio n s th e  a u th o r  sh ow s h is broad  
grasp  o f th e  lite ra tu re , a n d  p resen ts th e  su b je c t  in  a  w ell b alan ced  
discu ssion  o f th e  in flu en ce o f d isso lv ed  o x y g e n , in  w a te r  th e  ra te

o f m o v e m e n t o f th e  w a te r, th e  a ctio n  o f lig h t, b io lo gical a c t iv it y ,  
e tc . T o  th e  a ctio n  o f acids, a lka lies, a qu eo u s so lu tio n  o f sim p le 
sa lts, a n d  so lu tio n  o f tw o  or m o re  e le ctro ly te s  on  iron  th e re  is 
d ev o te d  a  ch a p te r  re sp ectiv e ly . T h e  p a ssiv e  s ta te  o f iro n  is 
th e  s u b jc c t  o f a n  in terestin g  ch a p te r  w h ich  b rin gs th is  in 
terestin g  su b je c t  w ell u p -to -d ate , as is  a lso  tru e  o f th e  sectio n  
on th e  influence o f th e  ch em ica l co m p o sitio n  o f iron  on  its  
corrosion. In  co n sid erin g  th e  re la tiv e  ra te  o f corrosion  o f iron  
a n d  steel th e  a u th o r su ggests a  "C o rro sio n  F a c to r ”  a n d  p o in ts 
o u t  th a t  an  A m e rica n  firm  h as m ad e  th is  p o ssib le  b y  p la c in g  
on  th e  m a rk e t  a  "p u r e  iro n ,”  t h a t  is , a  m e ta l c o n ta in in g  99.954 
p er cen t. iron. T h ese  figures a re  ta k e n  from  a n  a n a ly sis  g iv e n  
on  p age  114  as furn ished  b y  th e  A m e rica n  R o llin g  M ill Co. 
o f M idd letow n , O hio, for its  p ro d u ct: m u ch  to  th e  a u th o r ’s 
su rprise h e la ter  foun d b y  a n a ly z in g  th e  sa m p le  h im self, t h a t  i t  
co n ta in ed  0 .172 p er cen t, copp er.

T h ro u g h o u t th e  vo lu m e, a tte n tio n  is ca lled  to  th e  gap s in  ou r 
p resen t k n o w led g e  and  its  s tu d y  should  p ro ve  a  so u rce  of fr u it
fu l su ggestio n  for th o se  lo o k in g  fo r su b je c ts  fo r in ve stig atio n .

T h e  b o o k  c o n stitu tes  a  d is tin c t and  v a lu a b le  c o n trib u tio n  
to  th e  lite ra tu re  on  th e  su b je c t  o f corrosion, and  w ill p r o v e  of 
in terest to  th e  gen eral rea d er as w ell as o f g re a t  se rv ic e  to  th o se  
p a rtic u la r ly  in terested  in th e  field . W m . H . W a l k e r .

T ech n o lo gic P apers o f the B u re au  o f Standards, No. 3 : T ests 
of the A bsorptive and  P erm eable P roperties o f P o rtlan d  C em ent 
M ortars and  Concretes, togeth er w ith  T ests of D am p - 
P roofin g and W aterp ro o fin g  Com pounds a n d  M ateria ls. B y
R u d o l p h  J. W i g  and  P . H . B a t e s .  127 p ages, 53 figures; 
8vo. W ash in g to n : G o v e rn m e n t P r in tin g  O ffice, 1912 .
T h e  in vestig atio n s rep o rted  in th is  b ro ch u re  co v e r  som e 

p rev io u sly  u n stu d ied  phases o f th e  im p o rta n t s u b je c ts  o f P o r t
la n d  ce m e n t m o rtars  a n d  co n cretes. T h e  a c c o u n t o f th e  w o rk  
is d iv id ed  in to  tw o  p a rts :  P a r t  I  com p rises th e  re su lts  o f a  
series of te sts  on  11 d ifferen t m o rtars  an d  23 co n cretes to  a sce r
ta in  th eir  p e rm e a b ility  a t  vario u s ages, for v ario u s con sisten cies 
and  th ick n ess o f te s t piece, and  th e  a b so rp tio n  on  12 m o rta rs  
a t  vario u s ages a n d  for v a rio u s  con sisten cies, w h ile  P a r t  II  
em b od ies th e  resu lts  o f a  series o f c o m p a r a tiv e  te sts  o f 40 c o m 
poun ds and  sev era l v o id -fillin g  m ate ria ls  recom m en d ed  fo r use 
o r a d v e rtise d  as "d a m p -p ro o fin g ”  or "w a te rp ro o fin g ”  m ed iu m s, 
p u rch ased  p r iv a te ly  in th e  op en  m ark e t.

V a lu a b le  as a re  th e  d a ta  co n ta in ed  in P a r t  I , th e  scries of 
te sts  m ad e  o n  v ario u s "d a m p -p ro o fin g ”  a n d  “ w ate rp ro o fin g ”  
com p ou n ds and  m ate ria ls  should  be o f m ore in te re st to  th e  
engineer, a rc h ite c t  a n d  co n tra c to r— to  a ll th o se  en gag ed  in 
co n stru ctio n  w o rk  w h o  h a v e  b een  m isled  b y  su ch  s ta te m e n ts  as, 
" T h is  com p ou n d  w aterp ro o fs  th e  h e a rt  o f co n cre te  c o n stru c tio n ,”  
or " T o  m ak e  th e  w h o le  m ass o f th e  m aso n ry  w a t e r p r o o f .. .  .a d d  
¿0  th e  ce m e n t a  com p ou n d  w h ich  is w a te r  re p e llen t a n d  b reak s 
u p  th e  c o n tin u ity  o f th e  ca p illa rie s .”  I t  is d em o n stra ted  b y  
W ig  a n d  B a te s, in  a  q u ite  co n vin cin g  m an n er, th a t  P o r tla n d  
ce m e n t m o rta r  and  co n crete  ca n  b e  m ad e  p r a c tic a lly  w a te r 
t ig h t  o r im p erm eab le  to  a n y  h y d r o s ta tic  h ead  u p  to  40 feet 
w ith o u t th e  use o f a n y  o f th e  so-called  " in te g r a l”  w aterp ro o fin g  
m ate ria ls  (19  w ere  te ste d ). F u rth erm o re— b u t  in th is  ca se  th e  
au th o rs  u rge  ca u tio u s in te rp re ta tio n — " T h e  d am p -p ro o fin g  
te sts  as co n d u cted  w o u ld  in d icate  th a t  P o rtla n d  ce m e n t m o rta rs  
ca n  b e  m ad e  n o t  o n ly  im p erm eab le  b u t  d am p -p ro o f as w e ll. —  
w ith o u t th e  u se  o f a n y  d am p -p ro o fin g  or w aterp ro o fin g  c o m 

p o u n d .”
T h e re  a re  a b o u t f if ty  w a terp ro o fin g  co m p o u n d s (co atin g s  a n d  

" in te g r a ls ” ) on  th e  A m e ric a n  m a rk e t. T h e  a d d itio n  of " in t e 
g r a l”  co m p o u n d s w ill n o t, a cco rd in g  to  W ig  an d  B a te s , co m p e n 
sa te  fo r lea n  m ix tu re s , p oor m ate ria ls  n o r fo r p oor w o rk m a n -
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sh ip ; b u t  a t  le a st som e o f th e  c o a tin g  co m p o u n d s h a v e  a  use, for 
" A s  a  p recau tio n , u n der certa in  co n d itio n s, i t  is  u n d o u b te d ly  
desirable to  use b itu m in o u s or sim ilar co a tin g s, e ven  on  new  
w o rk , as a  p ro tectio n  w here cra ck s  m a y  o c c u r .”  H o w ever, 
e ven  in such  cases th e  a u th o rs  a ssert t h a t  "w h e re  cra ck s  can  be 
p reven ted  n o  co a tin g  w h a te v e r  is requ ired  to  m a k e  th e  s tru c tu re  
im p erm ea b le .”  W . A . H a m o r .

A  D ictio n a ry  o f Applied C h em istry. S econ d  editio n , b y  S i r  

E d w a r d  T h o r p e  and  o th er  em in en t c o n trib u to rs. T o  be 
issued in fiv e  vo lu m es. R e v ise d  a n d  en larged. V o lu m e  I, 
758 p ages. P rice  of co m p lete  se t w h en  issued $50.00. P r ice  
per vo lu m e, S i 3.50. L o n g m a n s, G reen  &  C o., L o n d o n  and  
N ew  Y o r k , 1912.

T h e  first ed itio n  o f th is  w ell k n o w n  w o rk  ap p eared  tw e n ty -tw o  
y e a r s  ago. In  th e  m ea n tim e, g re a t a d v a n c e s  h a v e  been  m ad e 
¡11 th e  scien ce o f c h e m istry  and  its  a p p lica tio n s, new  in d ustries 
h a v e  been  d evelo p ed  a n d  estab lish ed  processes h a v e  u n derg on e 
g re a t ch an ges. T h e  a p p e a ra n cc  o f th is  secon d  co m p le te ly  
rev ised  and  en larged  ed itio n  is  th erefo re  a  m a tte r  o f im p o rta n ce  
to  th e  ch em ical profession.

T h e  ed ito ria l b o ard  h as been  en larged  u n der th e  a b le  gu id an ce  
o f S ir  E d w a rd  T h o rp e  a n d  n o w  in clu d es fo r ty -fiv e  e m in en t 
ex p e rts  se lected  from  E n g la n d , G e rm a n y , S w itze r la n d  and  
A m erica . I t  w o u ld  b e  d ifficu lt to  find a m o re  re p res en ta tiv e  
se t o f m en  th an  th o se  ch osen  to - tr e a t  th e  s u b je c ts  presen ted  in 
th is  vo lu m e.

A ll a rtic les  o f the first ed itio n  h a v e  b een  c a re fu lly  rev ised  or 
re w ritte n  a n d  a  la rg e  a m o u n t o f n ew  s u b je c t  m a tte r  h as been  
in trod u ced . R eferen ces to  o rig in a l p ap ers h a v e  b een  m ore 
ca re fu lly  p reserved  and  b ro u g h t u p -to -d ate . F ro m  th e  s ta n d 
p o in t o f b ib lio g ra p h y  alon e, th e  w o rk  is o f in e stim a b le  v a lu e  
and  a  ca refu l com p ariso n  o f in d iv id u a l a rtic le s  sh ow s a  co n 
siste n t and  ju d ic io u s  ed ito ria l p o licy .

V o lu m e I co v ers  in  its  758 p ages, th e  w ord s A  to  C h e co m 
p ared  w ith  7 15  p a g es in th e  first ed itio n  from  A  to  D y .

N ew  ch ap ters h a v e  been  in tro d u ced  on  A b ra siv es , A ce tin s, 
A d h esives, A d ren alin e , A m in es, A n a es th e tics , A rg o n , A s p a ra 
gin e, B o iler In cru sta tio n , Casein , an d  a  p a r tic u la r ly  good  ch ap ter 
on  C h em ical A ffin ity . T h ese , to g e th er  w ith  th e  e x te n tio n  of 
o th er  su b je cts  w h ich  h a v e  in creased  in im p o rta n ce  sin ce th e  
first ed itio n , m a k e  a  b o o k  of g r e a t  referen ce  v a lu e  to  th e  ch em ist 
a n d  ch em ical engineer.

T h e  gen eral w o rk m a n sh ip  on  th e  v o lu m e is e xc e lle n t. T h e  
p a p er and  b in d in g  are w ell a d a p te d  to  w ith s ta n d  th e  h ard  se rv ice  
o f the referen ce  lib ra ry  and  lab oratory ' and  th e  ch em ica l p ro 
fession  w ill re ce iv e  th e  t im e ly  rev isio n  and  reissue o f this w ell 
k n o w n  w o rk  w ith  g ra titu d e  to  b o th  e d ito rs a n d  pu blish ers.

M . C. W h i t a k e r .

A llen ’s C o m m ercial O rgan ic A n alysis. F o u rth  E d itio n , V o l. 
V I .  E d ited  b y  \V. A . D a v i s  and  S . S . S a d t i.b r . P h ila d e lp h ia ; 
P . B la k is tc n ’s S o n  &  Co., 1912 . C loth , O c ta v o  v iii +  726 
p ages. P rice, S5.00 n et

T h e  a p p earan ce  o f this vo lu m e, d ev o te d  ch ie fly  to  th e  a lka lo id s 
and  co rresp o n d in g  to  V o l. I l l ,  P a r t  I I , of th e  p rev io u s editio n , 
s e sp ecia lly  w elcom e b ecau se  o f th e  la c k  of co m p reh en sive  

m odern  lite ra tu re  on the a n a ly tic a l c h e m istry  o f th e  a lka lo id s. 
A lth o u g h  20 y e a r s  h a v e  e lap sed  since th e  la s t  ed itio n  o f th is  
p a r t  of Mr. A llen ’s w o rk , a n d  th e  m a te ria l h as been  e n tire ly  re 
w ritte n  and  reset, th e  scope a n d  gen eral a rra n g em e n t are b u t  
little  ch an ged .

A s  in th e  o th er vo lu m es of th e  fo u rth  editio n , th e  w o rk  o f 
revision  h as  b een  d iv id e d  a m o n g  a  n u m b er o f co n trib u to rs— in 
th is  case te n  E n glish  and  fou r A m erican . T h e  d iv is io n  is as 
fo llo w s: A m in es a n d  A m m o n iu m  B ases, b y  \V. A . D a v is , 49

p a g es; A n ilin e  and  its  A llies, b y  S . S . S a d tle r , 6 0 -p ag es; N ap h - 
th y lam in es , P yrid in e , Q u inolin e and  A crid in e  B ases, b y  W . H . 
G lo ver, 55 p a g es; V eg e ta b le  A lk a lo id s, b y  T . A . H e n ry , 44 
p ages; V o la tile  B ases o f V e g e ta b le  O rigin , b y  F . O . T a y lo r , 25 
p a g es; N ico tin e  and  T o b a cco , b y  R . \V. T o n k in , 18 p ages; A c o 
n ite  A lk a lo id s, b y  F . H . C arr, 36 p ages; A tro p in e  and  its  A llies , 
b y  F . H . Carr, 28 p a g es; C o cain e, b y  S . P . S a d tle r , 33 p ages; 
O p iu m  A lk a lo id s, b y  F . O . T a y lo r , 86 p ages; S try c h n o u s  A lk a 
loids, b y  C. E . V an d crk lce d , 38 p ages; C in ch o n a  A lk a lo id s , b y  O . 
C h ick , 72 p ages; B crb erin e  and  its  A sso ciates, b y  E . H o rto n , 28 
p ages; C affeine, T e a  and  Coffee, b y  J . J. F o x  a nd  P . J .S a g e m a n , 
76 p a g es; C o coa and C h o co late , b y  R . W h y m p e r, 37 p ages. 
T h o se  a lk a lo id s  w h ich  in th e  p revio u s ed itio n  w ere  in clu d ed  in 
P a r t  I I I  of V o lu m e  I I I  a rc  le ft  fo r V o lu m e  V I I  o f th e  p resen t 
ed itio n . S in ce th e  w o rk  is being e n tire ly  re se t i t  seem s u n fo rtu n a te  
th a t  th e  d escrip tio n s o f a ll th e  a lk a lo id s  sh ou ld  n o t b e  b ro u g h t 
in to  one volum e.

T h e  d iv is io n  of th e  su b je c t  m a tte r  a m o n g  su ch  a  n u m b er of 
co n trib u to rs  h as its  a d v a n ta g es , as fo r exa m p le  in p e rm itt in g  th e  
in tro d u ctio n  o f a  ch a p te r  on C o coa and  C h o co late  b y  su ch  a 
sp e c ia list as M r. W h y m p e r, b u t  it  seem s a lso  to  h a v e  resu lted  
in som e o v cr-sp ccia liza tio n  w ith in  th e  v o lu m e w ith  a  co rresp o n d 
in g  loss to  th e  m ore gen eral features. O n e fa ils  to  find in  th e  
p resen t vo lu m e a  sa tis fa c to ry  d ev e lo p m en t of th o se  33 p ages in 
w h ic h  20 y e a r s  ago  Mr. A llen  so c le a rly  su m m arized  th e  gen eral 
a n a ly tic a l reactio n s and  m eth o d s o f iso latio n  and  p u rificatio n  of 
th e  a lk a lo id s  as a  group .

T h e  se p a ra te  sectio n s h a v e  been  e x te n s iv e ly  re w ritte n  and  
m u ch  new  m a tte r  in clu d ed , th e  v o lu m e as a  w h o le  b e in g  a b o u t 
o n e-fifth  larger th a n  its  predecessor. In  m o st sectio n s th e  d e 
s c rip tiv e  m a tte r  is m ore p ro m in en t th a n  th e  s tr ic t ly  a n a ly tic a l, 
a n d  th e  vo lu m e w ill d ou btless b e  used a s  m u ch  for a  referen ce 
t e x t  as fo r a  la b o ra to ry  guide. H . C . S h e r m a n .

T h e  C h em istry  of B read m ak in g. B y  J a m e s  G r a n t ,  M .S c .
T e c ii ., F .I .C ., F .C .S . L o n g m an s, G reen  &  Co., 1912 . 224
pages, 47 illu stratio n s. P rice , $ 1.25.

T h is  sm all vo lu m e w as w ritte n  to  a ssist th e  b egin n er as an 
in tro d u ctio n  to  th e  ch e m istry  o f b read m ak in g . W ith  th is  
p u rp ose  in  v iew  th e  au th o r does n o t a tte m p t  to  c o v e r  th e  sam e 
gro un d  as o th er  m ore special treatises .

T h e  first 5 ch ap ters o f th e  b o o k  ta k e  u p  in a  v e ry  e le m e n ta ry  
w a y  th e  ap p lica tio n s o f ch e m istry  a n d  p h y sics  to  th e  p ro blem s 
of th e  b a k e ry . S u cceed in g  ch ap ters  d iscu ss th e  co m p osition  
o f ccrea ls  and  o f th eir m illin g  p ro d u cts, th e  fu n ctio n s of y e a s ts  
a n d  o th e r  ferm ents, b read m ak in g  processes, b ak eh o u se  h ygien e, 
fu els and  oven s, and  th e  an a ly sis  o f cereal foods.

A s  a n  in tro d u cto ry  h an d b o o k  for s tu d e n ts  th e  p resen t v o lu m e 
is  in e v e r y  w a y  m u ch  b e tte r  su ited  th a n  th e  m ore e x h a u s tiv e  
w'ork of J a g o  (T in s  J o u r n a l ,  4, 313) w h ich  is p reem in en tly  
a  b o o k  for th e  sp ecia list a n d  one in w h ich  th e  b egin n er m a y  h a v e  
d iffic u lty  in  fin d in g h is w a y .

T h e  design  o f Prof. G ra n t to  p u t  fo rw a rd  an  in tro d u c to ry  
v o lu m e for b egin n ers w h ich  w o u ld  fill a  ga p  in th e  lite ra tu re  and  
t e x t  b o o k s upon b read m ak in g  is a  la u d a b le  on e a n d  h as been  
v e r y  w ell carried  o u t. C . A . B r o w n e .

T h e  L a b o ra to ry  A pp aratu s B lu e  B o o k , p u b lish ed  b y  th e  S c ie n 
tific  M ateria ls  C o ., of P ittsb u rg h . S e n t free  o f ch arg e  to  ch ief 
ch em ists, m eta llu rg is ts  and  professors.

T h is  b o o k  d escribes and  illu strates th e  a p p a ra tu s  m a n u fa c 
tu red  or im p o rted  and  sold  d ire ct to  la b o rato ries  b y  the a u th o rs.

A  co m p lete  lis t  o f a ll th e  m odern  a n d  a p p ro v ed  la b o ra to ry  
m a te ria l is  g iven , a n d  arran g ed  a lp h a b e tic a lly . T h e  d escrip 
tio n s a rc  c lear and  a  large  n u m b er, p erh ap s 2000, d ifferen t 
illu stra tio n s a re  used. T h is  c a ta lo g u e  c o n ta in s  a  g re a t  d ea l of 
n ew  and  im p ro ved  a p p a ratu s, w h ich  w ill no d o u b t b e  o f in terest 
to  u p -to -d ate  ch em ists.
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man.)

A n n u a l  T a b le  o f C o n s ta n ts  a n d  N u m e r ic a l  D a ta ,  C h e m ic a l,  P h y s ic a l  
a n d  T e c h n o lo g ic a l  fo r  1 9 1 0 . B y Ch. M a r i e . 4 v o ., p p .  7 2 7 . Price, 
$5.00. U niversity  of Chicago Press, Chicago, 1912 .

C e llu lo se ; C r i t ic a l  S tu d ie s  o n  th e  H y d ro ly s is  of—  a n d  of W ood.
By J .  N e w m a n n . 8 v o . Thesis, Technical High School, Dresden. 
(German.)

C e m e n t;  P o r t l a n d —  w i th  t h e  A d d it io n  of P u z z o la n . B y  S. K a s a i .
8vo. Price, S i.25. Tonindustric Zeitung, Berlin. (German.)

C e r iu m ; T h e — M e ta ls  a n d  t h e i r  P y ro p h o r lc  A llo y s . By H . K e l l e r - 
m a n n . L. 8vo., pp. 116. Price, $1.50. W . K napp, Halle. (Ger
m an.)

C h e m is tr y ;  T r e a t is e  o n  G e n e ra l— . (T ranslation in French.) By W . 
N e r n s t . 6th . Edition. 8vo., 422 pp. Price, $2.00. A. H erm ann & 
Fils, Paris.

C o k in g ; C o n tr ib u t io n  to  t h e  C h e m is try  of— . B y F . H . L i e r g .
8vo. Price, $.25. Thesis, Technical H igh School, Dresden. (German.)

C o llo id  C h e m is try .  B y R ic h a r d  Z s ig m o n d y . 8 v o . Price, $4.25.
O tto  Spam er, Leipzig. (German.)

C o n cre te  C osts . B y  F r e d e r i c k  W . T a y l o r  a n d  S a n f o r d  E . T h o m p s o n .
Sm. 8vo., 709 pp. P r ic e ,  $5.00. John  W ile y  & Sons, N e w  York. 

C o n c re te ; R e é n fo rc e d — . B y  P a u l  R o h l a n d .  8 v o . P r ic e ,  $0.75.
O tto  Spam er, Leipzig. (German.)

D ic t io n a ry  o f A p p lie d  C h e m is tr y ,  V ols. I  a n d  I I .  B y  E d w a r d  
T h o r p e . Vol. 5. Revised edition. L. 8vo. Price, $23.00. Long
m ans Green & Co., London.

E s s e n t ia l  O ils : S e m i A n n u a l  R e p o r t  o f S c h lm m e l & C o., A p r il ,  
1 9 1 2 . A n o n y m o u s . 8 v o ., 197 pp. Schimmel & Co., M iltitz. 

F e r t i l i z e r ;  T h e  A m e r ic a n —  H a n d  B o o k : A S ta n d a rd  D ire c to ry  of 
t h e  C o m m e rc ia l  F e r t i l iz e r  I n d u s t r y  a n d  A llie d  T ra d e s , pp. 306. 
Price, $1.50. W are Bros. Co., 1010 Arch S t., Philadelphia, Pa. 

I n d u s t r i a l  C h e m is try .  B y A l l e n  R o g e r s  a n d  A l f r e d  B. A u b e r t .
8vo., 872 pp. Price, $5.00. D . V an N ostrand Co., New York. 

I n d u s t r y ;  D ire c to ry  a n d  T ra d e  B o o k  of t h e  C h e m ic a l— o f th e  
G e rm a n  E m p ire .  A n o n y m o u s . 12th edition. 8vo. Price, $8.00. 
R . M ueckenbcrger, Berlin.

I n o r g a n ic ;  R e c e n t A d v a n c e s  in  P h y s ic a l  a n d — C h e m is try .  By 
A. W . S t e w a r t . 2nd edition. 8vo. Price, $2.00. Longm ans, Green 
& Co., London.

I r o n ;  T h e  M o d e rn  M a te r ia ls  of—  P ip e s .  By O. K r o e h n k k . 8vo.
Price, $1.00. R ohrtcchnik, M agdeburg. (German.)

M a te r i a ls ;  H a n d b o o k  of—  fo r  M a c h in e  C o n s t r u c t io n ;  M e ta ls  a n d  
A llo y s . P a rt I .  Lev. 8vo., 506 pp. Price, $10.50. Ju lius Springer. 
Berlin. (German.)

M e ta l lu r g ic a l  P r a c t ic e ,  R a n d ’s. Vol. I. B y Various Authors.
8vo., 488 pp. Price, $5.25. C. Griffin, London.

O rg a n ic ; I n d u s t r i a l— C h e m is try .  B y S a m u e l  P . . S a d t l e r . 4 th  
edition. 8vo., 586 pp. Price, $5.00. J . B. L ippincott Co., Philadel
phia.

P o ta s h ;  T h e  G e rm a n —  I n d u s t r y .  A n o n y m o u s . 8 v o . P r ic e ,  $17.00.
M itteldeutsche P rivat-B ank , M agdeburg. (German.)

P u m p in g ;  C e n t r i fu g a l—  M a c h in e ry . B y  C a r l  G e o r g e  d b  L a v a l .
8vo., 184 pp. Price, $3.00. McGraw H ill Book Co., New York.

R a d io ;  T h e  C h e m is try  o f t h e — E le m e n ts .  By F r e d e r i c k  S o d d y .
8vo. Price, $0.75. Longm ans, Green & Co., London.

R u b b e r ;  T h e  C h e m is try  o f th e —  I n d u s t r y .  B y  H a r o l d  E. P o t t s .
8vo., 146 pp. Constable & Co., London.

R u b b e r ;  T h e  S y n th e s is  of— . B y R u d o l f  D it m a r . 8vo., 124 pp.
Price, $0.75. Theodor Steinkopff, Dresden. (German.)

S te e l;  M e ta l lu r g ic a l  M a n u a l  o f I r o n  a n d — ; t h e i r  S t r u c tu r e ,  C on
s t i t u t i o n  a n d  P r o d u c t io n .  B y H . A l l e n . 8v o .. 374 pp. Price, 
$1.50. Technical Publishing Co., London.

R E C E N T  JO U R N A L  A R T IC L E S .

A lc o h o l; S o u rces  o f— . B y  J . H .  H o l l a n d . K e w  B u l le t in ,  1912, N o . 3. 
A llo y s ; T h e —  of G o ld , S ilv e r  a n d  C opper. B y  E r n s t  J a e n e c k e .

Zeitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 19, pp. 935-938. 
A n a ly s is ; N o tes  o n  th e  E le c t r ic a l  M e th o d  o f M o rse  a n d  G ra y  fo r  th e  

S im u lta n e o u s  D e te r m in a t io n  o f C a rb o n , H y d ro g e n  a n d  S u lfu r  
in  O rg a n ic  C o m p o u n d s . B y  E .  E m m e t  R e i d . Am erican Chemical 
Journal. Vol. 47, 1912, No. 5, pp. 416-429.

C a s t in g s ;  N ew  P ro cesses  fo r  C h i l l in g  G ray  I r o n — . B y  T h o m a s  D .
W e s t . The Foundry, Vol. 40, 1912. No. 238, pp. 244-251.

C e ll; T e n ta t iv e  R e p o r t  o f A m e r ic a n  E le c tro c h e m ic a l  S o c ie ty  C om 
m i t t e e  o n  D ry — T e s ts .  B y  C. F . B u r g e s s , el al. Metallurgical 
and Chemical Engineering, Vol. 10, 1912, No. 6 , pp. 361-366.

C o al; a  N ew  A p p a ra tu s  fo r  t h e  C o k in g  T e s t  of— . By B. L e s s in g .

Journal of the Society of Chemical Industry, Vol. 31, 1912, No. 10, p p .  
465-468.

C o n d en se rs  a n d  C o n d e n s a tio n  fo r  V a c u u m  P la n t s .  By B. V io l a . 
Metallurgical and Chemical Engineering, V o l.  10, 1912, N o . 6 , p p .  366- 
369.

C o n d e n s in g ; R e d u c t io n  in  T e m p e ra tu re  o f—  W a te r  R e s e rv o irs .
By W . B. R u g g l e s . Industrial World, Vol. 46. 1912, No. 23, p p .  666-  
667.

C o rro s io n  o f I r o n ,  S te e l a n d  A llo y s . B y  J .  N e w t o n  F r i e n d , et al.
Industrial World. Vol. 46, 1912, No. 22, p p .  641-646.

C o rro s io n  In  N ic k e l , C h ro m iu m , a n d  N ic k e l C h ro m iu m  S te e ls . B y  
J .  N e w t o n  F r i e n d , J .  L l o y d  B e n t l e y  a n d  W a l t e r  W e s t . Industria l 
World. V o l. 46. 1912, N o . 23, p p .  670-672.

D yes a n d  P a te n ts  in  th e  G e rm a n  P a t e n t  Office. B y  W e i d l i c h .
Zeitschrift fuer angeu'andte Chemie. Vol. 25, 1912, No. 22, p p .  1096-1102. 

E x p lo s io n s ;  C oal D u s t— a n d  t h e i r  P r e v e n t io n .  B y  J .  H a r g e r . 
Journal of the Society of Chemical Industry, Vol. 31, 1912, No. 9, p p .  
413-416.

F a t s ;  T h e  A n a ly s is  a n d  C h e m is try  o f—  in  1 9 1 1 . B y  W . F a h r io n .
Zeitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 18, p p .  870-882. 

F u r n a c e ;  O p e n -h e a r th — of a  D e ta c h a b le  T y p e . A n o n y m o u s . The  
Foundry, Vol. 40, 1912, No. 238, p p .  235-243.

G a s; F lo w  of—  F o r m u la e .  B y  J .  M . S p it z g l a s s . Progressive Age, 
Vol. 30, 1912, No. 11. p p .  468-477.

G a s; T h e  L iq u id  P u r i f ic a t io n  o f I l l u m i n a t i n g — . B y  C l a r e n c e  
A. S c h n e r r . Progressive Age, Vol. 30, 1912, No. 11, p p .  478—484.

G a s; L iq u e f ie d  N a tu r a l—. B y  W a l t e r  O . S n e l l in g . Progressive Age, 
Vol. 30, 1912, No. 12, p p .  526-528.

G u m s ; C o n tr ib u t io n  to  t h e  C h e m ic a l K n o w le d g e  o f—  a n d  
M u c ila g e s .  B y  W . S c h i r m e r . Archiv der Pharm azie, Vol. 250, 
1912, No. 3, p p .  230-240.

L u b r ic a t io n  in  C oal M in in g  P r a c t ic e .  B y  L .  A . C h r i s t i a n . I n 
dustrial World, Vol. 46, 1912, No. 24, p p .  702-704.

O zo n e; A tm o s p h e r ic — . B y  H a r r y  N. H o l m e s . American Chemical 
Journal, Vol. 47, 1912, No. 6 , p p .  497 508.

P a p e r ;  M o is tu re  T e s t in g  o f S u lf ite  P u lp .  B y  T. L . C r o s s l e y . P ulp  
and Paper M agazine of Canada. M a y , 1912.

P a p e r ;  T h e  R o le  of A lu m  in  S iz in g  S u lf ite  P u lp .  B y  C a r l  C. 
S c h w a l b e  a n d  H .  R o b s a h m . Wochenblatt fuer Papierfabrikation, 
A p r i l  17, 1912.

P y ro m e te r s ;  T h e  I n s t a l l a t i o n  a n d  U se of— in  S te e l M il ls .  B y C.
S . G o r d o n . Metallurgical and Chemical Engineering, V o l. 10, 1912, 
N o . 6 , p p .  331—334.

R e f r ig e ra t io n ;  M e c h a n ic a l— a s  A p p lie d  to  t h e  B re w in g  I n d u s t r y .  
B y ' L e u i g  C h e w . Journal of the In s titu te  of Brewing, Vol. 18, 1912, 
No. 4, p p .  274—312.

S ew ag e; T h e  In f lu e n c e  of W as te  L iq u o r  f ro m  S u lf a te  of A m m o n ia  
P la n ts  o n  th e  P u r if ic a t io n  o f—. B y  G . J .  F o w l e r , E. A r d e n  a n d  
W . T. L o c k e t t . Journal of the Society of Chemical Industry, Vol. 31, 
1912, No. 10, p p .  471-477.

S ew ag e; N o tes  o n  th e  D ig e s tio n  of— S lu d g e . B y  Ch a r l e s  S a v i l l e .
Engineering Record, Vol. 65, 1912, No. 21, p p .  576-577.

S te e l;  T h e  E le c tr ic  F u rn a c e  a s  a  P o s s ib le  m e a n s  of P r o d u c in g  a n  
I m p ro v e d  Q u a lity  Of— . B y  W il l ia m  R .  W a l k e r . Metallurgical 
and Chemical Engineering, Vol. 10, 1912, No. 6 , p p .  371-373.

S u g a r ;  E x a m in a t io n  o f P e l l e t ’s M e th o d  o f M a k in g  th e  A c id  D ire c t  
R e a d in g  in  th e  D o u b le  P o la r iz a t io n  M e th o d . B y  J a m e s  P .  
O g i l v i e . In  ter fictional Sugar Journal, Vol. 14, 1912, No. 161, p p .  
264-269.

S u g a r ;  T a b le s  fo r  t h e  C a lc u la t io n  o f— . B y  H .  C . P r in s b n  G e e r l ig s .
International Sugar Journal, Vol. 14, 1912, No. 161, pp. 274-278. 

T a n n in g ;  A n a ly s is  of V e g e ta b le —  M a te r ia ls .  By H .  C . R e e d . 
Journal of the Am erican Leather Chemists* Association, Vol. 7. 1912, 
No. 6 . p p . 307-334.

T e rp e n e s ;  T h e  S y n th e s is  o f th e .  B y  W . II . P e r k i n . Chemist and 
Druggist. Vol. 80, 1912, No. 1686, p p .  107-110.

T h y m o l;  A N ew  B ro m in e  M e th o d  fo r  t h e  D e te r m in a t io n  o f— , 
S a lic y la te s  a n d  S im i la r  C o m p o u n d s . B y  A t h e r t o n  S e i d e l l . 
A  m et icon Chemical Journal, Vol. 47, 1912, No. 6 , p p .  508—526.

W a te r ;  D e te r m in a t io n  o f F re e  C arb o n  D io x ld  in — . B y H .  N o l l .
Zeitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 20, p p .  998-1005. 

W a te r  G as; A p p lic a t io n  o f C h e m ic a l C o n tro l to  t h e  O p e ra tio n  o f— 
A p p a ra tu s .  B y  G. W . W a l l a c e . Progressive Age. Vol. 30, 1912, 
No. 11. PP. 484-486.

W a te r  P u r i f ic a t io n  a n d  th e  P r e v e n t io n  o f B o ile r  S ca le . By K.
B r a u n g a r d . Chemiker Zeitung, V o l. 36, 1912, N o . 56, p p .  521-523. 

Z in c ;  P r o d u c t io n  o f— In  th e  B la s t  F u rn a c e  w i t h  th e  A id  o f W a te r  
G as. B y  O s k a r  N a g e l . Chemiker Zeitung, V o l. 36, 1912, N o . 67.
pp. 621-622.
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RECENT INVENTIONS
R eported  by  C. L. P a rke r, Solicitor of Chemical P a ten ts , McGill B uilding, W ashington, D . C.

M E T H O D  O F  P R O D U C IN G  N IT R O G E N  C O M P O U N D S.

U . S . P a ten t No. 1,018,802, to C h arles E . A ck e r, o f O ssin in g, N ew  
Y o rk , A ssign or to the N itrogen  C o m p an y o f N ew  Y o rk .

T h e  p a ten te e  h as  d isco vered  th a t  a  d ire ct c u rre n t o f e le c tr ic ity  
from  a n  a lk a li-m e ta l a llo y , e. g . ,  so d iu m -lead  a llo y , t h r o u g h  

m o lte n  a lk a li c y a n id  to  a  ca rb o n  c a th o d e  lib e ra tes  th e  a lk a li
m e ta l in th e  p u re  s ta te  a t  th e  
c a th o d e ; b u t  if a m m o n ia , h y d r o 
ca rb o n  a m in s  or th e ir  d ec o m p o 
sitio n  p ro d u cts, s in g ly  or m ixed , 
or o th e r  su ita b le  n itro gen o u s 
re a g e n t b e  b ro u g h t in to  c o n ta c t  
w ith  th e  su rfa ce  o f th is  ca th o d e , 
w h ile  th e  c u rre n t is  passin g, 
su ch  re a g e n t w ill in s ta n t ly  co m 
b in e w ith  th e  lib e ra ted  a lk a li 
m eta l a n d  ca rb o n  o f th e  ca th o d e , 
to  form  m o re a lk a li c y a n id  
w h ich  im m e d ia te ly  m ix e s  w ith  
th e  m ass o f m o lte n  c y a n id  
a lre a d y  presen t.

T h e  h yd ro g en -ca rb o n -n itro g en  

co m p o u n d  m u s t  h a v e  ca rb o n 
aceous and  n itro gen o u s co n stitu e n ts  c a p a b le  o f co m b in in g  to  
form  a  ra d ic a l co m p risin g  ca rb o n  and  n itro g e n  w h en  th e  co m 
p o u n d  is rea cted  u p on  b y  th e  n asc en t m eta l.

M E T H O D  O F  M A K IN G  A N H Y D R O U S  TIN  C H L O R ID .

U . S. P a te n t No. 1,018,805, to  G ervais  B a illio , o f N iag ara  F a lls ,
N ew  Y o rk , A ssign o r to C astn er E le ctro ly tic  A lk a li C o m pan y.

A  co n tin u o u s process fo r c o n v e r tin g  m e ta llic  t in  in to  a n h y 
d ro u s t in  b ich lo rid  o n  a  co m m ercia l si a le .

In  m a n u fa c tu rin g  a n 
h y d ro u s t in  b ich lo rid  in  
th e  d r y  w a y , i . e., b y  p a ss
in g  d r y  ch lo rin  g a s  o v e r  
m eta llic  tin , su ffic ie n th e a t 
is  d ev e lo p ed  to  m e lt  th e  
tin , a n d  p a r t  o f th e  t in  
fo r m ssta n n ic o x id , ca u sin g  
a  loss o f tin .

T h e  p a te n te e  a vo id s  
a n y  o x id a tio n  o f th e  tin  
b y  su b m e rg in g  i t  in  a  
q u a n tity  of a n h y d ro u s 

liq u id , so th a t  th e  tin  is c o m p le te ly  co v e re d ; ch lo rin  gas 
is . th en  ap p lied . T h is  o p era tio n  m u s t  b e  ca rried  o u t
in a  w a te r- ja c k e te d  vessel fitte d  w ith  s te a m  con n ections, 
as te m p e ra tu re  co n tro l is n ecessary. W h ile  th e  tin  used 
m a y  b e  p e r fe c tly  p u re, i t  is n o t  n ecessarily  so, as v e r y
s a t is fa c to r y  resu lts  h a v e  b een  o b ta in e d  fro m  a  co m p o u n d  co n 
ta in in g  a b o u t 90 p e r  cen t, tin , th e  re m ain in g  10 p er cen t, b e in g  
co m p o sed  of lead , iron  a n d  o th er  im p u rities.

C a rb o n  te trach lo r id  o r a n y  su ita b le  a n h yd ro u s liq u id  m a y  be 
e m p lo y e d  as th e  su b sta n ce  in w h ic h  th e  t in  is su b m erg ed , b u t  
th e  p a ten te e  recom m en d s th e  u se o f a n h y d ro u s tin  b ich lo rid  
for th is  pu rp ose. W h e n  th e  ch lo rin  is a d m itte d  to  th e  tin  
b ich lo rid , or o th er a n h y d ro u s liq u id , i t  a tta c k s  th e  t in  c o n ta in e d  
th erein  a n d  form s a d d itio n a l t in  b ich lo rid . T h e  la t te r  is p e r
fe c t ly  free  from  m o istu re  (n o tw ith sta n d in g  th e  fa c t  th a t  m o ist 
ch lo rin  gas m a y  b e  used) and  m a y  b e  d raw n  o ff from  tim e  to  
tim e, w ith o u t in te rfe rin g  w ith  th e  c o n tin u ity  o f th e  process.

T H E  M A N U F A C T U R E  O F SO D IU M  C Y A N ID E .

U . S. P a te n t No. 1,019,002, to C has. E . A ck e r, o f O ssin ing, N ew  
Y o rk .

T h is  p rocess con sists in p assin g a  c u rre n t o f e le c tr ic ity  th ro u gh  
an  e le c tro ly te  o f so d iu m  and  b ar iu m  ch lorid es, u sin g  m o lten  
lea d  for th e  ca th o d e ; c irc u la tin g  th e  re su ltin g  a llo y  o f sodium , 
b ariu m  a n d  lead  th ro u g h  th e  a p p a ra tu s  b y  m ean s o f a  c e n trif
u g a l p u m p ; in tro d u cin g  a  la rg e  a m o u n t o f fin e ly -d iv id ed  c h a r
coa l in a  re a c tio n  ch am b er, th en  lo w erin g  a  p lu n ger u n til s lig h tly  
su b m erg ed ; in tro d u cin g  a t  th is  s ta g e  fu e l oil u n der pressure 
th ro u g h  th is  p lu n ger and  n itro gen  th ro u g h  a n o th e r p ip e. T h e  
fu el o il is d ecom p osed  in to  h yd ro g en , w h ich  escapes, a n d  carb o n , 
w h ich , w ith  som e of th e  carb o n  o f th e  ch arco al, fo rm s b ariu m  
ca rb id e ; th e  n itro g e n  com bines w ith  th e  b ariu m  c a rb id e  to  form  
b a r iu m  cy a n id e . T h e  la t te r  co m p o u n d  is th en  d eco m p o sed  b y  
th e  sod iu m , reg en era tin g  th e  b ariu m  an d  fo rm in g  sod iu m  
c y a n id e  w h ich  rises to  th e  to p  o f th e  b a th , a n d  ca n  b e  d raw n  off.

IN D U C TIO N  F U R N A C E .

U . S. P a te n t No. 1,020,688, to R ich a rd  F lem ing, o f L yn n , M assa
ch usetts, A ssign or to G en era l E le c tr ic  C o m p an y.

T h is  in ve n tio n  re la tes  to  e le c tr ic  fu rn a ces  o f th e  in d u ctio n  
ty p e , in  w h ich  th e  m ass o f m e ta llic  ore  to  b e  fused  form s th e  
closed  seco n d ary  c irc u it  of a  tran sform er, th e  p r im a ry  c ircu it

co n sistin g  o f a  su ita b le  
coiled  co n d u cto r in  in 
d u c t iv e  re la tio n  to  a  
m a g n e tic  co re  co m m o n  to  
b o th  c ircu its.

H e re to fo re  i t  h as been  
c u sto m a ry  to  in co rp o rate  
th e  p r im a ry  w in d in g  in 
th e  s tru c tu re  o f th e  
fu rn a ce, co n ce n tric  w ith  
th e  co re  w h ich  p asses also 
c e n tr a lly  th ro u g h  th e  c ir

cu la r  cru cib le  in  w h ich  th e  o re  to  b e  sm elted  is p la ced .
A s  a ll p a rts  a re  sta tio n a ry , th e  a p p a ra tu s  ca lls  fo r a d d itio n a l 

d ev ice s  fo r re g u la tin g  th e  c u rre n t a n d  a d ju s tin g  it  to  th e  lo a d ; 
b ecau se  w ith  d ifferen t q u a n titie s  o r q u a lities  o f ore, d ifferen t 
q u a n titie s  o f c u rre n t m u st b e  used.

T h e  o b je c t  o f th is  in ve n tio n  is to  ren d er th e  fu rn a ce  se lf
re g u la tin g  so th a t  i t  w ill a u to m a tic a lly  a d ju s t  itse lf to  a n y  
v a r ia tio n  in  lo ad . T h is  is acco m p lish ed  b y  m a k in g  th e  p r im a ry  
coil se p a ra te  from  th e  fu rn a ce  as sh o w n ; an d  m o u n tin g  i t  a d 
ja c e n t  th ereto  in su ch  a  m an n er t h a t  it  c a n  m o v e  u n der th e  
m u tu a l rep u lsion  w h ich  e x is ts  b etw een  i t  an d  th e  seco n d ary  
c irc u it. A  co u n terw eig h t 12 ten ds to  fo rce  th e  m o v a b le  coil 
to w a rd  th e  cru c ib le  in ord er th a t  th e  rep u lsion  m a y  b e  opposed 
u n til th e  c u rre n t exceed s th e  desired stre n g th .

A R T  O F  C O N C E N T R A T IO N  O F  M IN E R A L  S U B S T A N C E S .

U . S . P a te n t No. 1,022,085, t °  Jam es M . H yd e, of B a sin , M ont.

T h is  is a  process o f se p a ra tin g  b y  flo ta tio n  th e  v a lu a b le  p a rt  
o f th e  m in era l su b stan ce  o f o re  p u lp s fro m  th e  v a lu e less  o r less 
v a lu a b le  g a n g u e  m inerals, b y  first p r e fe r e n tia lly  c o a tin g  th e  
v a lu a b le  p a r t  b y  m ea n s o f a  fa t  o r oil w h e r e b y  i t  e x h ib its  m a rk 
e d ly  d iffe re n t su rfa ce  ten sion  p h en o m en a  fro m  th e  rem ain d er 
of th e  ore. T h e  m ix tu re  is th en  a g ita te d , p e rm ittin g  th e  v a lu a 
b le  p a rts  o f th e  o re  to  flo a t in th e  form  o f a  fro th  w h ich  is se p a ra 
te d  from  th e  b a la n c e  o f th e  o re  b y  o v erflo w in g  i t  to g e th er w ith
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som e w a te r  to in su re  o verflo w  o f th e  e n tire  fro th  m ass. T h e  
sep arated  fro th  is  su b je c te d  to  a  clean sin g  o p e ra tio n  w h ich  
co n sists  in re a g ita tin g  th e  co n ce n trate d  m a te ria l to  free im 
p u rities en trap p ed  th erew ith  an d  p e rm it th e  co n cen trates  to

a g a in  form  a  fr o th . T h is  fro th  is o verflo w ed  w ith o u t a n y  free 
flo w in g  w a te r  a n d  th e  se ttle d  im p u rities  a n d  th e  p a rt  of th e  
fro th  n o t ca rried  in to  th e  o v erflo w  is re tu rn ed  to  th e  p a rt  o f th e  
p u lp  w h ich  is u n d erg o in g  th e  sep a ra tio n  tre a tm e n t.

M E T H O D  O F  R E C O V E R IN G  R E S IN  F R O M  W A S T E  P R O D U C T S . 

U . S. P a te n t N o. 1 ,0 22 ,194 , to F ra n k  L . H u ggin s, o f W ilm in gto n , 
N. C ., A ssign o r o f o n e -h a lf to Jo h n  P . M oore, Jr., of 

W ilm in g to n , N. C.

T h is  process as ca rried  o u t  co n tin u o u sly  is as fo llow s:
T h e  m a te r ia l is  p laced  in  th e  d ig csto r 1 a n d  a  so lv e n t, such  as 

gasolen e, is  a d m itted  from  a  so lv e n t ta n k  n  to  su b m erg e the 
c h arg e  w h ich  is th e n  h eated . S te a m  is  th en  a d m itted  to  the 
u p p er p a r t  o f th e  d ig e sto r  to  exp el th e  so lv e n t th ro u g h  pip es 
16  a n d  1 7  b a c k  to  th e  ta n k  1 1 . T h e  resid u e in  th e  d igesto r 1

Is th e n  re m o ve d  and  a  fresh s u p p ly  o f m ateria l p laced  in th e  
d ig e sto r an d  su b je cte d  to  th e  a c tio n  o f th e  p re v io u s ly  used so l
v e n t. T h is  so lv e n t is  a g a in  forced  b a c k  in to  th e  ta n k  11  a n d  a 
s u p p ly  o f fresh  s o lv e n t  from  ta n k  10 a d m itted . T h is  a fte r  a 
h e a tin g  o p eratio n  is forced  b a c k  in to  ta n k  10. S te a m  is  then  
passed  th ro u g h  th e  residue w h ich  is th en  r e a d y  fo r rem o va l. 
T h e  s o lv e n t  is d istilled  from  tim e to  t im e  in th e  still 21 to  sep 
a ra te  tlie  resin.

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

U . S . P a te n t No. 1,022,338, to O sw ald  Silberrad, o f B u c k h u rst 
H ill, E n glan d .

T h is  is a  process for th e  d ep o ly m eriza tio n  o f tu rp e n tin e  oil 
fo r th e  p ro d u ctio n  of isoprene.

T h e  in ven tio n  con sists in su b je c tin g  tu rp e n tin e  o il v a p o r  to  
th e  a ctio n  of h e a t  h a v in g  th e  pressure in  th e  a p p a ra tu s  co n 
sid e ra b ly  b e lo w  a tm o sp h eric  pressure.

T h e  a p p a ratu s, in  w h ich  th e  p rocess is carried  o u t, con sists 
of a  h e a tin g  coil, a, in side a  h e a tin g  ch am b er, b, h eated  b y  th e  
p ro d u cts of co m b u stio n  from  a  n u m b er o f gas bu rn ers, c, u sin g 
e lectric  p y ro m eters, d, d, to  d eterm in e  th e  tem p eratu re . F ro m

th e  h e a tin g  coil, a  p ip e, e, leads to  a  w ater-co o lin g  co il, / ,  s itu ate d  
in  a  w a te r  ch am b er. T h e  h y d ro carb o n s con d en sed  in  th e  coil 
/  p ass in to  a  vessel, li, and  th e  u n co n dcn scd  vap o rs  p a ss th ro u g h  
a  p ip e, k, p ro vid ed  w ith  a m e rc u ry  g age, I, in to  a n o th e r con d en sin g 
c h am b er, m , from  w h ich  fu rth e r h y d ro carb o n s a re  co llecte d  in  
th e  vessel n. T h e  v a cu u m  is p ro d u ced  b y  m ean s o f th e  v a cu u m  
a n d  co m p ressin g  p u m p  0, and  th e  vap o rs  p a ssin g  th e  p u m p  p ass 
th ro u g h  a  co o lin g  co il, p, im m ersed  in brin e. Iso p ren e  is co n 
densed in  th e  coil p, and  is co llected  in th e  ch am b er r. F ro m  
th e  ch am b er r, th e  un con den sed  v a p o r p asses b y  th e  p ip e  s  to  
th e  ch am b er /, im m ersed in brin e. A  b low -off v a lv e , v, is p ro vid ed  
from  th e  to p  o f th is  la st  con d en sin g ch am b er.

P R O C E S S  O F  T R E A T IN G  N A T U R A L  G A S.

U . S. P a ten t No. 1,023,783, to Isaa c  N. K n a p p , o f A rdm ore, P a ., 
A ssign or to T h e U n ited  G as Im p rovem ent C o m p an y of

T h e  p u rp o se  of th e  
p rocess is to  m a k e  
a c e ty le n e  fro m  n a tu ra l 
gas. N a tu ra l gas co n 
ta in in g  a p p ro x im a te ly  
92 p er ce n t, to  97 p er 
c en t, o f  m e th a n e  or 
m arsh  gas, C H „  is 
passed  th ro u g h  a  bed  
o f c o k e  or co a l from  
w h ich  a ir  is exc lu d ed  
an d  w h ich  is  m a in 
ta in ed  a t  a  h e a t  h igh er 
th a n  th a t  o f o rd in a ry  
o r a tm o sp h eric  c o m 
b u stio n . T h e  m arsh  
g a s  is  c o n ve rte d  in to  
a cety le n e , CjH 2, th e  
rea ctio n  b e in g  re p re 
sen ted  b y  th e  eq u a tio n  
C H ( +  3C  -  2C2H ,.



M A R K E T  R E P O R T .
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS. ETC., FOR MONTH OP TUNE.

ORGANIC CHEMICALS.

A c e ta n ilid .................... ....................... 20>/, © 23
A ce to n e  (d r u m s ) ............................. ,T,h. 17 @ 18
A lco h o l, g ra in  (188 p r o o f)........... .G a l. 2-55 @ 2 •57
A lco h o l, w ood (95 per c e n t .) . . . • G a l. 5° @ 52
A lco h o l, d en atu red  (180 p ro o f). .G a l. 40 @ 42
A m y l A c e ta te .................................... .G a l. 2.9O @ 3 .00
A c e tic  A c id  (28 p er c e n t .) ........... .C 2 .OO @ 2 ■15
A n ilin e  O il.......................................... i o 3/ 4 @ I I 1
B en zo ic  A c id ...................................... 23V2@ 28
C arbon  T e tra ch lo rid e  (d r u m s ) .. .L b . n o m in al
C arb on  B isu lp h id e ........................... • T,b. n om in al
C h lo ro fo rm .......................................... 20 © 30
C arb o lic  A c id  (d ru m s)................... • T,b. 15 @ 16
C itric  A c id  (dom estic), c r y s ta ls . • L b . 3 8 ‘A @ 39
C am p ho r (refined in  b u lk ) .......... .L b . 44 @ —
D e x trin e  (im p o rted  p o ta to ) . . . . • T,b. 6 @ 7
D e x trin e  (co rn )................................ 3-05 @ 3 - 2 6
E th e r  (U . S . P .,  1900)................... • L b . H @ 20
F o rm a ld e h y d e ................................... 8 1/ 3 @ 9 ‘A
G ly ce r in e  (d y n a m ite )..................... 19 @ 21
O x a lic  A c id ......................................... • L b . 8 ‘A @ 8 ‘A
P y r o g a llic  A c id  (b u lk ) .................. • T,b. 1 -3 5 @ 1-4 5
S a lic y lic  A c i d ............................. ( ■ ■ 32 @ 34
S ta rc h  (c o rn ) ..................................... 2 .2 8 @ 2 .5 8
S ta rc h  (p o ta to )................................. 5 ‘A  @ 5 V .
T a n n ic  A cid  (c o m m e rc ia l) .......... . T ,b 35 © 3 5 lA
T a r ta r ic  A cid , c r y s ta ls .................. • L b . 30 ‘A @ 31

INORGANIC CHEM ICALS.

A c e ta te  of L im e  ( g r a y ) ................. C. 2 .5 0 © 2 .60
A c e ta te  of L ea d  (b row n , b ro k e n )L b 7 s/ .  @ 8
A lu m  ( lu m p )..................................... 1-75 @ 2 .00
A m m o n iu m  C a rb o n ate , d o m estic  L b . 8*A  @ 8 ‘A
A m m o n iu m  C hloride, g r a y .......... ■ T,b. 67s @ 6 *A
A lu m in u m  S u lp h a te ....................... .0 . g o © 1 -7 5
A q u a  A m m o n ia  (drum s) 16 °. . . -L b . 2 ‘/ 4 © 2 'A
A rsen ic, w h ite ................................... 4 ‘A  © 5
B rim sto n e  (crude, d o m e s tic ) . . . • T o n 22 .OO @ 2 2 .5 0
B ariu m  C h lo rid e ............................... I .40 @ 1 -5 5
B a riu m  N itr a te ................................. • T,b. 4 5A  @ 5
B o ra x , c ry s ta ls  (b a g s) ................... 3 ‘A @ 4
B o ric  A c id , c ry s ta ls  ( p o w d .) . . . ■ T,b. 7 @ 7 ‘A
B rom in e, b u lk ................................... ■ L b . 25 @ 30
B le a ch in g  P o w d er (35 p er c e n t.)  C . 1-2 5 @ 2 .00
B a ry te s  (p rim e w h ite , fo r e ig n ) .. ■ T o n 18 .5 0 @ 2 2 .5 0
B lu e  V itr io l........................................ • T,b. 5 V s  @ 5 sA
C alciu m  C h lo r id e ............................. • C, 65 © 90
C h a lk  ( lig h t p re c ip ita te d ) ............ ■ L b . 4 ‘A @ 6
C h in a  C la y  ( im p o rte d ) .................. • T o n 1 1 .5 0 @ 18.0 0
F e ld s p a r ............................................... 7 .0 0 @ 9 .0 0
F u lle r 's  E a r th , p o w d e re d ............ .0 , 80 @ 85
G reen  V itrio l ( b u lk ) ....................... .0 . 55 @ 60
H y d ro ch lo ric  A c id  (18  ° ) .............. .C. 1 ■ l 5 @ 1-5 5
Io d in e  (rcsu b lim ed )........................ -L b . 3 - 0 5 @ 3 -10
L e a d  N itr a te ...................................... ■ T,b. 8*/« © 8 *A
L ith iu m  C a rb o n a te ......................... • L b 6 5 @ 70
M agn esite  (raw ) ............................. • T o n 7 5° @ 8 .5 0
N itr ic  A c id , 3 6 ° ................................ ■ L b , 3 ’ A @ 4  Vi
P h o sp h o ru s......................................... ■ L b . 35 @ 90
P h o sp h o ric  A c id , sp . gr. 1 .7 5 . . . -L b . 22 © 26
P la ste r o f P a r is ................................. .B h l 1 .5 0 © i .70
P o ta ssiu m  B ro m id e ........................ ■ L b . 31 @ 34
P o ta ssiu m  P e rm a n g a n a te  (b u lk) L b . 9 ‘A @ 9 tA
P o ta ssiu m  C y a n id e  (b u lk) 9 8 -

99 per c e n t ..................................... -L b i 9 1A @ 2 1
P o ta ssiu m  Io d id e  (b u lk ) .............. -L b . 2 - 4 5 © 2 .5 0
P o ta ssiu m  C h lo rate , c r y s t a ls . . . • L b . S 'A 9 1/2
P o ta ssiu m  N itra te  ( c r u d e ) .......... • L b . 4 3/  4 @ 5
P o ta ssiu m  B ich ro m ate , 50 . . . ■ T,b 6’ A <a> 7
Q u ic k s ilv e r ........................................F la s k 4 0 .5 0 @ 4 2 .0 0
S a l t  C a k e  (g lass-m akers1) ........... • C . 55 @ 65

S ilv e r  N it r a t e .................................... 38 'A  @ 39
S o a p sto n e  in b a g s ............................ 10.00 @ 12.00
S o d iu m  A c e t a t e ................................ ,T,b 4 ‘A  © 5
S o d iu m  C h lo ra te .............................. • T h 8‘A  @ 9 ‘A
S o d iu m  B ic a rb o n a te  ( E n g lis h ) .. .L b . 2 'A  @ 3
S od iu m  B ic h ro m a te ........................ L b 5 @ 5 ‘A
S o d iu m  H y d ro x id e , 60 per cen t. C. 1 .7 0  @ 1-75
S o d iu m  H y p o su lfite ........................ .C . 1.30 @ 1.60
S o d iu m  N itra te , 95 p er cen t. ,

s p o t ................................................... C, -  @ 2-45
S od iu m  S ilica te  ( liq u id ) ............... ,C . 65 @ 1.50
S tro n tiu m  N it r a t e ........................... ■ L b . 6’A  @ 7aA
S u lp h u r, R o l l .................................... .C . 1.85 @ 2-15
S u lp h u r, F lo w ers (su b lim e d ). . . .C . 2 .2 0  @ 2 .6 0
S u lp h u ric  A c id , 6 o ° B ................... ,e . 85 @ i .00
T a lc  (A m e r ic a n ) ............................... To n 15-00 @ 20.00
T e r ra  A lb a  (A m erican ), N o. 1 . . .C . 75 @ 80
T in  B ich lo rid e  (50 ° ) ................... .L b . 13'A  @ 13 ‘A
T in  O x id e ............................................ L b 46 @ 50
Z in c  C h lo ride  (g ra n u la te d ).......... • L b . 4 ‘A  @ 4 ‘A
Z in c  S u lp h a te .................................... . T,b. 2‘A  @ 2 'A

OILS, W AXES, E TC.

B e e sw a x  (p u re w h ite ) ................... • T,b. 40 @ 4 4
B la c k  M ineral O il, 29 g r a v ity .  . .G a l. 12 @ 12 ‘A
C a sto r O il (N o . 3 ) ........................... .L b 9 ‘A  @ io 'A
Ceresin  (y e llo w ) ............................... .L b 9 © 15
Co rn  O il............................................... ,0, 6‘A @ 6 .3 0
C o tto n seed  O il (cru de), f. 0. b.

m ill.................................................... .G a l 43 @ 47
C y lin d er O il (ligh t, filtered ). . . . G al I9 ‘A  @ 20
J a p a n  W a x ......................................... .L b . 9 lA  @ 10
L a rd  O il (p rim e w in te r ) .............. G al 85 @ 90
Linseed  O il (d o u b le -b o ile d ). . . . G al 79 @ 82
P a ra ffin e  O il (high  v is c o s it y ) . . . .G a l. 25‘A  © 26
P araffin e  (cru de 120 &  122

m . p .) ............................................... ■ T.b, 3 @ 3aA
R o sin  O il (first ru n )....................... G al 38 @ 40
S p in d le  O il, N o. 1 ............................ , G al, 16 @ i6 ‘A
S p erm  O il (b leach ed  w in ter) 38° ■ G al. 74  @ 76
S te a r ic  A c id  (d o u b le-p ressed ). . .L b . 9 @ 10
T a llo w  (a c id le ss).............................. G al 62 @ 65
T a r  O il (d is tille d ).............................. G al 30 @ 31

M ETALS.

A lu m in u m  (N o . 1 i n g o t s ) .......... • L b . 20 @ 21
A n tim o n y  (H a lle t ’s ) ...................... .L b , 7%  @ 8
B ism u th  (N ew  Y o r k ) ...................... .L b . 2 .1 0  @ 2-15
C o p p er (e le c tr o ly tic ) ...................... . T,b. *7*/» @ •73A
C o p p er ( la k e ) .................................... .L b . I7 3A  @ i 7 Vs
L e a d , N . Y ............................................ L b . -  @ 4 .4 0
N ic k e l.................................................... . T ,h. 50 © 55
P la tin u m  (refin ed ).......................... .O z. 4 6 - 3 5  © 4 7 .0 0
S i lv e r ..................................................... • O z. 61 *A @ 6 1 ‘A
T i n ........................................................... ■ L b , 48 ‘A  @ 49
Z i n c ....................................................... .L b , —  @ 7

F ER TILIZER  M A TER IA LS.

A m m o n iu m  S u lp h a te ..................... ,C . 3 - 3 5  @ 3 - 4 0
F ish  S crap , d om estic, d r ie d . . . . .U n it 2 .4 5  & 10
B lo o d , d rie d ....................................... .U n it 2 . 7 2 V ,  @ 2-75
T a n k a g e , h igh  g r a d e ...................... .U n it 2.60 & 10
B o n e, 4 lA  &  50, groun d, r a w __ .T o n 2 7 .0 0  @ —
P o ta ssiu m , " m u r ia te ,”  b asis  80

per c e n t ........................................... .T o n  3 8 .5 5  @ —
P h o sp h a te, a cid , 16 p er c e n t . . . .T o n 7 - 2 5  @ 7 - 5 0
P h o sp h a te  ro c k ; f. 0. b . m ine:

F lo rid a  lan d  p eb b le  68 per
c e n t ............................................... 3 - 7 0  @ 3 .8 0

T en n essee, 68-72 per c e n t . . . .T o n 4-2 5  © 4-50
P y r ite s , fu rn a ce  size, im p o rte d . .U n it o . i 3 ‘A  @ 0 . 13 'A
C asto r m e a l......................................... n om in al
M o w rah  m e a l........................................T o n  8 .5 0  @  9 .0 0
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W E R N E R  & P F L E I D E R E R
SAGINAW, MICH

B ra n ch  O ffices { P H I L A D E L P H I A , P A ., D rex e l B u ild in g  
I N E W  Y O R K ,  N . Y . ,  T r ib u n e  B u ild in g

SES C an n s ta tt-S tu ttg a rt, Berlin, Cologne, Moscow, Vienna, Paris and  London.

M A R K

The most difficult problems
o f  mixing and kneading materials 
in many industrial fields are solved, 
by our

K n e a d in g  and  
M i x i n g  
Machinery Our machines are the only 

apparatus w hich combine a 
perfect m ixer with 
a thoroughly effi
cient kneader.

There are over 
15,000 machines at 
work in all parts 
of the world and 
for all purposes—  

{ chem ical and phar
m a c e u t ic a l  prod
ucts, colors, paints, 

varnishes, oils, white lead, carbon, carbide, explosives, 
paper pulp, cellulose, foundry sand and loam, rubber 
materials, etc.

W e have succeeded where all previous attempts failed.

Write for Catalog 
and f u l l  particulars.



4 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 .  Aug., 1912

A 4actm
The Highest Attainment in Vacuum  D ryer Construction

P le a s e  read th e  above lin e  a g a in . I t  is  n ot m e re ly  a s lo g a n  or 
a catch -p h rase . I t  is  r e a l ly  an a ccu ra te  d esig n a tio n  o f  w h a t 
lias  been acco m p lish ed  in  th e  d e s ig n  and m an u fa ctu re  o f

B.F. &M. Vacuum Rotary Drum Dryers
S tr ip p in g  th e  d iscu ssio n  of 

a ll  th a t  m ig h t  b e  sa id  on the 
s u b je c t, c o n s id e r  th e  o n e  fact 
th a t  w e  are  re a d y  to  prove, 
in  a n y  re a so n a b le  w a y  you 
can  s u g g e s t , th a t  B . F . &  M. 
V A C U U M  R O T A R Y  D R U M  
D R Y E R S  w ill  w o rk  more 
s u c c e s s fu lly  on y o u r  m aterial 
in  y o u r  ow n  p la n t, w ill re
q u ire  less  a tte n tio n , less  labor, 
less  p o w e r, le s s  s te a m  and 
p r o d u c e  m o re  o u tp u t and 
m o re  u n ifo rm  p ro d u c t than 
y o u  can  se c u re  b y  a n y  other  
m ea n s.

D e ta ils  o f  c o n s tru c tio n  in 
te re st y o u  o n ly  as th e y  affect 
th e  c o n sid e ra tio n s  w e  have 
o u tlin e d .

T h e  fa c t th a t  B. F . &  M . 
D r y e r s  e m b o d y  fe a tu re s  w h ich  
are  n o t u sed  a n d  c a n n o t be 
u sed  e x c e p t  in  B. F .  &  M. 
D r y e r s  is  m e r e ly  in c id e n ta l to 
th e  fa c ts  w h ic h  w e  have 
e x p re sse d  a  d e s ire  to  d em on 
stra te .

F o r  y o u r  o w n  in terests, 
w h ic h  a re  id e n tic a l w ith  our 
o w n , w o u ld  it  n o t be d is tin c t
ly  w o rth  w h ile  fo r  us to  g e t 
to g e th e r  and  b r in g  th e  v ita l 
fa cts  in to  th e  l im e lig h t  so 
th a t  y o u  w ill  see  fo r y o u rs e lf  
e x a c t ly  w h a t is  b e st fo r y o u r  
ow n  in te re sts?

Vacuum  Rotary  Drum Dryer for producing co n tin u o u sly  dry m ate r ia ls  direct  from  liquid solutions.

W e build  all ty p es  o f V a c u u m  D ry ers eq u a lly  efficien t for an y  m aterial or ca p a c ity .

UFFALO
6  W i n c h e s t e r ’ A v e*
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Our studies and long experience in supplying chemical and caustic castings have given us valuable data, 
not only as to the metal itself, but also as to methods of gating and pouring, kind and condition of sands 
forming facing of moulds, shrinkage strains, heat treatment after pouring, temperatures at which to remove 
castings from moulds and so on.

All this information is at your service. Let us work with you on your casting problems.

W e  make Castings up to 2 0 0  tons in w eigh t each.

Do YOU Buy Metal, or S e rv ic e ?

A lm o s t a n y  fo u n d ry  can  tu rn  ou t o rd in a ry  c a s tin g s  o f  w h ich  n o th 
in g  u n u s u a l is ex p ected . T h e  n u m b e r o f  fo u n d ries th a t can  tu rn  
o u t e x c e p t io n a lly  la rg e  c a s tin g s , even  for th is  c lass  o f  serv ice , is 
lim ited . W h e n  it  com es to m a k in g

Large Castings for Chemical and Caustic Work
which can be trusted to 
give maximum service, 
we can refer with pride 
to our records, which 
show a practically un
broken series of suc
cesses. We attribute this 
largely to our careful 
tests of material— chem
ical as well as physical, 
backed by unequaled fa
cilities and equipment 
for making castings of 
this character.

We have reports from 
customers saying that our 
castings have given them 
over five times the service 
they had ever been able 
to obtain from any other 
castings they could secure 
elsewhere in this country 
or abroad.



Laboratory Appa
T he largest most com

plete and most up-to-date 
catalogue of scientific ma
terials ever published in the 
United States.

T his book puts all the 
improved apparatus at your 
command.

Scientific
Pittsburgh,

T h e equipment of laboratories is 
to m anufacturing and whole 
direct.

Everything for

Meker
T h e perfect gas burner 

g iv in g  a flame hotter than 
any other burner ever de
signed.

T h e  coldest part of the 
M eker flame is hotter than 
the hottest part of the Bun
sen flame.

Hundreds of up-to-date 
laboratories use them ex
clusively.

Scimatco Optical Pyrometer
T h e best and most accurate instru

ment for taking high temperatures.

T h e  ideal pyrometer for taking tem
peratures of materials in their molten 
state.

Our booklet “ T h e Last Word in 
Optical Pyrom etry” sent on request.

ratus Blue Book
A  standard reference book 

for Chemical, M etallurgical 
and Biological laboratories, 
537 pages, 2150 illustrations, 
10,000 items.

Free to Chief Chemists, 
M etallurgists and Professors.

Materials Co.
Penna.

our sole business and in addition 
saling, we also sell to laboratories

the Laboratory

Analytical Balance
American College Model

T h e most reasonable priced balance 
of like capacity and sensibility, to be 
obtained.

Capacity 200 grams, sensitive to 
Vio mg., short beam graduated for rider 
011 both sides, agate knife edges and 
agate bearings. $45.00.

W rite for circular.

Burners
Replace the blast burner 

with a saving of time, noise 
and 98% in gas consumption.

T h e uniform flame saves 
breakage of apparatus being 
heated.

T h e non-oxidizing flame 
saves platinum ware.

Catalogue of M eker Burn
ers and Furnaces on request.
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tyauscli |om[>

U. S. BA LA N CE
SENSIBILITY, 1/10 mgr. CAPACITY, 200 grams.

This balance possesses the following advantages:

Adjustable Middle A xis Holder
Adjustable Term inal A xes
Improved C om pensating H angers
Concentric A rrester
Scale A rresters

Mechanical Rider Displacement which cannot be injured by friction and 
which allows perpendicular release and replacement of the rider. This rider 
displacement is movable along the whole length of the case of the balance, 
so that the rider weights, which are suspended on a support ready for use, 
can be easily reached.

PRICE, $48.00
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N EW  ELECTRIC DRYING OVEN
PRICE—110=volt, direct or alternating current . . . $63.00

220-volt, “ “ “ “ . . .  $65.00
Outside measurements, 400 x 225 x 250 mm.
Asbestos lined. All metal parts of brass to prevent rusting.
Provided with set of six heating coils, guaranteed for one year. 
Maintains any constant temperature up to 160° C.
Can be supplied for any voltage or current.
Easily operated. New parts can be mailed at any tim e; they 

can be adjusted without returning oven to factory.

gausch & lomb OPtica*
N E W  Y O R K  W A S H I N G T O N  C H I C A G O  S A N  F R A N C I S C O

LONDON R O C H E S T E R , .  N.Y- FRANKFORT



TRADE

JOSEF KA
Bohemian

MARKED

VA T 1ER
Glassware

E IM E R  4
Established

205-211 Third Ave
Headquarters for all

Until recent years best Bohemian Glassware 
signified that manufactured at the famous 
factory of JOSEF KAVALIER, Sazava, 
Bohemia.

Of late, many very inferior imitations have 
been put on the market, and sold as the 
G enuine JOSEF KAVALIER, resulting in 
some chemists obtaining a poor opinion of this 
glassware. T o  safeguard your interests when 
ordering JOSEF KAVALIER ware the manu
facturer has registered the above trade-mark, 
which is stamped on every article, excepting 
bottles and combustion tubing which are pro
vided with labels.

JOSEF KAVALIER glassware is the best 
alkali-resisting chem ical glassware m anu
factured. This hard glass, although a trifle 
thinner than some other wares, is unusually 
uniform, and can safely be heated over the bare 
flame, and contents heated in the least possible 
time. JO SEF K A V A L IE R  glassware 
costs a trifle m ore than ordinary w are, 
but it is b y  far the cheapest in the end.

Insist on the w are bearing the trade-m ark. 
A ccep t no substitutes.

For prices see our chemical apparatus catalogue.

A M E N D
1851

nue, N e w  Y o r k  C i t y
Laboratory Supplies
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Drying and Impreg
J. P . D E V IN E  C O ., B U F F A L O ,

N . Y.t are the pioneers of Vacuum  
Drying and Impregnating of material 
under vacuum in this country*

Over three thousand apparatus in 
daily operation*

T h e  reason for our success is our 
ability to supply the most scientifically 
constructed and economically working 
apparatus for any given requirement 
based upon practical experience of up
wards of thirty years in originating 
and designing Vacuum Apparatus and 
their auxiliaries exclusively.

Our shops are equipped with special 
tools and appliances for the economical 
manufacture of Vacuum Apparatus.

Our success naturally attracted 
others to imitate our ap p aratu s

J. P. DEVINE
428 Brisbane Bldg.
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r nating Apparatus
and process, who with a very 
limited experience and without scientific 
knowledge set themselves up as experts 
in this, to them, an entirely new in
dustry.

The thousands of installations 
in daily successful operation all over the 
world are the best evidence of the 
superiority of our apparatus.

Our apparatus embodies all the latest 
improvements, resulting from careful 
study and broad practical experience, 
for the scientific and economical drying 
and impregnating of the materials for 
which they are intended.

W rite for List of over Three 
Thousand Users, and compare it 
with that of our imitators.

T ak e  up with us your drying prob
lems.

COMPANY
Buffalo, N.Y.
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W ALTER E. LUMMUS
88 Broad Street, Boston, M ass.

CHEMICAL PLANTS 
DISTILLING APPARATUS 
CONDENSING APPARATUS 
EXTRACTION CYLINDERS 
ABSORPTION TOWERS

COMPLETE REFINERIES 
DISTILLING MACHINES 
DIFFUSION BATTERIES 
MIXING TANKS.
AUTOMATIC DISSOLVING TANKS

M e a su r in g  £? S e lf-d e c a n tin g  T a n k s .
T a n k s  for A c id  or B asic  R ea ctio n .
T a n k s  o f S tee l, C op p er. W o o d . 6? G lass  

^Lined S tee l.
A p p a ra tu s  for th e  M a n u fa ctu re . R efin in g  

or R e c o v e r y  o f V o la t i le  L iqu id  S o lv e n ts .
R E C O V E R Y  O F  S O L V E N T S  :
—b y  ev a p o ra tio n  from  so lid s  
—b y  d is t illa t io n  from  liq u id s  
— b y  co n d en sa tio n  from  air m ix tu res .

S p ecia l C o n d en sin g  6? L iq u efy in g  A p p a ra tu s.
E X P E R I M E N T A L  O U T F IT S  

for T ech n ica l S ch oo ls 6? C olleges and for  
In d u str ia l O p era tio n s on  S m a ll M a n u fa c tu r 
ing  S ca le .

Let MERCK  
Make the 

“ Blank”  Test 
For You

To that end, buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  & C O .
NEW YORK 
ST. LOUIS 
RAHWAY, N. J.


