
Nov. ,  1915 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 S

Now You Can Have Raymond System
advantages and econom ies for grinding 

and separating m aterials in

Small as Well as Large Capacities
Everyone who has made investigation of the 

subject of economical grinding and separating is 
(at least to some extent) aware of the extremely 
successful results produced by the Raymond 
Pulverizing System with Air Separation, in 
plants where large quantities of material are 
handled.

W e are now able to guarantee proportionately 
satisfactory results for those factories whose pro
duction is relatively small.

In our N o. 0 0 0 0  Pulverizer with Air Separa
tion w e have perfected a unit which up to its 
capacity will do everything that is done by our 
large installations at a fraction of their cost.

Please remember, however, that “small” and 
“large” are always relative terms.

This “small” N o. 0 0 0 0  Mill produces from 
2 0 0  to 1000  lbs. or more of finished material 
per hour, according to character of material and 
fineness desired.

It is instantly adjustable to any fineness wanted 
from '/s inch to 2 0 0  mesh or finer.

It operates on 5 H . P. or less. Can be com
pletely taken apart and cleaned in a few minutes to change from one material to 
another. Requires only 4  x 4  V2 ft. floor space, and no special work for installation.

Complete details on request.

We d esign  special m ach inery  and  
m eth o d s for Pulverizing, G rinding, 
Separating  and C onveying all pow
dered products. We m an ufacture  
A u tom atic  Pulverizers, Roller 
M ills, V acuum  Air Separators, 
C rushers, Special E xhaust Fans 
and D u st C ollectors.

Send for our Literature

RAYMOND BROS. IMPACT
PULVERIZER COMPANY

1308 N o. B r a n c h  S t r e e t ,  C H IC A G O , IL L .

Please send us your literature.

...........................................................................
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A N Y  C A PA C IT Y  A N Y  LIQUOR

S in g le  an d  M u ltip le  effects d esign ed  to  m e e t  
c o n d it io n s  as w e find th em .

S ta rt th e  n ew  year by p la n n in g  a ca m p aign  
to  red u ce you r co st o f m a n u fa c tu re  (saving coal, 
labor, repairs, e tc .) by th e  in s ta lla t io n  of m od ern  
e q u ip m e n t d esign ed  for your w ork by evaporation  
en g in eers  w h o have th e  exp erience n ecessary  to  
w arran t your con fid en ce.

S T A N D A R D  S W E N S O N  E V A P O R A T O R S  for
straight concentration. Hundreds of installations have proved 
the merit of this design.

PATENTED SECO BASKET TYPE EVAPORATORS for crystallizing solutions. 
Also used where scale is apt to form on heating surface. Maximum circulation of b o th  steam and 
liquor. Easily cleaned. For salt caustic, calcium chloride, glycerine, distilled water, etc.

STANDARD VERTICAL TUBE PANS for large installations, equipped for crystallizing 
solutions, also for straight work. All pans fitted with our patented vapor and steam controlling device, 
giving a perfect and uniform distribution of vapor to all the tubes, thereby increasing the amount of 
work possible with a given tube area.

SPECIAL LEAD EVAPORATORS (patent granted) for acid concentration. A  design 
which is durable and efficient. Not lined or coated, but a substantial lead pan built for hard and con
tinuous service.

EVAPORATORS FOR SPECIAL SO LUTIO NS made of bronze, copper, aluminum, 
steel, cast iron, etc. Any of our standard type pans can be lined with brick, tile, cement or metal—a 
proven success for a good many years.

A NEW EVAPORATOR FOR H IG H  D EN SIT Y  W ORK
—our latest and most important improvement. With this apparatus you can 
economically concentrate solutions (whether crystallizing or not) much 
heavier than is possible in any commercial equipment previously offered. 
We have successfully and continuously boiled down in this equipment 
calcium chloride to a 68 per cent solution with steam. Simple operation, 
easy cleaning, uniform results and small repairs make this an ideal design 
for high density work.

E con om y, d u ra b ility , a ccess ib ility , low  repairs, easy  
o p eration  and  m a x im u m  s im p lic ity  in  d esig n  (c o n s is te n t  
w ith  th e  a tta in in g  o f th ese  resu lts) ch a racter ize  Sw en son  
Service. We can  refer to  m ore th a n  600 in s ta lla t io n s— 
fu lly  h a lf of w h ich  have been  “ rep ea t” orders. A ssista n ce  
given  in  processes u t iliz in g  w a ste  so lu tio n s  or n ew  c h e m i
cal p rod u cts.

Let us send one of our engineers to look over your conditions to determ ine  
the type best suited to your requirements

^ W E N S O N p y a P O R A T O R  | o !

945  M onadnock BIdg. CH ICAG O , ILL.
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S a n b o r n
M U L T I P L E  E F F E C T

E v a p o r a t o r

U nder this system, true film evaporation is obtained 
w ithout the aid of any mechanical devices, by means of 
the shape and grouping of the heating elements. T h is 
gives an extrem ely high efficiency under commercial 
operating conditions, maintained indefinitely because 
of the sim plicity of the apparatus and its freedom from 

parts subject to wear.

NOTE:—The Sanborn System is applicable to many types of 
existing installations at small expense, reducing up-keep costs 
and increasing the efficiency from 5 0  to 100 per cent.

Send for the Bulletin

SANBORN EVAPORATOR COMPANY
81 W A L L  S T R E E T , N E W  Y O R K  C IT Y
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Room Temperature Regulator

 “S A R C O ”- -----
W ith  p o sitive  an d  re liab le  a c tio n , th is  R o o m  T e m p e ra tu re  R e g u la to r  
givfes a p erfe ct m e d iu m  of co n tro l.

’ ' S u c h  a n  e ffic ien t in s tr u m e n t  as th is  is re q u ired  in  d ry in g  room s,
ga s-m ix in g  ro o m s, paint, and  varn ish  ro o m s, p aste  room s, an d  in  
o th e r p laces w h ere  s im ila r  co n d itio n s  a re  en co u n tered .

I t  p reven ts o ve rh ea tin g , or u n d e rh e a tin g , co n tro llin g , as i t  does, 
w h ate ve r u n ifo r m ity  of te m p e ra tu re  th e  p ro p o sitio n  a t  h a n d  
d em an d s.

S im p le  a n d  stro n g  m e ta l c o n stru ctio n . Its  p erfo rm an ce  is based 
on th e  sam e th e rm o s ta tic  a c tio n  as th e  T a n k  T e m p e ra tu re  R e g 
u la to r  “ S a rco .”  I t  does n o t re q u ire  e le c tr ic ity  or com p ressed  
a ir, an d  h as n o  c lo ck -w o rk  m e ch a n ism  or d ia p h ra g m s, b u t  o p erates 
by  th e  exp an sio n  o f oil th ro u g h  th e  m e d iu m  o f a  sp ira lly  co rru g a ted  
tu b e .

T h e  R o o m  T e m p e ra tu re  R e g u la to r  “ S a rco ”  is a deserved ly  p o p u la r 
in s tr u m e n t  a m o n g  m a n u fa c tu re rs  w h o  have need fo r a  device  of 
th is  n a tu re . I t  h elp s im m e a s u ra b ly  to w ard  e ffic ien cy  an d  
eco n o m ica l p ro d u ctio n .

We w ill be p leased to send you printed matter descriptive o f this Room  Temperature Regulator and its operation.

Sarco Engineering Company
South Ferry Building, N EW  Y O R K

Chicago Office : Old Colony Building

EVAPORATOR  
INSTALLATIONS

A N Y  S IZ E

OF MERIT
A N Y  S E R V I C E

SPECIAL TYPES 
FOR SPECIAL WORK

H A V E  Y O U  A N  E V A P O R A T O R  P R O B L E M ?  
L E T  U S P R O V ID E  T H E  SOLU TIO N .

ZAREMBA COMPANY
B U FFA L O , U. S. A . 

N ew  York O ffice : 95-97  Liberty St,



D r iv e r -H a r r i s  Wi r e  Co.
N e w a r k  N.J.
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W r ite  um f o r  c o m p l e t e  C a ta lo g u e

Shriver Filter Presses
insure a more Efficient Filtering  

and Greater Economy

— the reason being, that they are built with wide joint 
surfaces of the plates— smooth castings and beveled 
edges— to secure longer filter-cloth life.
The machining throughout is accurate and guards 
against leakage.
And the operation is smooth. There is freedom from 
clogging, and the outlet cocks work quickly and cleanly. 
Shriver Filter Presses represent quality— unquestionably.
Ask for our catalog.

T. SHRIVER & CO.
Office and Works, 830 Hamilton St., H A R R IS O N , N . J .

KELLY FILTER PRESS PATENTED
I Used in the following industries: Mines, 

B r c jp lf  Chemical Works, Paper Mills, O il R e- 
fineries, Sugar Houses, Soap and Soda 
Works, Sewerage Disposal Plants, Color 
Works, W ater Works, Tanneries, etc.

W t K We furnish these presses,' Copper, Lead and Nickel 
W zjgar «L- lined, and cast of Brass, Copper, Phosphor Bronze and

Monel Metal. Also jacketed to keep presses hot or cold.

For Dry Cakes, Complete Wash, Minimum Labor Costs 
and Continuous Hard Service, buy “ T h e  K e l l y .”  We are prepared to 
make quick delivery from slock-

FII T F R  PI A T F S  THE DAVIS PATENT: M ade of heavy metal, inde
structible, filtering as fast and clean as cloth.

tT T T  T P H  A  I ?  • ^  new decolorizing carbon of exceptional efficiency, and economical 
X ^ V lX . • in price. Available in various grades of fineness to meet all require

ments. Free of sulphur and arsenic. Regular supplies guaranteed.

Are you  going to th e  P a n a m a -P a cific  Exposition?
If so, do n o t  fail to inspect our E xh ibit  there.

New Y o rk : EMIL E. LUNGW ITZ, 30 CHURCH STREET
KELLY FILTER PRESS COMPANY, Salt Lake City, Utah Berlin : A. L. GENTER, FREDERICHSTR. 60
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F O R E .5 T  P R O D U C T S  5 Y M P Q 5 IUM
P a p e rs  p re se n te d  a t  th e  5 1 s t M e e tin g  o f th e  A m e r ic a n  C h e m ic a l  S o c ie t y , S e a ttle , A u g u s t 31 to  S e p te m b e r  3, 1915

T H E  CH EM ICAL ENG IN EERIN G  OF TH E HARDW OOD 
D ISTILLATIO N  IN D U STR Y

B y  J a m es  R . W it h r o w

I t  would require more time than we have at our disposal 
to go into the details of the chemical engineering of the hard
wood distillation industry. T hey will be apparent to a certain 
extent in the accompanying lantern slides, though many in
teresting points must not even be mentioned. General features 
will be pointed out sufficiently to give a broad survey of the 
problems involved in plant operation.

The industrial demand which the hardwood distillation 
industry meets is sufficiently indicated by the mere mention 
of acetic acid, methyl alcohol, acetone, chloroform, and form
aldehyde, without burdening you with statistics of their 
production, consumption, exportation and importation. The 
number of industries and objectives in the arts which benefit 
by  the availability of these substances is surprisingly great, 
though not all of them are exclusively the products of this 
industry.

DEV ELO PM ENT

The development of the industry appears to have been very 
simple. From the earliest times charcoal appears to have 
been used in the arts and especially in metallurgy. T hat liquid 
products could be formed, during the charcoal production, 
was very early observed. Uses were gradually found for these 
products and in course of time a demand was created for them 
with the result that wood carbonization was largely changed 
in method, so as to improve the yield of the desired by-products. 
The historical development of this industry is one of the most 
interesting in the annals of Industrial Chemistry, because it 
illustrates so well the battledore and shuttlecock fortune of 
so many of these industries. So often the by-product of to-day 
becomes the main product of to-morrow; and the new industry, 
which appears the worst competitive enemy of one industry, 
becomes the greatest blessing of the old industry in the next 
decade. The liquid products accompanying charcoal production 
are said to have been recovered by the ancient Egyptians and 
utilized by them in embalming the dead. Pliny mentions 
their recovery in Syria and Theophrastus in Macedonia. As 
chemical knowledge in those days appears to have been very 
limited and engineering skill as much so, the recovery of liquid 
products must have been trifling and it was many centuries 
before chemical knowledge made possible and the arts demanded 
intelligent development. Notwithstanding the later develop
ment of the engineering as well as chemical side of the industry, 
the essential features of primitive wood carbonization have 
come down practically unaltered to the present day. This 
primitive charcoal burning is still practiced wherever wood 
is plentiful in Russia, Scandinavia, Austria-Hungary, Germany 
(Westphalia and the Harz), New Jersey, M aryland, etc.

In spite of various uses to which they were put in early times 
no real appreciation of the value of the liquid substances known 
to be formed during carbonization of wood came until the dawn 
of modern chemical investigation. Lack of sufficient funda
mental chemical knowledge was largely responsible for this. 
For instance as early as 1658 Glauber identified the so-called 
"burnt-wood acid”  with acetic acid, y et not until 1802 was it 
identified with the acetic acid of fermentation, b y  Thenard. 
In  1661 Robert Boyle discovered wood-spirit in wood distillate, 
y et not until 1812 did Taylor notice its analogy to grain alcohol. 
The true character of this "spirit”  was established only after 
a series of investigations by  Colin, Dobereiner, Gmelin, Liebig, 
Sweitzer and especially Dumas and Pdligot, ending about 1835.

As a result of these investigations together with those on the 
composition of the wood-tar and wood gas, there came an in
creased effort to recover such of these by-products as were suit
able for use in the arts in general, as well as in the organic chemical 
industries that were at this time struggling for a  footing upon 
the investigations of the great masters of our science. The 
first step in this revolution was the use of by-product kilns 
and retorts, in place of the old sod covered pits or heaps, for 
carbonization. I t  would seem that from this point, at least, 
the development of the industry should have been consistent 
and perhaps rapid but this was not the case.

Apparently the first product to have been systematically 
recovered was the wood-gas. This was first used in England 
for illuminating purposes somewhat prior to the chemical de
velopments just mentioned. The honor, however, for the 
exhaustive investigation of the illuminating, heating and power 
value of this gas, belongs to the Frenchman, Phillip Lebon.

The weakly illuminating wood gas was soon outclassed, 
however, by  the development of coal gas production and the 
whole hardwood distillation industry had a precarious existence 
during a large part of the last century even in spite of the fact 
that a satisfactory method of purifying the crude acetic acid 
had been devised as early as 1824 by M ollerat and Jasmeyer. 
The products of the destructive distillation of coal, such as 
coke, illuminating gas, tar and tar-distillates were sharp com
petitors of the wood products. Y e t  when the wood industry 
seemed about to be relegated to the primitive woods, the sudden 
development of the coal-tar color industry started a demand for 
acetic acid, methyl alcohol and acetone which has since been 
augmented by the demand for the same products in the produc
tion of celluloid and smokeless powder as well as many synthetic 
organic substances used in pharmacy and the arts. The de
mand for methyl alcohol within a few years after Perkins’ dis
covery of aniline dyes became so great that the price was enor
mous. It  is not surprising, therefore, that at that time in Eng
land wood was distilled with the sole object of getting wood 
alcohol. A  like situation is said to have arisen at one time 
in benzol manufacture, coal having been for a while distilled 
with the sole object of obtaining benzol for aniline production.

These general statements regarding the development of the 
industry bring us to the present situation where we recover 
mainly the primary products wood gas, raw liquor (pyroligneous 
acid), tars and oils, and charcoal. I t  should be noticed in pass
ing that while most engineering skill is a matter of quite recent 
development and chemical engineering is perhaps the most 
recently developed phase of engineering, y et it has been able 
reasonably to keep pace with chemical development in this 
industry at least, and this m ay be due largely to the fact that 
the development of engineering methods and the understanding 
and fabrication of engineering materials of construction de
veloped along with the science of chemistry and are somewhat 
dependent upon it.

t h e  p r o b l e m  o f  t h e  i n d u s t r y

Broadly speaking, the problem of the hardwood distillation 
industry is the complete utilization of the weight of the original 
wood as far as this is possible by economical chemical engineering 
manipulation, for the production of the products which it will 
yield of main industrial use or value, i. e., charcoal, acetic acid 
and methyl alcohol.

Economical chemical engineering involves the use and sequence 
of such operations as will give the maximum financial return, 
per unit of raw material consumed, consistent with a proper 
balance between low cost of operation, low initial cost of plant 
and highest speed of turn over (processing raw material).
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When wood is heated sufficiently in the atmosphere it tends 
to burn of course to residual ash, steam and carbon dioxide, 
for the most part. If the air is partially excluded we obtain 
residual charcoal and volatile products varying widely in com
position, depending upon the extent of air exclusion, from the 
condition of almost complete combustion of volatile products, 
to practically entire elimination of combustion or atmospheric 
oxidation when air is excluded as completely as possible. The 
problem of the industry may be met therefore by heating the 
wood sufficiently to carbonize it and in such a w ay as to eliminate 
as far as possible any atmospheric oxidation of the volatile 
products, and at the same time handle the distillates in such a 
w ay as to minimize refining or purification difficulties.

Modern chemical engineering skill has met the conditions 
of reasonably efficient solution of the problem with fair success 
as is shown b y  the extent of the industry1 and without doubt 
it will advance still further.

Every problem, however large, is merely a series of smaller 
sub-problems and each of these in turn is often resolvable into 
still other problems. In studying the problem of any chemical 
industry it  is natural to divide it as far as possible into:

1— The nature of the demand or market for the products, 
or objectives of the industry;

2— The chemistry involved;
3— The operations or engineering involved.
The chemistry of the hardwood distillation industry finds 

its basis in the phenomena attending destructive distillation. 
Much more should be known about destructive distillation than 
is  known. Our concern at this time, however, is with the engi
neering problems involved in the utilization of this chemistry. 
Suffice it to say in the matter of the chemistry involved, that 
the products of heating the wood, as is usually the case in de
structive distillation, are gaseous, liquid (condensate) and solid 
(residual charcoal). The gas as a whole is combustible. The 
liquid is acid and in two (or three) nearly non-miscible phases—  
tar (and oil) and dilute alcoholic acetic acid, with dissolved 
tar and other substances.

CHEM ICAL EN G IN E ER IN G  OPERATIONS

The engineering operations of the industry group themselves 
mainly into four divisions as follows:

I— Preliminary handling of raw material.
II-—-Destructive distillation proper or so-called primary dis

tillation.
III— Treatm ent of the liquid distillate or secondary distillation.
IV — Refining operations and derived product production.

The latter is not generally connected with what is known as 
the Crude Hardwood Industry and will, therefore, be indicated 
with great brevity.

The engineering operations themselves are as follows:

I — P r e l im in a r y  H a n d l in g  of  W ood

1 H a rv e s tin g  th e  tim b e r  {

2— S easo n in g , t r a n s p o r ta t io n  a n d  s to rag e
I I — P r im a r y  D is t il l a t io n  (D estructive d istilla tion , proper)

1— L o a d in g  o v en  ca rs
2— C h a rg in g  a n d  sea ling  ovens
3— F ir in g  o v en s  (D istilla tio n )
4— C o n d e n sa tio n  a n d  fuel g as  recove ry
5— P u llin g  o v en s  (D ischarging hot charcoal cars)
6— C ooling  ch a rc o a l
7— P u llin g  ch a rc o a l coolers
8— A geing  ch a rc o a l
9— S creen in g  ch a rc o a l

F in a l P roduct: C h a rco a l  fo r  t h e  M a r k e t

I I I — S e c o n d a r y  D is t il l a t io n  (o f condensate obtained in  I I ,  4)
1— S e tt l in g  " R a w  L iq u o r” (condensate I I ,  4)
2— S e p a ra t io n  o f t a r  (an d  oil) from  “ R aw  L iq u o r”  (con tinuous décantation)
3— R e d is t illa tio n  of s e tt le d  t a r  (fo r  fu r th e r  recovery o f  “ R a w  L iq u o r” ) 

f ro m  c o p p e r  o r  w ooden  stills .

i T h i s  J o u r n a l ,  7  (1915), 47.

4— C o n d en sa tio n  of ac id  d is ti lla te  [0*7 added to “ B oiled  T a r ,” water 
added to orig inal “ R a w  L iq u o r” (condensate I I ,  4)]

5— R e d is tilla tio n  of se tt le d  “ R aw  L iq u o r” (fo r  fu r th e r  tarry bodies 
elim ina tion )  from  co n tin u o u s  co p p e r s tills

6— C o n d en sa tio n  of “ boiled  liq u o r”
7— “ M ix in g ”  “ bo iled  l iq u o r” w ith  lim e (N eu tra liza tion )
8— D is til la tio n  o f n eu tra liz e d  “ bo iled  l iq u o r” in  lim e-lee s til l  (iron)
9— C o n d e n sa tio n  o f w eak  a lcoho l-acetone

10— S e tt l in g  o r  filte rin g  lim e-lee s till re s id u e  (aqueous calciutn acetate)
11— E v a p o ra tio n  a n d  c ry s ta lliz a tio n  of liine-lee residues
12— D ry in g  (sack ing , w eigh ing , ana ly sis) c ry s ta lliz ed  a c e ta te  o f lim e

Product: G ra y  A c e t a t e  o f  L im e  (80 P e r  C e n t ) f o r  t h e  M a r k e t

13— R e d is t illa tio n  of w eak  a lcoho l-acetone  fo r o il s e p a ra t io n  a n d  c o n 
c e n tra tio n  (B urcey  pans , fractionation)

14— C o n d e n sa tio n  o f a lco h o l-ac e to n e  in  frac tions
P roduct: C r u d e  82 P e r  C e n t  A lco h o l-A c e t o n e  f o r  M a r k e t  or 

R e f in e r y

IV — R e f in in g  a n d  D e r iv e d  P ro d u c t  M a n u fa c tu r e
(а) A lcohol:

1— C hem ica l t r e a tm e n t  of c ru d e  a lcoho l (N a O H  o r IIzSOO
2— D is til la tio n  a n d  c o n d e n sa tio n  fo r e lim in a tio n  of chem ica ls , e tc .
3— F ra c t io n a l d is ti lla tio n  in  co lu m n  s til l
4— C o n d en sa tio n  w ith  “ h ea d s  a n d  ta ils ”  e lim in a tio n

Product: R e f in e d  M e t h y l  Al c o h o l  a n d  A c e t o n e -A lco h o l  f o r  
M a r k e t

(б) G ray Acetate:
1— D is til la tio n  w ith  su lfu ric  ac id  (o r HC1)
2— D u s t e lim in a tio n  from  v ap o rs
3— C o n d en sa tio n  of ac e tic  ac id  (Com m ercial)
4— R efin ing  b y  red is tilla tio n  a n d  f ra c t io n a tio n  a f te r  chem ica l o r  e lec

tr ic a l t r e a tm e n t
P roduct: R e f in e d  a n d  C o n c en tr a te d  A c e t ic  A cid  f o r  M a r k e t

(c) G ray Acetate:
1— D e s tru c t iv e  d is ti lla tio n
2— D u s t e lim in a tio n  from  v ap o rs
3— C o n d en sa tio n  of c ru d e  ac e to n e  a n d  oils
4— S e p a ra tio n  o f o ils from  ace tone
5— C hem ica l t r e a tm e n t  fo r ac id  e lim ination
6— R e d is tilla tio n  fo r “ w h ite  o il” e lim ina tion
7— F ra c t io n a l d is ti lla tio n  of ace to n e
8— C o n d en sa tio n

P roduct:  A c e t o n e  f o r  t h e  M a r k e t

Each and every one of these operations calls for its own 
special form of apparatus or construction and modifies to a 
varying extent the design and operation of the plant. They 
are the essential operations or chemical engineering proper 
which must be carried out to secure the results obtained in first- 
class practice. There has been indicated also, in a limited way, 
how some of these operations must be carried out. Sufficient 
preliminary discussion of the development of the industry 
has been given to ■ illustrate the connection which appears to 
have existed between the development of both chemical knowl
edge and engineering skill, and the growth and development 
of this industry.

In concluding I must express my indebtedness to M r. Edward 
H. French, to whom I owe m y first opportunity (a number 
of years ago) of working upon the problems of this industry, 
upon which he was himself engaged, and who has been of much 
assistance in securing plant photographs from which slides 
have been prepared.

O jiio  S t a t e  U n iv e r s it y , C o lu m b u s

W H AT CH EM ISTRY H AS DONE TO  AID TH E UTILIZA
TION OF W OOD

B y  S . F . A c r e e

An attempt to discuss fully the influence of chemistry on the 
utilization of waste wood leads so deeply into practically 
all fields of chemistry that a paper of this kind must necessarily 
be limited to a small number of topics. Attention is given, 
therefore, to those phases of this subject which are of most im
portance commercially and which seem to show greatest promise 
for the future. The number of eminent chemists who have 
contributed to the few subjects to be discussed is so large that 
it is impossible to treat their individual researches as they de
serve. Such being the case, a brief mention here and there of 
a few investigations by  the Forest Service, with which the writer
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is personally familiar, will not be understood as a failure to 
appreciate the work of others.

The technical processes involved in the apparently simple 
distillation and extraction of woods lead both into the abstruse 
problems of thermodynamics and into the most refined technique 
of organic chemistry, and advances in these investigations 
have been described by Klason, Wislicenus, Klar, Withrow, 
Palmer, and others. The distillation of waste hardwoods is 
now one of the most important industries in this country and has 
reached a high state of efficiency in the hands of Messrs. 
Stevens, Quinn Brothers, Troy, Gaffney, Clawson and the 
Cleveland Cliffs Chemical Company. There are over 100 
plants in operation, in which about 1,200,000 cords of wood 
are distilled annually. The chief products obtained are char
coal, acetic acid, methyl alcohol, wood oils, and wood tars, 
and these are so valuable that extended researches have been 
made by the Forest Products Laboratory to increase the yields. 
The quantitative studies on the regulation of the reactions have 
resulted in improved processes and increased earnings. Char
coal is the least valuable by-product of the wood distillation in
dustry, but is used in large quantities as a household fuel, in 
decolorizing grain alcohol and other liquids, in the manufacture 
of gunpowder and lubricants, and in the manufacture of 
fine charcoal steel. The acetic acid is utilized for the produc
tion of such substances as mordants for dyes, acetanilide, and 
sugar of lead. Acetone is produced by the distillation of calcium 
acetate and is used to the extent of 3,000,000 gallons annually 
in the manufacture of denatured alcohol, chloroform, photo
graphic films, celluloid, and, especially, explosives.

Wood alcohol is one of the most striking illustrations which 
we have today of the value of chemistry and chemical methods 
in the purification and utilization of a waste product. When 
M r. E . B . Stevens, President of the Wood Products Company 
of Buffalo, N. Y ., constructed his first still out of a tin can and 
attempted to purify the evil-smelling distillate from a near-by 
wood distillation plant, he little realized what a tremendous 
future awaited his efforts as an enthusiastic boy of seventeen. 
Today, crude 82 per cent wood alcohol is changed by simple 
chemical and physical methods into a product which has a purity 
of 99.95 per cent. This substance is used all over the world 
and new fields are being discovered for its utilization. The 
10,000,000 gallons produced in this country are used for making 
celluloid and similar products, dyestuffs, denatured alcohol, 
photographic films, formaldehyde, artificial leather, varnishes, 
shellacs, artificial rubber, and other substances too numerous 
to mention, in whose manufacture and use hundreds of 
millions of dollars and large numbers of men are em
ployed. European countries use nearly as much wood-alcohol 
as the United States but chiefly for denaturing ethyl alcohol, 
for the manufacture of formaldehyde, for the methyl group 
of aniline colors, and for other purely chemical purposes. There 
is at present no substitute for wood alcohol in the prepara
tion of the methyl groups of various dyes, especially the 
violets and blues, and hundreds of millions of dollars are 
invested in the dyestuff business and in the wool, cotton, 
linen, and silk cloth industries and others using these colors. 
These dyes are used today in many cases of disease in staining 
tissues and bacteria, thus allowing medical men to make a proper 
diagnosis.

Wood alcohol acts as a poison when taken internally, or when 
its concentrated vapors are inhaled in enclosed spaces, and 
sometimes produces blindness and death under these conditions. 
The wood alcohol manufacturers themselves condemn its use as 
such in any article of food, drink, or medicinal or toilet prepara
tion. When, on the other hand, these objectionable properties 
are destroyed by chemical changes, it becomes one of the sub
stances necessary for the production of other products for the 
protection of the health of the community. Pure methyl (wood)

alcohol is the only substance which can be converted 011 a 
commercial scale into formaldehyde, which is used universally 
for disinfection against such contagious diseases as small
pox, scarlet fever, diphtheria, tuberculosis, infantile paralysis, 
and spinal meningitis in its epidemic form. I t  should, further
more, be pointed out that many native and alien crop diseases 
are becoming epidemics in this country and destroying yearly 
from ten to twenty million dollars worth of foodstuffs, 
besides infecting the farming lands and rendering them far 
less valuable for the production of certain crops. The United 
States and State Governments prescribe formaldehyde as the 
disinfectant for the seeds, which are sterilized before plant
ing. B y  this disinfection crop losses, due to certain fungi, 
can be greatly reduced. Formaldehyde is practically the 
only efficient disinfectant which can be legally employed in 
embalming the dead and preventing the spread of contagious 
diseases causing their deaths. Formaldehyde and phenol are 
the basis of the manufacture of bakelite which is now used in 
tremendous quantities in large chemical apparatus in certain 
industries, and is finding wide use as insulating material in the 
electrical world. Formaldehyde is, furthermore, used in large 
quantities in the preparation of various dyes discussed above.

Another by-product from wood distillation, which has re
ceived little consideration up to this time, is the hardwood tar. 
This substance has a large percentage of derivatives which 
should find wide use in chemical industries. Already we find 
small quantities of these tars in use as wood tar creosotes for 
the preservation of wood, and the insufficient production of coal- 
tar creosote in this country will, without doubt, enable wood 
tar creosote to come into its own, especially as it has been found 
to have, a high toxicity toward certain fungi.

In the field of distillation of softwoods, we find that some of 
our most important commercial products are obtained by tliis 
combination of physical and chemical methods. The chief 
products are turpentine, pine oils, tar oils, rosin and charcoal. 
The turpentine is used chiefly in the production of paints, var
nishes, and shellac. The pine oils are used to a  large extent as 
solvents and as medicine. T he tar oils are used for treating 
such things as rope and fish nets in order to preserve them in 
salt water. The rosin is used in making soaps, paper sizing, 
varnishes, and shellacs. Charcoal is used chiefly for fuel.

The value of the paper and pulp industry in this country is 
apparent immediately when we think of the benefit derived from 
the tremendous number of books, periodicals and of newspapers. 
Wood pulp is used for making men’s summer clothes, papers 
of all kinds, binder twine to replace sisal, sacks, filter papers, 
and rugs. It  is used for making fiber vessels, vulcanized fiber 
for electrical insulation, and is now the basis of viscose which 
is finding a wide field of application. Viscose is colloidal cellu
lose which can be made into “ fiber silk” thread and sausage 
coverings. The thread can be woven alone, or in combination 
with cotton or silk, into all kinds of fabrics, such as artificial 
silk socks, neckties, and cloth, all of which can be dyed beauti
fully in any color. Surgeons' thread, and erasers of this 
material are cheap and efficient.

Cellulose can be made in a very pure form from certain woods 
and has been used extensively in explosives. N ot only is it 
converted directly into nitrocellulose but we find that wood 
flour is used very extensively as an absorbent in the manufacture 
of dynamite. The very finely divided wood flour absorbs 60 
per cent of nitroglycerine and is more efficient than kieselguhr. 
This wood flour is also used in making certain grades of linoleum 
and is much cheaper than cork.

Turning now to the dyestuffs, we find that the aniline industry 
of Germany has not entirely driven vegetable colors from the 
market. A  number of W est Indian and South American woods, 
such as the fustic, logwood, Brazil wood, and peach wood, are 
imported into this country and the Forest Products Laboratory
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has recently been instrumental in calling the attention of manu
facturers to the fact that Oklahoma and Texas contain large 
quantities of osage orange1 which can be used very cheaply as 
a  source of a valuable yellow dye for textiles and leather. 
The enormous leather industry is dependent not only upon the 
use of vegetable dyestufls but especially upon the tannins ob
tained from hemlock, oak, chestnut and other materials. Cer
tainly the preparation of tanning material involves the most 
delicate physical and chemical, as well as biological, operations, 
as has been shown by the work of Proctor, Stiasny, Levi, 
Balderston and others.

T hat the production and consumption of ethyl alcohol in the 
United States is an important activity is emphasized by the 
fact that the taxes on distilled spirits and fermented liquors 
amounted in 1913 to $223,000,000, which was over 65 per 
cent of the entire internal revenue of the country. It  will 
be recalled that over 100 years ago Braconnot carried out 
an investigation in which wood was hydrolyzed by acids into 
glucose, which was then fermented into ethyl alcohol. In recent 
years, this problem has been studied energetically by Simondson, 
Classen, Cohoe, Ewen and Tomlinson and others, and four 
plants were erected in the United States. Three of these failed 
but the experience gained thereby and the research work on 
this problem by the D u Pont de Nemours Powder Company 
and the Forest Products Laboratory have now made the outlook 
for this industry very bright. It is believed that a plant could 
now be constructed under proper conditions of location, trans
portation, and other such factors, which would make possible 
the manufacture of ethyl alcohol from sawdust at a price which 
would allow it to compete with the production of ethyl alcohol 
from molasses. Especially important in this connection is the 
discovery by  the Forest Products Laboratory that western 
larch contains about 10 per cent of a galactan yielding only 
galactose. If fermentation methods can be devised for the com
mercial conversion of galactose into ethyl alcohol, the western larch 
butts, which are at present waste material, will become a very 
cheap source of alcohol. The increased efficiency of alcohol at 
high pressures in internal combustion engines m ay thus place 
this material in a  position where it can compete with gasoline 
when this becomes scarcer.

The preservation of woods in railroad ties, telegraph poles, 
heavy bridge timbers, structural timbers, and in houses, is one 
of the most important phases of forest conservation before the 
public today. In this preservation over 100,000,000 gallons of 
coal-tar creosote, water-gas-tar creosote, and mixtures of these 
chemicals with petroleum residues are used. Aqueous solutions 
of zinc chloride, sodium fluoride, copper sulfate, and many 
other inorganic chemicals are also used very widely. Millions 
of dollars are thus involved in an industry whose business it is 
primarily to preserve this investment. I t  follows then that 
chemical methods must be developed for the analysis of the creo
sotes, and that chemical studies should lead to the manufacture 
of better materials a t lower cost. The Forest Products Labora
tory has made investigations on the analysis of creosotes and the 
isolation of their many constituents, together with tests of the 
toxicity of these compounds toward wood-destroying fungi, 
and these researches have shown that great improvements could 
easily be made in the preservation of wood by the use of better 
specifications for the materials and methods of treatment.

In the above paragraphs, only a few of the industries involving 
the utilization of chemical methods in the use of waste wood 
have been discussed. But daily the problems along these lines 
are being extended and the future will probably show that the 
application of chemistry to the utilization of forest products 
extends into nearly every field of human endeavor.

F o r e s t  P r o d u c t s  L a b o r a t o r y  a n d  U n iv e r s it y  op  W isc o n sin  
M a d iso n

1 T h is  J o u r n a l , 6 (1914), 462.

T H E  TANNIN CO NTENT OF PACIFIC CO AST CONIFERS
B y  H . K . B e n s o n  a n d  T h o s .  G . T h o m p so n  

The tannin extract industry of the United States utilizes 
for its raw material chestnut wood and the bark of the Eastern 
hemlock and the chestnut oak. From these species a standard 
extract containing 25 per cent tannin is manufactured, annually 
amounting to over 200,000,000 lbs. An equal or greater quan
tity  of extract is either imported, or made from materials im
ported, of which quebracho is of chief importance. In view 
of the large sources of available supply of tannin-containing 
materials on the Pacific Coast, a study was made of the tannin 
content of Western hemlock, Douglas fir and Western spruce.

W E ST ER N  HEMLOCK 

The Western hemlock extends from Alaska to Marin County, 
California, and eastward, in some places, as far as Montana, 
thriving in the cool, moist climate characteristic of western 
Washington and Oregon. It  grows along with spruce, cedar 
and fir, often being left as useless by the timber cutters. An 
excellent example of the distribution of these trees is found 
in a recent survey of the merchantable timber of the Olympic 
National Forest. It  was found that out of this forest, contain
ing 25,500,000,000 ft. of timber, 35 per cent was Western hem
lock, 37 per cent Douglas fir, and the remainder spruce and 
cedar.

The bark of the Western hemlock is thinner than that of the 
Eastern hemlock, but, as is commonly known, it  contains a 
higher tannin content. This fact was first brought to the at
tention of the Washington public in 1893 when several samples 
of the bark were submitted to Dr. H. W. Wiley, who reported 
the following analyses:

S a m p l e : A shford E n u m cla w
M o is tu re ............................ ....................................  10 .55 10.01
T o ta l  s o lid s ...................... ....................................  2 4 .0 3 2 2 .1 6
S o lub le  so lid s ................... ....................................  2 2 .5 9 2 0 .5 8
R e d s .................................... ....................................  1 .44 1 .5 8
N o n - ta n n in s ..................... ....................................  6 .5 9 5 .7 6
A vailab le  ta n n in s ........... 14 .8 6
W oody  f ib e r ..................... ....................................  6 5 .4 2 6 7 .8 3

e first results that were published1 calling attention
the differences in percentage of the tannin content of the Western 
and Eastern hemlock were the following analyses made by 
H. G. Tabor of hemlock bark from trees in Washington, Penn
sylvania and Quebec:

W a sh - P en n sy l-  
S o u r c E: in g to n  v a n ia  Q uebec

T a n n in ............................................ 17 .0 4  13 .2 8  10 .1 6
N o n - t a n n i n . . . . .   ..........  6 .4 0  7 .5 2  4 .5 6
R e d s ................................................  1 .5 6  3 .4 8  1 .9 2
W oody  fib e r .................................  7 5 .0 0  7 5 .7 2  8 3 .3 6

Western hemlock bark has been used as the exclusive tanning 
agent in at least one tannery in Washington for a number of 
years. This concern manufactures chiefly skirting leather 
for saddles. Its larger use has been prevented by the lack of 
tanneries, due to economic reasons, rather than unsuitableness. 
The prevailing cost of hemlock bark f. o. b. tannery has been 
§ i 1.50 per cord.

EXPERLM ENTAL

Inasmuch as few references to the tannin content of Douglas 
fir and Western spruce could be found, and as far as is known no 
effort has ever been made to demonstrate the tannin content of 
sawmill waste from these species, an experimental study was 
undertaken.

p r e p a r a t i o n  OP s a m p l e — -The sawmill waste taken for 
analysis consisted of bark, slabs, and sawdust from the cross
cut saws. Samples of 100 lbs. were taken for the bark, from 
100 to 150 lbs. for slabs, and about 25 lbs. for the sawdust. 
The bark and the slabs were each reduced in a M itts and Merrill 
chipper and the chips quartered, to obtain an average sample. 
Before subjecting the sample to analysis it was further reduced 
to a fine powder in a Grumbaugh mill.

* Hide and Leather, J u n e  24, 1893.
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E x t r a c t i o n  OK s a m p l e — -The apparatus used for extraction 
is shown in Fig. I. From 50 to 75 grams of the sample were

placed in the percolator 
A . The flask B con
tains the water for ex
traction. On boiling, 
th e  s te a m  flo w e d  
through the tube C, and 
entered the percolator 
where partial condensa
tion occurred in D. 
Boiling water contin
ually drops upon the 
material in A  until it 
reaches the height in
dicated by E, after 
which it is returned to 
the boiling vessel B. 
To prevent rifts or 
channels in the sample, 
the latter was mixed 
with broken glass be
fore extraction, and to 
prevent particles of bark 
or wood from siphoning 
over with the liquid, a 
small perforated porce
lain disk and glass wool 
were placed over the 
outlet tube. I t  was 
found advisable to use 
as large an outlet tube 
for the condenser as 
possible and to spread 
glass wool or wire gauze 
over the top of the 
sample in the percola
tor. Both the extrac

tion and the analysis were made in accordance with the
Official Method of the American Leather Chemists’ Association.

T A N N IN  CO NTEN T OF DOUGLAS F IR  

The extract obtained from the Douglas fir was reddish brown 
in all cases except from the freshly cut bark which was yellow- 
brown and contained a yellow precipitate. The logs from which 
the samples were obtained had been cut for a period of eight
months and during a portion of this time they were in water.
However, the bark of the Douglas lir is so thick that there is 
probably very little loss of tannin by leaching in floating the 
logs to the sawmills. From the yields given in Table I, it is 
shown that the cambium layer, which is dark brown in seasoned 
wood and yellow-brown in freshly cut wood, contains most of 
the tannin. When a sample of bark is taken from a seasoned 
log not all of the cambium layer is taken. The slab, however, 
contains the cambium layer in its entirety with a relatively 
small quantity of wood in addition to the bark proper. The 
analyses of various samples appear in Table I, the results being 
reported on the dry material.

T a b l e  I— T a n n in  C o n t e n t  o f  D o u g l a s  F ir

S aw m ill S aw m ill F re s h  C a m b iu m  Saw -
S  AMPLE: baric s la b  baric la y e r  d u s t

T o ta l  s o lid s ..............................  14 .7 5  1 4 .9 2  11 .31  2 1 .9 6  5 .7 8
S o lu b le  s o lid s ..........................  13 .3 6  1 3 .0 2  9 .3 6  1 9 .2 8  4 .4 0
R e d s ............................................  1 .3 9  1 .9 0  1 .95  2 .6 8  1 .3 8
N o n -ta im in s ............................  7 .0 2  7 .1 0  6 .7 4  9 .3 6  3 .3 4
T a n n in ...........................................  6 .3 4  5 .9 2  2 .6 2  9 .9 2  1 .0 6
M o is tu r e ........................................ 9 .0 6  6 .9 1  14 .2 7  2 0 .5 9  15 .51

T A N N IN  CO NTENT OF W E ST ER N  SPR U CE 

The extract from spruce was a clear brown in color. The 
bark is much thinner than in fir. On account of remoteness 
of the mill from which the samples were obtained no history

of the logs is available but it is probable that they were floated 
in water a longer period than in the case of the fir logs. While 
check analyses were made, time did not permit as complete an 
examination as for fir. The results of the analysis, reported 
on a dry basis, are given in Table II.

T a b l e  I I — T a n n in  C o n t e n t  o f  W e s t e r n  S f r u c e
S aw m ill S aw m ill

S a m p l e : b a rk  slab
T o ta l  s o lid s ..................................................  12 .8 3  11 .25
S o lu b le  s o lid s ..............................................  1 2 .3 0  10 .3 8
R e d s .............................................................  0 .5 3  0 .8 7
N o n - ta n n in s .............................................  6 .4 2  6 .7 9
T a n n in ........................................................  5 .8 8  3 .6 9
M o is tu r e ........................................................ 15 .2 3  9 .1 5

TA NNING VALUE OF F IR  EXTRACT 

The fir chips from the bark and slabs not required for samples 
were extracted by the W est Coast Tanning Company, Seattle, 
and several skins tanned in the resulting extract. A  very 
desirable leather was produced, having a color similar to that 
obtained from oak tannin.

COMMERCIAL PO S S IB IL IT IE S  FOR FIR  EXTRACT 

W ien  it is remembered that the tannin content of chestnut 
wood is 6.62 per cent, it appears that the low cost of fir slabs 
containing an average of 5 per cent tannin should make the use 
of fir slabs a possible raw material for the tannin extract industry. 
It  is known to the writers that fir slabs can be purchased from 
some of the mills at as low a cost as 75 cents per cord. In mills 
located in large cities, where they are sold for fuel, the cost is 
usually $1.50 to $2.00 per cord. Compared with Western 
hemlock bark at $11.50 per cord, it is found that three cords of 
fir slabs will yield as much as one cord of hemlock bark but 
at less than one-half the cost of the bark.

CONCLUSIONS

I— The tannin content of fir sawmill waste is above 5 per 
cent while that of spruce is above 4 per cent.

II— It is believed that fir waste is. a suitable material for 
use in the tannin extract industry.

L abo r a t o r y  o f  I n d u s t r ia l  C h e m is t r y  
U n iv e r s it y  o f  W a s h in g t o n , S e a t t l e

YIELD OF BY-PR O D U CT S F R O M  D ESTR U CTIVE D IS
TILLATIO N OF SO M E  W ESTER N  CO NIFERS

B y  H . K . B e n s o n  a n d  M a r c  D a r r i n  

The utilization of forest wood and mill waste by  destructive 
distillation has been attempted in the Pacific Northwest on a 
commercial scale, but without success. I t  has accordingly 
been thought worth while to undertake a study of the yields 
obtained from various species and from various classes of waste 
wood from a given species. For this purpose an experimental 
plant for operation on a semi-commercial scale was erected, 
cooperatively, by  the United States Forest Service and the 
University of Washington. The design of this plant has al
ready been described.1

This plant was operated by chemists detailed by the United 
States Forest Service, in cooperation with the University of 
Washington. This paper presents a résumé of results obtained 
in a series of runs, part of which were made by G. M . Hunt, 
and part by  M arc Darrin, chemists in Forest Products, United 
States Forest Service.

S PE C IES AND CLASSES OF WOOD USED 

For Douglas fir three classes of wood were distilled: (1)
common run mill waste; (2) selected mill waste; (3) common 
run stump wood. In the case of the Western yellow pine both 
common run stumps and common run mill waste were distillled 
while for Western hemlock only the common run mill waste 
was used for distillation. Before final and conclusive results 
covering the Western conifers can be obtained, similar studies 
of selected Western yellow pine and of spruce should be made.

1 T h is  J o u r n a l , 5 (1913), 935 .
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M ETHOD OF OPERATION  

The capacity of the retort is about one-half cord. For dis
tillation, the wood is cut into 2 ft. lengths, measured, weighed, 
and loaded vertically into three retort buggies. These are 
run into the retort, which is fired with heat control for 12 hours. 
The temperature at various points of the retort is measured by 
four thermo-couples. W ater manometers are used to ascertain 
pressure conditions. The rate of distillation is determined 
by measuring in a graduate the quantity of distillate per minute. 
The gross distillate from the retort is redistilled in a copper 
still heated with steam in coils at 125 lbs. pressure. The liquids 
and gases from distillation flow from the bottom of the retort 
into the tar separator, from which the retort tar is drawn. 
After passing through the cold water condenser the fixed gases 
pass through a rotary pump which maintains the proper pressure 
in the retort and also acts as a mechanical separator of the 
tar globules in the gas. This tar is removed by means of a 
trap attached to the pump. From the rotary pump the gas 
passes through a 60-light meter for measurement, and thence 
into a holder.

PRODUCTS OF DESTRUCTIVE DISTILLA TIO N

" t u r p e n t i n e  a n d  l i g h t  o i l ”  are made to include all oils 
of a turpentine character. While much of this fraction is not 
pure turpentine, the general uses of this fraction in paints and 
for other technical purposes justify the grouping of these oils 
under one class.

" t a r ”  includes both the yields of the so-called retort tar 
and still tar, i. e., residues from still. These tars in distilla
tion yield about a third of their weight of tar oils, which consist 
principally of wood creosote, fir oil, some turpentine, and other 
wood oils. The residue, after removal of tar oil, is a heavy 
black pitch. The retort tar is heavier and darker than the 
still tar and contains a lower percentage of the tar oils. The 
gas tar from the rotary pump is included in the yields of still 
tar. I t  is very light and fluid and contains a high percentage 
of tar oils.

" w o o d  a l c o h o l ”  was measured by means of a Westplial 
float attached to an analytical balance. This method computes 
the acetone as wood alcohol. In the case of the Douglas fir, 
the proportion of acetone in the wood alcohol is about 20 per 
cent.

" a c e t a t e  o f  l i m e ”  w a s  c o m p u t e d  f r o m  a  t i t r a t i o n  o f  t h e  

a q u e o u s  d i s t i l l a t e  w i t h  p o t a s s i u m  h y d r o x i d e ,  w i t h  p h e n o l -  

p h t h a l e i n  a s  t h e  i n d i c a t o r .

" charcoal”  contains from 80 to 90 per cent fixed carbon, 
and 1 to 2 per cent ash.

The “ g a s ”  was measured from the time that a small pilot 
burner in the main caused continuous ignition. A  uniform 
sample from this point in the run was obtained from the holder 
and its heating value determined in a Sargent calorimeter. 
The results of these determinations show its heating value to 
be a  little below that of commercial illuminating gas.

DOUGLAS F IR  COMMON RU N  M ILL W ASTE 

Douglas fir common run mill waste consists chiefly of slabs, 
edgings, and some mside wood. This wood was taken just
as it left the saws and was passing up the conveyor. I t  was
in no w ay selected. In fact pitchy pieces were discarded as 
not of an average character, in order that the results obtained 
might be of a conservative nature. Altogether on this class of 
material, 21 runs were made. These consisted of four or five 
runs from four different sections of the state. There was found, 
however, so little difference in the yields from the various locali
ties, that the tests on the remaining conifers were made only
on species from one locality.

The average amount of common run Douglas fir mill waste 
for the four principal mills in Seattle is 32.2 cords per day per
100,000 feet cut.

DOUGLAS F IR  SELECTED  M ILL W ASTE

Douglas fir selected mill waste consists chiefly of inside wood, 
more or less of a sp lit and shaky nature around the pitch seams. 
The fact that the pitchy mill waste, in the case of Douglas fir, 
is of this split character, is the probable cause that this lumber 
is not suitable for any commercial use as lumber, whereas, in 
the case of Western yellow pine, it was found that most of the 
pitchy materia.l occurred in hard inside material which is suit
able for some commercial uses. The raw material was taken 
from the mill just as it came from the saws, but included only 
that portion which was especially suitable for distillation be
cause of its resinous nature. In determining whether the mate
rial was of a resinous nature or not every stick passing up the 
conveyor which contained a single seam of pitch on the sides or 
ends, was taken, care being exercised to insure that an average 
sample of the selected mill waste was being obtained. The 
average amount of common run Douglas fir mill waste for the 
four principal mills, as previously stated, is 32.2 cords per day 
per 100,000 feet cut. Of this amount 13.3 per cent consisted 
of the selected material. This amounts to 4.3 cords per day 
per 100,000 cu. ft.

DOUGLAS F IR  COMMON R U N  STUM P WOOD

Douglas fir common run stumps consist of large, solid pieces. 
There was little or no rotten material in connection with the 
stumps, although many of them had been in the ground for a 
long number of years after the trees were cut. The stumps 
were taken just as they occurred in the clearing of logged-off 
land, and were strictly unselected, being an average sample 
of the common run from the locality. Before the material was 
selected, the ground was gone over in order to determine if the 
stumps occurring in that logged-off district could be considered 
a fair average for the western part of the State. In the se
lection of the individual stumps none showed signs of pitch 
on the outside.

W ESTERN  Y ELLOW  P IN E  COMMON RU N  M ILL W ASTE

Western yellow pine common run mill waste consists chiefly 
of small slabs and edgings and practically no inside wood. This 
material was taken from the mills just as it came from the saws 
and was strictly unselected, being an average sample of the 
common run of yellow pine mill waste. It should be especially 
noted in connection with this material that there is much less 
pitchy and inside wood than in the case of the mill waste from 
Douglas fir. This observation is apparently at variance with 
the well-known fact that yellow pine is especially pitchy, but 
may be explained as follows:

An examination of the logs as they are being first cut by  the 
band saw shows, in many cases, considerable dark, pitchy 
wood, especially in the inside of the logs. Instead of cutting 
out this pitchy material, and making small lumber out of the 
remaining portion, as in the case of Douglas fir, the entire pitchy 
portion is cut into heavy planks which are suitable for use on 
roads, etc.

W ESTERN  YELLOW  P IN E  COMMON R U N  STUM P WOOD

Western yellow’ pine common run stumps, before being cut 
up, varied in diameter from 11 to 32 in., and in height of the 
crown above the roots from 26 to 36 in. The stumps were 
from a few months’ to six years’ standing, and in several instances 
showed signs of decay. After the material was cut into two- 
foot lengths they could be roughly classified as follows: (1) 
top crown of stump; (2) lower body of stump; (3) roots. 
The top crowns of the stumps constitute about 40 per cent of 
the total, and are similar to ordinary forest cord wood, but 
are a little more resinous. The lower bodies of the stumps 
constitute nearly a similar portion, and are for the most part 
large, knotty pieces which are difficult to handle or split. L ittle 
difficulty was found later, however, in charring even these
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T a b l e  I — A v e r a g e  R e s u l t s  o p  T e s t s  o n  V a r io u s  W a s t e  W o o ds  b y  D e s t r u c t iv e  D is t il l a t io n
A v. w t. o f T u rp e n tin e  a n d  W ood  A c e ta te  C h a r-

m e asu red  co rd  l ig h t o il T a r  a lco h o l of lim e  coa l G as
W ood  M a t e r a l  T e s t e d  L b s . G al. G al. G a l. L bs. L b s . C u . f t.

D o u g la s  fir co m m o n  ru n  m ill w a s t e ................................................  3 , 33 0 (a ) 3 .4 0  2 7 .8 0  3 .9 0  7 5 .0  977 . . .
D o u g las  fir se lec ted  m ill w a s t e ..........................................................  4 ,2 5 0 (6 )  ‘10 .8 6  4 6 .3 7  3 .7 1  7 4 .3  900  . . .
D o u g la s  fir com m on  ru n  s tu m p  w o o d ............................................ 3 ,2 6 0 (6 )  5 .5 9  1 9 .8 8  2 .6 0  5 5 .8  675 6 ,2 7 0
W e ste rn  yellow  p in e  com m on  ru n  m ill w a s t e ............................  2 ,8 4 0 (6 )  4 .9 1  2 4 .8 0  3 .2 5  7 3 .4  478 6 ,1 2 0
W e ste rn  yellow  p in e  co m m o n  ru n  s tu m p  w o o d ........................  2 ,6 2 0 (6 )  6 .0 6  2 3 .0 5  1 .8 3  6 0 .8  520 3 ,9 5 0
W e ste rn  h em lo ck  com m on  ru n  m ill w a s t e ................................... 3 .2 7 0 (c )  2 .7 6  2 1 .6 0  5 .0 0  9 4 .0  938 . . .

(a) B ased  on  15 h a lf-co rd s . (6) B a se d  o n  4  h a lf-co rd s . (c) B ased  on  5 h a lf-co rd s .

larger pieces. The roots constitute 10 to 20 per cent of the ligneous acid for the production of acetone,1 or a change in
total, and are for the most part rotten, except in the interior, the cost of raw material, may greatly change the order of the
which, in many cases, is hard and resinous. Only two of the commercial value. The value of the Douglas fir selected mill
stumps showed signs of pitch on the outside. The stumps waste, however, is so far advanced over that for the other raw
were taken just as they occurred in the clearing of logged-off materials tested that there is little doubt it  is the most suitable
lands, and were strictly unselected, being an average sample of for distillation.
the common run of pine stumps for the Eastern part of the u. S. F o r e s t  P r o d u c t s  L a b o r a t o r y
State of Washington. U n i v e r s i t y  o f  W a s h i n g to n ,  S e a t t l e

W E ST ER N  HEM LOCK COMMON R U N  M ILL W ASTE
TH E  USE OF A M M O N IU M  H YD RO XID E F O R  TH E

This material consisted chiefly of slabs, and some edgings EX TR ACTIO N  OF RO SIN  F R O M  W^OOD
and inside wood. It  was obtained in the same manner as the „  „  „

B y  H . K . B e n s o n  a n d  H e r b e r t  N . C r it e s
Douglas fir common run mill waste. ...........................................  ..............

The extraction of rosm from light wood in the Southern
d i s c u s s i o n  OF r e s u l t s  States is accomplished by first steaming the chips, next cover-

The results of the runs on the various woods are given in ' nS them with a petroleum distillate, reheating until the dis-
Table I; they show that the heaviest material is Douglas fir tillate begins to vaporize, and then withdrawing the solution
selected mill waste, and the lightest, Western yellow pine com- of rosin. B y  subjecting this solution to re-distillation, the sol-
mon run stumps. This difference is due chiefly to the fact vent is recovered first, and finally the turpentine and pine oil,
that the former consists mostly of inside wood piled up closely leaving the rosin as a residue. The main difficulty with this
with a small percentage of voids, whereas the stump wood can method is the loss of solvent in the cycle, which, according to
be piled, even after cutting into 2-ft. lengths, in a very operators, is as high as 50 gallons per cord of wood extracted,
irregular manner, with a large percentage of voids. The common Various plans have been suggested to overcome this loss,
run mill waste from the Douglas fir and the Western hemlock Clop6 proposes to use2 the volatile distillate boiling between
is several hundred pounds heavier than the similar material 170 and 185° C. obtained from the steaming of wood, as a
from Western yellow pine. Likewise the fir stumps are heavier solvent for rosin. The loss of this solvent is reported at less
than the pine stumps. In this connection it should be remem- than 6 gallons per cord of wood extracted, and as it is being
bered that the yields given in Table I are based on the measured constantly produced in the process, no additions from external
cord, as this is the method employed in the ordinary commercial sources need be supplied. This solvent is, however, a fraction
handling of wood, and moreover, as it is this volume factor of turpentine generally permissible in commercial grades. It
which limits the capacity of any distillation apparatus. consequently diminishes the yield of turpentine per cord of

The yields of gas are available only in three cases, the greatest wood, incurring a financial loss equal to or greater than that
being for Douglas fir stumps. Although Douglas fir and hem- prevailing with the petroleum solvent.
lock mill waste were not tested for the yield of gas, it is possible T ° a limited extent a hot bath of some non-volatile or high-
that the yield may be higher in these cases than those recorded, boiling material, such as molten rosin, pine tar, pine oil, etc.,
as it  is seen that the yield from the mill waste in the case of the has been employed but has been abandoned by the commercial
pine is greater than that from the stumps. plants in which it had been attempted. Recently the use of

alkalies such as caustic soda or soda ash has been suggested3 
c o n c l u s i o n s  for the extraction of rosin. The alkali combines with the rosin

None of the classes of the materials tested gave a higher acids and forms a soluble rosin soap while the turpentine and
yield of all the by-products than any other class of raw material, pine oil m ay be removed from the solution b y  distillation with
T he question of which is the most suitable class of material for steam. The difficulty in this method lies in the form in which
distillation, therefore, limits itself to a function of the market rosin is finally recovered, i. e., as a soap, for which apparently
values of the respective by-products, the cost of obtaining the no great demand exists as obtained from wood by this process, 
raw material, and the operating expenses. The present investigation was based upon two facts: (1) the

Although one set of conditions might favor the use of one instability of ammonium salts when heated, and (2) the com-
class of material to the exclusion of all others, still, conditions, pleteness of recovery of ammonia as commercially carried on
such as the cost of raw material, market for charcoal, etc., might in the coal gas plants of this country,
be so changed as to reverse this. e x p e r i m e n t a l

Under the present conditions, unless other factors enter into , ,. , „. , , , , , , , , Powdered rosm was added to a 25 per cent solution of warm
the consideration, such as the increased value of the land, due . , , . , , . , ,, ’ , , . . . . . .  ammonium hydroxide and formed a thick, light yellow, trans-
to the removal of the stumps, the order of commercial suitability , , . . , , ., r  T. , ., , , lucent solution which became quite firm on coolmg. It slowly
for distillation is somewhat as follows: . . , , . . .  , .decomposed while standing in the air and on adding heat, the

1 D o u g la s  fir se le c ted  m ill w as te  ammonia was driven off, leaving rosin as a residue.
2— D o u g las  fir com m on  ru n  m ill w as te
3— W e ste rn  h em lock  co m m o n  ru n  m ill w as te  G EN ERA L M ETHOD O F PROCEDU RE
4— W e ste rn  yellow  p in e  com m on  ru n  m ill w as te  The next step consisted in the use of resinous fir wood con-
5— W e ste m  yellow  p in e  com m on  ru n  s tu m p  w ood from 20 to 30 per cent rosin. The wood was used in
6— D o u g las  fir co m m o n  ru n  s tu m p  w ood
A u  • i-t. 1 J  x- • 11 r  1 1 1 T h i s  J o u r n a l ,  7  (1915), 9 27 .
A  change m the market conditions, especially for charcoal, , y  s  p application, Serial No. 8 75,463.

or a possible sale of the gas, or a possible Utilization of the pyro- I u. S. D e p a r tm e n t  of A g ric u ltu re , B u re a u  ot C h e m is try , B u ll. 159.
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the form of chips (1 in. X  Vs in. X  Vs in.), shavings, and saw
dust. The general method of procedure was to cover a weighed 
quantity of wood with a known quantity of ammonium hydroxide. 
This was heated in pressure bottles to various temperatures 
for several hours, and while still warm the brown syrupy liquor 
was poured oil and the wood washed with very dilute ammonium 
hydroxide. The combined liquors were heated, the ammonia 
passing off and being regained in wash bottles containing cold 
water. After complete evaporation, a black, tarry mass re - , 
mained, which was next treated with gasoline and filtered. 
The filtrate is a solution of rosin while the solid matter upon

were with chips, while in 2, sawdust, and in 3, shavings were 
used: 25-gram samples were used in each case.

Experiments 1 and 3 show that extraction of chips and shav
ings is impracticable at room temperatures while sawdust can 
be thus extracted. While extraction was not complete in 
Experiments 4, 5 and 6, the latter shows that a five per cent 
solution of ammonium hydroxide is equally efficient as concen
trated ammonium hydroxide under the same conditions. E x
periment 7 was made with sodium hydroxide for comparison. 
The quantity of rosin extracted in this experiment was ob
tained by acidifying the sodium resínate solution, drying and

T a b l e  I — P r e l im in a r y  E x t r a c t io n  E x p e r im e n t s  
C o n d it io n s  of  E x t r a c t io n

Vol.
Cc.
150 
200 
100 
100 

80 
80 
80

E x p . N I I iO H used T im e T e m p . W a sh in g
N o. P e r  c e n t Cc. H rs. 0 C . T im e  H rs.

1 25 150 500 18 2 6
•2 25 200 500 18 2 6
3 25 150 500 18 2 5
4 25 90 6 100 1 2
5 3 70 7 100 1 1
6 5 70 7 100 1 1
7 (N a O H )  2 .6 90 14 100 1 1

L iq u o r P e r  c e n t  R osin E f f ic ie n c y
P e r  c e n t E x  N o t o f ro s in  e x tra c tio n

N H «O H  in tr a c te d E x tra c te d P e r  ce n t
3 16 12 57
3 2 2 .8 2 92
3 12 10 5 4 .5
5 18 5 .6 76
1 18 9 .0 5 6 4 .5
1 2 1 .6 5 .6 7 9 .5
0 16 1 94

C o n d it io n s  o f  E x t r a c t io n  
E xp . L iq u o r  u sed  T im e  W a sh in g
N o . C c. H rs . T im e  H rs .

1 100 3 1 3
2 175 8 1 . 3
3 200 6 1 3
4 200 5 1 3

T a b l e  I I — E x t r a c t io n  o f  R e s in o u s  C h ip s

W ash  L iq u o r  P e r  c e n t ro s in  e x tra c te d  
V ol. P e r  c e n t in  liq u o r
C c. N H 4 O H  in  1st W ash
80
90
90
60

1 6 .9

the filter paper consists of portions of the wood which are also 
soluble in ammonium hydroxide and which for convenience 
will be designated as "hum us.”  Upon evaporation of the gaso
line, a residue of rosin of fine golden color remains. To ascer
tain the efficiency of extraction, the extracted chips were dried, 
finely ground in a Grumbaugh mill and extracted with ether 
in a Soxhlet apparatus.

PRELIM IN ARY  EX PER IM EN TS 

In Table I are given the results obtained from the preliminary 
experiments. The efficiency of extraction is found by dividing

T e r r ? f?  e r a  T a r e  - C e n  t i g r a  c / e

F ig . I ~ E f f e c t  o f  T e m p e r a t u r e  on  E x t r a c t io n

the amount of rosin extracted by the sum of the quantity ex
tracted plus that not extracted. Owing to the manner in which 
rosin is distributed in Douglas fir, it is difficult to get samples 
with uniform rosin content. This fact accounts in part for 
variations in total rosin content. Experiments 1, 4, 5, 6 and 7

1 6 .4

19 .7
1 5 .8

1 .5

1.0

P e r  ce n t h u m u s  
ex tra c te d  
in  liq u o r 

1st W ash
7 .7  6 .9

2 1 . 0  
14 .9  

1 0 .4  2 .2

P e r  c e n t 
ro s in  E ff ic ie n c y  
n o t  of ro s in  e x trac tio n  

e x tra c te d  P e r  ce n t
7 .4  71
2 .2  90
2 .0  89
0 .8  9 5 .6

weighing tlie rosin thus obtained. Fineness of wood, higher 
temperatures (involving closed vessels under pressure), and 
sufficient volume of liquor are consequently necessary factors 
for efficient extraction.

EF F E C T  OF TEM PERATURE ON EXTRACTION

A series of seven extractions was undertaken and carried 
out under the same set of conditions with the exception of tem
perature. A  concentration of 5 per cent ammonium hydroxide 
was used. The efficiency of extraction is shown in Fig. I., 
from which it is observed that rapid extraction begins at 400 
to 50° C. and reaches its maximum at 700 C.

EFFEC T OF VOLUME OF M QU O R AND TIM E OF EXTRACTION

To ascertain the effect of the volume of ammonium hydroxide 
solution and the period of time of extraction, a number of ex
tractions were made, the results of which are given in Table II. 
Twenty-five grams of chips, a 5 per cent solution of ammonium 
hydroxide and a temperature of 70 ° C. for extraction and wash
ing were used in each case. In Experiments 2 and 3 the per
centage of rosin and of humus in the wash liquor were not de
termined, but only the total quantity of each in the combined 
extraction and wash liquors.

In Experiment 1, with a short period of extraction and a small 
volume of extracting liquor, poor extraction was obtained. 
While only a small amount of rosin is obtained by washing, the 
quantity of humus is nearly as great as in extraction. In E x 
periments 2 and 3 the effect of 2 hours’ heating is found to be 
very slight 011 the yield of rosin, but high on humus. Maximum 
rosin and minimum humus extraction are obtained in Experi
ment 4, in which the minimum period of heating and volume 
of wash liquor are employed.

U SE OF HUM US

While this investigation did not include a study of the humus, 
the dry powdery form in which it is separated from the rosin 
makes it adaptable to such uses as have been suggested by 
Cram 1 for the humus obtained in the soda process for wood 
pulp.

CONCLUSIONS

I— When resinous wood is treated with a five per cent solution 
of ammonium hydroxide equal to eight times the weight of the 

* T h i s  J o u r n a l ,  6 (1914), 896.
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wood at 70° C. for five hours, nearly complete extraction of 
rosin occurs.

II— From the general properties of ammonia and its complete 
recovery in gas works, it is believed that nearly complete ex
traction of rosin from wood may be made and complete recovery 
of ammonia obtained.

L a bo r a t o r y  op* I n d u st r ia l  C h e m is t r y  
U n iv e r s it y  o p  W ashing to n-, S e a t t l e

D ISCO LO R A TIO N  OF M APLE IN  THE KILN
B y  R oy  C . J udd

In kiln-drying green frozen maple lumber, a brown stain or 
discoloration occurs unless the most favorable conditions are 
maintained.' An investigation of the causes and of the nature 
o f the discoloration was made. Irving W. B ailey1 states that some 
sap staining is due to an enzyme. T o substantiate this view, 
M r. Bailey states that the action can be arrested by simply 
dipping the lumber in hot water.

To study the possibility that this action is due to some en
zym e, such as an oxydase, several small blocks of maple were 
given various preliminary treatments, and then placed in an 
oven where the humidity exceeded 90 per cent. The tempera
ture was maintained at 90° C. for from one to three hours. 
The preliminary treatments were made as follows:

1— Dipping in water at 900 C.
2—-Soaking in boiling water for 1, 2, 5, 60, and 200-minute 

periods.
3— Steaming at ioo° C. for 5, 60, and 200-minute periods.
4— Heating in a drying oven at 105 0 C. for 10 min., 30 mill., 

( hr., 2 hrs., 10 lirs., and 20 hours.
5— Previous treatment with solutions of germicides:

a— Z inc ch lo ride
6— M ercu ric  ch lo ride  
c— S o d iu m  fluoride 
d— P h en o l 
e— A rsen ious  ox ide  
/ — H y d ro g en  perox ide 
g— S o d iu m  ca rb o n a te

Discoloration appeared in every case when these samples 
were finally subjected, to the unfavorable conditions of a warm 
humid atmosphere. The stain was formed on the surface 
first, but, on remaining for a longer period in the moist air, 
the stain appeared throughout the specimen. The possibility 
of the discoloration being caused by an enzyme was disproven 
because at least some of the above treatments would have 
destroyed the enzyme. If  dipping maple in hot water prevents 
subsequent staining in the kiln, it is not because the enzymes 
are destroyed but because the heated wood dries more readily.

A  series of experiments were carried 011 in an autoclave. 
Pieces of fresh green maple were given the following treatments:

1— Enough of a 3 per cent solution of hydrogen peroxide was 
added to cover the sample. The air was pumped out and the 
temperature of 75 0 C. maintained.

2— An atmosphere of sulfur dioxide was supplied and the 
temperature kept at 80° C.

3— An atmosphere of carbon dioxide was added and the tem
perature maintained at 800 C.

4— The air was removed and live steam passed through con
tinuously.

5— An NH iOH  solution was placed in the autoclave and the 
air exhausted. The temperature was kept at 75 0 C.

6— A  little water was added and air was left in. A  tempera
ture of 800 C. was maintained.

The duration of the above experiments was from two to four 
hours. The results of these experiments showed that discolora
tion did not appear in the presence of hydrogen peroxide, car
bon dioxide, sulfur dioxide, nor with steam in the absence of 
air. In an atmosphere of air saturated with moisture and also 

1 B otan ica l Gazette, 50, 142-147, N o . 2, A u g u st, 1910.

in the experiment with ammonium hydroxide, discoloration 
was very appreciable.

Three sets of experiments were carried on simultaneously. 
Pieces of maple were placed in flasks containing distilled water. 
Air was continuously bubbled through one and carbon dioxide 
and sulfur dioxide, respectively, through the other two. The 
initial temperature of 40 ° C. was maintained for one hour. 
Then the temperature was raised 100 at one-hour intervals 
till the temperature of boiling water was obtained. A t the 
end of the process the pieces of maple in' the flasks through 
which carbon dioxide or sulfur dioxide had been passed were 
even lighter colored than the original, while the maple in the 
flasks through which air had been passed was very badly dis
colored. The first evidence- of discoloration appeared at about 
60° C. and became more pronounced as the temperature wras 
raised. Several experiments indicated that weak solutions 
of organic or mineral acids prevent discoloration. Some ex
periments were carried out on a small scale in laboratory drying 
ovens. It  was found that no staining took place when the 
humidity of the air in immediate contact with the drying wood 
was kept low. The investigation seems to indicate that the 
staining is probably of a physical chemical nature and is inde
pendent of enzymes.

This paper is not intended to cover the subject of kiln-drying 
but is written for the purpose of showing that it is possible 
with conditions well under control to dry green maple lumber 
artificially and still retain its natural color. The conditions that 
prevail in a commercial kiln for drying lumber are not as easily 
controlled as those in a small laboratory apparatus. The section 
of timber physics in the Forest Products Laboratory has worked 
out its application in a dry kiln. The only available means 
of overcoming this difficulty in commercial practice is by the 
use of a low temperature (120° to 130° F.) and a low humidity 
(60 per cent or less) in the dry kilns. Fortunately, maple 
is a wood which does not check easily and hence these low 
humidities are quite practicable on a  ‘ commercial scale.

I  wish to express m y appreciation of the suggestions and 
interest contributed by M r. H. D. Tiemann, in Charge, Section 
of Timber Physics, and a specialist in kiln-drying, and Dr. 
S. F. Acree, Chief of the Section of Derived Products, who 
suggested the studies of the chemical and enzymic phases of 
this problem.

F o r e s t  P r o d u c t s  L a bo r a t o r y  
M a d iso n , W is c o n s in

M ANUFACTURE OF ETH YL ALCO H O L FRO M  W O O D 
W A ST E — H. TH E H Y D R O LY SIS OF W H ITE SPRU CE

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

A  paper1 presented at the Forty-Ninth M eeting of this Society 
at Cincinnati, described (1) the scope of the work, (2) the ap
paratus used, (3) the method of procedure, and in addition 
gave the results obtained from a -series of preliminary experi
ments on white spruce. Since the above work was done the 
yeasting operations and fermentation conditions have been 
standardized so that duplicate and comparable data have been 
made possible.

The yeast used is a pure culture strain of Saccharomyces 
cerevisiae, isolated from a yeast used in a Hungarian distillery, 
producing alcohol from beet sugar molasses. It  is well adapted 
to the fermentation of sugar solutions obtained from the hy
drolysis of wood, although the addition of nitrogenous food is 
necessary. This yeast nutrient is a mixture of ammonium 
sulfate and malt sprouts. The details of yeast propagation and 
the preparation of the mashes for fermentation along with other 
details of the present work will be given later in the form of a 
professional paper of the United States Department of Agri
culture. In all cases, 7,500 cc. of a solution having a gravity 

1 T i n s  J o u r n a l  6 (1914), 625.
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around 1 2 .5 0 Brix were used for fermentation. The fermenta
tions were carried out in a constant temperature room, main
tained at 30° C. ±  0 .5 0, which could be kept in a sterile condi
tion. The beers were distilled after 96 hours (distilleries opera
ting 011 this type of materials are classed as sour mash distilleries

F e rm e n te r  s e t a t  9.15 a .m .

Y ea st

T a b l e  I- 
D is til la tio n s  begun  a t  9

from four different cooks, give an indication of the method of 
fermentation, the average results and degree of accuracy that 
are being obtained at present.

In the former paper the influence of temperature and pressure 
and time of cooking were discussed. The ratio of water to dry 

F e r m e n t a t i o n  R e c o r d  f o r  W h i t e  S p r u c e

15 a m . five d a y s  la te r . F e rm e n ta t io n  co n tin u e d  d u rin g  128.5 ho u rs , in c lu d in g  th e  t im e  of filling 
th e  fe rm e n te r , w h ich  to o k  32 .5  h o u rs

M ash  b e f o r e  F e r m e n t a t io n B e e r

Seed
y e a s t

96  H o u r  y e a s t
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17 55 1 1 .4 1 .0 2 1 6 5 .9 2 2 1 8 .7
17 55 1 1 .4 1 .0 2 1 6 5 .9 2 2 18 .7
16 55 1 3 .9 1 8 .5 1 .0223 6 . 167 2 6 .2
16 55 1 3 .9 1 8 .5 1 .0223 6 .1 6 7 2 6 .2
18 55 1 1 .4 1 .0 2 1 0 6 .0 0 9 2 2 .3
16 56 1 3 .9 1 8 .5 1 .0223 6 .1 6 7 2 6 .2
16 56 1 3 .9 1 8 .5 1 .0 2 2 3 6 .1 6 7 2 6 .2
17 56 1 1 .4 1 .0 2 1 6 5 .9 2 2 18 .7
17 56 1 1 .4 1 .0 2 1 6 5 .9 2 2 18 .7
18 56 1 1 .4 1 .0 2 1 0 6 .0 0 9 2 2 .3
20 56 13.1 1 .0 2 3 0 5 .6 5 0 1 8 .0
20 56 13 .1 1 .0 2 3 0 5 .6 5 0 18 .0
17 57 1 1 .4 1 .0216 5 .9 2 2 18.7
17 57 1 1 .4 1 .0 2 1 6 5 .9 2 2 18.7
18 57 1 1 .4 1 .0210 6 .0 0 9 2 2 .3
18 57 1 1 .4 1 .0210 6 .0 0 9 2 2 .3
19 57 1 2 .9 1 .0232 5 .541 16.5
19 57 1 2 .9 1 .0 2 3 2 5 .5 4 1 16.5
18 58 1 1 .4 1 .0 2 1 0 6 .0 0 9 2 2 .3
18 58 1 1 .4 1 .0 2 1 0 6 .0 0 9 2 2 .3
19 58 1 2 .9 1 .0232 5 .541 16.5
19 58 1 2 .9 1 .0232 5 .541 16.5
20 58 13 .1 1 .0230 5 .6 5 0 1 8 .0
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6 0 .1 0  
6 6 .5 2  
5 6 .9 0 4  
7 1 .2 8 8  
7 0 .2 4  
6 6 .3 2  
6 2 .0 2  
5 2 .2 6  
6 0 .9 8 4  
6 0 .4 7 6  
75 .81
8 1 .4 8  
8 3 .1 5 2  
8 7 .1 9 2  
8 7 .7 9 2
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3 .0  
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2 .5
3 .2
4 .0
4 .0
2 .4
2.6
4 .4
4 .5  
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2 .7
2 .4
2.8
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3 .0
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3 .2
2.6
3 .0
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2 .5
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9 .4 2 6 1 1 .8  3 .6 1 .5 0 .3 0 .0 5 .4 6 .4 1 4 .7 4 1 .0245
9 .1 1 5 1 1 .4 3 .5 1 .5 0 .2 0 .2 5 .4 6 .0 13 .7 6 1 .0237
9 .2 6 6 11 .2 3 .5 1 .5 0 .2 0 .1 5 .3 6 .9 1 0 .0 4 1 .0274
9 .5 6 4 11 .9 3 .3 1 .6 0 .2 0 .1 5 .2 6 .7 1 0 .2 8 1 .0269

10 .422 12 .2 3 .7 1 .3 0 .3 +  0 .2 — 0 .1 5 .1 7 .1 1 0 .6 4 1 .0275
9 .5 6 7 12 .4 3 .4 1 .6 0 .5 0 .1 5 .6 6 .8 1 4 .5 4 1 .0 2 7 0
8 .8 5 8 1 2 .4 3 .1 1 .7 0 .6 0 .2 5 .6 6 .8 14 .42 1 .0268
9 .4 2 8 1 2 .0  3 .1 1 .8 0 .2 0 .1 5 .2 6 .8 10 .22 1 .0268
9 .9 7 9 1 2 .4 3 .4 1 .7 0 . 1 0 .0 5 .2 7 .2 1 1 .0 0 1 .0 2 7 8

11 .110 12 .3 3 .7 1 .5 0 .3 0 .0 0 .1 5 .7 6 .6 1 4 .6 0 1 .0262
8 .6 0 6 10 .7 3 .6 1. I 0 .2 0 .0 4 .9 5 .8 12 .92 1 .0227

1 0 .750 13. 1 3 .4 1 .8 0 .7 0 .1 6 .0 7 .1 1 6 .2 4 1 .0287
10 .614 13.1 4 .0 1 .5 0 .3 0 .1 5 .9 7 .2 13 .5 4 1 .0 2 7 9
1 0 .0 7 6 12 .5 3 .5 1 .7 0 .3 0 .2 5 .7 6 .8 13 .78 1 .0263
9 .9 6 2 11 .5 3 .9 1 .2 0 .2 + 0 .1 — 0 .1 5 .2 6 .3 12 .7 6 1 .0247
8 .7 0 5 1 0 .0 3 .7 0 .9 0 .2 + 0 .1 0 .0 4 .7 5 .3 11 .24 1 .0213
8 .5 3 9 11 .7 3 .6 1 .3 0 .4 0 .1 5 .4 6 .3 12 .8 6 1 .0240
8 .4 6 5 1 1 .5 3 .3 1 .5 0 .4 0 .0 5 .2 6 .3 12 .48 1 .0246

1 0 .996 11 .7 3 .8 1 .3 0 . 1 0 .0 0 .0 5 .2 6 .5 2 9 .2 6 1 .0258
1 1 .006 1 2 .4 3 .9 1 .4 0 .1 0 .0 0 .0 5 .4 7 .0 3 1 .1 2 1.0275
9 .6 7 9 12 .7 3 .5 1 .4 0 .4 0 .1 5 .4 7 .3 3 2 .2 8 1.0285

10 .598 13 .3 3 .5 1 .5 0 .6 0 .1 5 .7 7 .6 3 4 .1 2 1 .0300
11 .180 13 .2 3 .2 1 .8 0 .6 0 . 1 5 .7 7 .5 3 3 .8 0 1.0300
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8 . 8  
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7 .6
7 .6
8.6 
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7 .6
7 .4  

1 1 . 2
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7 .8  
9 .2

1 0 .0

«'S
s *
i s
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5 .6 0 3  
5 .3 4 7  
5 .971  
5 .7 8 3  
6 .2 8 9  
5 .8 4 2  
5 .8 4 8  
5 .8 7 3  
6 .1 6 0  
6 .0 7 0  
5 .2 7 8  
6 .4 9 3  
6 .2 6 4  
6 .0 2 3  
5 .7 8 1  
4 .9 4 8  
5 .8 0 5  
5 .9 5 1  
6 .2 0 4  
6 .4 8 4  
7 . 196 
7 .4 5 3  
7 .0 6 3

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

by the Bureau of Internal Revenue) and from the sugar content 
before and after fermentation and the specific gravities of the 
mash and beer along with the alcohol content of the latter it 
was possible to calculate the fermentation efficiencies and yields. 
Since about 2.5 per cent of the total alcohol in the beers is ob
tained from the molasses solution, which is the medium in 
which the yeast is propagated, and which is added with the 
starting yeast, the fermentation efficiencies are all high but 
serve well for comparative purposes, since the error is prac
tically a constant one.

In addition, it permits of the expression of yields in the same

wood was 400 to 100 and the ratio of acid to dry wood was 1.8  
to 100. In view of better fermentation conditions, some of the 
above work was repeated and in addition the following varia
bles were studied: (1) ratio of water to dry sawdust, (2) ratio 
of catalyzing agent to dry sawdust, (3) concentration of catalyzing 
agent in the water added. The first variable was carried from 
4 water : 1 dry wood (called 400 per cent water) down to 1 
water : 1 wood. The best operating condition finally chosen 
was 125 per cent of water. This was done: (1) To insure a
better mixture of acid and wood, which is easier to accomplish 
with increasing amounts of water, (2) to use the maximum

T a b l e  I I — S u g a r  a n d  A lco h o l  Y ie l d s  fr o m  W h it e  Sp r u c e

C ook
N o .
55
55
55
55
55 

A v erage
56 
56 
56 
56 
56 
56
56 

A v erag e
57 
57 
57 
57 
57
57 

A v e rag e
58 
58 
58 
58 
58

A v erage

T o ta l  re d u c 
ing  su g a r 
P e r  c e n t 

of d ry  
o r ig in a l 

w ood 
18 .0 6  
1 8 .0 6  
18 .0 6  
1 8 .0 6  
18 .0 6

2 1 .5 6
2 1 .5 6
2 1 .5 6
2 1 .5 6
2 1 .5 6
2 1 .5 6
2 1 .5 6

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

2 2 .8 2
2 2 .8 2
2 2 .8 2
2 2 .8 2
2 2 .8 2

P e r  c e n t of to ta l  
red u c in g  sugar

F e rm e n ta b le  
8 2 .3 5  
81 .4 1  
8 1 .8 2  
81 .37 
8 0 .0 4  
8 1 .4 0  
7 7 .1 6  
7 7 .6 8  
7 6 .6 3  
7 7 .5 3
7 7 .5 6  
7 6 .8 5  
7 6 .6 6  
7 7 .1 5  
8 0 .2 6  
7 8 .7 3  
7 9 .0 0  
7 8 .0 9  
7 8 .4 3  
78 .91  
7 8 .9 0  
6 0 .6 2  
6 0 .9 8  
6 0 .2 9  
5 9 .9 5
6 0 .5 6  
6 0 .4 8

N on-fer-
m e n tab le

17.65
18 .59  
18 .18  
18 .63  
19 .9 6
18 .6 0
2 2 .8 4  
2 2 .3 2
2 3 .3 7  
2 2 .4 7
2 2 .4 4  
2 3 .1 5  
2 3 .3 4
2 2 .8 5  
19 .74  
2 1 .2 7  
21.00 
2 1 .9 1  
2 1 .5 7
2 1 .0 9
2 1 .1 0
3 9 .3 8  
3 9 .0 2  
39 .7 1  
4 0 .0 5
3 9 .4 4  
3 9 .5 2

F e rm e n ta t io n
efficiency

9 8 .9 5
100.88
9 9 .1 1
9 8 .3 4
9 5 .5 3

9 7 .7 3
9 8 .0 9  
9 8 .7 5  
9 7 .8 0

101.11
9 1 .8 3
9 7 .7 3

9 3 .4 6
100 .07
9 6 .8 6
9 5 .1 6
9 7 .0 9  
9 7 .6 4

9 8 .8 4  
8 7 .5 2  
9 9 .4 3  
9 8 .6 2  
9 5 .3 8

A lco h o l  in  B e e r  P e r  c e n t of
------------- *--------------- . to ta l  su g ar

T h e o re tic a l o b ta in ed

A lcoho l  Y ie l d s

A ctu a l
a lcoho l

y ie ld
2 .3 1 1
2 .2 5 9
2 .2 5 9  
2 .3 4 5  
2 .2 2 4

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

2 .5 5 8
2 .5 4 3  
2 .3 1 8  
1 .909  
2 .2 6 6  
2 .2 7 4

2 .2 1 8  
2 .1 1 7  
2 .4 2 1  
2 .5 0 0  
2 .4 5 6

alcohol
y ie ld
2 .3 3 0
2 .2 3 9
2 .2 8 9
2 .381
2 .3 2 8

2 .4 4 6
2 .4 4 0
2 .4 1 2
2 .367
2 .5 1 5
2 .1 4 3
2 .6 5 0

2 .541
2 .4 6 8
2 .393
2 .0 0 6
2 .3 3 4
2 .3 2 9

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

as 
a lcohol 
8 1 .4 8  
82 .11  
8 1 .0 9  
7 9 .0 2  
76 .4 5

75 .41  
7 6 .2 0  
75 .6 7  
7 5 .8 2
78 .4 2  
70 .5 7
74 .9 2

75.01
7 8 .7 8
7 6 .5 2
74 .31
76 .1 5
77 .0 5

5 9 .9 2  
5 3 .3 7  
5 9 .9 5

.5 9 .1 2  
5 7 .7 6

P e r  ce n t 
of

orig inal 
d ry  wood 

7 .5 2 0  
7 .5 8 0  
7 .4 8 5
7 .2 9 4  
7 .0 5 8  
7 .3 8 7  
8 .3 0 7  
8 .3 9 5  
8 .3 3 8  
8 .3 5 5  
8 .641  
7 .7 7 8  
8 .2 5 6
8 .2 9 5  
8 .0 8 2  
8 .4 8 8  
8 ,2 4 9  
8 .0 0 6  
8 .2 0 4  
8 .301  
8.222 
6 .9 8 9  • 
6 .2 2 5  
6 .9 9 2  
6 .8 9 5  
6 .7 3 7  
6 .7 6 8

G allons 
ab so lu te  

p e r  
d ry  to n  
22 .7 4 6  
22 .9 2 7  
22 .6 4 0  
22 .0 6 2  
21 .3 4 8  
2 2 .3 4 0  
2 5 .1 2 6  
2 5 .3 9 2  
2 5 .2 2 0  
25 .271  
2 6 .1 3 6  
2 3 .5 2 0  
2 4 .9 7 2  
2 5 .0 9  
2 4 .4 4 6  
2 5 .6 7 4  
24 .951  
2 4 .2 1 6  
2 4 .8 1 5  
2 5 .1 0 8  
2 4 .8 7  
21 .1 4 0  
18 .829  
2 1 .1 4 9  
2 0 .8 5 5  
2 0 .3 7 7  
2 0 .4 7

G allo n s  190 P ro o f  
p e r  d ry  to n  

allow ing  5 p e r  c e n t 
d is ti lla tio n  loss 

2 2 .7 0 3  
2 2 .8 8 4  
22 .5 9 7  
22.021  
2 1 .3 0 8  
2 2 .3 0 0  
25 .0 7 9  
25 .3 4 5  
2 5 .1 7 2  
2 5 .2 2 4  
5 6 .0 8 7  
2 3 .4 7 5  
2 4 .9 2 5  
2 5 .0 4  
2 4 .4 0 0  
2 5 .6 2 5  
24 .9 0 4  
2 4 .1 7 0  
2 4 .7 6 8  
2 5 .0 6 0  
24 .8 2  
2 1 .1 0 0  
18 .793  
2 1 .1 0 9  
2 0 .8 1 6  
2 0 .3 3 9  
2 0 .4 3

w ay that they would be obtained commercially, since in either 
case about 1 per cent by volume of the total mash consists of 
the starting yeast solution. Tables I and II, showing the fer
mentation record and fermentable sugar and alcohol yields,

amount of water possible, and still obtain a digested sawdust 
that had no drip; i. e., no free water or liquid should be present 
after digestion. This is highly desirable from an operating 
standpoint and, although 100 per cent added water is to be
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preferred to 125 per cent added water when steam consump
tion is taken into account, it was felt that the better mixture 
of acid and wood obtained with the 125 per cent water out
weighed the small increased steam consumption and justified 
its adoption as a standard in our work.

Table III shows no great diffifrences in yields resulting in the 
reduction of the added water from 400 to 125 per cent, which 
is of exceeding importance commercially.

T a bi*b  I I I
1 .8 0  to  1 .8 5  P e r  C e n t H iS O i 0 M in u te  T im e  7 .5  A tm os. P re s su re

W a t e r P e r  C e n t  o f
P e r  c e n t of T ota l T o t a l  S ug ars P er  C e n t

d ry  w ood S ug a rs F e r m e n t a b l e Al c o h o l

100 2 1 .0 9 6 0 .6 8 6 .4 4 0
125 2 1 .9 6 5 9 .2 9 6 .8 0 5
250 2 3 .7 5 55 .3 1 6 .6 4 8
300 2 3 .1 6 5 4 .8 7 ( 6 .0 9 6 (a )

( 6 .6 4 5 (6 )
400 2 2 .2 4 5 6 .1 9 6 .1 5 4

(a) A c tu a l a v e ra g e , co n ta in in g  one  p o o r  fe rm e n ta t io n .
(b) R e s u lt  re c a lc u la tin g  po o r f e rm e n ta t io n  to  a  n o rm a l efficiency.

Sulfuric acid was used as a catalytic agent in amounts vary
ing from 0.5 per cent to 4 per cent of the dry weight of the wood. 
The results obtained with a zero minute cooking period and 125 
per cent water cooked at 7 .5  atmospheres pressure are given 
in Table IV, which shows that not only total sugars increase 
with increasing acidity, but especially that the portion which 
is fermentable increases so that the alcohol yields increase 
proportionally.

T a b l e  IV

C o n c e n t r a t io n T o t a l  S u c a r
P e r  C e n t  o f  

T o t a l  S u g a r s P e r  C e n t
H tSO * P e r  C e n t F e r m e n t a b l e A l c o h o l

0 .5 17 .42 4 3 .1 3 4 . 172
0 .7 5 2 1 .8 3 5 6 .0 3 6 .0 8 5
1 .0 0 2 1 .6 8 5 6 .4 3 6 .5 0 6
1 .4 0 2 3 .0 9 5 3 .9 3 6 .5 0 2
1 .83 2 1 .5 3 5 9 .9 8 6 .6 2 3
2 .5 0 22 . 11 6 3 .1 6 6 .9 2 7
4 .0 0 2 1 . 10 6 6 .6 3 7 .0 0 0

A  consideration of the above two variables will show that 
the concentration of the catalytic agent expressed in terms of 
dry wood is the single and great determining factor and this is 
especially true when the following work on the effect of time of 
cooking is studied. The concentration of acid expressed in 
terms of the added solution is without effect (contrary to a num
ber of patents that have been granted) except where such varia
tion also varies the ratio of acid to dry wood. In the paper 
referred to in the beginning of this communication, the con
clusion was reached that " a  cooking period of o minute, that is, 
blowing off from 7V2 atmospheres as soon as that pressure was 
obtained, was advantageous.”  This was the result of a study 
of total sugars only, as shown in Figure 3 of that paper where 
the total sugar obtained from a series of cooks varying from 
o to 30 minutes varied less than a few tenths of 1 per cent. A 
repetition of that work has shown practically the same results

T a  m , r, V
7 .5  A tn io s . P re s su re  a n d  125 P e r  C e n t W a te r

T im e  o f T o t a l P e r  c e n t o f A l c o h o l
C o o k S u g a r T o t a l  S u g a r P e r  C e n t  of

M in u te s P e r  c e n t F e rm e n ta b le D iy  W o od
W ith  1 .4 0  P e r  c e n t  H2SO4

0 2 3 .0 9 5 3 .9 3 6 .5 0 2
10 2 3 .4 5 5 5 .0 8 6 .4 5 6
30 2 2 .3 4 6 3 .2 2 6 .8 6 2

W ith  2 .5 0  P er c e n t  H 2S O 4
0 22 .1 1 6 3 . .6 6 .9 2 7

10 2 2 .3 6 6 8 .5 3 7 .6 6 2
20 23 .61 7 1 .4 4 8 .5 3 7
45 2 1 .5 6 7 7 .1 5 8 .2 9 5
90 18 .06 8 1 .4 0 7 .3 8 7

so far as the total sugar is concerned, but careful fermentations 
have shown a decided difference in composition of that sugar 
under different conditions. This difference is shown particu
larly when the acid concentration is fairly high, as in the case 
of the 2.5 per cent acid, although the rise in fermentable sugars 
is noticeable even in i .4 per cent acidity.

Table V  shows these variations and fermentable sugar and alco
hol yields. In addition it will be noticed that with 2.5 per cent

acid there is a gradual decrease in total sugar as the length of 
the cook is largely increased (beyond 20-minute cooking periods), 
even though the portion that is fermentable increases quite 
decidedly. The causes and explanations of these differences 
have not been fully worked out, although a number of lines 
of attack suggest themselves, and we hope to take up this phase 
of the problem in detail in a subsequent publication. This 
brief summary of results is given purely for its technical value 
for the assistance that it may give in the proper choice of opera
ting conditions as determining those prime variables which af
fect the total and fermentable sugar yields.

CONCLUSION

From an operating standpoint, and taking into consideration, 
(1) economic operation, which includes acid cost, lime or other 
neutralizing cost, and steam consumption; and (2) plant deprecia
tions, we feel that the following cooking conditions give the 
greatest yields of alcohol:

I— Pressure of cook, 7V2 atmospheres.
II— Time of cook, about 20 minutes.
II I— W ater to dry wood ratio, 125 to 100.
IV — Acid to dry wood ratio, 2V2 to 100.

The writer wishes to thank the E. I. du Pont de Nemours 
Powder Company, and Mr. John B oyt and M r. J. S. Groves, 
Superintendent and Chemist, respectively, of the alcohol plant 
of the du Pont Company a t Georgetown, S. C., for the many 
courtesies and suggestions rendered in tlieyeasting and fermenta
tion work. The writer further wishes to thank M r. Homer 
Cloukey, of the Forest Products Laboratory, for the patience and 
skill exercised in the many hundred analyses required in the 
study of this problem.

F o r e s t  P ro d u c t s  L abo ra to ry  
M a d is o n , W is c o n s in

T H E  M ANUFACTURE OF E T H YL  ALCO H O L FR O M  W OOD 
W A ST E — HI. W E STER N  LARCH  AS A 

RAW  M ATERIAL

B y  I '\  W . K r e ssm a n n

The logging of western larch (Larix occidentalis) shows a woods 
loss of S per cent due to butting off the lower portion of the 
tree.1 This practice is due chiefly to the presence of shakes 
in the butt. In addition, the base of the tree is usually swelled. 
The swelled portion is denser than the rest of the trunk and 
usually sinks, thus preventing rafting. The lengths of the 
"b u tts ”  left in the woods vary from 4 to 8 feet, although oc
casionally a 16-foot piece is rejected.

The utilization of this waste material up to the present time 
has not met with success and it was hoped that it might be profit
ably employed as a raw material in the production of ethyl 
alcohol.

A  sample of sawdust from a butt log was cooked with 1.8  
per cent sulfuric acid, 125 per cent of water, at 7 .5  atmospheres 
pressure for 10 minutes. A  yield of sugar equal to 29.72 per 
cent, and of total solids equivalent to 35.18 per cent, of the dry 
weight of the wood was obtained. Under the same conditions, 
white spruce would yield about 22 per cent of sugar, of which 
from 60 to 65 per cent would be fermentable, making an alco
hol yield of 6.8 to 7 per cent of the dry weight of the wood, or 
from 20 to 21 gallons of absolute alcohol per dry ton. The ex
tracts obtained from the hydrolysis of the larch were fermented 
under standard conditions, the fermentation records and alcohol 
yields being given in Tables I and II.

The larch yielded about '35 per cent total sugar more than 
spruce and yet only 37.9  per cent of that sugar fermented 
compared with 60 or 65 per cent from spruce. M r. A. W.

1 U . S . D e p a r tm e n t  of A g ric u ltu re , Forest Service B u lle tin  122, " T h e  
M ech an ica l P ro p e r tie s  o f W e ste rn  L a rc h ,”wO . P . M . G oss.
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T o ta l
T a b l e  I I — S ug ar  a n d  A lc o h o l  Y ie l d s  fr o m  W e s t e r n  L a rch

red u c in g P e r  c e n t
su g a r  in P e r  ce n t of to ta l
p e r  ce n t of to ta l red u c in g

o f d ry reducing su g a rs F e rm e n 
C ook orig in a l sugars non -fer- ta tio n

n u m b e r w ood fe rm en tab le m e n tab le efficiency
50 2 9 .7 2 3 7 .7 0 6 2 .3 0 8 5 .7 7
50 2 9 .7 2 3 9 .8 3 6 0 .1 7 7 9 .8 5
50 2 9 .7 2 3 6 .0 4 6 3 .9 6 9 2 .2 3

3 7 .8 9 6 2 . 11

W e ste rn  la r c h  _
W e s te rn  l a r c h . . .  . 
W e s te rn  l a r c h . . .  . 
A v e r a g e .................

Schorger, of this laboratory, has analyzed both of these woods 
with the following results:

W e s t e r n  L a rch  W h it e  S pr u c e
(B ase) (4 S am ples)

P e r  ce n t P e r  c e n t A v erag e
S o lu b le  in  e t h e r .......................... 9 .7 5 0 .9 0  to  1 .9 5 1 .3 6
S o lu b le  in  cold w a te r ............... 14 .47 0 .8 2  to  1 .45 1 .12
S o lu b le  in  h o t  w a te r ................. 16 .52 1 .8 8  to  2 .5 2 2 .1 4
S o lu b le  in  1 p e r  c e n t N aO H ,, 10

m in . h e a t in g ............................ 3 2 .7 2 6 .7 2  to  8 .8 4 7 .7 0
S o lu b le  in  1 p e r  c e n t  N aO H ,, 60

m in . h e a t in g ............................ 3 8 .5 8 1 1 .1 8  to  13 .8 7 12.21
P e n to s a n ........................................ 1 0 .0 4  to  10 .7 8 10 .3 9
M e th y l p e n to s a n ........................ 3 .4 2 3 .0 8  to  3 .9 5 3 .5 5
C e llu lo se ......................................... 42 .5 7 5 1 .9 5  to  5 8 .4 7 5 6 .1 7
V o la tile  o i l ..................................... 0 .8 4
A s h .................................................... 0 .3 6 o ! 285 to  0 Í3 2 6 0'.307

It  will be noticed that the larch contains a large amount of
water-soluble material and a proportionally small amount of 
cellulose. In all cases, the above analyses were made on a fresh 
sample taken from the same lot. In a subsequent paper, Mr. 
Schorger will take up the composition of this water-soluble 
material, the chief constituent of which is a galactan which 
yielded approximately 10 to 12 per cent of the dry weight of 
the wood of galactose, which in turn accounts for the high sugar 
yields obtained from the larch.

I t  has been suggested by Korner,1 although disputed by 
Gallagher and Pearl,2 that in the acid hydrolysis of cellulose- 
containing material, the source of the fermentable sugars and, 
therefore, the alcohol, is the cellulose itself.

If the sugar yield for the larch is recalculated so that it is pro
portional to the cellu’.ose content, assuming 22 per cent of sugar 
from the spruce, we would have then 16.7 per cent of sugar in
stead of 29.7 per cent, as actually obtained. However, as noted 
above, about 10 or 12 per cent of galactose was obtained, which 
subtracted from the total sugar yield of 29.7 per cent, would 
leave from 17 .7  to 19.7 per cent of sugar comparable to that 
obtained from spruce. Under normal conditions, with a 94 
per cent efficiency and a yield of that per cent of the theo
retic amount of alcohol formed, which is 51.1 per cent, we 
get for 60 or 65 per cent of total sugar fermentable the following 
alcohol yields:

1 6 .7  X  0 .5 1 1  X 0 .9 4  X  0 .6 0  =  4 .8 3  p e r  c e n t a lcoho l
1 6 .7  x  0 .5 1 1  X 0 . 9 4  X  0 . 6 5  = 5 . 2 3  p e r  c e n t a lcoho l

The actual alcohol yield is 4.977 per cent, which corresponds 
to about 62 per cent of total sugar fermentable, which is the 
average of the above figures chosen for spruce. It  appears, 
therefore, that the yield of fermentable sugar and alcohol is 
proportional to the cellulose content of the wood, irrespective 
of other materials that m ay be contained therein. In addition, 
western larch butts will be a good raw material for the production

1 Z eitsch rift f ü r  angew andte Chentie, 1908, 2353.
* P roc. E ig h th  In te rn . Cong. A p p l .  C hem ., 13, p . 147.

A l c o h o l  Y ie l d s

A l c o h o l  in  B e e r G allons  of 190
P e r  c e n t of P e r p roo f p e r  d ry

A ctu a l T h e o re tic a l to ta l  su g a r c e n t of G allons  of to n  allow ing
alcoho l alcoho l o b ta in e d  as orig in a l ab so lu te 5 %  d is ti lla 

y ie ld y ie ld alcoho l d ry  w ood p e r  d ry  to n tio n  loss
1 .3 2 0 1 .5 3 9 3 2 .3 4 4 .9 7 0 15 .033 15 .004
1 .4 7 0 1.841 3 1 .8 0 5 .0 4 8 15 .269 15 .2 4 0
1 .5 7 8 1.711 3 3 .2 4 4 .9 1 2 14.857 14 .829

4 .9 7 7 15 .05 15 .03

of ethyl alcohol if a yeast is found which will ferment the galactose 
as well as the dextrose within the time limit and other limitations as 
prescribed by the Bureau of Internal Revenue. This phase of the 
subject has been reserved and will be taken up in the near future.

F o r e st  P ro d u cts  L abo ratory  
M a d iso n , W isc o n sin

TH E APPLICATION  OF THE DAVIS SP O T  T E S T  IN  THE 
PR ELIM IN ARY EXAM INATION OF CR EO SO TES

B y  H o m e r  C l o u k b y

The tests undertaken and included in this report were run 
for the purpose of verifying the "absorption spot test”  given 
in an article by T . H. Davis on "T h e Examination of Creosote,” 1 
and described in this article as follows:

"Absorption Spot— Allow six drops of the sample to fall from 
a burette upon the surface of clean, white blotting paper. If 
tar, carbon, or dirt is present, it is very easily observed, as it 
quickly segregates at the center. The paper should be laid away, 
in a fiat position, for several hours, in a place free from dust. 
If then examined, foreign matter will be observed in a distinct 
zone at the center of the spot; the outer zone very readily indi
cates the character of the oil.”

In order to establish some idea of the sensitiveness of this test 
for carbon and dirt in creosote and make it fairly quantitative a 
series of spots was made from a carbon-free creosote with definite 
graduated amounts of carbon in the form of lampblack added.

This series comprises six mixtures of creosote and lampblack 
as follows:

P e r  c e n t lam p b la ck  a d d e d ................ .. 0 .0  0 .0 0 5  0 .0 1  0 .0 5  0 .1 0  0 .5 0

This series is shown in Fig. I. The results obtained show an 
increasing gradation in the density of the free carbon ring a t 
the center and indicate that 0.005 per cent is easily shown by 
this test. In heavier percentages than 0.5 per cent, the amount 
in an unknown sample would be difficult to estimate by com
parison.

The appearance of several authentic samples of various creo
sotes and oils used for wood-preserving purposes is shown in 
Fig. II. No. 1 shows coal tar creosote with the characteristic 
brown gradually shading on the edges to a lighter zone: if car
bon and dirt are present, these are segregated in an inner circle 
which is the size of the original spot before diffusion. No. 2 
is a characteristic water gas tar creosote with the large spot 
and outer yellow zone characteristic of this oil. No. 3 illustrates 
the character of the spot afforded by a paraffin base crude oil 
used for wood-preserving purposes: this is almost colorless

* Oil, P a in t, and  D rug  Reporter, F e b ru a ry  14, 1910.
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F ig . I — Spo t s  M a d e  w it h  C r e o s o t e  a n d  L a m pb l a c k  (P e r c e n t a g e s  G iv e n )

R e d u c cd  a  l i t t le  o v e r  one-h a lf . C o lor— L ig h t b ro w n  w ith  b la ck  c e n te rs

C oal T a r  
C reoso te  
(B row n)

C ru d e  Oil 
P ara ffin  B ase  
(P a le  G ray )

F ig .  I I -

W a te r  G as T a r  W a te r  H a rd w o o d jT a r
C reoso te  G a s  T a r  C reo so te

(B row n  a n d  B lack ) (D a rk  B row n) (D a rk  G ray )
- S p o t s  o p  Va r io u s  O il s  U se d  f o r  W ood  P r e s e r v in g  
R ed u c ed  a  l i t t le  o v e r  one-half. C o lors as  n o te d

C o a l T a r  
/D a r k  B ro w n \ 
\  a n d  B lack  /

while an asphaltic base crude oil shows a browner center. No. 
4 shows the characteristic dead gray-black of creosote made 
from hardwood tar. No. 5 is the even dark brown spot of a 
typical water gas tar: this tar is often used in creosote tar 
mixtures a t the present time. No. 6 is the spot of a coal tar 
with the heavy carbon in the center and the small diffusion of 
the pitchy mass.

The spots given in Fig. II represent only the typical spots 
of the various oils used for wood-preserving purposes. In actual 
practice, these oils are used in more or less admixture with each 
other and a large number of spots can be obtained grading from 
one of these types to another.

The admixture of tar can be determined roughly from the size 
(smaller) and the general character of the spot. The heavy tar 
does not diffuse .with the speed of the lighter creosote oils.

CONCLUSIONS

I— The presence of dirt and free carbon in creosote oil is 
indicated in very minute quantities by this test.

II— If the creosote spot shows a dense black center it will 
probably be necessary to run a free carbon analysis to determine 
if the creosote passes the free carbon specification.

III— The various types of wood-preserving oils can be easily 
distinguished from each other by this test when they are true 
type samples.

IV — In the large number of intermediate or mixed com
mercial oils, the value of this preliminary test will depend on the 
experience of the one applying it together with the possession 
of a large number of authentic samples for comparison. On 
applying this test to a number of oils compounded from known 
authentic samples it  was possible to tell the constituents with 
a reasonable degree of accuracy.

F o r e s t  P r o d u c t s  L a bo ratory  
M a d iso n , W isc o n sin

ISOPRENE FROM /3-PINENE
B y  A . W . S c h o r g e r  a n d  R . S a y r e  

The discovery during the latter half of the past century of a 
close relation between isoprene, the terpenes, and caoutchouc 
has naturally directed considerable attention toward the utiliza
tion of the terpenes as a source of isoprene. This relation may 
be represented by the following reversible reactions:

c h 3 c h 3

¿ A
/ \  / \

h 2c  c h .  h c  c h 2
1 1 ^ 1  

H jC  C H  H 2C C H ,
\ /  /

C H  C H
I Ic c

/ \  r \
H iC  C H 3 H 2C OKs

Dipentene  ̂ > 2-Isoprene  ̂ > ( Dimethyl-1,5-Octadi ene-1,5)*
(Caoutchouc)

I t  was to be expected that attem pts would first be made to 
utilize a-pinene as a raw material, since, in the form of turpen
tine, it can be more easily and cheaply obtained than any of the 
other terpenes. The results of former experiments clearly 
indicate, however, that only com paratively low yields are 
possible from turpentine. Tilden,1 by passing turpentine 
through a red-hot tube, obtained about 20 ce. of isoprene from 
a liter of turpentine. B y  means of his isoprene lamp, Harries2 
obtained about 1 per cent of isoprene from commercial pinene 
and attributed even this small amount to the presence of 
dipentene in the turpentine employed. H erty and Graham 3 
obtained 5.5 per cent (by volume) of isoprene from turpentine 
and 8.0 per cent from a fraction boiling between 155 and 156°. 
These authors are of the opinion that the isoprene obtained from 
turpentine is not due to dipentene present in the turpentine as 
asserted by Harries, an opinion that,we believe is fully justified.

Apparently the only terpene yielding considerable am ounts 
of isoprene is limonene (dipentene). Harries2 obtained 30 to 
50 per cent of isoprene from commercial limonene while H erty 
and Graham obtained 12 per cent from a limonene fraction. 
Staudinger and K lever4 found that by  working at a pressure of 
about 4 mm., a yield of 60 per cent of exceptionally pure isoprene 
could be obtained from limonene.

According to patents held by Schering and Com pany,5 con-
'  Chem . N ew s, 46 (1882 ), 2'20.
* A n n .,  383 (1911 ), 2 2 8 -9 .
* T h is  J o u r n a l , 6 (1914), 8 0 3 -4 .
< B er., 44 (1911), 2212.
* G e rm a n  P a t e n t  260 ,934 ; K . S te p h a n , U . S . P a t e n t  1 ,057,680 (1913) 

(A ssigno r to  S ch e rin g  & C o .) .
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siderably larger yields of isoprene can be obtained from /3-pinene 
than from «-pincnc. As has been previously shown by one of 
us,1 the oil from the oleoresin of western yellow pine (Finns 
ponderosa, Law's.) consists mainly of (3-pinene with small amounts 
of a-pincne and limonene. Large stands of this species are 
available for tapping purposes 011 the Pacific Coast and to our 
knowledge offers the only cheap source of /3-pinene. Since 
no data was available on the yields of isoprene to be obtained 
from /3-pinene, it was determined to investigate this point. 
The above oil would be additionally promising, owing to the 
presence of limonene.

It  was found, however, that a-pinene and /3-pinene gave 
approximately the same yield of isoprene when both terpenes 
were passed through the same apparatus for the purpose of 
direct comparison.

EX PERIM EN TA I,

The isoprene lamp of Harries2, offers a convenient means of 
"cracking” terpenes in the laboratory. A fter considerable 
experimentation to avoid certain mechanical disadvantages a 
modified form of apparatus of the type shown in the accom
panying Fig. I, A , was employed. The heating coil consisted of a

platinum wire 150 cm.

[ C

f i

long wound in the form 
of a spiral through two 
parallel rows of holes 
in the edges of a strip 
of "transite,”  a heat- 
resisting, in s u la t in g  
material, composed of 
asbestos and cement; 
the temperature of the 
wire was regulated by 
means of a sliding rheo
stat, the best results 
being obtained at a low 
red heat.

T h e  v a p o r s  a f t e r  
passing the coil entered 
the Hopkins condenser 
where the less volatile 
portions were condensed 
and returned to the 
boiling flask through 
the trap as indicated. 
The vapors p a s s in g  
through the Hopkins 
condenser, passed in 
turn through a second 
condenser fed with cold 
water, then through a 
spiral, glass tube sur
rounded by a freezing 
mixture of salt and ice, 
and finally into a receiv
ing flask likewise sur
rounded by a freezing 
mixture.

The turpentine em
ployed was obtained by rectifying ordinary gum turpentine. 
T he /3-pinene employed was obtained by repeated fractionation 
of the oil of western yellow' pine.

A t first the boiling was continued until the contents of the 
flask had completely polymerized, but it  was found that prac
tically no isoprene was formed after the first three or four hours. 
Although great pains were taken to secure complete condensa
tion, it was evident that some of the isoprene escaped w ith the

1 S c h o rg e r , B u ll. 119 , U . S . F o re s t  S erv ice  (1913).
* A n n .,  383 (1911), 2 2 8 -9 .

non-condensable gaseous decomposition products. Immediately 
after the completion of a run the distillate was fractioned by 
means of a 12-inch Hempel column, filled with glass beads, and 
the fraction boiling between 35-370 considered as isoprene. 
T o what extent the crude isoprene was possibly contaminated 
with trimethylethylene was not determined. The results of 
some typical runs are given in Table I.

T aulis I
Y ie ld  of

P e r  C e n t  o v  O r ig in a l  iso p ren e  
W e ig h t T im e  T o ta l  %  by

N o . O r ig in a l  M a t e r ia l  G ram s  h rs . R es id u e  d is ti l la te  L oss w e ig h t
1 T u r p e n t in e .............................  400 6 3 1 .7  3 5 .1  3 3 .2  8 .1
2 T u r p e n t in e ............................. 283 5 .5  4 6 .7  3 5 .3  1 8 .0  1 0 .3
3 /3-P inene (b . p . 1 6 2 -1 6 5 °) 300  6 4 0 .0  3 7 .4  2 2 .6  9 .4

The production of isoprene in the experiments described 
above would appear to be due largely to the catalytic effect of 
the platinum, since a nichrome wire was found to act in an 
entirely different manner. In order to use a long wire in a com
pact space a nichrome wire was stretched back and forth between 
perforated disks of transite fastened on a glass rod Fig. I, B.

Owing to the great elongation on heating, the wires sagged, 
thereby causing short circuits. This difficulty was successfully 
overcome by attaching a section of strong steel door spring 
to the lower disk to take up the slack in the manner illustrated. 
When the terpene vapors came in contact with the nichrome 
wire, heated to the same intensity as the platinum wire, thick 
deposits of carbon were formed immediately. The wires were 
short-circuited so quickly by the masses of carbon deposited that 
it was impossible to continue the experiment beyond this 
point.

Several experiments were performed by passing the terpene 
vapors through an iron tube filled with pumice stone and heated 
in a combustion furnace. W ith an apparatus of this type it is 
difficult to return the unchanged terpenes to the boiling flask. 
Owing also to the difficulty of temperature control, the terpenes 
in some cases passed through largely unchanged while in others 
considerable amounts of tar and members of the naphthalene 
series were formed from too high temperatures. The results 
are accordingly not comparable with those obtained with the 
isoprene lamp.

The small yields of isoprene obtained by Tilden were probably 
due to the small positive catalytic cffect of the iron tube. To 
obtain the desired catalytic cffect platinum black was deposited 
in the pores of the pumice by reduction of potassium chlor- 
platinate. It  was found advisable to boil tire liquid very gently 
and maintain the tube as nearly as possible at a barely visible 
red heat. Some of the results obtained with the tube method 
are given in Table II (no platinum black was deposited in the 
pumice used ¡^Experim ent No. i).

T a b l e  I I
Y ie ld  of 
iso p ren e

P u r  C e n t  o v  O r i g i n a l  %  b y
N o . R es id u e  D is ti l la te  L o ss  w e ig h t

1 T u rp e n tin e .........................................  6 .7  8 5 .6  7 .7  3 .5
2 T u rp e n tin e .........................................  6 .0  7 4 .2  1 9 .8  8 .0
3 0 -P in en e  (b . p . 1 6 3 -1 6 6 ° ) ........... 3 . 6  6 4 .2  3 2 .2  9 .6

It w ill'be  noted that the yields of isoprene obtained from 
turpentine are considerably higher than those obtained by H erty 
and Graham. This may be due to the employment of a larger 
catalytic surface in our experiments.

CONCLUSIONS

The results obtained show that turpentine and /3-pinene 
under the same conditions yield about the same amount of 
isoprene, approximately 10 per cent.

The isoprene obtained from turpentine is certainly not due 
to the cracking of dipentene or limonene originally present 
in the turpentine; but the opinion is advanced that the isoprene 
results indirectly from dipentene. It  is a well-known fact that 
a-pincne can be converted into dipentene by heat; the condition
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obtaining in the apparatus would be favorable to such a trans
formation. The changes may be represented thus:

P i n e n e  — >  D i p e n t e n e  — >■ I s o p r e n E  

Since the first reaction would probably not proceed to a 
great extent under the conditions of the experiment the yield of. 
isoprene would necessarily be low.

It is not probable that either ¿¡-pinene or /3-pinene can be 
made to yield directly sufficient isoprene for the commercial 
production of rubber. However, since good yields of isoprene 
are possible from dipentene, an attempt to obtain an ap
proximately quantitative conversion of pinene into dipentene 
is worthy of further consideration.

F o r e s t  P r o d u c t s  L a b o r a t o r y  
M a d is o n , W is c o n s in

TH E DISTILLATIO N  OF DO UGLAS FIR A T H IG H  T E M 
PERATU RES

B y  I3AILKY T rism pkr

Inasmuch as the cost of manufacturing illuminating gas from 
coal and oil is gradually increasing in the small plants, the 
possible substitution of wood as the raw material is of interest. 
This is especially the case in sections of this country such as the 
Pacific Northwest, where thousands of cords of mill waste are 
destroyed in mill incinerators. For several years an experi
mental gas plant using sawmill waste has been in operation 
in this state, and recently several plants have been, or are being, 
constructed for commercial operation. It  is the purpose of 
this paper to present some of the results obtained in one of 
these plants, located at Auburn, Washington.

The plant is patterned closely after standard coal-gas in
stallations. Benches of four 9-ft. clay retorts are used. These 
are connected in turn to a hydraulic main, condenser, exhauster, 
and dry' scrubbers; thence through the station meter to the holder.

The big stumbling block in wood-gas manufacture has been 
the accumulation of tar in the pipes, especially near the off
take. This has been overcome b y  waterjacketing the stand
pipes from mouthpiece to bridge pipe. Special design of the 
mouthpieces provides for drainage of the condensed liquor. 
Particles of tar and pitch are readily removed by the action 
of the thin liquor resulting from the condensation of portions 
of the gas. Trouble from stoppage further on is also minimized.

The wood for gas making is bought in 4-ft. lengths. I t  is 
tied into bundles of such size that two may be placed side by 
side in the retort, each retort requiring four bundles. The 
bench is maintained at 1400 to 1600 0 F. The exhauster is regu
lated so that there is neither vacuum nor pressure on the retorts. 
The time of carbonization is one hour and forty to fifty minutes.

Both the quantity and the quality of the gas vary with the 
grade and variety of the wood used. In commercial practice 
Douglas fir only is used but trial runs were made with red cedar 
and Western hemlock.

Forest wood cut from live trees, seasoned three months, 
fairly resinous, and weighing 3700 lbs. per cord, an average 
of the butt of a tree, produced 25,000 cu. ft. of gas per cord of 
128 cu. ft.; 19,000 cu. ft. of this gas had an average heating 
value of 538 B. t. u. per cu. ft. as determined with a Junkers 
calorimeter. The average of the entire run was 482 B. t. u. 
per cu. ft. The maximum heating value during the run was 
560 B. t. u. Bark alone from this wood gave 17,000 cu. ft. 
per cord, averaging 494 B . t. u., with a maximum of 567 B . t. u.

From unselected mill waste, thoroughly air-dried, weighing 
3300 lbs. per cord, 18,000 cu. ft. of gas were obtained as the 
average yield per cord during two months’ operation. The 
average heating value of the gas is 470 to 480 B. t. u. In each 
run a maximum heating value of about 515 B . t. u. is attained 
when the run is one-third over.

From hemlock mill waste, very wet, and weighing 4000 lbs. 
per cord a yield of from 15,000 to 17,000 cu. ft. of gas with an

average calorific value of 414 B . t. u. was obtained. Cedar 
gave the same yield with a heating value of 460 B. t. u.

A  typical analysis of the gas as determined with the More- 
head apparatus is as follows:

P e r  c e n t
C a rb o n  d io x id e  (C O 2) ..................................................  1 7 .4
I l lu m in a n ts  ’........................................................  6 .0
O xygen  (O 2) ......................................................................  0 .0
C a rb o n  m onox ide  (C O ) ..............................................  3 1 .5
M e th a n e  (C H < )...............................................................  2 1 .7
H y d ro g e n  ( H i ) ................................................................  1 8 .3
N itro g e n  (N 2) ................................................................... 5 .1

The calculated heating value of the gas is 500 B. t. u. and the 
calorimeter test of the same sample was 509 B. t. u.

It will be seen from this analysis that the gas resembles more 
or less closely carbureted water gas in composition, and it is 
of value to consider the reactions in the retort in this light. 
Wood charged into the hot retort soon acquires a coating of 
charcoal. W ater vapor driven out from the wood comes in 
contact with the hot carbon and is decomposed. Inasmuch 
as the initial temperature is comparatively low, the layer of 
charcoal thin, and steam greatly in excess, the formation of 
carbon dioxide is favored. The resinous and oil-forming portions 
of the wood, on vaporization, are apparently cracked and 
partially converted into permanent gases, thus forming the 
enriching constituents.

It  has been observed that during the first part of a run there 
is considerable cooling of the retorts due to evaporation of 
moisture. During the latter part of the run, the exothermic 
character of the reaction brings the retorts to their former 
temperature. Temperatures below 1300° F. do not give as 
good results as outlined, while, from somewhat incomplete 
data, it appears that temperatures above 1800° cause the 
breaking down of the richer constituents of the gas. For bark 
alone, however, a higher temperature seems suitable, as the 
gas contains a very high percentage of carbon dioxide when 
formed at medium temperatures.

Attem pts have been made to reduce the high content of 
carbon dioxide in the gas, which under poor conditions of opera
tion has reached 22 per cent. The formation of carbon dioxide 
is decreased with increase of temperature, but the sample con
taining 17.4 per cent was generated at as high a temperature as 
is practicable in the ordinary bench. It  was thought that the 
carbon dioxide might be reduced by drawing the gas through 
beds of charcoal in the front part of the retort. The results 
showed, however, that decomposition of water vapor, under 
conditions favoring the formation of carbon dioxide, took place 
to such an extent that there was no reduction in its amount. 
In other words, the gas was diluted with a rather poor water 
gas.

The nitrogen content of the gas is due to bench gas working 
into the retort through small cracks. The more or less porous 
new retorts do not become coated with carbon as is the case 
in coal-gas manufacture. This demonstrates the need of ex
treme care in heating the benches so that the formation of even 
the finest cracks may be avoided as much as possible.

A  bench of four 9-ft. retorts will hold a charge of one-fourth 
cord. Twelve charges can be made in twenty-four hours, 
giving a gas output of 60,000 cu. ft., or 15,000 cu. ft. per retort, 
an amount somewhat in excess of coal-gas practice.

The by-products of wood-gas manufacture are chiefly tar and 
charcoal. Wood alcohol, acetic acid, acetone, and part of the 
tar are largely decomposed under the temperature of distilla
tion. Analysis of the aqueous distillate shows 1.0 to 2.5 per 
cent acetic acid, 0.2 per cent wood alcohol and acetone, and less 
than 1 per cent soluble tar.

The yield of tar varies from 14 to 22 gallons per cord accord
ing to the quality of the wood, the temperature of distillation, 
and the pressure on the retorts. The tar is much more easily 
recovered than when produced by low temperature distillation, 
and settles out in eight hours, carrying less than 5 per cent
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water. On redistillation it yields 1.5 per cent wood spirits, 
boiling below 100° C. and 2.5 per cent light oils boiling below 
150° C. I t  is completely dehydrated a t rso° C. This tar 
sells readily in local markets for 12.5 cents per gallon.

B y  employing a lower temperature the yield of by-products 
is increased. While a  lower heating value of the gas results, 
it would still be useful for industrial purposes.

Charcoal is obtained at the rate of 700 to 800 lbs. per cord, 
for which a good market does not at present exist in the North
west. Its quality is impaired by the presence of charcoal from 
bark, but as the latter is a good producer of gas, it is not feasible 
to remove it from the sawmill waste. The amount of charcoal 
obtained is ample to furnish fuel for open-fired benches and with 
regenerative furnaces an excess would be produced. This excess 
quantity or the entire amount can be used in water-gas manu
facture, as demonstrated by trial runs made in a 3-shell Łowe 
water-gas set at the plant of the Tacoma Gas Company. The 
charcoal held its heat so that 3-minutc periods of run and blast 
could be maintained. The same amount of oil was used as 
with coke. A  yield of 1000 cu. ft. of carbureted gas was ob
tained from each 25 lbs. of charcoal as opposed to 40 lbs. of 
coke. The clinker formed was practically negligible and did 
not show signs of fusion with the generator lining. Whereas 
one hour out of every eight is generally required for clinkering 
coke, shaking grates would probably eliminate clinkering 
entirely, with charcoal. The use of the latter would therefore 
result in the production of more gas, w ith a saving in labor and 
periods of shut-down, as well as increase the life of the furnace. 
V ery little dust was blown into the carburetor and all of it 
could probably be eliminated by baffles.

Kiln-drying of wood to remove the considerable amount of 
water still held after air-drying would doubtless still further 
increase the heating value of the gas and the capacity of the 
retorts, as well as decrease the fuel required.

SUMMARY

1— From Douglas fir forest wood, 25,000 cu. ft. of gas with a 
calorific value of 482 B. t. u. is obtained per cord of 37000 lbs.;
19,000 feet of this gas has a heating value of 538 B. t. u.

2— From Douglas fir mill waste 18,000 cu. ft. of gas with a 
calorific value of 475 B. t. u. is obtained per cord of 33000 lbs.

3— Enough tar is obtained to pay for the cost; of wood at the plant.
4— T h e exothermic character of the reaction favors low fuel 

consumption.
5— W ater gas can be produced satisfactorily from charcoal 

at the rate of 1000 cu. ft. per 25 lbs. of charcoal.
6— W ood gas and charcoal are especially available for metal

lurgical operations a t mines located far from fuel supplies other 
than wood.

A u b u r n  G as  C o m pa n y  
A u b u r n , W a s h in g t o n

TH E PR O D U CTIO N  OF ACETO N E FR O M  PYRO LIG N EO U S
A C ID 1

B y  M arc  D a r r in

The purpose of the work reported in this paper is to 
show the yield of acetone that can be obtained from pyro-

1 REFERENCES— u .  S. P a t .  (1910), 933 ,1 0 7 : F o rm a t io n  of a c e to n e
from  zinc, b a r iu m  a n d  m ag n es iu m  c a rb o n a te s  a t  5 7 5 °  C .

P h a rm . Z lg ., B i (1910), 880: F o rm a t io n  o f a c e to n e  b y  p ass in g  ov er
b ase  h e a te d  a t  a  h ig h  te m p e ra tu re  a t  300—350  m m . p re ssu re .

G e rm a n  P a t .  (1910), 214,151. A d d itio n  to  p a te n t  198,852: M a n u 
fa c tu re  u n d e r  red u ce d  p re ssu re .

B cr., 43 (1911), 2821: A ce to n e  a n d  k e to n e  fo rm e d  to  e x te n t of 10%
w hen  p assed  th ro u g h  p u m ice  h e a te d  to  5 0 0 -6 0 0 ° .

B r i t .  P a t .  (1907), 13,263: G e n e ra tio n  of a c e to n e .
G er. P a t .  (1908), 198,853: G e n e ra tio n  of a c e to n e  u n d e r  re d u c e d  p re ssu re .
F r .  P a t .  (1908). A d d itio n  to  6,531 to  361 ,379 : G en e ra tio n  o f a c e to n e

u n d e r  re d u c e d  p ressu re .

ligneous acid by  means of a continuously operated electric 
furnace, containing a catalyzer, which converts the acid di
rectly into acetone without necessitating the intermediate pro
duction of the acetate.

The raw7 material consisted of pyroligneous acid obtained by 
the destructive distillation of Douglas fir mill waste a t the half
cord wood distillation plant designed by the author,‘ and erected co
operatively by  the University of Washington and the U. S. Forest 
Service. Before treatment, the pyroligneous acid was distilled in 
order to separate and recover the turpentine, oils, tar, alcohol, 
acetone, etc., since it was thought that these substances might 
have an injurious effect on the catalyzer and since these by
products are necessarily separated and recovered in commer
cial practice, up to the point where the re-distil'.ed acid is neu
tralized with milk of lime for the manufacture of the gray ace
tate. A t this stage, the present practice is to mix the pyro
ligneous acid witjh the lime in large tanks until the neutraliza
tion is complete, as shown by the color change. The principal 
acid constituent of pyroligneous acid is acetic acid.

2CH,COOH +  Ca(OH); — >  (CH 5COO)2Ca +  2H,0 .

I t  is then evaporated to a pasty consistency, dried, and shipped 
away as "g ra y  acetate of lim e” to the acetone plant, where it is 
destructively distilled in steel retorts, breaking down into ace
tone and calcium carbonate.

iCH sCO iO y CHj\
)>Ca — ^  )>CO +  CaCOs.

iC H s C O o /  C U /

The acetone is condensed, washed and refined in column dis
tillation apparatus.

APPARATUS

The apparatus used for these experiments is shown in the 
accompanying illustration. Its operation is as follows: The
pyroligneous acid is introduced into the reservoir A  and allowed 
to drop slowly into the round bottom flask B  regulated by 
means of the cock C. The acid in the flask is heated by a care
fully regulated burner B, which is so controlled as to cause the 
liquid to evaporate at the same speed with which it is dropping 
into the flask. The acid vapors pass through the tube E  into 
the electric furnace V, which consists of a quartz tube G, sur
rounded by insulating material J, containing the electric heat
ing element. The interior of the quartz tube is filled with the

catalyzer H, and it is in this region that the conversion takes 
place. The entrance and exit connections to the heated quartz 
tube are made by asbestos stoppers, F  F. The vapors leaving 

1 F o r  design  of p la n t,  see T h i s  J o u r n a l ,  5, 935 .
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the furnace are condensed in the condenser K , and the liquid 
caught in the graduate L . The temperature within the interior 
of the electric furnace is measured by means of the thermo
couple I, which records the temperature on the millivoltmeter 
M. The electric furnace is connected at N  N  to n o  volt switch, 
P . The temperature within the electric furnace is regulated 
b y means of the rheostat R, connected in series with the furnace. 1 
A sample of the pyroligneous acid vapors before treatment is 
taken from the flask B, by  means of the tube Q, the amount 
being regulated by means of the cock 5 , so as to be the same as 
that coming out of the condenser K . These sample vapors 
are condensed in the condenser T, and caught in the graduate U.

ANALYSIS

The two distillates in graduates L  and U  were analyzed 
separately for their acidity, by titration with N /2 K O H , using 
phenolphthalein as an indicator. The acidity of the liquid in 
each graduate was computed to the per cent by  weight of pure 
acetic acid, CHsCOOH. The difference in the per cent of acetic 
acid, that the liquid in graduate L  was less than that in grad
uate U, measured the amount of acetic acid that had been 
decomposed in the electric furnace.

The two distillates in the graduates L  and U were also ana
lyzed separately for the acetone, b y  titration1 with N /2 N a2- 
S2O7, using starch solution as an indicator, after first adding an 
excess of alkaline K I  solution and N /2 NaOCl, and neutralizing 
with 6 per cent H C1. The solutions of N /2 N a2S207 and N / 2 
N aO Cl were standardized every day against a standard ace
tone solution of known strength. A  small amount of higher 
ketones, aldehydes, and similar bodies, "which react with the 
NaOCl, are estimated as acetone. T o eliminate the error that 
this would cause in the acetone determination while working 
with the pyroligneous acid, the blank tests for acetone were 
made on the untreated acid in the graduate U. Subtracting 
the amount of ketones which were determined in the untreated 
acid, from the amount of acetone determined in the treated 
liquid, gave the actual per cent by weight of acetone which had 
actually been formed in the furnace.

Ca l c u l a t i o n s

The maximum amount of acetone that can be obtained 
theoretically from the decomposition of acetic acid is shown 
by the following equation:

iCHsCOiOH j  C Il,x
;........ ; j — >  V o  +  C 0 2 +  H20 .

C H siC O O Ili C I l /

120.06 =  58.05 +  44.00 +  18.01

The figures below the chemical equation show the relative 
weights of the products formed; that is to say, 120.06 g. of acetic 
acid have a maximum theoretical yield of 58.05 g. of acetone.

The decomposition of the acetone does not always proceed 
as in the above equations, except under the proper control 
of temperature and other factors. For instance, too high a 
heat causes the acetone to break down into methane, free car
bon, etc. I t  was found that by  a  second treatment of the liquid, 
any acetic acid would be decomposed that had not broken 
up on the first treatment. For this reason it was assumed, in 
the following computations of theoretical yields, that the amount 
of acid concerned in the reaction was only that portion indi
cated by the difference of the percentages between the treated 
and untreated liquids. The method has the further advantage 
of eliminating the error which is caused by the presence of other 
acid bodies than the acetic acid, but which the analysis com
putes as acetic. The theoretical yield is, therefore, computed 
from the analysis by means of the following formula:

1 K :tille r’s m e th o d , see T h is  J o u r n a l , 19, 316.

y  _  1 M f o — * J L  12° - ° 6 „  < » = * >  207 
(A x —  A t)  58 .05 (Ax —  A t)

w h ere  Y  *= p e r  c e n t of th e o re tic a l y ie ld  of ac e to n e .
Ax =  p e r  c e n t o f a c e tic  ac id  in  th e  u n tr e a te d  ac id ,
A t  =  p e r  c e n t of a c e tic  ac id  in  th e  t r e a te d  ac id ,
Bx “  p e r  c e n t of a c e to n e  in  th e  u n tr e a te d  ac id ,
B i  “  p e r  c e n t of ac e to n e  in  th e  t r e a te d  ac id .

ACETIC ACID

Before the work was taken up with pyroligneous acid, the 
exact conditions under which the reactions best took place 
were carefully studied, using pure acetic acid. Altogether, 
57 different samples of acetic acid were tested under various 
conditions of control. These were tested continuously, at the 
rate of about 2 a day, the entire operation on pure acetic acid 
extending over a period of a little over a month.

During this time the effects of various types of catalyzers 
were studied, the influence of the initial acid concentration 
was observed, and the effect of speed and temperature care
fully noted. The effect of steady and intermittent heating of 
the electric furnace caused by the automatic breaking of the 
circuit a t intervals of two seconds was also studied.

Table I is an extract of the analytical data, after the control 
conditions had been adjusted to run in a satisfactory manner.

T a b l b  I
P e r  c e n t a c e tic  ac id  in  P e r  c e n t a c e to n e  in  P e r  c e n t of

R u n U n tre a te d T r e a te d U n tre a te d T re a te d  th e o re tic a l y ie ld
N o . ac id ac id ac id ac id of ac e to n e
33 3 .0 9 0 .3 3 0 .0 0 1 .25 ' 9 4 .0
34 3 .7 8 0 .4 8 0 .0 0  ' 1 .3 4 8 4 .2
35 3 .6 9 0 .4 8 0 .0 0 1 .5 2 9 8 .0
36 3 .0 0 0 .2 1 0 .0 0 1 .07 7 9 .2
52 2 .4 9 0 .3 3 0 .0 0 0 .8 7 8 3 .5
53 2 .3 4 0 .2 4 0 .0 0 0 .8 7 . 8 6 .0
54 2 .4 3 0 .1 2 0 .0 0 1 .0 2 9 1 .5
55 2 .8 0 0 .0 9 0 .0 0 1 .07 8 1 .8
56 3 . 18 0 .1 5 0 .0 0 1 .2 2 8 3 .0
57 5 .5 8 0 .6 0 0 .0 0 1 .9 8 8 2 .4

A v e r a g e  3 .2 4 0 .3 0 0 .0 0 1 .2 2 8 6 .4

When working with 2 to 4 per cent solutions of pure acetic acid, 
the electric furnace is able to convert 86.4 per cent of the max
imum theoretical into acetone. The original strength of the 
acetic acid has little effect on the process as equally good results 
were obtained with 50, 25, 10, 5 and 2 per cent solutions. The 
majority of the tests were made on 2 to 4 per cent solutions.

PYRO LIG N EO US ACID 

H aving established the conditions under which the maximum 
yields were obtained working with pure acetic acid, a study was 
made of the yields from pyroligneous acid. Operating under 
the same conditions of temperature, speed, etc., that were found 
to give the best results for the pure acid, the data given in
Table II were obtained.

P e r  c e n t a c e tic  ac id  in
T a b l e  I I  

P e r  c e n t a c e to n e  in P e r  c e n t of
R u n U n tre a te d T re a te d U n tre a te d T r e a te d th e o re tic a l y ie ld
N o . ac id ac id ac id ac id o f ac e to n e

58 2 .5 2 1 .1 4 1 .07 1 ,45
0 .9 5

5 7 .8
60 2 .4 3 1 .23 0 .7 1 4 0 .9
61 2 .5 2 1 .0 8 0 .5 3 0 .8 1 4 8 .5
62 2 .4 9 0 .9 3 0 .7 1 1 .05 4 5 .4
63 2 .5 8 0 .6 9 0 .7 1 0 .9 9 3 0 .2
64 3 .1 8 0 .7 2 0 .6 6 1 .4 2 6 3 .6
66 3 .9 9 0 .4 8 0 .6 6 1 .3 8 4 2 .2
79 2 .0 4 0 .9 9 0 .5 3 0 .9 8 8 7 .5
81 3 .1 8 0 .2 4 0 .5 5 1 .35 5 2 .0
86 4 .6 8 0 .2 7 1 .0 8 2 .3 2 5 8 .3
92 2 .8 8 0 .3 6 0 .4 7 1 .2 4 6 3 .0

Av e r a g e  2 .9 5 0 .7 4 0 .7 0 1 .27 5 3 .6

Because of the small size of the furnace (capable of treating 
about 25 cc. of the acid per hour), it was impossible to control the 
speed of the distillation as accurately in proportion to the size 
as could be done with a commercial apparatus treating several 
hundred gallons per hour. Consequently small variations 
which were followed by similar variations in temperature within 
the furnace, caused local overheating, resulting in a loss of ace
tone. It  is this variation which is the principal cause for the 
diSerent yields found in various runs shown in Table I. Prob
ably in a larger apparatus with the speed and temperature
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properly controlled the yield would be higher than S6.4 per 
cent, approaching 100 per cent as a maximum.

Applying the same line of reasoning to the yields from pyro- 
ligneous acid as shown in Table II, a larger apparatus would 
produce a yield about 15 per cent higher than that shown in 
the data, or would approach a maximum of about 65 per cent.

There is still another factor which the author believes, if looked 
into more thoroughly than the scope of this investigation per
mitted, would show that the actual yield was even greater than 
65 per cent; viz., that the higher ketones, aldehydes, and similar 
bodiqs present in the untreated pyroligncous acid are decom
posed to a considerable extent by the temperature of the fur
nace. If  this is the case, the true amount of acetone formed 
by the furnace is not the difference between the determinations 
before and after treatment, but the whole amount after treat
ment. W ith the assumption that half of the higher ketonic 
bodies are destroyed in passing through the furnace, the aver
age yield of acetone computed from the data in Table II would 
be 86 per cent. This is approximately the same figure as that' 
obtained from the pure acid. The assumption that the higher 
ketonic bodies are destroyed in the furnace is further supported 
by the observation that the cloudy, yellow iodine compounds, 
caused by certain higher, ketonic bodies in the untreated acid, 
do not appear in the acetone determination of the treated acid, 
the iodoform settling in a flocculent state and leaving a clear, 
supernatant liquid.

CONCLUSIONS

I— The percentage of the theoretical yield that can be ob
tained by treating acetic acid in a continuous electric furnace 
is a little over 85 per cent, approaching 100 per cent as a max
imum, under favorable conditions.

II— The yield from pyroligncous acid is similar to that from 
pure acetic acid, being around 85 per cent.

III— The concentration of the solution being treated has 
little effect on the operation.

IV — The temperature and speed are the principal factors 
influencing the yield, the most suitable for the apparatus em
ployed being approximately 435 0 C. at a speed of 25 cc. per hour.

V — The catalyzer can be used continuously w ith little deteriora
tion, a  sample of barium acetate having been used continuously 
a little over thirty days.

V I— T he process of the direct and continuous conversion of 
pyroligncous acid into acetone in an electric furnace containing 
a catalyzer is adaptable to commercial usage in plants treating 
several thousand gallons of pyroligncous acid per day.

V II— The advantages over the ordinary method of making 
acctone from the acetate, are considered to consist chiefly in:

1— Higher yields in acetone.
2— Lower operating expenses.
3— Elimination of the large consumption of lime.
4— N o drying of the acetate with attendant losses.
5— Continuous operation, converting the pyroligncous acid 

directly into acetone without intermediate handling.
6— Low  cost of apparatus.
7— Easy control of apparatus, adapting itself to an auto

matic thermostate arrangement, assuring uniform results.
S b a t t u !, W a sh in g t o n

W A STE  PIN E W O O D  UTILIZATION
B y  J o h n  E . T e e p l b  

This is an old, old industry. As far back as we have definite 
information, people were using tar on their cordage and pitch 
on their ships. Even Noah’s ark you recall was “ pitchcd 
within and pitched without,”  and the ark of bullrushes that 
supported the baby Moses was "daubed with pitch.”  We 
lack positive assurance that a pure pine pitch was used in these 
cases, but it  m ay easily have been cypress pitch, which is not so

widely different. Since the industry is such an old one, the 
chemist is not to be either censured or credited with its results 
until within the last thirty years, and more especially within the 
last ten or fifteen years. The method commonly used formerly 
was to pile the wood in large heaps, cover it with earth, and by 
burning a  portion of the wood accomplish a destructive distilla
tion of the remainder. The products were tar and charcoal, 
although some few attempts were made to recover the volatile 
spirit for use as an illuminant.

About thirty years ago the üse of iron retorts was intro
duced, and this made possible the recovery of an unsatisfactory 
turpentine, a little of the natural pine oils, and considerable 
tar oil, creosote oil, pitch and pyroligneous acid, in addition 
to tar and charcoal. The turpentine had a vicious odor, but 
being in small amount, it  could usually be worked off by  per
suasion. T ar was a standard commodity, but the trade soon 
began to differentiate between this retort tar and ordinary kiln 
tar, and the purchaser demanded a reduction in the case of the 
former, or refused it. Charcoal could be sold for household 
fuel provided the plant was located in the neighborhood of a 
fair-sized city. Otherwise it was used to fire the retorts. Gas 
was also at a time recovered and burned under retorts. When 
pitch was not readily salable it could be dissolved in the tar oils 
or creosote oils and sold as tar, but these various light and 
heavy distillation oils accumulated, and, depending on his 
ingenuity, the manufacturer worked them up into paint oils, 
mixed paints, insecticides, disinfectants, fungicides, embalming 
fluids, medicinal products, and so on until the catalogue be
comes alarmingly long. This destructive distillation industry 
still exists. It  is one of the two methods of treating wood to 
obtain N aval Stores that has been able to operate continuously 
under even the present very adverse conditions. M any im
provements have been made in the type of the retort, in the 
regulation of heat, and in the separation and preparation of 
products for the market. In many cases the turpentine now 
obtained is of excellent odor and of surprisingly good quality, 
but its success has usually depended on the ability of the manu
facturer to work up his oils into lines of specialties under care
fully established trade names, and thus protect himself from too 
vigorous competition. He has improved his retort tar so that 
now it commonly commands the same price as kiln tar, and is 
sometimes quoted at a higher figure. W ith the present high 
prices ruling for acetate of lime, due to the strong demand for 
acetone, he is even proceeding in some instances to the manu
facture of this product from his pyroligneous acid. A  con
siderable part of these improvements has, of course, been due 
to chemists, but it must be admitted that a further very con
siderable part of the preparation of products for the market 
has been due rather to business men who are good observers but 
were not primarily trained as chemists. It seems to me that 
the destructive distillation of wood is wrong in principle, with 
our present knowledge of its composition, but at the same 
time the fact that some of these plants have been con
tinuously operating for many years indicates that they are not 
to be abolished with the speed that advocates of some of the 
newer processes have assured us.

Of other processes that have been suggested— distillation 
with superheated steam, extraction with rosin bath or tar and 
pitch bath, distillation with water, distillation with hot gases, 
digestion with soda and application of vacuum have all had 
their trial in a commercial way, and a number of them have 
seemed to operate successfully for a while, due usually to special 
market conditions, but for the present these have all passed into 
history. It  is very doubtful whether any of them will appear 
again, at least alone, even under improved conditions. While 
they lasted, each one found vigorous supporters and provoked 
much discussion. The question, for example, whether the steam 
should preferably pass upward or downward through a retort,
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was considered of considerable moment, but now it hardly 
arouses our interest. Some chemist usually took an active 
part in developing all of these processes, but the fact that none 
of them are operating to-day should not be laid entirely against 
him. In many cases he was responsible only for the laboratory 
results, and plants were constructed without the aid of chemical 
engineers, or, in fact, of chemists or engineers of any kind. I11 
many other cases he had no first-hand knowledge of the industry 
himself, and relied on faulty information as to cost of wood and 
market conditions, supplied b y  men who were promoting the 
plants. In  any case, in developing these processes the chemist 
and chemical engineer accumulated, and frequently put on 
record, a fund of very valuable information which is not at all 
lost, but which will have an important bearing on the future 
development of the industry.

In  one important respect the chemist performed valuable 
service during this period of development. For the first time 
there was produced under his supervision a quantity of wood 
turpentine and pine oil sufficient to have an appreciable effect 
on the market. He succeeded in making a wood turpentine 
of a much higher and more uniform grade than had ever been 
attained before, and by his knowledge of its uses he overcame 
the prejudice against it, due to its different odor and different 
source, in enough places so that a firm and steady. outlet on 
good prices was obtained for all that could be supplied. For the 
first time, too, there was a  very considerable amount of the 
heavy natural oils of the wood, known as pine oil, to be disposed 
of. This had no regular market, and he succeeded in finding a 
use for it in a very wide range of industries, where it has so 
firmly established its value that at the present time the supply 
cannot begin to equal the demand.

The one other process which has apparently proved of value, 
and which is still in operation today under adverse market 
conditions in at least two or three plants, is that of extraction by 
means of a  volatile solvent. This method was at one time 
very extensively employed, producing more N aval Stores from 
waste wood than all other systems combined. The amounts 
of turpentine and pine oil were large and of good quality, and 
one new product was added from the wood— rosin. This was 
ultimately refined to a grade approximately corresponding to 
F  and G grades of gum rosin. A t first, progress in marketing 
this was rather difficult, but the oils and tarry matters affecting 
its use were in part eliminated, and in part the customer was taught 
w hat changes were necessary in order to use it as satisfactorily as 
gum rosins, so that to-day again the demand cxceeds the supply.

The worst feature, of course, in the development of this 
industry during the last few years has been the wide fluctuation 
in prices. In  1911 F  rosin reached a high price of $8.45 per 
barrel of 280 pounds, at Savannah: to-day it is S3.00— scarcely 
more than one-third of the high figure, and it has been lower. 
In 1911 turpentine reached a high price of $1.07 per gallon at 
Savannah: to-day it is 38c. and has been lower. M ost of 
these plants were built on the assumption that turpentine would 
not go below 50c. per gallon, nor rosin below $5.00. These 
conditions were freely predicted at the time by people who had 
spent their lives in the N aval Stores industry, and so probably 
the chemist should not be blamed too much for the failure of 
processes to operate successfully at much lower figures, when he 
had based all his calculations on the higher figures and on the 
best judgment of people well informed as to conditions.

Now as to the future of the industry: Let us look first at
the composition of the material with which we have to deal. 
Assuming that this is what we know as fat lightwood or as fat 
lightwood stumps, it contains rosin, turpentine, pine oil and the 
wood fiber. The problem is: in what w ay can all these products 
be extracted and placed on the market to bring the largest net 
amount to the manufacturer? In some places where the timber 
has been very largely the long-leaf pine, there is the additional

factor of so locating his plant that he can entirely clear the land 
and largely enhance its value at the same time that he is fur
nishing his plant with raw material. In  the future this will no 
doubt have an important bearing on the establishment of plants, 
but it will not be considered here. Suppose we have 5000 lbs. 
of very rich, fat lightwood stumps. Suppose this contains 
20 per cent, or 1000 lbs., of rosin; 40 gallons or 300 lbs. of turpen
tine and pine oil, and 15 per cent, or 750 lbs., of water. This 
leaves nearly 3000 lbs. of wood fiber. Now if we subject this 
5000 lbs. of fat lightwood to destructive distillation, no matter 
how- carefully, we shall not get all the turpentine and we get 
only a small portion of the pine oil, before the rosin and the 
wood itself begin to decompose. The rosin would be valuable 
if we could get it, or its decomposition product, rosin oil. The 
pine oil would be valuable if we could get it, but before either 
the rosin oil or the pine oil leave the retort in any quantity they 
become thoroughly mixed with the tar and tar oils from the 
decomposition of the wood fiber, and there is no convenient w ay 
of ever separating them again in marketable conditions from the 
resulting mess. If  we investigate any of the other methods that 
have been discussed above, w e find an important loss in some one 
or more of the products originally present in the wood. If we 
digest with soda there is a very fair recovery of the turpentine 
and a moderately gofxl recovery of the pine oil, but the rosin and 
resinate are not in good marketable condition, and it would be 
very difficult to get them in any condition for anything but very 
special markets. On the other hand, if we use a volatile solvent, 
properly selected and properly applied, we can recover nearly 
the whole of the rosin, turpentine and pine oil, and have left the 
wood fiber unchanged. The rosin, the turpentine and the pine 
oil will be in such condition that they can be made into the best 
grades it  is possible to produce from wood. The wood fiber is 
free of rosin, and is in just the condition required for digestion 
to manufacture wood pulp. According to information and 
experiments it gives a good yield of a very strong-fibered pulp. 
Probably it will work up best into what is known as K raft pulp, 
or undercooked pulp, and this 3000 lbs. of wood fiber remaining 
should furnish about 1500 lbs. of good marketable pulp.

Our wood fiber has two disadvantages as a source of pulp. 
In the first place it cannot be entirely freed from the charcoal 
and charred and burned wood, and in the second place it  will not 
be entirely free from bark, but there is no question that it will 
produce a good grade of brown wrapping paper, and with this 
addition we have made a very complete utilization of our 5000 
lbs. of wood. The difficulty heretofore has been that the 
N aval Stores manufacturer has approached the problem with the 
view of making the wood pulp plant an annex to his existing plant. 
The wood pulp plant is the more expensive, requires the more 
skilled labor, and is by  far the more important, so that the rosin 
and turpentine production should be considered rather as an 
annex to the pulp plant, or, better still, the whole should be 
considered as one complete proposition. M any people have 
this combination of rosin, turpentine, pine oil and wood pulp 
in their minds at the present time. There is no doubt that it 
will be tried before long. It  is only to be hoped that when 
it does receive its trial it will be under the supervision of men 
thoroughly acquainted with both the wood pulp industry and 
the wood extraction industry, and with the aid of the most 
competent chemical engineers there are available. In  this w ay 
it can build on the mistakes of its predecessors, and it seems to 
me to stand an excellent prospect of success. There has too 
much good work gone into this industry, and there is too much 
accumulated information available to allow it to languish. 
I feel sure it has an important future, and when its success 
ultimately comes, very large credit will be due to the chemists 
and chemical engineers who have made it possible.

C h e m is t s ' B u il d in g , 50  E a st  41s t  S t .
N e w  Y o r k
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CO NTRIBUTIO NS OF TH E  CH EM IST TO T H E  NAVAL 
STO RES IN DUSTRY

I3y J o h n  E . T e e p u î  

C o n su ltin g  C h em is t a n d  C hem ica l E n g in ee r

The N aval Stores Industry includes primarily the produc
tion of rosin and turpentine, and secondarily that of tar, pitch 
and various oils. The raw material in this country is the long- 
leaf pine and some similar pines In the South A tlantic and 
Gulf States. The United States produces more turpentine 
and rosin than all the rest of the world, our total annual produc
tion being probably worth over $40,000,000; our exports in one 
year exceeded $27,000,000, and-are usually above $20,000,000.

The industry is not a new one. When Amcrica was discov
ered, Russia was furnishing tar and pitch and turpentine for 
the cordage and ship building industries, and in our own coun
try we were exporting turpentine and rosin in considerable 
quantities before the year 1800. Nearly forty years ago our 
exports were nearly half in quantity w hat they have been in re
cent years, though having only about one-fifth the present value.

Notwithstanding the magnitude and age of the N aval Stores 
Industry, however, it developed largely without the aid of the 
chemist. Only within the last ten or fifteen years can he claim 
to have played more than a minor part, but recently his contri
butions have been of extreme importance. W e m ay discuss 
the chemical contributions under four heads:

1— Improving the quality and quantity of rosin and turpen
tine produced from the living tree.

2— Providing standards, and detecting and preventing adul
teration.

3— Finding new uses and enlarging the markets, particularly 
for rosin.

4— Utilizing the rich dead pine (lightwood) and various pine 
wastes for the manufacture of N aval Stores.

This last field is usually classed as wood distillation, or wood 
extraction, and as there is a special symposium on that sub
ject at this meeting it will not be further discussed here. When 
this utilization reached its maximum in 1911 to 1913, it is proba
ble that it furnished over 10 per cent of the total N aval Stores 
production of the United States, and it seems likely to increase 
in importance in the future when conditions and prices have 
readjusted themselves.

The methods of producing rosin and turpentine from the 
living tree made very little progress during the whole nineteenth 
century. Timber was plenty, land, leases and labor were cheap, 
there was a profit to be had by existing methods, so why worry. 
The method consisted in hollowing out a cavity near the base 
of a pine tree, and cutting away bark and wood, to leave a smooth 
face for a few inches above it. Then every week from Spring 
till Fall a V-shaped chip about an inch wide was cut through 
bark and wood above this face, each chip being just above the 
preceding one. Thus inch by inch the scarred face crept up 
the tree, to the extent of say thirty inches a year, and at each 
chipping the oleoresin from the wound flowed down the scarred 
face till it reached the cavity at the bottom, whence it was dipped 
out for distillation with water over direct fire, to produce vola
tile turpentine and non-volatile rosin. Every year the thick, 
gummy exudate had to flow over a longer stretch of discolored 
scarred face, and be exposed to longer evaporation of turpen
tine before it reached the collecting cavity at the bottom. And 
so every year the producer’s rosins were darker colored, and his 
yield of turpentine smaller.

B ut conditions began to change. M any lumber men refused 
to have their trees bled for turpentine, as it decreased the value

of the lower end of the tree for lumber, and very largely increased 
their loss of timber from forest fires and from windstorms. 
Timber was not so plentiful as had been supposed. Prices of 
lands, leases, labor and materials were all rising. The cost of 
producing turpentine and rosin to-day is probably three times 
what it was twenty-five years ago. So the producer called for 
help. He looked first to France. There they were able to 
bleed a tree for many years— one is said to have survived two 
hundred years— while here four years was about the lim it of 
profitable operation. There they planted large orchards of 
pine trees for the express purpose of turpentining them. There 
they made much narrower gashes in the trees, used a cup and 
gutters to collect the oleoresins, instead of allowing them to 
flow long distances over the scarred face into a hole in the tree, 
and there they accordingly made lighter colored, higher priced 
rosins, and bleached theni still further in shallow pans in the 
sun, changing for example a K  rosin into the much more valua
ble water-white rosin.

A  study of the French methods seemed, however, to show that 
they were not, as such, applicable to existing conditions here. 
B u t there was an idea there, and to C. H. H crty is due the 
credit first of working out that idea in a scientific and practical 
w ay to fit conditions here, and second, what was probably 
much more difficult, of persuading the operators to use his 
methods for their own good. Herty conducted careful compara
tive Scientific experiments, and showed clearly:

I— That there was 110 physiological reason for the marked 
coloration of rosins during the later years of operation as com
pared with the first or virgin year, but that this coloration was 
due to oxidation of the resin acids during the longer flow from 
the point of exudation to the receptacle, "th e  box,”  a large hole 
cut with an axe in the base of the tree, and especially to the ab
sorption by the fresh oleoresin of the old oxidized resin on the 
face of the tree scarified during the previous years. B y  using 
an outside receptacle attached to the tree and moving it annu
ally up the tree near the point of scarification, only the best 
grades of rosin were obtained.

II— The flow of the oleoresin over long surfaces resulted in 
heavy loss of the volatile spirits of turpentine.

III— The cutting of "th e  box” resulted in destruction of much 
of the timber by fire, wind and insects.

IV— Most important of all, it was demonstrated that the un
boxed pine tree would produce 25 per cent more crude turpen
tine than the boxed tree, due to greater vitality of the tree.

The total value of the annual Naval Stores output is approx
imately $40,000,000. It is easily seen, therefore, that the above 
losses in material, both as to quantity and quality, represent 
an annual waste of from $10,000,000 to $15,000,000.

Early commercial confirmation of the experimental results 
led to the rapid substitution of the long used "b o x  system ” 
by the practical, cheap and efficient “ cup system.”  The use of 
the cup system was not thoroughly efficient for several years, 
as was evidenced by the low yields of early Spring as compared 
with the later yields. The explanation of this shortcoming 
was apparent when Tschirch, of the University of Berne, pub
lished his views on resin flow and then by a slight modification 
of woods practice the difficulty was overcome and a further 
annual increase of crude turpentine valued at a half million 
dollars was effected.

But the end is not yet in sight, for, according to Herty, labora
tory experiments on perfectly fresh specimens of crude turpen
tine show that its normal content of spirits of turpentine is ap
proximately 30 per cent, while under most favorable methods
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of collection and distillation at present yields of only 18 to 20 
per cent are obtained. This loss of at least one-third of the vola
tile oil by evaporation remains still to be overcome.

Some chemists have established new industries, and many have 
cooperated to improve old ones, but this work of H erty’s in making, 
practically alone, such a change in an industry that had been 
stationary in methods for a hundred years, is almost unique.

As to other improvements in manufacture, not much progress 
has been made. The French method of bleaching rosin seems 
too slow and laborious, and many chemical methods have been 
suggested instead, but up to the present have not made much 
headway. Methods of distillation without the use of direct 
heat, such as using superheated steam, or distillation in vacuum 
have been suggested but have had little influence as yet on meth
ods of manufacture. The United States Bureau of Forestry 
has recently been studying the question of chipping, and has 
published results indicating that a l/s inch chip gives about as 
good a flow of oleoresins as an inch chip, besides being less 
injurious to the tree. They further recommend chipping 
every four days instead of once a week, thereby increasing the 
yield in a  season. It  has been objected that the tree may not 
be able to stand this excessive bleeding. The method is still 
to be tried in practice.

When turpentine was comparatively high in price, many 
substitutes, chiefly from petroleum distillates, and many meth
ods of adulteration were found. Presumably we must give 
the chemist credit for these too. T he question of adulteration 
particularly became a serious problem and provoked a flood 
■of literature devising tests for various impurities and additions. 
M ost of the large consumers finally evolved specifications to fit 
their requirements, and many states have passed laws for pre
venting and punishing adulteration, so that conditions now 
are much improved, for which we may also thank the chemist. 
There is still much work to be done, however, in standardizing 
turpentine specifications to fit the consumers specific require
ments. As they now stand, with rather arbitrary figures on 
specific gravity and distillation, we, no doubt, often include 
material he really does not want, and exclude material he 
could perfectly well use.

Rosin has usually been too cheap to suffer from adultera
tion except with dirt or brickbats. The chemist has little to 
do with its purity or grading. Recently, however, the United 
States Bureau of Chemistry has proposed a series of permanent 
standards, for the different grades of rosin, based on definite 
transmissions of red and yellow light for each grade.

In extending the markets for N aval Stores the chemist has 
done little for turpentine. It has had three uses for many 
years: (1) As a solvent for gums in the manufacture of var
nishes; (2) as a vehicle in the manufacture of paints; (3) as a 
thinner in the application of paints. The chemist has more 
often striven to avoid its use in these fields than he has to ex
tend it. Tw o new fields have been opened within recent years, 
b y  chemists— one the manufacture of synthetic camphor. 
This has been carried on to a considerable extent in a commer
cial way, and will be again, whenever satisfactory relations 
exist between the market prices of turpentine and camphor. 
If the yields of camphor could be made more satisfactory it 
would no doubt become a permanent industry. B ut at pres
ent, with the price of the raw material, turpentine, and of the 
finished product, camphor, independent variables, and no 
large margin in any case existing above the fixed manufacturing 
cost, the outlook is not enticing to the investor. The second 
new field opened by the chemist is the manufacture of synthetic 
rubber. Synthetic rubber can be made from isoprene, and iso
prene can be made from turpentine, but whether this is the best 
w ay to make synthetic rubber, and whether turpentine is the 
best source of isoprene, and whether synthetic rubber can com
pete with natural rubber in the long run anyway, are still open 
to  discussion.

W ith rosin the chemist has had more opportunity. He puts 
it into shrapnel shells and sometimes into varnish. In the 
presence of an alkali, rosin acts as an acid, forming resinates. 
Combined with an amount of soda insufficient to saponify the 
whole, it forms rosin size, extensively used in the manufacture 
of papers, where the rosin deposited in the paper prevents the 
spreading of ink and moisture. This accounts for a very con
siderable amount of the medium grades. A  somewhat higher 
grade of rosin, when saponified, forms a valuable constituent of, or 
addition to, many soaps. Combined with zinc, manganese or the 
alkaline earths, rosin gives resinates used extensively in varnishes.

A very large amount of rosin, particularly of the lower grades, 
is distilled for the production of rosin oil. The lower grades 
of rosin oil when mixed with lime, set to form a semi-solid mass 
(axle grease) extensively used as a lubricant. Better grades 
are used extensively in the manufacture of printing ink, so that 
the marvelous increase in printing and paper during the last 
fifty years has furnished an outlet for rosin in two directions. 
All of these varnish, soap, paper and printing industries have 
furnished abundant fields where the chemist has exercised and 
continues to exercise his ingenuity on rosin and its products.

In the manufacture of rosin oil the yields and quality are not 
always what they should be. Recent suggestions of different 
methods of distilling promise much larger yields of better qual
ity  oil with smaller amounts of by products.

T o  conclude, we find the chemist has been particularly valua
ble in three departments of the N aval Stores Industry. He has 
improved largely the quality and quantity of product, has stand
ardized grades and prevented adulteration, and has been very 
successful in finding products and derivatives to fit the markets, 
or in finding markets to fit his products. This last field especially 
is far from worked out. There is still a wide scope for the ener
gies of the chemist.

50 E a s t  41st  St ., N e w  Y o r k

CO N TRIBU TIO N S OF TH E C H E M IST T O  T H E  STEEL 
IN D U STR Y

B y  G e o . W . S a r g e n t  
V ice -P re s id e n t, C ru c ib le  S tee l C o m p a n y  o f A m erica  

T o demonstrate the service that chemistry has rendered to 
an industry such as that of steel, whose whole foundation is 
chemistry, and where even the messenger boys about the works 
speak of carbon, phosphorus, sulfur, silicon, etc., almost as freely 
as they use the terms of the baseball field, would require volumes. 
In fact, volumes have been published 011 the part taken by one 
element alone. To present, therefore, in a brief outline the suc
cess that chemistry has achieved in this tremendous industry 
is a most difficult task, and it is with considerable hesitation 
that this paper is presented. Perhaps by picturing the past 
at a time when the chemist was an almost unheard of factor 
in the iron and steel industry, in contrast with the present 
conditions, the object of this paper might be attained.

Harking back somewhat more than half a century with an 
old furnace man who possessed a mind as active and clear as 
it was at the time of which he spoke, despite his ninety years, 
he made the following statement: “ A  water wheel at the flour
mill ran the blower, supplying air to 11s a t the forge several 
hundred feet distant. Here the pig iron, brought up in canal 
boats from a charcoal furnace forty miles down the river, was 
melted in the run out, subsequently tapped into two forge fires, 
there worked to nature, and forged into blooms under a trip 
hammer run by the old-fashioned overshot water w h eel...T h e 
blooms were cut-in  two pieces about 80 to 100 pounds each 
and then shipped by canal to Pittsburgh to be rolled into sheets, 
bars or rods, and then into wire; or to be melted in crucibles 
and made into steel. Charcoal was the fuel we used. It  made 
mighty fine iron and steel, and that without your chemists. 
Two tons was a day’s output, but we made it right and never 
had any rejected.”
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Picture the forge with its two "fires,”  but little larger than 
fire-places, its "run  o u t”  an enlarged blacksmith’s forge on top 
of a hearth or crucible, and its ten men coming to work at 3 a .m . 

and quitting at 3 p .m . with two tons of good iron, then worth 
almost S250, to the credit of the sweat of their brows and twenty 
cords of wood sent up in smoke. Then reinepiber that before 
this iron became steel it must be heated, forged or rolled into 
bars, cut up, charged into crucibles, melted, cast and again 
hammered into bars at the expense of much time and labor. 
This was the iron and steel business previous to i860, with wood 
for fuel and no chemist. The product was expensive and its 
use limited; only 40,000 tons of cast steel were produced in 1872, 
sixteen years after the introduction of Henry Bessemer’s process.

In the year 1915, with this picture in our minds, we walk 
through the latest steel plant, wherein are embodied the ex
perience of the m any previous years of the chemists and the 
engineer’s efforts.

The locomotives are placing drafts of cars of 50 tons capacity, 
so that their contents may be added to the almost mountainous 
piles over which moves what appears to be a bridge without 
any approaches, but which is a huge crane capable of handling 
2500 tons every 12 hours. It  scoops up, at each mouthful, 
tons from the piles and quickly places the ore, limestone and 
coke in the respective bins from which definite measured quan
tities are being continually taken and by means of an inclined 
elevator carried to the top of a blast furnace stack and dumped 
into its capacious mouth, fully 85 feet above the ground. Every 
twenty-four hours this stack has produced 500 tons of iron of 
definite predetermined composition and at a fuel efficiency of 60 
per cent, the highest so far obtained from any heating furnace 
using fuel. The molten slag, instead of being thrown over the 
dump, is granulated and used for making cement or as a fer
tilizer. The waste gases from the stack, after all possible heat 
has been abstracted, ar.e burned to generate steam for the tur
bines producing the electricity used about the plant. To keep 
this blast furnace in operation requires engines for blowing
40,000 cu. ft. of air per minute at 15 to 20 lbs. per sq. in. pressure, 
a condensing pump, ten 350 H. P. boilers, and a water purifying 
plant with a capacity of 60,000 gallons per hour.

The molten iron as it comes from the blast furnace is caught 
in ladles holding 30 tons each and hauled by a loeomotive to 
the open hearth department 1000 yards away. This depart
ment is contained in a building almost 1000 ft. long X 175 ft. 
wide X 90 ft. high. I t  includes, in addition to the 500-ton 
electrically tilted mixer, ten 75-ton open hearth furnaces. Into 
the mixer the molten iron is poured as one would pour cream 
from a pitcher, and from this mixer or reservoir a weighed quan
tity  of molten iron is poured into a  smaller ladle and charged 
into the open hearth furnace together with definite predeter
mined quantities of scrap steel, iron ore, and limestone or sand.

The steel making is begun, and after about eight hours of 
boiling, as it were, the requisite amounts of ferro-manganese, 
ferro-silicon or aluminum are added; then the 75 tons of steel 
are teemed into ingots weighing from 3 to 8 tons. As soon as 
the steel has solidified the ingots are stripped from the moulds 
by a huge machine, almost human in its action, then carried off 
to the soaking pits where they are kept hot until ready to be rolled 
and cut into billets. The capacity of this department is over 
2000 tons of ingots per day. In-the meantime drillings from a 
test ingot have been analyzed by the chemist, thus checking the 
efforts of the melter to produce steel of a definite desired com
position, and the ingots are bloomed to the correct size for the 
next step. This blooming is done in a building over 300 ft. long X 
75 ft. wide, containing, in addition to the soaking pits at one end, 
a blooming mill equipped with the necessary mechanical handling 
devices, operated by a 20,000 H. P. reversing engine and also 
hydraulic shears capable of cutting a 20 X 20 in. bloom.

Following our product from the blooming mill to the bar

mill, we see it charged, perhaps in the form of billet 4. in. X  4  
in. X 11 ft. into a continuous furnace of a capacity of 150 tons 
per day; thence it emerges, almost automatically, at the oppo
site end heated to the correct rolling temperature, and twisting and 
writhing like a snake it passes from one set of rolls to another and 
then loops back and forth through another set of rolls, finally emerg
ing a bar over 300 ft. long, 2 in. wide and 0.260 in. thick. This 
mill will turn out 300 tons of this per day in straight lengths, and 
varying in thickness not more than 0.010 in. from the size 
mentioned.

The steel mill just pictured is the home of small things as well 
as large, and just as the efforts of the engineer have produced 
the 500 tons per day furnace, the 20,000 H. P. engine and the 
trains of rolls weighing tons in themselves, seemingly so rough 
or crude, and just as these in turn have enabled the manufac
turer to turn out bars of steel with a variation in size of 0.010 
in. and less from the desired thickness, so have the efforts of the 
chemist been bent towards not only estimating and controlling 
those elements which are found in steel in large quantities, 
but also those to be found there in the most minute amounts, 
all with the greatest accuracy and speed.

Steel would not exist were it not for the clement carbon; 
therefore, the determination of this elment is most frequent. 
Although the most obvious method was to burn the metal and 
collect the CO2, it was not until the last five years that this was- 
done with assurance— a result attained through the high tem
perature obtainable with the electric furnace, the development 
of refractories and the case with which oxygen can be obtained. 
Fifteen to twenty minutes after the sample is taken the melter 
is advised of the carbon content of his 75 tons of molten steel, the 
necessary additions are made and steel to the required analysis 
is cast; and this whether or no that analysis includes simply 
the usual elements, carbon, manganese, phosphorus, sulfur and 
silicon or the elments chromium, nickel, vanadium, tungsten, 
titanium or any of the other elements which are used in the pro
duction of the alloy steel. For so has the analytical chemist 
improved (his methods that to-day the estimation of almost 
all the afore-mentioned elements is but a matter of minutes, 
and the accuracy a few thousandths of one per cent.

The extent of the analyst’s work may be judged from a con
sideration of the data in Table I.

T a b l e  I — I n g o t s  a n d  C a stin g s— G ro ss  T o n s
E le c tric  
a n d  all

Y ea rs  B essem er O pen  h e a r th  C ru c ib le  o th e r  T o ta l
189 8 ...........  6 ,6 0 9 ,0 1 7  2 ,2 3 0 ,2 9 2  8 9 ,7 4 7  3 ,8 0 1  8 ,9 3 2 ,8 5 7
189 9 ...........  7 ,5 8 6 ,3 5 4  2 ,9 4 7 ,3 1 6  101 ,213  4 ,9 7 4  1 0 ,6 3 9 ,8 5 7
190 0 ...........  6 ,6 8 4 ,7 7 0  3 ,3 9 8 ,1 3 5  100 ,562  4 ,8 6 2  1 0 ,1 8 8 ,3 2 9
190 1 ...........  8 ,7 1 3 ,3 0 2  4 ,6 5 6 ,3 0 9  9 8 ,5 1 3  5 ,4 7 1  1 3 ,4 7 3 ,5 9 5
190 2 ...........  9 ,1 3 8 ,3 6 3  5 ,6 8 7 ,7 2 9  112 ,772  8 ,3 8 6  1 4 ,9 4 7 ,2 5 0
190 3 ...........  8 ,5 9 2 ,8 2 9  5 ,8 2 9 ,9 1 1  102 ,434  9 ,8 0 4  1 4 ,5 3 4 ,9 7 8
190 4 ...........  7 ,8 5 9 .1 4 0  5 ,9 0 8 ,1 6 6  8 3 ,3 9 1  9 .1 9 0  1 3 ,8 5 9 ,8 8 7
190 5 ...........  1 0 ,9 4 1 ,3 7 5  8 ,9 7 1 ,3 7 6  102 ,233  8 ,9 6 3  2 0 ,0 2 3 ,9 4 7
190 6 ...........  1 2 ,2 7 5 ,8 3 0  1 0 ,9 8 0 ,4 1 3  127 ,513  1 4 ,3 8 0  2 3 ,3 9 8 ,1 3 6
190 7 ...........  1 1 ,6 6 7 ,5 4 9  1 1 .5 4 9 ,7 3 6  131 ,234  1 4 ,0 7 5  2 3 ,3 6 2 ,5 9 4
190 8 ...........  6 ,1 1 6 ,7 5 5  7 ,8 3 6 ,7 2 9  63 ,6 3 1  6 ,1 3 2  1 4 ,0 2 3 ,2 4 7
190 9 ...........  9 ,3 3 0 ,7 8 3  1 4 ,4 9 3 ,9 3 6  107,355 2 2 ,9 4 7  2 3 ,9 5 5 ,0 2 1
191 0 ...........  9 ,4 1 2 ,7 7 2  1 6 ,5 0 4 ,5 0 9  122 ,303  5 5 ,3 3 5  2 6 ,0 9 4 ,9 1 9
191  1 ...........  7 ,9 4 7 ,8 5 4  1 5 ,5 9 8 ,6 5 0  9 7 ,6 5 3  3 1 ,9 4 9  2 3 ,6 7 6 ,1 0 6
191 2 ...........  1 0 ,3 2 7 ,9 0 1  2 0 ,7 8 0 ,7 2 3  121 ,517  2 1 ,1 6 2  3 1 ,2 5 1 ,3 0 3
191 3 ...........  9 .5 4 5 .7 0 6  2 1 .5 9 9 ,9 3 1  1 2 1 ,226  34 ,0 1 1  3 1 ,3 0 0 ,8 7 4

Included in the total for 1913 are about 714,357 tons of in
gots and castings which were treated with ferro-vanadium, 
ferro-titanium, ferro-chrome, nickel, or other alloys, of which 
about 625,430 tons were ingots and about 88,927 tons were cast
ings, as compared with about 892,501 tons in 1912, of which 
about 689,392 tons were ingots and about 103,109 tons were 
castings. Of the total in 1913 about 74,924 tons were Bessemer 
steel ingots or castings, about 599,890 tons were open hearth, 
about 28,279 tons were crucible, about 11,254 tons were elec
tric, and about 10 tons were miscellaneous. Of the total pro
duction of steel ingots in 1913 about 625,430 tons were treated 
with ferro-vanadium, ferro-titanium, fcrro-clirome, nickel or other 
alloys, of which about 53,751 tons were Bessemer ingots, about 
535.577 tons were open hearth, about 25,281 tons were crucible, 
and about 10,821 tons were electric.



934 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  7, No.  11

Therefore, assuming the sizes of the heats of steel made by 
¿the respective processes to average 10, 50, 1.5  and 6 tons, and 

each heat to have required one determination of each of the five 
usually estimated elements, we would have for the year 1913 the 
interesting data in Table II, in which round figures only are used.

T a b l e  I I
D e t e r m in a t io n s  B essem er O pen  h e a r th  C ru c ib le  E le c tric

C a r b o n . . . ................................  9 5 4 ,0 0 0  4 3 2 ,0 0 0  8 1 ,0 0 0  5 ,7 0 0
M a n g a n e s e ...............................  9 5 4 ,0 0 0  4 3 2 ,0 0 0  8 1 ,0 0 0  5 ,7 0 0
S ilic o n ......................................... 9 5 4 ,0 0 0  4 3 2 ,0 0 0  8 1 ,0 0 0  5 ,7 0 0
S u lfu r ..........................................  9 5 4 ,0 0 0  4 3 2 ,0 0 0  8 1 ,0 0 0  5 ,7 0 0
P h o s p h o ru s ..............................  9 5 4 ,0 0 0  4 3 2 ,0 0 0  8 1 ,0 0 0  5 ,7 0 0
N ic k e l ...............................................................  7 ,0 0 0  3 ,4 0 0  1 ,8 0 0
C h ro m iu m ................................    5 ,4 0 0  7 ,7 0 0  900
V a n a d iu m .................................    2 ,7 0 0  1 ,7 0 0  500
T i ta n iu m ...................................  5 ,3 0 0  1 ,1 0 0  . . .

T o t a l ...................................    4 ,7 7 5 ,3 0 0  2 ,1 7 6 ,2 0 0  4 1 7 ,8 0 0  3 1 ,7 0 0
G ra n d  T o t a l ............................................. .. 7 ,4 0 1 ,0 0 0  d e te rm in a tio n s

These figures are startling, and yet they do not, by any means, 
wholly represent the analytical work connected with the produc
tion of the steel itself. It  is not to be understood that these 
figures represent the actual conditions, for it is very question
able if one-half the Bessemer steel heats are analyzed; on the 
other hand, however, many companies make two and three 
check determinations on a single heat of open hearth steel. 
The figures as a whole are very probably far short of showing 
the work of the analytical chemist associated with the produc
tion end of the steel industry. The analyses connected with 
the blast furnace, such as those of pig iron, ores, slag, coal, 
coke, gases, refractories and water, should be added to these 
and also those determinations made upon the ordinary or regu
larly used ferro-alloys and metals, not to mention those neces
sary for the production of alloy steels containing chromium, 
nickel, vanadium, titanium, cobalt, tungsten, copper, molyb
denum, and perhaps uranium, either singly or in combination.

Frequently much of this steel when it  reaches the consumer 
is again analyzed so that the part analytical chemistry plays in 
the steel industry is seen to be extensive and absolutely indis
pensable. W ithout it we could not ride from New Y o rk  to 
Chicago in twenty hours nor drive with safety in an automobile 
at a fair rate of speed, nor would we have our high structures, 
huge bridges or viaducts, nor any of the modern mechanical 
equipment for operating our factories.

To obtain the high fuel efficiency of the blast furnace, the con
trol of the Bessemer converter and of the open hearth furnace 
has necessitated an extensive and careful study of the weights 
and volumes of gases, high and low temperature measurements, 
heats of combustion of gases and fuel. Thus physical chemistry 
is seen to be an essential aid, since the metallurgy of steel in
volves principles which are not only chemical but also physical 
and mechanical. The mositure of the air was of sufficient 
economic importance to the efficiency of the blast furnace that 
its removal by  refrigeration was undertaken, following a study 
of the physical chemistry of the blast. In  the Talbot open 
hearth furnace, a bath of molten steel is used to excite the re
action between molten pig iron and iron ore, with a saving of 
fuel, sincc the materials themselves burn each other as it were, 
an achievement following the study of the thermochemical re
action between carbon and oxide of iron.

N ot only has inorganic chemistry in its analytical, physical and 
thermo phases played a highly important part in the steel industry, 
but also organic chemistry is entering the field. The production of 
coke is accompanied by the making of coal tar which is the source 
of benzol and many other valuable bases used throughout the 
chemical and allied industries. It is now proposed by one of the 
largest steel producers, to take up this feature and develop it.

In concluding this presentation, which, on account of the 
broadness of the subject is necessarily very incomplete, men
tion should be made of the part electricity has more or less re
cently played. While the process of making steel with elec
tricity is primarily elcctrothermic, an extensive chemical study 
of refractories and electrodes was necessary before the process 
attained its present status. The high temperature which could

thus be gotten enabled the use of hitherto impossible combina
tions for slags with the result that steels of a greater purity be
came possible and these from scrap or iron containing high per
centages of objectionable elements such as phosphorus and 
sulfur; the chcmist was thus also enabled to produce ferro
alloys otherwisei impossible.

It  is hoped that this article may give to those unfamiliar 
with the metallurgy of iron and steel some idea of the all-im
portant part chemistry has had in the success of one of the 
greatest of the world’s industries.

P it t s b u r g h , P a .

CONTRIBUTIO NS OF TH E CH EM IST TO  TH E  IRON AND 
STEEL IN D U STR Y

B y  A l l e r t o n  S. C ushm a n  

D ire c to r  I n s t i t u te  of I n d u s tr ia l  R esea rc h , W a sh in g to n . D . C.

The contribution of chemistry to the iron and steel industries 
m ay be said to have begun with the introduction of the great 
pneumatic processes of steel making in the latter part of the 
19th century. The Bessemer process, brought out in 1863, 
and the Siemens-Martin open hearth process which followed 
soon after, produced a revolution in the iron industry that gave 
the chemist his first opportunity. Before the days of steel, iron 
making was largely an empirical art, and no one considered the 
estimation or control of the impurities which usually accompany 
the metallurgy of iron to be a matter of vital importance. It 
was, of course, known through the operation of the puddling 
and crucible processes that certain elements could be depended 
upon to confer hardness and toughness, but the very important 
quantitative rôles in the metallurgy of iron played for good or 
ill b y  the ever-present five elements— carbon, manganese, sulfur, 
phosphorus and silicon— were not understood. It  was by means 
of his original researches into the methods for determining and 
controlling these so-called impurities that the chemist began 
to force his cooperation upon the more or less unwilling body 
of contemporary metallurgists. E ven within the metallurgical 
memory of the present writer, which does not comprise more 
than a third of a century, iron masters were loathe to recognize 
the necessity for well-equipped laboratories under the charge 
of college-bred chemists.

After the ore is mined and shipped, the iron industry begins 
in the blast-furnace in which chemical reactions involving 
enormous energy exchanges take place. Just as soon as the 
professional chemist was allowed to win his w ay from the labora
tory into the works, revolutionary changes in output and 
economy were very soon accomplished. This move forward 
constitutes, in the opinion of the writer, the first great con
tribution to the iron industry made by the chemist.

In the meantime, the steel maker, in charge of the rapidly 
developing pneumatic processes, required to know and follow 
the content of carbon, manganese and other impurities during 
the progress of a heat. Analytical chemistry came to the 
rescue by devising quick methods of analysis. So rapid has 
been the development along this line of chemical contribution 
that the modern metallurgist can literally obtain his information 
while he waits and thus modify and control the degree and 
duration of his heats. The writer has information that by a 
recent method even carbon by combustion can be accurately 
determined in eight minutes from the time the sample drillings 
are delivered to the laboratory. The development of modern 
methods of rapid and accurate analysis m ay be held to con
stitute another great contribution of chemistry to the metallurgy 
of iron and steel.

Modem metallurgy has not been satisfied with the develop
ment and improvement of ordinary carbon steels, for modern 
industrial requirements have demanded the production of 
alloy steels possessing marvelous and, until very recently, un
heard of and undreamt of physical properties. The ores of the 
rarest elements have been unearthed to produce these wonderful
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alloy steels, and the chemist has been called upon to devise 
ways and means for their development and study. This evolu
tion has indeed presented m any a knotty problem to the analyst 
as well as to the chemist in the works. I t  is no easy chemical task 

. to separate, estimate and control such elements as tungsten, 
chromium, vanadium, titanium, nickel, cobalt, molybdenum 
and tantalum as every-day constituents of steel.

Space will permit of only the briefest reference to the very 
important place that the curious alloys have made for themselves 
in the metallurgy of iron and steel. The tungsten, chromium, 
cobalt and molybdenum alloys of varied composition con
stitute the modem "high speed”  steels which have revolutionized 
machine shop practice. Vanadium and chromium are used 
in the manufacture of the so-called anti-fatigue steels for springs 
and other rapidly moving machine parts. A t the New York 
meeting of the Eighth International Congress of Applied 
Chemistry, in 1912, Dr. Carl Duisberg referred to the use of 
some of these new alloys as follows:

"O f great importance are those alloys of iron with chromium, 
tungsten and vanadium which possess a high degree of hard
ness even at 400-5000 C. They are needed by engineers for the 
construction of steam turbines, for the embossing and spraying 
of metal objects when heated to redness, a process which has 
lately found extensive application. Chemists use these kinds 
of steel whenever chemical reactions are carried out at high 
temperatures and pressure, as in the synthesis of ammonia 
according to Haber’s process.”

According to Dr. Duisberg, the very latest alloy manu
factured by Krupp for the manufacture of safety vaults and 
safes can neither be drilled nor exploded nor can it be cut by the 
oxyhydrogen flame. In the light of subsequent events we are 
led to presume that the manufacture of safes was not the only 
purpose in the minds of our chemist-colleagues across the water. 
I t  is interesting to note in passing that unless the chemists of 
Germany had worked out the synthesis of nitrogen compounds 
from atmospheric nitrogen as well as the special steels suitable 
for the construction of the necessary apparatus, the present 
great world war would have to be brought to an early close.

Another important contribution of chemistry to the iron 
industry which may be called purely American is along the 
line of the manufacture of pure iron on the same scale which is 
usual in steel production. This development, which the writer 
is in large measure responsible for, has had to win its w ay against 
many difficulties and even much prejudice and hostility. M any 
hundred thousand tons of commercially pure iron are now pro
duced annually in this country and are in demand for many 
purposes for which iron is more suitable than steel. Pure iron 
is soft and ductile with a high electrical conductivity and useful 
magnetic properties; for many deep drawing and enamelling 
purposes it is unequalled, while its slow rusting qualities have 
given it a wide-spread reputation and use. Some years ago the 
■demand for pure iron could be filled only by  the importation of 
N orw ay and Swedish charcoal irons; at the present time the 
industry is fully established in this country on the large scale 
which our industrial and economic conditions demand. T hat 
the chemist has contributed to this line of development there 
can not be the slightest doubt. It  has been found necessary 
to eliminate the gaseous as well as the solid impurities from 
these pure irons, and this difficult problem has engaged the 
closest cooperation between the men in the laboratory and the 
m ill.

In a brief review of this nature it  is possible to touch only 
lightly on the many contributions of chemistry to the iron and 
steel industry, blit the writer’s experience is that unless the 
■divisional superintendents in a modern iron and steel plant are 
themselves chemists as well as metallurgists, they can not be 
-depended upon to carry on progressive work.

I n s t it u t e  o f  I n d u s t r ia l  R e se a r c h  
W a s h in g t o n , D . C .

CONTRIBUTIONS OF TH E CH EM IST TO  TH E ART OF 
SO APM A K IN G

B y M a r t in  H h x  I t t n e r  
C h ie f C hem ist, C o lg a te  & C o m p a n y , N ew  Je rse y

Although the art of soapmaking is of long standing it has 
undergone considerable improvement during recent years. The 
advance in the science of chemistry lias contributed in no small 
w ay to the number and magnitude of the successes in this field.

Soapmaking is connected almost inseparably with a number 
of other related industries among which the chief are the manu
facture of alkali, glycerine, edible fats and oils, and perfumery, 
while the manufactures of candles and lubricants are industries 
closely associated with soapmaking.

Although m any of the larger soap manufacturers make their 
own caustic soda from soda ash, the manufacture of alkali is a 
great industry in itself. I would be neglectful, however, if I 
failed to state here that the manufacture of alkali has advanced 
so that most of the alkali now on the market is of very high 
quality and is sold at a very reasonable price.

It  was only a comparatively few years ago that the greater 
portion of the glycerine formed during the process of soap
making was wasted. It  was thrown away with the spent lyes 
in the process of making "curd” soap, or was left in the soap 
in the so-called "cold-made” soap. An increased demand for 
pure glycerine for the manufacture of explosives, confections, 
and pharmaceuticals has stimulated the soapmakcr to recover 
his glycerine and an article that was once a neglected by-product 
has now assumed so much importance that no soapmaker could 
operate with any degree of success. without recovering his 
glycerine, and the profit from the recovery of glycerine is fre
quently greater than that from the manufacture of soap itself. 
A  knowledge of the physical and chemical properties of glycerine 
has been utilized in the various processes which have been 
devised to recover and purify this valuable body. The most 
important part of these processes is the distillation of the 
glycerine by means of steam in vacuo. It  is not necessary to 
operate at a temperature sufficiently high to cause any de
composition of glycerine, as was the case in older methods, 
and improvements in processes employed have worked economics 
in yield and cost of production. Glycerine of the highest 
degree of purity is now regularly made on an enormous scale 
from soap lyes.

During the operation of soapmaking the glycerine is gradually 
removed from the soap by successive washes. Chemical 
analysis enables the soapmaker to estimate the total amount of 
glycerine possibly obtainable in a given operation. Chemical 
control and a consideration of the cost of operation taken to
gether with the value of glycerine enable him to ascertain the 
most economical conditions of working.

The process of making "settled” soap, carried on under 
chemical control, enables the soapmaker to readily produce 
soap of uniformly high quality.

W ith an aim to the simplification of the proccss of soapmaking 
and the realization of greater economy, new methods of hy
drolyzing fats and oils have been devised. In some of these 
methods, notably those in which sulfo-fatty acids are used, the 
hydrolysis is effected at atmospheric pressure. Hydrolysis by 
means of enzymes is also used to some extent. B y  these pro
cesses the larger part of the glycerine is readily recovered and 
fatty acids suitable for soapmaking are produced. When 
materials of poor quality are used, as, for instance, cottonseed 
soapstock, the fat m ay be hydrolyzed into fatty  acids and 
glycerine, the glycerine recovered, and the dark acids sub
jected to distillation with steam in vacuo, whereby white fatty  
acids, suitable for making good quality soap, m ay be obtained.

A  new method of lime saponification gives a lime soap that is 
brittle and readily pulverizable and which is insoluble even in 
boiling water. B y  this method, which requires somewhat
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more mechanical handling than other methods, all of the glycerine 
m ay be recovered and the lime soap m ay be converted into 
soda soap by means of soda ash, giving a  soap of good quality.

The soapmaker is not blessed with a market in which he can 
obtain at will a steady supply of fats and oils of uniform quality 
a t uniformly reasonable prices. His supplies must be drawn 
from all over the world and consist of animal and vegetable 
fats and oils. They include tallow, lard, cotton oil, peanut 
oil, soya-bean oil, olive oil, cocoanut oil, palm oil, marine animal 
oils, etc. His principal competitor in the markets of the world is 
the manufacturer of fat and oil food products. In some cases 
the soapmaker is also a manufacturer of edible products and at 
times converts a large part of the fats and oils which he handles 
into first-class food products, and sells them as such. It  has 
thus become necessary for the soapmaker to develop methods 
of refining and purification whether the product is to be used as 
food or to be made into soap. A  knowledge of the physical and 
chemical properties of various fats and oils used in soapmaking 
makes it  possible to get a uniform and satisfactory result by the 
proper employment of different combinations, thus enabling 
the soapmaker to utilize the cheaper materials available at any 
given time. If he could not accomplish this result he would 
be a more serious competitor to the manufacturer of edible fats, 
with the result that both our edible fats and oils, and soaps 
would cost more to the consuming public.

The process of hydrogenating soft oils whereby hard fats may 
be obtained, has been worked out b y  a number of soapmakers. 
Although hydrogenated oils have been and arc used on a com
paratively large scale in soapmaking, their principal employment 
up to the present time has been in the manufacture of edible fats.

The soapmakers are the largest consumers of perfume ma
terials in the world. M ost of the soaps on the market, even the 
cheaper grades, are perfumed. There is a popular miscon
ception that perfume material is used to cover up inferior ma
terials. If this was ever the ease it can scarcely be so con
sidered now. Perfumes are added to soaps for two reasons: 
to make them more attractive to the consumer, and because of 
the fact, well known to all soapmakers, that practically all of the 
perfume materials exercise a preservative action on soaps, 
keeping them sweeter than they would be if no perfume ma
terial was used.

The manufacturers of toilet soaps include the largest per
fumers in the world and the chemical study of perfume ma
terials has come within the province of the soap manufacturer, 
while some of these manufacturers have entered the field of the 
distillation of essential oils and the manufacture of synthetic 
perfume materials.

The successes which have been realized in the soapmaking 
industry through the aid of chemistry and engineering have 
been of inestimable value but they are not final. The practice 
in this industry, however much it m ay have been improved, 
has not been perfected, and the wide-awake manufacturer is 
more than ever convinced by each new improvement that 
chemistry and engineering must be employed and followed if 
continued success is to be realized.

C o i.o a tb  & C o m pa n y . J e r s e y  C it y , N . J .

CO N TRIBU TIO N S OF TH E C H EM IST T O  TH E P E R 
FU M ER Y AND ESSEN TIAL OIL IN D U STR Y

B y  E d w a r d  T . B e i s e r  

P e rfu m e  C h em is t, F . W . F i tc h  C o m p a n y  

As in many other fields, the contributions of the chemist to 
the domain of perfumery constitute a glorious romance which 
would fill many volumes of no small size.

Once secluded to the adornment of the royalty, perfumery 
has been augmented in volume and lowered in cost until today 
the most meager toiler may revel in "am ber scents of odorous 
perfume.”  This is due to the many improvements manu

facturing processes have undergone and our advanced knowl
edge of chemistry.

The synthesis of flower oils has, without a doubt, been the 
greatest achievement made in elevating the art of perfumery. 
W ith all due credit, however, to the perfumer, without whose 
highly trained sense of smell perfumery perfection could not be 
attained, yet when it comes to making plain extract of civet 
cat masquerade as the delicate perfume of a spring Nosegay, 
we have just simply got to hand it to the chemist. Through 
his untiring efforts we need no longer depend upon cow dung, 
or the vom it of the whale as the source of ambergris, but 
ambrein, the odor constituent of ambergris, in a fine state of per
fection, is now produced in the laboratory, and from substances 
which have a very different effect upon our gustatory functions.

One of the first synthetic materials to find successful ap
plication in perfumery was vanillin— the flavoring constituent of 
vanilla beans. In 1876 Ticmann took out his first patent on a pro
cess to produce this methyl ether of protocatcchuic aldehyde by 
means of the acetylation of eugenol and its subsequent oxidation.

The first vanillin sold for nearly $800 per pound. Through 
advances in chemical discovery, improved manufacturing 
processes, increased consumption and the opposition of rival 
patentees this price has been gradually reduced until today 
vanillin can be bought for less than one one-liundredtli th e  
introductory price.

A  later discovery which gave renewed impetus to the industry o f 
synthetic perfumery was that of Tiemann and Kruger. These 
chcmists, after m any years of patient research, finally succeeded in 
preparing an artificial violet perfume which they called ionone.

lonone was formed by condensing the olefinic aldehyde citral 
with acetone. The olefinic ketone in the presence of alkalies, 
formed pseudoionone of the formula C13H20O. B y inversion 
with dilute acid pseudoionone was converted into ionone. 
This methyl ketone, a straw-colored oil, had such a powerful 
violet odor that one pound of it was equal to the perfume con
tained in all of the violets that you could pack into a fair sized 
room. Perfumers who, up to the time of this discovery, re
fused to admit the value of synthetic perfumes, were soon w o i l  

over by the exquisite rendering of the violet made possible 
with this valuable chemical invention.

In rapid succession, one discovery followed another, until 
to-day the modern perfumer can choose from several hundred 
important aromatic chemicals and produce thousands of fine 
combinations satisfying to the most fastidious. Synthetics- 
have made possible the perfection of many old perfumes and enable 
the perfumer to produce new scents undreamed of heretofore.

As mere traces of impurities will often seriously alter the 
basic odor of a synthetic perfume, it must, besides being 
chemically pure, respond to the olefactory test. And while 
the sense of smell in man is inferior to that developed in animals, 
it is nevertheless marvelously delicate. It  has been found that 
air containing one twenty-three billionth of a milligram .of mercap- 
tan to the cubic centimeter could be detected, and it was estimated 
that only one four-hundred-sixty millionth of a  milligram o f 
this substance was necessary to excite the sensation of smell.

So, to pass the cultivated nose, great care.is exercised by the 
chemist to free his laboratory creations from detrimental im
purities.

Few of the natural flower oils are made up of a single arom atic 
substance, but are very complex, some oils having upwards of 
half a hundred individual constituents. Some of these con
stituents, while having a decided effect upon the character of 
the complete odor, are present in minute traces only, making 
recognition exceedingly difficult. B ut in spite of these many 
handicaps the chemist has produced a number of artificial 
flower oils which compare favorably in quality, are always- 
uniform, and in every instance very much cheaper than the 
oils extracted from the flowers.
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In the essential oil field also the chemist has rendered great 
service. It  is no longer necessary to depend wholly upon the 
nose test in judging the value of an essential oil. Such progress 
has been made in the w ay of analysis that the perfumer is 
enabled to obtain not only pure oils, but such that are ricli in 
active constituents. The composition and properties of the 
essential oils are so well understood to-day that the Pharma
copoeias have adopted requirements concerning them which 
are specific and exacting.

While not an extremely large industry, perfumery does 
figure in the daily life of the average American, and without 
a doubt brings occasional aesthetic delights to every living being 
who is blessed with the sense of smell. In the United States, the 
value of finished products, in which perfumery plays an important 
part, amounted to several hundred million dollars last year.

Just as the chemist has found the delightful fragrance of 
new mown hay to be due to the crystalline lactone eoumarin, 
so in time he will discover and synthesize the refreshing odor 
of the sea-borne breeze, the exhilarating fragrance abounding 
within the forest after a warm rain, and the many charming 
odors which prevail at the various seasons in the fields.

712 T h ir d  St r e e t , B o o n e , I ow a

CO N TRIBU TIO N S OF TH E CH EM IST TO  TH E LEAD 
INDUSTRY

B y  G . W . T h o m pso n  

C h ie f C h em is t, N a tio n a l L e ad  C o m p a n y

To start with, we must admit that the possibilities for accom
plishment in the lead industry by the chcmist are, for obvious 
reasons, much more limited than in some of the newer indus
tries. Lead smelting and the manufacture of most lead com
pounds was fairly well developed before modern chemistry be
gan. Lead was known to the ancients, as well as were most 
of the lead compounds, which are now produced in large quan
tities. The great help modem chemistry has afforded is in the 
direction of preventing losses and systematizing smelting and 
manufacturing operations.

In the smelting of lead, there have been no radical departures 
due to the influence of chemistry. The old methods of oxida
tion and reduction are still in vogue. M any attempts have 
been made by chemists, particularly electrochemists, to develop 
simpler methods for the production of lead from its ores. None 
of these, however, has been commercially successful.

The principal influence of the chemist, as indicated above, 
has been in the study of the losses incident to smelting and the 
reducing of these losses to a minimum. The chemist has there
fore contributed here principally to a better understanding of 
the operations of smelting. His influence has also been felt 
in the development of methods for the concentration of lead 
from its ores. M ost of these methods are, however, distinctly 
mechanical, and while the modern methods of oil flotation 
m ay be considered chemical, their influence upon lead concen
tration has not been so great as it has been with other metals. 
I t  is true also that the chemist has done his part in those opera
tions connected with the recovery, utilization and production 
under controlled conditions of fumed products, particularly in 
the production of basic sulfate of lead and the leaded zinc oxides.

In the refining of lead the chemist has helped through the 
introduction of electrolytic methods, as in the Betts process. 
This process, however, could hardly compete in cost with the 
older methods devised by Pattinson and Parkes, which methods, 
while involving principles of physical chemistry, can hardly be con
sidered as distinctly chemical processes. The use of the Betts pro
cess has been particularly serviceable in the recovery of bismuth 
from metallic lead, which bismuth remains as a slime or mud.

It  can hardly be said that the uses of metallic lead have been 
increased through the help of the chemist. Sheet lead and lead 
pipe have, of course, been used to a large extent in most chem

ical operations, particularly in the manufacture of sulfuric acid, 
and the chemist has assisted considerably in determining the 
best leads for such purposes. The development of lead alloys 
since modem chemistry has made its influence felt has been 
comparatively slight. Metallographical work has thrown a 
great deal of light upon these alloys and indicated many things 
with regard to their constitution and possible usefulness. It  
has helped in the determination of relative values. It cannot 
be considered, however, that chemistry has developed new lead 
alloys of great commercial value. The uses of metallic lead 
have increased considerably, more, however, through the de
velopment of other branches of science.

When we come to the compounds of lead and their uses, we 
find that here too most of the processes now in general opera
tion were developed before the advent of modern chemistry. 
W hite lead is still made by the old Dutch process, and while in 
Germany and France the chamber and precipitation processes 
have been developed, no new qualities of value have been im
parted to white lead by these processes, and Dutch process 
white lead is still considered the standard. In this country the 
manufacture of white lead by the Carter process has shown 
considerable growth, and it was the understanding of the chem
ical reactions taking place in the manufacture of white lead 
by the Dutch process that brought about the final develop
ment of the Carter or cylinder process, as well as the more recent 
so-called "m ild ”  process invented by Rowley.

Chemistry has indeed been a great help in the understanding 
of all of the reactions that take place in the manufacture of 
white lead and it has helped here to reduce manufacturing costs 
and save losses. All of these things have been accomplished 
simply because of the better understanding of the reactions which 
take place. No specifically great improvement, however, has 
resulted from this better understanding of reactions. The 
oxides of lead, litharge and red lead, are manufactured prac
tically as they were before the advent of modem chemistry. 
It  is true that in the manufacture of nitrite of soda by the lead 
method, a considerable amount of 'litharge was made until 
the advent of cheaper methods of manufacture of nitrite of 
soda as a by-product of the nitrate industry in Norway. The 
development of the storage battery industry has created a 
great demand for red lead and litharge, and as the storage bat
tery industry is electrochemical in its character, it may be con
sidered with propriety that in this branch of industry' chemis
try has been of great assistance. The use of lead oxides in 
the curing and vulcanization of rubber goes back to the time of 
Goodyear, and it is very doubtful if at that time or even at 
the present day, the function which lead oxides perform is prop
erly understood. The best information obtainable indicates 
that the lead oxides act as catalyzing agents, producing greater 
uniformity in vulcanization, carrying on reactions which are 
started either with or without heat and bringing the curing and 
vulcanization about with more uniform results. The oxides 
of lead which are used in the glass industry are made by the old 
methods. The glass industry itself follows the old empirical 
methods, in which chemistry has had little part in improving 
results. The study of glass, however, has resulted in the de
velopment of a better understanding of what glass is and how it 
can be made more suitable and permanent.

The function of lead salts in driers in the paint industry is 
practically chemical, and much information has been obtained 
as to the action of driers, giving quantitative knowledge, which 
has helped in the preparation of better driers and product con
taining them. The influence of the chcmist upon the paint in
dustry involving the use of lead compounds has been entirely 
subordinate to the practical results obtained. Undoubtedly 
the influence of the chemist has been felt in the better under
standing of paint problems, but progress in this direction has 
been unfortunately handicapped by the development of many
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fallacious hypotheses, which the chemist is only now beginning 
to overcome. V ery few new salts of lead have been developed 
having commercial value or importance. Acetate of lead and 
nitrate of lead are still manufactured by the old processes and 
chemistry has helped in their manufacture only to a slight ex
tent. The use of arsenate of lead as an insecticide having 
qualities superior to the ordinary arsenates and arsenites of 
copper, etc., has grown within the last few years, with promise 
of still greater progress. Arsenate of lead has the advantage 
over other arsenical compounds of not injuring foliage to as 
great an extent, and remaining where it is put for a longer 
time.

It  will be seen, therefore, that what I stated in the beginning 
is true. The chemist’s principal influence in the lead industry 
has been in the better understanding of chemical reactions in
volved in the production, manufacture and use of lead and its 
compounds. Chemistry has helped in the modification of lead 
products to make them better and more suitable for use. It 
cannot be said, however, that outside of lead refining by the 
Betts process, the use of lead compounds in storage battery 
manufacture and in the production of arsenate of lead, that 
chemistry has had a  conspicuous part. Chemistry has undoubt
edly been responsible for many lead industries being able to 
hold their own in competition with other products, but be
yond this and the part which this has in the general applica
tion of chemical knowledge, chemistry has done little.

129 Y o r k  St r e e t , B r o o k l y n , N . Y .

CO NTRIBUTIO NS OF TH E  C H EM IST TO TH E PAIN T AND 
VARN ISH  IN D U STR Y

B y  M a x im i l i a n  T o c h  

D ire c to r  of L a b o ra to ry  of T o c h  B ro th e rs  

The contribution of the chemist to the paint and varnish 
industry is not a very long story, for prior to twenty-two or 
twenty-three years ago the paint and varnish industry was 
based on rule of thumb entirely, and it is only within the last 
ten years that the raw materials pertaining to the manufacture 
of paint have been systematically classified and illustrated by 
photomicrographs.

If you take the example of white lead, which has been men
tioned by Pliny as having been used four hundred years before 
Christ, re-inventcd by the Dutch over three hundred years ago, 
it will be found that this material was empirically made and in a 
“ hit or miss”  fashion. It is only within the last few years 
that the large lead concerns have employed able chemists who 
have systematized the manufacture of white lead so that all 
batches are uniformly produced.

I t  was the custom in the paint industry that dry color manu
facturers, whose business really was the manufacture of high 
type chemicals, had practical men who owned formulas and 
guarded them as zealously as the alleged secrets of the masonic 
order are hidden. I  knew a well-known manufacturer of chrome 
green, which in the paint industry is a mixture of prussian blue 
and chrome yellow, who was entirely at the mercy of his foreman 
because his foreman never would divulge the actual working 
formula of the green that he made.

For many years I have enjoyed the confidence of many of 
our competitors, and it would not be amiss to cite a single 
example of the method by which the paint or dry color industry 
was conducted in former years. A  very large manufacturer of 
chrome yellow’ came to me one day and told me that he made 
upwards of one million pounds per year and did not make any 
money. He showed me the cost of his raw materials and the 
cost of his labor and could not understand where his loss came in. 
I examined his factory, calculated for him the amount of acetate 
of lead necessary to react upon a given amount of potassium 
dichromate and then made an analysis of the waste water from

his factory, and showed him that 40,000 pounds of sugar of lead 
solution were going into the sewer every year, simply because 
he had no man in charge who knew what he was doing 
scientifically. I could give many instances of this kind, and 
it is a gratification for me to know that many of the chemists 
now employed in the paint and varnish industry have been 
originally selected by me, and that m y firm, though really 
insignificant as compared with some of the large paint con
cerns, has, at this W'riting, five chemists including myself, and 
that we have had some slight measure of success is due to the 
scientific control of the products that we make.

Fifteen years ago I doubt whether there was any large varnish 
concern in the United States who had a chemist; in fact, chemists 
were then as they are now— frowned down upon by the practical 
superintendent, who always desired to surround his doings with 
a witchcraft and chicanery that made him imposing in the 
eyes of his principal; but fortunately those days have passed 
and the varnish foreman is more or less dominated now by the 
chemist. I have been so personally identified with the 
chemistry of paints and varnishes that those who read or hear 
this will know that there is absolutely no egotism in what I am 
saying. In the old days of the Chemists’ Club, the late Pro
fessor Morris Loeb and I were the targets of every unemployed 
chemist in the C ity  of New York, at least that is the w ay it 
appeared: the present existing Bureau of Employment was. 
started by me with the help of Professor Loeb, and many of the 
paint and varnish chemists today owe their positions to this. 
Bureau of Employment. This has been further reaching than 
the paint and varnish industry, because the oilcloth, linoleum, 
leather and printing ink industries, all of which use paint and 
varnish in different forms, are now more or less conducted on 
scientific principles, and many such large works are supervised 
by competent chemists who were originally recommended by 
the Bureau of Employment of the Chemists' Club.

I think this small contribution will indicate what a tremendous 
influence the chemist has had upon the paint, varnish and allied 
industries, particularly the paint chemist, who was unknown- 
only a  few short years ago.

320  F if t h  A v e .. N e w  Y o r k

CO N TRIBUTIO N S OF T H E  C H EM IST TO  T H E  P H O T O 
GRAPH IC IN D U STR Y
B y  F r a n c i s  C . F r a r y  

P ro fesso r of C h e m is try , U n iv e rs ity  o f M in n eso ta  

If we ask what the chemist has done for photography within' 
the last quarter-century, we m ay well receive the answer, 
“ everything.”  For indeed there is little in modern photog
raphy which is more than a quarter-century old, and it is the- 
developments of the last two decades that have popularized 
photography and at the same time wonderfully increased its 
usefulness to science.

Among the pioneers in the development of the modern "gas
light”  papers, with their wonderful adaptability and variety, 
we are proud to number one of the foremost chemical engineers- 
in this country; and none of the host of competing papers which 
has since arisen, could have been produced without the chemist. 
Careful chemical control of the quality of the paper-stock, the 
gelatine, and the silver salts used, is one of the first requisites; 
in the manufacture of any photographic paper. The older 
printing-out paper, with all of its beauty of detail and gradation, 
required negatives of a quality which the average amateur 
seldom obtains; and it requires a modern paper to make a 
satisfactory print from the under-timed "snap-shots”  which are 
the inevitable result of the popularizing of photography. More
over, the possibility of making prints by any common artificial' 
light has placed photography within the reach of thousands who- 
could never have used the older papers.
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The successful manufacture of the photographic film has 
been a great achievement for the chemist. Especially is this 
the case when the motion-picture film is considered. The 
problem of making thousands of miles of the support, of uniform 
high quality, and coating this w ith an emulsion of uniform and 
maximum sensibility and satisfactory stability, is one with 
which the chemist has had many a struggle, and for the solution 
of which he is entitled to much credit.

The advance in the manufacture of dry-plates in the quarter- 
century has been remarkable. In uniformity, keeping power, 
speed, and most of all in color-sensitiveness, their quality has 
been steadily improving. M uch of this improvement has been 
due to the careful chemical studies of the emulsion, both in the 
factories and in the K . K . Graphische Lehr- und Versuchs- 
Anstalt, in Vienna, where a notable group of chemists have 
devoted themselves to a thorough study of all phases of the 
photographic industry. It  is due. to chemical research work 
of a high order, that we now have panchromatic plates which 
are sensitive over practically the whole range of the visible 
spectrum, and can even photograph the infra-red rays which 
our eyes do not perceive. The beautiful three-color work in our 
modern magazines would 110 more be possible without the 
panchromatic plate, than would modern press photography 
without the high-speed plate.

In color photography we have made considerable progress. 
The solution, by  the Lumière Brothers, of the problem of the 
manufacture of a plate combining a permanent screen in three 
colors with a stable panchromatic emulsion, first brought 
natural-color photography within the reach of any well-in- 
formed photographer. M any similar plates have been intro
duced, and the results with this type have had a great value in 
many lines, particularly in medical science. Other processes 
for transparencies, such as those of Ives and the Eastman 
K odak Co., and several for the production of natural-color 
prints on paper, owe their development and perfection to chemical 
research of a high order. Suitable aniline dyes for sensitizing 
the panchromatic emulsion are of course the fundamental need 
of all such processes, but the proper selection and adjustment of 
filters, color-screens, and other factors to the characteristics 
of the panchromatic emulsion chosen, involve a mass of careful 
work.

The chemist has made for us a large number of new develop
ing agents, which have many advantages over the old-fashioned 
pyrogallic acid and ferrous oxalate. Improvements in the 
quality and uniformity of other chemicals have been greatly 
appreciated.

As y et we are somewhat in the dark as to the exact nature 
of the latent image, the theory of the action of some of the 
constituents in the developer, and many similar things, for 
enlightenment on which we must turn to the chemist. It is a 
very encouraging sign of good things to come, that one of the 
largest photographic manufacturers in the world has installed 
and is maintaining a large research laboratory, where chemical 
and physical research work on all phases of photography is 
being carried on by a corps of thoroughly trained men w'ho are 
in touch with actual manufacturing conditions. W e may 
certainly expect that the next twenty-five years will bring us 
many more great developments in photography, through the 
work of these and other chemists and physicists.

U n iv e r s it y  o f  M in n e s o t a , M in n e a p o l is

CO N TRIBU TIO N S OF TH E CH EM IST TO  T H E  M ANU
FACTURE OF PH ARM ACEUTICAL PR O D U CTS

B y  F r a n k  R . E l d r e d  

C hie f C h em is t, E li L illy  & C o m p a n y  

The manufacture of medicines is not confined to pharma
ceutical houses, since they do not produce many of the medicinal 
chemicals, volatile oils and other products which m ay be said

to constitute a large portion of their raw materials. M any 
of these products, however, must pass through the hands of the 
pharmaceutical manufacturer in order that they m ay be put 
in a form suitable for use. It is not easy to draw the line be
tween pharmaceutical manufacturing and the closely allied 
industries as their fields of activity will frequently be found to 
overlap; for instance the study and manufacture of certain 
alkaloids have been left almost entirely to pharmaceutical 
chemists and manufacturers although most of the alkaloids have 
been produced by distinctively chemical manufacturers.

Few  industries have been as dependent upon the work of the 
chemist as that of pharmaceutical manufacturing. M any 
industries have been developed up to a certain point without 
the direct assistance of the chemist but the very beginnings of 
pharmacy and chemistry were closely linked together and 
pharmaceutical manufacturing was made possible by the work 
of the early chemists. It is true that pharmaceutical manu
facturing has not always kept pace with the progress in chem
istry, yet the chemist, although a t times very imperfectly 
trained, has always been an indispensable factor in the de
velopment of the industry and to-day the successful manu
facturers are those who are making use of the most recent 
discoveries in chemistry and medicine and to that end have 
built up organizations of well trained and highly specialized 
scientific workers.

The work of the chemist in the pharmaceutical industry has 
been characterized by the development of new products and 
improvement in the quality of products already established 
rather than by any reduction in manufacturing costs, although 
at the present time much attention is also being given to the 
latter problem. For many years it has been the custom of the 
more progressive pharmaceutical manufacturers to devote 
considerable sums of money to research along the various lines 
connected jvith their business and for this reason much of the 
credit for the development of our present materia medica should 
be given to them. Chance and uncertainty in pharmaceutical 
manufacturing have been largely eliminated, and while ten or 
fifteen years ago much of the routine manufacturing could be 
carried on without the direct supervision of the chemist, it is 
now necessary to have every crude material thoroughly examined, 
every process controlled and every finished product assayed 
or inspected by competent chemists.

Among the earlier improvements, due entirely to the pharma
ceutical chemist, the standardization of preparations made from 
vegetable drugs deserves especial mention. The crude drugs 
were found to vary enormously in strength and as their active 
principles became known and assay processes were developed 
the manufacturers adjusted their preparations so that they 
were always of uniform strength. A t that time the only 
pharmacopoeial standard for such preparations was the fixed 
amount of drug used in their manufacture and the preparations 
when finished of course varied according to the strength of the 
drug from which they were made. The standards established 
by the manufacturers were based upon the strength of an 
average prime drug and the quantity of drug required varied 
inversely with its strength. M ost of these standards were 
adopted by the Pharmacopoeia many years later. This like 
many other improvements made by the chemist in this industry 
resulted in increased costs not only on account of the analytical 
work required but also because of the greater care necessary 
to maintain these standards.

Thousands of different products are manufactured by every 
pharmaceutical house, and it has been the duty of the chemist 
during the past twenty-five years to study these products in 
order to discover their faults and improve them by modernizing 
the methods of manufacture. On account of the great number of 
products to be studied and the diverse problems involved, 
progress may seem slow but if we look back even ten years w e
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cannot fail to recognize the great improvement which has been 
made in the general line of pharmaceutical products. The 
keeping qualities of many products have been thoroughly 
studied although only a few years ago very little was known in 
regard to the stability of medicines. M uch remains to be done 
and progressive manufacturers are sparing no effort to improve 
the quality and raise the standards of their products.

M any of the older classes of pharmaceutical products, how
ever, are rapidly giving w ay to new medicinal agents which are 
established 011 a scientific foundation. This necessitates re
search with the object of developing new products to take the 
place of those which are falling into disuse, for the manu
facturer who neglects this will see his business gradually going 
to his competitor who is awake to this necessity. Extracts and 
tinctures made from vegetable drugs can hardly be considered 
scientific products even though standardized to a definite con
tent of the. active principles since they always contain m any 
other substances which are either inert or possess undesirable 
physiological activity. Alkaloids and other definite principles 
isolated from vegetable drugs have already, to a large extent, 
taken the place of the various extracts and we m ay expect even 
greater progress in this direction during the next few years. 
The preparation of active extracts and definite principles from 
the ductless glands is one of the remarkable developments of the 
last fifteen years. M ost of us have witnessed with interest 
the increase in synthetically prepared medicines from a very 
small beginning to a point where they are made to meet almost 
every therapeutic indication. The continued advance along 
the line of rational and exact medication has led the manu
facturer to develop many of these new and improved therapeutic 
agents.

I11 one respect the position of the pharmaceutical manu
facturer differs from that of manufacturers in other lines. The 
U. S. Pharmacopoeia, a book of standards published under the 
authority of a convention whose members are appointed by 
various medical and pharmaceutical bodies, and the National 
Formulary, published by the American Pharmaceutical Associa
tion, have been made the legal standards for all preparations 
and substances described by them. I t  is evident that such 
legal standards are necessary and that the manufacture of 
medicinal products should be very carefully controlled. This 
being granted it is very important that the standards be correct 
and the control judicious. The U. S. Pharmacopoeia is revised 
decennially by  a revision committee chosen by the convention 
already referred to. In making this revision the committee 
draws upon the published or privately communicated work of 
chemists and pharmacists and to some extent upon work carried 
011 under its own direction. Much of the work of chemists for 
the manufacturing houses has been utilized in the compilation 
of the Pharmacopoeia. Since the revision committee is a 
representative body in which all classes interested in the prep
aration and use of medicinal products have a voice, probably 
no better standards could be established, but it must be rec
ognized that the progress which necessitates the revision of the 
book every ten years also renders many of the old standards obso
lete long before the new edition appears. The National Formulary 
is a valuable book which was designed to serve as an unofficial 
guide in preparing commonly used preparations which were not 
described by the Pharmacopoeia and its elevation to the rank 
of a legal standard seems to have been due to a misconception 
of its function.

While these two standards have been legalized by the Federal 
Food and Drugs A ct a very wise clause was inserted in the act 
which provides that preparations m ay differ from the standards 
so established if the standard be plainly stated on the label. 
This clause allows uninterrupted progress during the interval 
between revisions of the Pharmacopoeia and insures new ma
terial and improved standards for the. use of each revision com

mittee. I t  is this clause which now enables the chemist to 
contribute actively to the manufacture of medicinal products.

In some quarters the repeal of this provision of the law has 
been advocated and since it has such an important bearing upon 
the relation of the chemist to pharmaceutical manufacturing, 
it  should receive our careful consideration. The repeal of this 
clause would make it unlawful to market any product which 
differed in any w ay from the product described by the Pharma
copoeia or National Formulary; manufacturers therefore could 
not profit by  any improvement which they might make and all 
research tending toward the improvement of such products 
would be discontinued. When it is remembered that the most 
important medicines are described in the Pharmacopoeia, that 
many are included in the National Formulary which afterward 
find their w ay to the Pharmacopoeia, and that many of the 
articles dropped from the Pharmacopoeia are subsequently 
inserted in the National Formulary, it will be seen that 110 more 
effective bar to progress in the production of medicinal products, 
than the elimination of this clause from the law, could be de
vised. It  m ay be pointed out that the standardization of ex
tracts and tinctures as well as many other improvements could 
never have been introduced by manufacturers if no variation 
from pharmacopoeial standards had been allowed. Under such 
a law while manufacturers in every other line would be stimu
lated by competition to improve their products, the manu
facturer of medicines would be legally prohibited from doing so. 
The contributions of the chemist to this industry would then be 
confined to routine analytical work and to the development of 
products which could be protected by patents; all improvements 
in medicinal substances now included in the National Formulary 
and Pharmacopoeia would have to be made b y  the committees 
of revision with limited time and facilities and without manu
facturing experience. It  seems doubtful if such a law could be 
enforced but if the matter is placed before our law makers in 
the proper light there can be no doubt that the federal law will 
remain unchanged and that the state laws will conform to it in 
this respect. If this course is followed the progress in this 
industry, which has never been as rapid as at the present time, 
will be uninterrupted.

I n d ia n a p o l is , I n d ia n a

CONTRIBUTIONS OF TH E  CH EM IST TO  T H E  H ARD 
W O O D D ISTILLA TIO N  IN D U STR Y

B y  S. W . K a t z e n s t e in  

A ss is ta n t M an a g e r , A n tr im  I ro n  C o m p a n y

The hardwood distillation industry has been brought to 
popular attention of late, on account of the rapid increase in 
value of one of its products, acetate of lime, which is being 
converted, in large amounts, into acetone for the manufacture 
of smokeless powder. This recent impetus has been a great 
boon to the industry for, with low prices for wood alcohol since 
the passage of the denatured alcohol act, overproduction and 
low prices for acetate of lime and a constantly decreasing 
premium for charcoal pig iron, the outlook for the industry has 
not been brilliant for the past few years.

It was the last named condition which made the advent 
of the chemist into the wood distillation industry imperative. 
Necessity called him in to show how efficiency of operation, 
with low prices, might replace obsolete processes, stimulated 
by high prices. He came into the industry as efficiency engineer.

It has been in the treatment of the crude pyroligneous acid 
resulting from the wood distillation and in the recovery and 
refining of the valuable products that the contribution of the 
chemist has been of greatest value. Although he has shown 
the importance of temperature control of carbonization; of the 
physical condition of the wood; of the proper condensation and 
scrubbing of' the non-condensable gases; although he proved 
beyond question the necessity of the abandonment of the old
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kiln process and the adoption of the more efficient oven or 
retort system; yet it has been in the treatment of the products 
of wood distillation that lie lias served the industry most use
fully.

T o  outline this treatment of the pyroligneous acid, we have 
the following steps, after the settling of the crude liquor for the 
purpose of removing the insoluble wood tar:

1— Distillation of the crude acid liquor for the purpose of 
removing the tar in solution.

2— After neutralization of the crude acid liquor by  means 
of milk of lime, separation of the volatile products, viz., methyl 
alcohol and acetone, from the acetate of lime of the neutralized 
liquor.

3— Concentration and drying of the acetate of lime.
4— Concentration and refining of the wood alcohol.
The primary distillation of the crude liquor was usually 

a simple distillation under atmospheric pressure, carried out 
in copper stills, fitted with cylindrical steam coil, copper goose 
and vertical tubular condenser. The operation consisted of 
feeding the crude liquor into this still continuously, while the 
process of distillation was carried out by means of live steam 
in the coil. This was continued ordinarily for three days 
when the addition of crude liquor was stopped and the distilla
tion continued until no further product was obtained. Then 
live steam was entered in the still and a further amount of 
distillate, containing a large percentage of acetic acid was ob
tained. The matter of keeping the coils of these stills free 
from tar and carbon deposit was a difficult one, especially where 
the liquor was obtained from the kiln process. For the retort 
plant, it was necessary only once a week to enter a charge of 
settled tar which, in this process, contains a large amount of 
oils.

The crude liquor generally entered these primary stills at the 
temperature at which it was obtained from the retort or kiln 
condenser. Seldom were preheaters, operated either by  the 
use of the steam condensate from the coil or the heat in the 
distilling vapor used. When it is remembered that sub
stantially 90 per cent of the crude liquor is distilled, it will be 
readily seen that the process was a very costly one, not only on 
account of the high steam consumptoin, but also on account 
of the large investment in copper stills, coils and necks, all of 
which required frequent renewal.

The separation of the volatile constituents, viz., methyl 
alcohol, acetone and methyl acetate, from the acetate of lime 
of the neutralized liquor was carried out by  a simple distillation 
in the so-called "Lim e-Lces” stills— vertical iron tanks, fitted 
with copper coil on the bottom, with a vertical goose, con
sisting of an iron pipe of varying heights, leading to a surface 
condenser, similar in construction to that used in the primary 
stills. The operation of these stills consisted of alternately 
filling the still writh the neutralized liquor and, by  means of live 
steam in the coil, distilling the volatile constituents until the 
w atery distillate showed, by  hydrometer test, no further alcohol 
content. According to the nature of the liquor, that is, if 
from retort or kiln and also depending on the nature of the 
goose, the distillate obtained in this process would vary  from 
5 to as high as 50 per cent alcohol.

The weak acetate of lime solution remaining in the Lime- 
Lees stills was then pumped or drawn into storage tanks, settled 
and fed to open, double bottom graining pans. The solution 
was evaporated down and grained, with the necessary stirring 
or "spudding” to secure proper grain of the final product. 
The final drying of the acetate of lime was then carried out, 
either 011 the brick tops of the retort setting by means of the 
waste heat from the retort, or on an iron dry floor, set on brick 
flues and heated at one end by coal fire, or by  means of waste 
boiler gases. This -process required a large amount of labor 
in the graining and raking of the drying acetate on the floor.

The w atery alcohol distillate from the Lime-Lees stills was 
generally concentrated .in intermittent stills, consisting of an 
iron still, fitted with scroll coil, the vapors passing through 
copper columns, of various design, frequently built with perforated 
plates and return pipes, with tubular separator and condenser 
at the top for increasing the proof of the distillate by  means 
of fractional condensation. Frequently, the refining distilla
tions are carried out in columns built of plates, with a large 
number of boiling pipes and caps for the purpose of better 
separating the more volatile acetone from the methyl alcohol.

The process indicated above involved, in some plants, as 
many as seven separate distillations from the pyroligneous 
acid to the refined alcohol; and, where carried out with live 
steam under atmospheric pressure, it resulted, of course, in 
great fuel consumption and excessive amounts of water re
quired for condensing and cooling purposes. To these may be 
added the constant loss of products, due to the reliandling of 
the volatile material, especially when it is remembered that, 
even in the northerly plants, the available water frequently 
rises in temperature in the summer months to a point at which 
losses of volatile material m ay be considerable. The im
provements undertaken, therefore, in the last few years have 
had these objects in view:

1— Economy of steam in evaporation and distillation.
2— Economy of water for condensing and cooling.
3— Greater simplicity of operation involving the elimination 

of repeated condensations and consequent redistillations in the 
step-up process.

The greatest steam consumer was the first step in the process, 
the distillation of the acid for the removal of the tar in solution. 
The first departure, therefore, from the atmospheric evapora
tion, was the introduction of vacuum evaporators. W ith the 
recognized advantage of single- or multiple-effcct evaporation, 
the introduction into this industry was long delayed for various 
reasons. In many plants which operated in connection with 
sawmills, refuse has been sold to the chemical plant at a round 
figure, generally quite favorable to the chemical plant. W ith 
the large excess of waste available, the necessity of steam 
economy was, therefore, not present at these plants and it was 
at the plants without this favorable connection or at which 
the utilization of lumber was closer, that the introduction was. 
first made.

The nature of the problem involving the evaporation of a  
liquid containing volatile products (methyl alcohol and acetone)- 
together with an acid (acetic) with a tarry residue, in solution 
and held colloidally, presented many new conditions for the 
builder of evaporators. Generally, their work had involved' 
the concentration of a dilute aqueous solution, in which case- 
the removal of the distillate at a high temperature was per
missible. With pyroligneous acid, however, the presence of 
methyl alcohol and acetone necessitates the use of very efficient 
condensing and cooling apparatus to prevent losses of these 
valuable products. Again, the tar in solution presents a sub
stance which rapidly forms a coating on the evaporator tubes, 
qUickly reducing the heat transference and decreasing the 
boiling and circulation in the evaporator. The following con
ditions were essential, therefore:

1— Complete accessibility of all evaporator tubes for clean
ing, inside and out. The cleaning problem varies with the 
nature of the crude liquor: that is, if derived from retort or 
kiln process, and the matter of keeping the evaporator clean 
is the most serious problem met with in the use of the vacuum 
evaporator. It is at this point that the attention of the chemist 
is most necessary, for it is his duty to indicate, judging from 
temperature and pressure conditions, in the different vapor 
chambers of the several effects, just where the accumulation 
of tar has brought about the decrease in heat conductivity.

2— Efficient condensing and cooling apparatus is of v ita l
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importance on account of the difficulty of complete condensa
tion, while working under the high vacuum. The design of the 
condensing apparatus, therefore, in this case, should involve a 
considerable length of path for vapors and gases before the non- 
condensable gas is allowed to escape from the apparatus.

3— The prevention of entrainment is important on account 
of the possible contamination of the distillate by  a small amount 
of tar which might be thrown over and which causes difficulty 
in the later drying of the acetate of lime solution. Hoods, 
built within the evaporator body, itself, where the evaporator 
tubes are vertical, have lately been found to be of great ad
vantage in this regard and permit rapid circulation in the boiling 
chamber, without fear of entrainment.

Again, in the concentration of the dilute acetate of lime 
liquor, the introduction of the vacuum evaporator has brought 
about great savings in steam and consequent lowering of costs. 
Here, also, the possibility of losses by entrainment was present, 
but has been completely eliminated by the use of horizontal 
tubes in the construction of the evaporator. The particular 
type of evaporator introduced has depended upon the saving 
to be brought about, in other words, upon the availability of 
exhaust steam or sawmill refuse. Hence, the single- or double- 
eflect evaporator would be introduced where considerable ex
haust steam was available or where fuel was cheap, while the 
triple-effect would find its place where coal at a high price was 
used for fuel. Combination evaporators have been introduced 
with success in several plants. Thus, a common type is a 
double-effect evaporator, the first effect of which is an iron pan, 
equipped with horizontal tubes, serving to concentrate the 
acetate of lime solution, while the second effect, operated by the 
vapors from the acetate pan, is a copper pan with steam chest 
equipped with vertical tubes for the distillation of the pyro- 
ligncous acid. Further economy has been secured by the 
introduction of preheaters for the crude liquors, which use the 
various waste condensates as the heating medium.

The final drying of the concentrated acetate of lime solution 
from the evaporators is now carried out very efficiently by 
means of mechanical driers which have eliminated the high 
labor costs of the old dry floor process. Rotary cylindrical 
driers, operated with steam within the cylinder, with the con
centrated solution without, and fitted with scrapers to remove 
the acctate mud, have been eminently successful, the final 
drying taking place on horizontally moving canvas belts travel
ing over a series of pipes heated by exhaust steam or, better, 
the wet material is fed into a continuous wire belt moving 
vertically counter to a current of waste gases from blast furnace 
stoves, or boilers, reduced to the proper temperatures for drying. 
The latter arrangement produces a  uniform product, especially 
free from dust, with one-quarter the labor previously used on 
dry floors and with a considerable saving of steam.

Returning to the second step of . our process, the separation 
of the volatile components from the acetate of lime solution, 
we find that the introduction of continuous columns has halved 
the amount the steam formerly used in the old Lime-Lees and 
the distillate is brought to high proof in one operation, thereby 
eliminating the step-up process of intermittent distillation. 
These continuous columns are of various types, frequently of 
plates equipped with boiling pipes and caps, the preheated 
neutralized liquor entering at the middle part of the column, 
the lower half then serving to deprive the neutralized liquor 
of the volatile products, the upper half concentrating the volatile 
distillate continuously. An improved arrangement which has 
been put in successful operation during the last few weeks con
sists of two separate columns, the first one serving only to re
move the alcohol from the neutralized liquor and discharging 
a low-proof vapor into the middle of the second column, which, 
operating on this vapor, produces a high-proof distillate, 
miscible with water, while discharging waste oils and watery

condensate from its base. This latter arrangement is a con
siderable improvement over previous columns in that this 
latter discharge will not dilute and contaminate the acetate 
solution, as has been the case heretofore.

In refining the crude wood alcohol, continuous columns have, 
in some plants, replaced the intermittent stills to_a considerable 
extent. Columns are now in successful operation which 
separate the acetone from the methyl alcohol, so that a 50 per 
cent solution of acetone and, simultaneously, methyl alcohol 
containing under o. 1 per cent of acetone, are obtained con
tinuously. The chemist’s ingenuity in the production of various 
special solvents and mixtures has been of great value in the 
creation of new uses for methyl alcohol, which to-day are of great 
importance in disposing of the product, when the market for the 
regular grades is poor.

It  is not within the scope of this paper to mention the work 
that has been done in the further development of wood distilla
tion products, namely the manufacture of acetone and acetic 
acid from acetate of lime; of formaldehyde from methyl alcohol 
and of wood crcosote from wood tar. W e need only mention 
that these are purely chemical developments and their increasing 
importance to-day is a tribute to the American chemist.

Thus, the work of the chcmist is apparent at every important 
step of the hardwood distillation industry and it m ay safely be 
said that the introduction of the improved apparatus described 
and its successful operation would never have been accom
plished without the guidance of the chemist/

M a n c e l o n a , M ic h ig a n

CO N TRIBU TIO N S OF TH E CH EM IST TO  T H E  PA C K IN G  
H O U SE PR O D U CT S IN D U STR Y

B y  A r t h u r  I .o w e n s t e i n  

T e c h n ic a l D ire c to r , M o rr is  a n d  C o m p a n y  

The modem large packing house is composed of a  group .of 
industries. The packing phase itself consists usually of the 
slaughter of animals, resolving the carcasses into various com
mercial cuts, curing, smoking, canning, assorting the various 
by-products and their conversion into finished products, the 
manufacture of sausage and other meat food products, etc., etc. 
In addition to this phase, however, many of the large packcrs 
are engaged in a number of specialized industries on a good- 
sized commercial scale, which are distinctive in themselves. 
Some of these are: the cottonseed oil industry; the poultry in
dustry; manufacture of “ compound”  (a substitute for lard), 
oleomargarine, fertilizers— both animal and mineral (acid 
phosphate), sulfuric acid, glue, hair felt, curled hair, anhydrous 
ammonia (from ammoniacal liquor from coal), creamery butter, 
canned specialties, soda-fountain products, soap and toilet 
specialties, pharmaceuticals— from animal products, glycerine 
refining, etc., etc.

The contributions of chemists to some of these specialized 
industries referred to have already been ably discussed in papers 
presented earlier in this symposium and others are to be dis
cussed at this meeting. T hat which follows in this paper will 
therefore deal largely with the contributions of the chemist to 
essentially the packing house phase of the subject rather than 
its allied industries in which the packing house chemist and 
chemical engineer today actively participate.

It  may be interesting to quote from a book entitled the 
"M odem  Packing House”  by  F. W . Wilder under the caption 
“ Chemical Departm ent:”  "T h is is a department which in all 
of the large well-regulated packing houses is considered very 
essential and the information obtained therefrom in the saving 
and the turning into commercial value of the by-products, as 
well as in determining the value of the products already pro
duced is turned to good account. Laboratories in the larger 
plants are fitted up for making exhaustive tests as to the value
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of the products as well as for ascertaining the most practical 
methods for manufacturing, and many of the departments 
of the modem packing house had their origin in the chemical 
laboratory.”

Another book entitled “ Packing House Industries”  of the 
International Library of Technology, after discussing the im
portance of the application of artificial refrigeration to these 
industries says: “ In addition to artificial refrigeration, another 
most potent factor in developing the modern scientific packing 
industry is applied chemistry. Were it not for the ingenuity of 
the chemist in finding a  w ay to utilize the offal of slaughtered 
animals, the price of meat would necessarily be very high. 
The chemist has turned into practical channels of income what 
was in former times not only waste, but a source of expense 
for its removal.”

This group of industries, certainly from the time when it 
can be termed "m odem ,”  does not date back more than thirty- 
five to forty years. Chemists and chemistry have played an 
important part in its development almost from its inception. 
It  is interesting to note that the leading pioneer chemists in this 
industry are living to-day. They have generously responded 
to the request of the writer for authentic information relative 
to the early contributions of the chemist to this industry but 
unfortunately, owing to the limited time and space provided 
for this paper, only a small portion of this evidence can be 
included.

In 1886, H. B . Schmidt was the first chemist to be regularly 
employed by a packer in the Union Stock Yards, Chicago. 
In the same year Dr. Rose was employed as a  consulting chemist 
by  another packer and prior to 1886 one of the packers had 
employed Prof. Haynes in a consulting capacity in a suit brought 
against them by the owners of the Mege Mouries patents for 
the making of oleo oil. This date, then, marks the beginning 
of the application of chemistry to the packing house industry 
in this country by  the packers themselves through their own 
chemists. Prior to this date, however, they disposed of some of 
their by-products in a crude or unfinished state to concerns 
who employed chemists. Pressed, undried tankage and blood, 
glue in jelly  form, evaporated tank water commonly termed 
"stick ”  are examples. Also steam-rendered lard which in 
those days was frequently discolored, was first improved by a 
chemist, W . B . Allbright, in 1879-1880, although not at that 
time identified with a packing house. Mr. Schmidt’s de
scription, with dates of installation of improved machinery for 
evaporating, drying, pressing, refining, etc., of various by
products is exceedingly interesting. These improvements 
generally were the result of the combined efforts of the chemical, 
engineering and operating staff.

The installation of vacuum evaporators, first single-effect, 
and later multiple-effect, stimulated the recovery of boiled beef 
liquors. These evaporated liquors were at first further con
centrated into paste of "solid”  beef extract by drying on cast- 
iron steam-heated revolving roll evaporators, and it was not 
until some years later that vacuum kettles with agitators sup
planted them. It  is rather interesting to note that practically 
since the days of Liebig the development of the extract of meat 
manufacture has been under the direction of chemists.

The recovery of tank water, containing dissolved nitrogenous 
constituents resulting from the cooking of various kinds of 
packing house offal, marked an important step forward both 
from a sanitary as well as economic viewpoint. A  concern in 
Hammond, Indiana, employing a chemist, Dr. Van Ruymbeke, 
are said to have been the first to develop the evaporation of 
tank water, which was evaporated in a Y a r Y a n  double-effect 
evaporator to a jelly  form. This work was done under the 
supervision of Dr. Van Ruymbeke, who was the first to do this 
work in the Stock Yards. The material was then shipped to 
Hammond and mixed with copperas and dried in pans. This

latter treatment with sulfate of iron was patented by Jobbins 
and Van Ruymbeke. Later O. T . Joslin, a chemist for one 
of the packers, substituted a process of his own, wherein the 
evaporated tank water was coagulated with a ferric sulfate 
solution and dried on the roll invented by him. This roll 
system was devised in 1892-93 and is in general use to-day.

“ The refining of tallows was started in 1886 and the pressing 
of tallows into tallow oil and stearine and the refining of the 
tallow oil into acidless grade was started possibly a year later in 
1S87. The refining of tallow and oils by means of the fuller’s 
earth treatment was then coming into vogue in the Stock 
Yards and in the next year or two became universal.”

Somewhat later naphtha extraction of tankage and bone was 
experimented with and at first met with obstacles in the w ay of 
insurance restrictions, but was later developed to its present 
status. Its general adoption was somewhat slow because of the 
low grade of grease recovered and the fact that there wras only 
one concern in this country at that time capable of refining this 
product.

In 1887-88 one of the other packers engaged Manwaring 
as their first chemist and in 1889 O. T . Joslin was engaged as the 
first chemist for another packer. J. P. Grabfield and A. G. 
Manns were also active pioneer chemists in the early days. 
E- K . Nelson became identified with the industry a little later 
011, as did W. B. Allbright, some of whose early contributions 
to this industry we shall describe briefly in a moment. It has 
been principally under the direction of these men and of the 
chemists actively connected with the industry today, that the 
contributions of the chemists to this industry have been made.

As previously mentioned, in 1879-80 W . B. Allbright first 
applied chemical treatment (in this country) to Prime Steam 
Lard to improve its color. This treatment consisted in the use 
of caustic soda. To quote Mr. Allbright: "This made so
much soap, that in studying for a more economical method I 
hit upon fuller’s earth.”  This is the first record of employing 
fuller’s earth for this purpose.

Mr. Allbright very interestingly describes the origin of 
"compound,” a substitute for lard, which resulted from the gross 
adulteration of cuban lard by  eastern refiners, until one of the 
large western refiners put a product 011 the market consisting 
solely of cottonseed oil and oleo stearine. This product was so 
well received that, with subsequent improvements in its manu
facture, notably the invention of the lard roll or cooling cylinder 
by Allbright, and of the deodorization process for cottonseed 
oil, this firm discontinued the refining of pure lard entirely. 
To give some idea of the extent of this compound industry 
to-day, in 1910, the Bureau of Animal Industry reported
671,526,107 pounds to have been inspected and passed by them.

The following paragraph of a letter from Dr. J. P. Grabfield 
is of interest: “ M ost of the discoveries and improvements
in the packing house on the various by-products was brought 
about by necessity to find utilization for same. Referring to 
fats and oils, it was always an effort to manufacture a product 
that would bring a better price. It  was really the chemist who 
first began to develop the various products in the packing 
industry. There was so much for the chemist to do in those 
days that it was simply a question of what pleased him best to 
.work on. There was scarcely a line in the entire packing in
dustry that was not open to an improvement by  the chemist.”

The following excerpt from correspondence with A. G. Manns 
bearing on this subject is of interest: “ The employment of
chemists by  the packers was of course the means whereby it 
became possible for the packers to progress along the various 
lines that have been developed. The activities of the sales 
departments were, however, the real stimulant. W ithout this 
cooperation, or I might say their leadership, little would have 
been accomplished.”

E. K . Nelson says: “ The manufacture of neat’s foot oil
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importance on account of the difficulty of complete condensa
tion, while working under the high vacuum. The design of the 
condensing apparatus, therefore, in this case, should involve a 
considerable length of path for vapors and gases before the non- 
condensable gas is allowed to escape from the apparatus.

3— The prevention of entrainment is important on account 
of the possible contamination of the distillate by a small amount 
of tar which might be thrown over and which causes difficulty 
in the later drying of the acetate of lime solution. Hoods, 
built within the evaporator body, itself, where the evaporator 
tubes are vertical, have lately been found to be of great ad
vantage in this regard and permit rapid circulation in the boiling 
chamber, without fear of entrainment.

Again, in the concentration of the dilute acetate of lime 
liquor, the introduction of the vacuum evaporator has brought 
about great savings in steam and consequent lowering of costs. 
Here, also, the possibility of losses by entrainment was present, 
but has been completely eliminated by the use of horizontal 
tubes in the construction of the evaporator. The particular 
type of evaporator introduced has depended upon the saving 
to be brought about, in other words, upon the availability of 
exhaust steam or sawmill refuse. Hence, the single- or double- 
effect evaporator would be introduced where considerable ex
haust steam was available or where fuel was cheap, while the 
triple-effect would find its place where coal at a high price was 
used for fuel. Combination evaporators have been introduced 
with success in several plants. Thus, a common type is a 
double-effect evaporator, the first effect of which is an iron pan, 
equipped with horizontal tubes, serving to concentrate the 
acetate of lime solution, while the second effect, operated by the 
vapors from the acetate pan, is a copper pan with steam chest 
equipped with vertical tubes for the distillation of the pyro- 
ligneous acid. Further economy has been secured by the 
introduction of preheaters for the crude liquors, which use the 
various waste condensates as the heating medium.

The final drying of the concentrated acetate of lime solution 
from the evaporators is now carried out very efficiently by 
means of mechanical driers which have eliminated the high 
labor costs of the old dry floor process. R otary cylindrical 
driers, operated with steam within the cylinder, with the con
centrated solution without, and fitted with scrapers to remove 
the acetate mud, have been eminently successful, the final 
drying taking place on horizontally moving canvas belts travel
ing over a series of pipes heated by exhaust steam or, better, 
the wet material is fed into a continuous wire belt moving 
vertically counter to a current of waste gases from blast furnace 
stoves, or boilers, reduced to the proper temperatures for drying. 
The latter arrangement produces a uniform product, especially 
free from dust, with one-quarter the labor previously used on 
dry floors and with a considerable saving of steam.

Returning to the second step of our process, the separation 
of the volatile components from the acetate of lime solution, 
we find that the introduction of continuous columns has halved 
the amount the steam formerly used in the old Lime-Lees and 
the distillate is brought to high proof in one operation, thereby 
eliminating the step-up process of intermittent distillation. 
These continuous columns are of various types, frequently of 
plates equipped with boiling pipes and caps, the preheated 
neutralized liquor entering at the middle part of the column, 
the lower half then serving to deprive the neutralized liquor 
of the volatile products, the upper half concentrating the volatile 
distillate continuously. An improved arrangement which has 
been put in successful operation during the last few weeks con
sists of two separate columns, the first one serving only to re
move the alcohol from the neutralized liquor and discharging 
a low-proof vapor into the middle of the second column, which, 
operating on this vapor, produces a high-proof distillate, 
miscible with water, while discharging waste oils and watery

condensate from its base. This latter arrangement is a con
siderable improvement over previous columns in that this 
latter discharge will not dilute and contaminate the acetate 
solution, as has been the case heretofore.

In refining the crude w'ood alcohol, continuous columns have, 
in some plants, replaced the intermittent stills to_a considerable 
extent. Columns are now in successful operation which 
separate the acetone from the methyl alcohol, so that a 50 per 
cent solution of acetone and, simultaneously, methyl alcohol 
containing under 0.1 per cent of acetone, are obtained con
tinuously. The chemist’s ingenuity ¡11 the production of various 
special solvents and mixtures has been of great value in the 
creation of new uses for methyl alcohol, which to-day are of great 
importance in disposing of the product, when the market for the 
regular grades is poor.

It is not within the scope of this paper to mention the work 
that has been done in the further development of wood distilla
tion products, namely the manufacture of acetone and acetic 
acid from acetate of lime; of formaldehyde from methyl alcohol 
and of wood creosote from wood tar. W e need only mention 
that these arc purely chemical developments and their increasing 
importance to-day is a tribute to the American chemist.

Thus, the work of the chemist is apparent at every important 
step of the hardwood distillation industry and it may safely be 
said that the introduction of the improved apparatus described 
and its successful operation would never have been accom
plished without the guidance of the chemist.

M a n c b lo n a , M ic h ig a n

CONTRIBUTIONS OF T H E  C H EM IST TO  T H E  PA C K IN G  
H O U SE PR O D U CTS IN D U STR Y

B y  A r t h u r  L o w e n s t e in  

T e ch n ica l D ire c to r , M o rr is  a n d  C o m p a n y  

The modern large packing house is composed of a group .of 
industries. The packing phase itself consists usually of the 
slaughter of animals, resolving the carcasses into various com
mercial cuts, curing, smoking, canning, assorting the various 
by-products and their conversion into finished products, the 
manufacture of sausage and other meat food products, etc., etc. 
In addition to this phase, however, many of the large packers 
are engaged in a number of specialized industries on a good- 
sized commercial scale, which are distinctive in themselves. 
Some of these are: the cottonseed oil industry; the poultry in
dustry; manufacture of "compound” (a substitute for lard), 
oleomargarine, fertilizers— both animal and mineral (acid 
phosphate), sulfuric acid, glue, hair felt, curled hair, anhydrous 
ammonia (from ammoniacal liquor from coal), creamery butter, 
canned specialties, soda-fountain products, soap and toilet 
specialties, pharmaceuticals— from animal products, glycerine 
refining, etc., etc.

The contributions of chemists to some of these specialized 
industries referred to have already been ably discussed in papers 
presented earlier in this symposium and others are to be dis
cussed at this meeting. T hat which follows in this paper will 
therefore deal largely with the contributions of the chemist to 
essentially the packing house phase of the subject rather than 
its allied industries in which the packing house chemist and 
chemical engineer today actively participate.

It  may be interesting to quote from a book entitled the 
"M odern Packing House” by  F. W . Wilder under the caption 
“ Chemical Departm ent:”  "T his is a department which in all 
of the large well-regulated packing houses is considered very 
essential and the information obtained therefrom in the saving 
and the turning into commercial value of the by-products, as 
well as in determining the value of the products already pro
duced is turned to good account. Laboratories in the larger 
plants are fitted up for making exhaustive tests as to the value
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of the products as well as for ascertaining the most practical 
methods for manufacturing, and many of the departments 
of the modem packing house had their origin in the chemical 
laboratory.”

Another book entitled “ Packing House Industries” of the 
International Library of Technology, after discussing the im
portance of the application of artificial refrigeration to these 
industries says: "In  addition to artificial refrigeration, another 
most potent factor in developing the modem scientific packing 
industry is applied chemistry. Were it not for the ingenuity of 
the chemist in finding a way to utilize the offal of slaughtered 
animals, the price of meat would necessarily be very high. 
The chemist has turned into practical channels of income what 
was in former times not only waste, but a source of expense 
for its removal.”

This group of industries, certainly from the time when it 
can be termed “ modern,” does not date back more than thirty- 
five to forty years. Chemists and chemistry have played an 
important part in its development almost from its inception. 
It is interesting to note that the leading pioneer chemists in this 
industry are living to-day. They have generously responded 
to the request of the writer for authentic information relative 
to the early contributions of the chemist to this industry but 
unfortunately, owing to the limited time and space provided 
for this paper, only a small portion of this evidence can be 
included.

In 1886, H. B. Schmidt was the first chemist to be regularly 
employed by a packer in the Union Stock Yards, Chicago. 
In the same year Dr. Rose was employed as a consulting chemist 
b y  another packer and prior to 1886 one of the packers had 
employed Prof. Haynes in a consulting capacity in a suit brought 
against them by the owners of the Mege Mouries patents for 
the making of oleo oil. This date, then, marks the beginning 
of the application of chemistry to the packing house industry 
in this country by  the packers themselves through their own 
chemists. Prior to this date, however, they disposed of some of 
their by-products in a crude or unfinished state to concerns 
who employed chemists. Pressed, undricd tankage and blood, 
glue in jelly  form, evaporated tank water commonly termed 
"stick” are examples. Also steam-rendered lard which in 
those days was frequently discolored, was first improved by a 
chemist, W . B. Allbright, in 1879-1880, although not a t that 
time identified with a packing house. Mr. Schmidt’s de
scription, with dates of installation of improved machinery for 
evaporating, drying, pressing, refining, etc., of various b y 
products is exceedingly interesting. These improvements 
generally were the result of the combined efforts of the chemical, 
engineering and operating staff.

The installation of vacuum evaporators, first single-effect, 
and later multiple-effect, stimulated the recovery of boiled beef 
liquors. These evaporated liquors were at first further con
centrated into paste of "solid” beef extract by drying on cast- 
iron steam-heated revolving roll evaporators, and it was not 
until some years later that vacuum kettles with agitators sup
planted them. It is rather interesting to note that practically 
since the days of Liebig the development of the extract of meat 
manufacture has been under the direction of chemists.

The recovery of tank water, containing dissolved nitrogenous 
constituents resulting from the cooking of various kinds of 
packing house offal, marked an important step forward both 
from a sanitary as well as economic viewpoint. A  concern in 
Hammond, Indiana, employing a chemist, Dr. Van Ruymbeke, 
are said to have been the first to develop the evaporation of 
tank water, which was evaporated in a Y a r  Y a n  double-effect 
evaporator to a jelly  form. This work was done under the 
supervision of Dr. V an Ruymbeke, who was the first to do this 
work in the Stock Yards. The material was then shipped to 
Hammond and mixed with copperas and dried in pans. This

latter treatment with sulfate of iron was patented by Jobbins 
and Van Ruymbeke. Later O. T . Joslin, a chemist for one 
of the packers, substituted a process of his own, w'herein the 
evaporated tank water was coagulated with a ferric sulfate 
solution and dried on the roll invented by him. This roll 
system was devised in 1892-93 and is in general use to-day.

“ The refining of tallows was started in 1886 and the pressing 
of tallows into tallow oil and stearine and the refining of the 
tallow oil into acidless grade was started possibly a year later in 
1887. The refining of tallow and oils by means of the fuller’s 
earth treatment was then coming into vogue in the Stock 
Yards and in the next year or two became universal.”

Somewhat later naphtha extraction of tankage and bone wTas 
experimented with and at first met with obstacles in the w ay of 
insurance restrictions, but was later developed to its present 
status. Its general adoption was somewhat slow because of the 
low grade of grease recovered and the fact that there was only 
one concern in this country at that time capable of refining this 
product.

In 1887-88 one of the other packers engaged Man waring 
as their first chemist and in 1889 O. T. Joslin was engaged as the 
first chemist for another packer. J. P. Grabfield and A. G. 
Manns were also active pioneer chemists in the early days. 
E . K . Nelson became identified with the industry a little later 
on, as did W. B. Allbright, some of whose early contributions 
to this industry we shall describe briefly in a moment. It has 
been principally under the direction of these men and of the 
chemists actively connected with the industry today, that the 
contributions of the chemists to this industry have been made.

As previously mentioned, in 1879-80 W. B. Allbright first 
applied chemical treatment (in this country) to Prime Steam 
Lard to improve its color. This treatment consisted in the use 
of caustic soda. T o quote Mr. Allbright: "T his made so
much soap, that in studying for a more economical method I 
hit upon fuller’s earth.”  This is the first record of employing 
fuller’s earth for this purpose.

Mr. Allbright very interestingly describes the origin of 
"compound,”  a substitute for lard, which resulted from the gross 
adulteration of cuban lard by  eastern refiners, until one of the 
large western refiners put a product on the market consisting 
solely of cottonseed oil and oleo stearine. This product was so 
well received that, with subsequent improvements in its manu
facture, notably the invention of the lard roll or cooling cylinder 
by  Allbright, and of the deodorization process for cottonseed 
oil, this firm discontinued the refining of pure lard entirely. 
To give some idea of the extent of this compound industry 
to-day, in 1910, the Bureau of Animal Industry reported
671,526,107 pounds to have been inspected and passed by them.

The following paragraph of a letter from Dr. J. P. Grabfield 
is of interest: “ M ost of the discoveries and improvements
in the packing house on the various by-products was brought 
about by necessity to find utilization for same. Referring to 
fats and oils, it was always an effort to manufacture a product 
that would bring a better price. It was really the chemist who 
first began to develop the various products in the packing 
industry. There w-as so much for the chemist to do in those 
days that it was simply a question of what pleased him best to 
.work on. There was scarcely a line in the entire packing in
dustry that was not open to an improvement by the chemist.”

The following excerpt from correspondence with A. G. Manns 
bearing on this subject is of interest: “ The employment of 
chemists by  the packers was of course the means whereby it 
became possible for the. packers to progress along the various 
lines that have been developed. The activities of the sales 
departments were, however, the real stimulant. W ithout this 
cooperation, or I might say their leadership, little would have 
been accomplished.”

E. K . Nelson says: "T he manufacture of neat’s foot oil
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in its various grades, lard oils, tallow and tallow oils, etc., was 
improved if not by  the chemist, at least with his cooperation. 
All the daily runs were checked up constantly in the laboratory 
until the quality of the products was worked up to a high 
standard. This sam e'thing applies to all by-products as you 
know.”

The work of the present-day chemist, chemical engineer or 
technologist in these industries in addition to analytical work 
for control of product and supplies, m ay be summed up as 
follows:

I— W aste prevention.
II— Improvement of existing methods and processes of 

operation.
III— Utilization or recovery of products in a more valuable 

form.
IV — Initiation of new processes.
V — Direction of industrial research and application of the 

results of the researches until placed on a commercial basis.
V I— Investigation of and putting on a commercial basis new 

industries and lines of activity allied and associated with the 
packing industry.

U n io n  S t o c k  Y a r d s , C hica g o

CO NTRIBUTIO NS OF T H E  C H E M IST TO  T H E  ELECTRO 
CH EM ICAL IN D U STR Y

B y  W . S . L a n d is  

C h ie f T e ch n o lo g is t, A m erican  C y a n a m id  C o m p a n y

When I was first requested to say something about the rela
tion of the chemist to the electrochemical industry I thought 
I was being handed one of Goldberg’s Foolish Questions. The 
spontaneous answer that occurred to me—he has been the founda
tion and is at present the mainstay of the industry, however, 
on mature thought requires reconsideration, for while his pres
ent status is well provided for, we should pay some attention 
to the growing tendency of the industry to replace his services 
by other classes of engineers.

An analysis of the industry, directing our attention only to 
that part concerned with the production of compounds, in dis
tinction to the branch concerned with the extraction of metals, 
shows it to be of comparatively recent origin, beginning largely 
with the installation of the Niagara power developments in 1896. 
M ost of the men who founded the industry are still alive and 
occupying prominent positions in the operating departments 
of the present plants. N o one seems to have cared about 
compiling their biographies, though an attem pt was once made 
in the first volume of "Electrochem ical Industry.”  For some 
reason only five Americans were included in the series before 
the work was abandoned. Of these five, three possessed special 
chemical training, and while the other two would be more 
properly classed as electrical engineers, they were men well 
versed in chemical principles and were closely associated with 
other well-known chemists. It is unfortunate that this series 
of biographies was so abruptly terminated, for it would have 
made this note of mine superfluous.

As before mentioned, the chemist played by far the most im
portant part in the development of the industry, and to-day I 
estimate that he occupies over 90 per cent of the more promi
nent positions in the plants in the Niagara district, which I 
take as typical of the industry as a whole. He grew with the 
industry, and with a few exceptions where others have been 
brought in for office, sales, and executive positions as the plants 
enlarged, all the staffs are still predominated by men of essen
tially chemical training.

But among the younger men now taking their places in the 
Niagara plants one notes an increasing number of men with 
mechanical training. This seems to surprise many not directly 
informed as to the present status of the iijdustry, for next to

the chemist it is not unnatural to suppose that the electrical 
engineer would closely press the chemist for place. It  must, 
however, be remembered that the power companies maintain 
most highly organized electrical engineering staffs, which at 
all times are available for consultation, and many times force, 
I m ay add, almost unwelcome attention upon us when in our 
endeavor to push things we unbalance their circuits, or cause 
some other equally unintelligible trouble. I t  is thus seen that 
there is really no need for the chemical plants to carry highly 
specialized electrical departments. T hey have standardized 
their electrical equipment to forms of installation which de
mand little highly skilled attention. M ost of them use low 
tension currents with simple distribution systems, and when 
the electrical equipment has once been properly installed 
there are very few electrical problems arising. T hey are much 
more concerned with the handling of solids, liquids and gases, 
the transportation and preliminary treatment of raw materials, 
the finishing of the product, than with their power depart
ments, all of which emphasizes the fact that in the training 
of the newer electrochemists too much stress can be laid on 
complicated and involved alternating current theory at the 
expense of the elementáis of chemical engineering.

M y  experience in this field is not large, but I cannot help 
but remark m y discouragement with many recent electrochem
ical graduates who seemingly are well informed about high 
tension electrical engineering, but cannot instal a simple pipe 
line for delivering a definite amount of gas or liquid under given 
conditions, and a conveyor system for moving a given tonnage 
of raw materials in some new and unheard of device. When 
they come into the industry they will probably find that the
10,000 volt circuits are already installed and need no further 
attention from the plant management, but they will meet every 
day with problems of moving materials faster and more cheaply, 
particularly as plants enlarge and efficiencies increase.

In m y opinion, it is therefore necessary to the chemist, if he 
is to hold his own in the present development of the industry 
and not give w ay to the mechanical engineer, to familiarize 
himself with the advances of the industry along mechanical 
lines, preferably by  leaving the narrow confines of the school 
laboratory and spending some of his time in the other depart
ments of technical education. Analysts will always be in de
mand, for chemical control of the electrochemical industries 
is very rigid, and particularly in the field of electric furnace 
products is there an unlimited opportunity for highly trained 
analytical chemists.

T he chemical engineer possessing a representative training 
need have no fear on first entering the industry of finding him
self in foreign parts. A t  Niagara the sky is just as clouded with 
smoke as any similar chemical center in the vicinity of New 
York City, all of which goes to show that combustion, steam 
generation, heating, evaporating, crystallizing and other well- 
known chemical operations have not been completely replaced 
by electricity. The standardization of the electrical end of the 
plant can be assumed before his arrival, and the new agent 
electricity will be found a much more tractable reagent than 
many of the purely chemical ones he is familiar with. B ut this 
reagent rarely starts with a crude material as such, or turns out 
a ready finished product from the furnace or cell, and the chem
ical equipment used in the preparation and the finishing is the 
same old apparatus found in most other branches of the pure 
chcmical industry.

M y  greatest regret is that the secrecy that is maintained 
about the electrochemical plants cannot be withdrawn just 
long enough to bring in the chemical faculties of our schools, 
so that in the formation of the courses designed to train men 
for this industry a proper balance of chemical, mechanical, 
and electrical work m ay be incorporated. The future of the 
chemist in the industry would then be assured, and not at the
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expense, either, I desire to emphasize, of sacrificing that very- 
essential of all mechanical training— fundamental general prin
ciples to specialized details.

N ia c a r a  F a l l s , On t a r io , C an ada

CO N TRIBUTIO N S OF TH E CH EM IST TO TH E EXPLOSIVES 
IN D U STR Y

JJy C h a r l e s  E . M u n r o e  

E x p lo siv es  E x p e r t,  G eorge  W a sh in g to n  U n iv e rs ity  

The explosive industry is essentially a chemical industry 
and is most efficiently conducted under close chemical super
vision. It  is true that a large part of the explosives used or 
proposed for use in commerce are mixtures of various components, 
that variations in the proportions of the components or modifica
tions of the physical conditions of the components, or of the 
prodùct, m ay fit it better for certain of the multifarious uses to 
which explosives are put, and that this has given large op
portunities for the exercise of empiric ingenuity which practically 
controlled the industry for centuries; but modern develop
ments have proven that these mixtures can be most economically, 
uniformly and satisfactorily produced when their manufacture 
is supervised by skilled chemists who prove the degree of purity 
of each ingredient and, by  a systematic scientific series of tests, 
determine quantitatively the characteristics of the product.

As a fact, while the empiricist has dominated the industry 
up to recent times he has nevertheless benefited from the 
altruistic services of the chemist, for gunpowder, the mixture 
which almost alone served man’s purpose as an explosive through 
five centuries, was brought to the attention of western nations 
by  Roger Bacon, whom E. von Meyer includes as an alchemist 
in his history of chemistry, and it was brought to a higher state 
of usefulness and reliability through the researches of Lavoisier, 
Berthollet, G ay Lussac, Violette, Chevreul, Bunsen, Linck, 
Karoyli, Debus, and other chemists, and a variation in the 
oxidizer was wrought when Berthollet proposed in 1785 the 
substitution of a chlorate for the nitrate.

W ith the discovery of picric acid by W oulfe in London in 
1771, its confirmation by Hausmann in 1788, its identification

■_____________ O R I G I N A L

TH E R M A L REACTIO N S OF PETR O LEU M  H YD R O CA R 
BO N S IN TH E VAPOR PH A SE1

B y  W ai/ ter  F . R it tm a n  

R ec e iv ed  S ep t. 8, 1915

One of th e m ost w idely studied and im portan t 
chem ical problem s of th e present d ay is th e therm al 
decom position  or “ cra ck in g”  of petroleum  h yd ro 
carbons. A  considerable num ber of in vestigation s 
h ave been un dertaken  along this line, m ost of w hich 
were conducted  w ith  th e p rim ary inten tion  of de
velopin g com m ercial processes. T h e d a ta  th u s o b 
tain ed  h ave been necessarily of a rath er special 
ch aracter and, in addition, are not p a rticu la rly  a v a il
able to  the scientific world. In  view  of th e w ide
spread need for clear-cut and com prehensive in form a
tion  concerning th e “ crack in g”  reaction  a series of 
experim ents has been outlined for the purpose of 
s tu d y in g  th e problem  consistently and im p a rtia lly  in 
all its  phases.

T h e  first experim ents2 were conducted in connec
tion  w ith  th e  problem  of oil-gas production  and were . 
lim ited  to  such conditions as m ight ap p ly  in th a t

1 P u b lis h e d  w ith  th e  p erm ission  of th e  D ire c to r  o f th e  B u re a u  o f M ines .
1 W h i ta k e r  a n d  R it tm a n , T h is  J o u r n a l , 6 (1914), 383 a n d  472.

as trinitrophenol by Laurent in 1843 and the demonstration 
of its explosiveness per se by  Sprengel in 1873 began the era of 
strictly chemical explosives. This was followed in 1800 by the 
discover}' of mercuric fulminate by  Howard, and the elaborate 
investigations of the fulminates by Liebig and his students; 
b y  the discovery of guncotton and the cellulose nitrates in 1845 
b y Schonbein and in 1846 by Bottger; by the discovery of 
nitroglycerin by  Sobrero in 1846; by  the discovery of diazo 
compounds by Griess in 1858; and by the discovery of hydro- 
nitric or triazoic acid and its salts by  Curtius in 1890.

W ith the demonstration by Berthclot of the explosiveness 
of other nitrosubstitution compounds than picric acid there 
came a widely extended and constantly increasing use for them; 
and the number of different compounds made use of is constantly 
growing for while the cellulose nitrates, with nitroglycerine, 
are playing the role of propellants, the nitrosubstitution com
pounds are the explosives which are being made use of in the high 
explosives shell now working such devastation in the present 
war.

I believe I have said enough to make it obvious that only by 
the liberal employment of trained chemists can this industry 
be continued or extended, and in recent years this view  has been 
accepted and followed by manufacturers.

It  may be worth while to recall here that when the Census 
of the Chemical Industries was taken in 1900 an inquiry was 
made as to the number of chemists employed, because it was then 
recognized that this afforded a criterion by which to determine 
the intelligence and foresight with which the businesses were 
conducted. As shown in Bulletin No. 210 of that Census there 
was reported but 276 chemists employed in 1740 establishments 
then reporting, and that but 32 chemists were employed in the 
97 explosives works from which returns were secured. It  is not 
known what effect, if any, this inquiry had but it is understood 
that at present a single explosives company in the United 
States employs alone many times this number of chemists. 
This improvement is gratifying to record but it should serve 
only as an example to be emulated.

W a s h in g t o n . D . C .

P A P E R S

field. A tten tion  was given  to the influences of te m 
perature, pressure and concentration on th e end 
products of th e reaction, a m axim um  of care being 
bestow ed upon th e properties of the evo lved  gases. 
L iquid products were exam ined on ly  w ith  regard  to 
general physical and chem ical properties.

In the present experim ents it has been found un 
necessary to  give more th an  a m inim um  of atten tion  
to q u an titative  relations am ong gaseous products. 
T h e results of the earlier experim ents were so definite 
and so exa ctly  in accord w ith  theoretical considerations 
th a t little  has been added to  them  in th e  present 
connection. I t  has been possible, how ever, to  learn 
facts of the greatest im portance concerning liq u id  
products of the crackin g reaction  and, in addition, 
valuable inform ation has been obtained regarding th e 
course and m echanism  of th e process.

T h e results at hand have led to  th e follow ing con
clusions w ith regard to  th e crackin g reaction:

i — T h e nature, both  ph ysical and chem ical, of an 
oil is of secon dary im portance, com pared w ith  the 
influence of tem perature, tim e, and pressure, in con
trolling th e products of th e crackin g reaction. Under
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like conditions ap p roxim ately  sim ilar results have 
been obtained  from  five different oils and it has seem ed 
th a t  th e m inor existin g differences m ay as p rob ab ly  
be due to  va ria tio n  in rate of reaction  as to  th e actu al 
production  of un like equilibrium  products.

2— F rom  a n y  oil it  is possible to  m ake a n y  desired 
ty p e  of h yd ro carb on  b y  ad ju stin g  properly the condi
tions of treatm en t.

(a)— M o st fa vo ra b le  conditions for gasoline pro
duction  are tem peratures of abou t 5000 and pressures 
higher th a n  6 atm ospheres.

(b)— L ow -boilin g arom atic  hydrocarbon s are pro
duced b est a t tem peratures betw een 6000 and 7000 
w ith  pressures ab ove 4 atm ospheres.

(c)— H igher tem peratures fa vo r th e production  of 
carbon and gas a t the expense of th e  liq u id  reaction  
products.

3— T h e course of th e crack in g process is one of 
dehydrogenation .

4— T h e form ation  of a rom atic  com pounds seems to 
occur in either of three w a y s :1

(a)— T h e original oil m a y  be decom posed to  sm all 
m olecule com pounds of th e  acety len e series which 
sub seq u en tly  polym erize to  form  th e larger arom atic 
nuclei.

(b)— T h ere m a y be a sim ple sp littin g  of p o ly cyclic  
(asphaltic) hydrocarbon s.

(c)— T h ere m ay be a deh ydrogen ation  of n aphthene 
hydrocarbons.

T H E O R E T I C A L

T h e ch aracteristic  featu re of th e present set of 
experim ents is th a t  crackin g has been conducted in th e 
va p o r phase. T h e  ad van tages of th is m ethod of 
procedure are considerable and, as will be shown in a 
later connection, h ave as m uch im portance from  a' 
com m ercial as from  a p u rely  scientific point of view .

T h e p rim ary  a d va n ta ge  of th e one-phase system  is 
th a t both  tem p eratu re and pressure m ay be controlled

sep arately  and at will. In  
a tw o-phase system  each 
is a fun ction  of th e other. 
T h e sim ple vapo r pressure 
cu rve diagram  for w ater 
(shown in F ig. I) illustrates 
th e characteristic  difference 
betw een  a one-phase and a 
t w o - p h a s e  s y s t e m .  I f  
liquid  and vapo r are in 
eq uilib riu m  w ith  each other 
we are confined to  the line 
representing th e variation  
of va p o r pressure w ith  tem -

F ig .  1— v a p o r  p r e s s u r e  o r  W a t e r  perature. I f  an attem p t is
m ade to  change one of 

these va riab les and keep th e  other con stan t a phase 
disappears. T h u s a n y  a ttem p t to  heat w ater above 
100° C. a t atm ospheric pressure tends to  produce 
entire conversion to  th e sta te  of va p o r. If, how ever, 
we deal w ith  th e  vap o r phase on ly  we m ay ob tain  an y

1 Lew es, J o u r . Soc. Chem . In d . ,  11 (1892), 584 ; R . M ey e r, Bar., 45 
(1912), 1609; R . M ey e r, a n d  T a n z e n , B cr., 46 (1913), 3183; Ip a t ie w , B er., 
44 (1911), 2978; B rooks, B aco n , P a d g e t t  a n d  H u m p h re y , T h is  J o u r n a l , 
7 (1915), 180.

desired com bination  of tem perature and pressure as 
long as conditions are avoid ed  w hich cause condensa
tion. T h e vapo r pressure of petroleum , which is a 
m ixture and not a sim ple chem ical com pound, is not 
ex a ctly  analogous to th a t of w ater as th e liquid  and 
vap o r phases differ in com position and th u s perm it 
th e establishm en t of various conditions of eq u ilib 
rium ; if tem peratures are raised sufficien tly  high, 
how ever, th e liq u id  will disappear, as in th e sim pler 
case.

As applied to  present needs th e  lim itation s of the 
tw o-phase system  becom e evid en t. If  it is desired 
to  heat to  850° C . an oil boiling below  300° enorm ous 
pressure m ust be developed to  retain  the liquid  phase, 
more pressure, p ro b ab ly , th a n  ap p aratu s of ord in ary  
construction  will w ith stan d . Y e t  it  is p e rfe ctly  easy 
and sim ple to  pass oil vapor th rough  a tu b e h eated  to 
850° and a t the sam e tim e m aintain  in th e  system  a n y  
desired pressure from  a fraction  of an atm osphere to  
over th ir ty  atm ospheres.

O ther a d va n ta ges of th e vapor-p hase system  for 
h eat decom position of petroleum  hyd ro carb on s are 
more m echanical th a n  chem ical. T h e influence due 
to differences am ong th e p h ysica l properties of various 
original oils is elim inated. In  system s, w hich in v o lve  
crack in g b y  d istillation  under pressure th e  am ount of 
pressure developed in  g e ttin g  an oil up to  decom 
position tem p eratu re depends upon th e v o la tility  of 
th e oil. T h e  to ta l conditions and range of ap p li
cab ility  of a process m ay be controlled  b y  th is factor. 
W hen, how ever, as in th e vapor-p hase system , the 
interdependence of th e  tw o  variab les, tem peratu re 
and pressure, has been elim inated, th e influence of 
v o la tility  of th e  oil is a m inor consideration. I t  is 
controlled b y  ad ju stm en t of th e vap o rizin g  device, 
th rou gh  w hich th e oil passes before en tering th e b od y 
of th e  crack in g furnace.

T h e vapor-p hase crack in g process, as here con
ducted, possesses another ch aracteristic  w hich is 
ad van tageou s, b oth  from  a scientific and from  a com 
m ercial poin t of view . In  th e present w ork and in a 
m a jo rity  of com m ercial crackin g processes th e  pro
duction  of gas is undesirable. I t  w ill be noted  th a t 
th e  m ethod here em p loyed  m inim izes its form ation . 
T h e m echanism  b y  w hich th is end is accom plished is 
as follow s. In  th e crack in g furnace we h ave esta b 
lished an equilibriu m  w hich m a y be represented b y  the 
fo llow in g eq uation:
C o n d en sab le  1 ------f  P e rm a n e n t \  i /  C o n d en sab le
O rig in a l H y d ro c a rb o n s  J \  G ases  J \  C rac k ed  H y d ro c a rb o n s

A t th e low er end of th e  crackin g tu b e is a L iebig  
condenser w hich rem oves b y  cooling th e  u n reactin g 
residuum  of original h yd ro carb on  and th e  condensable 
products, b u t w hich does not a ffect th e  perm anent 
gases (hydrogen, m ethane, etc .). A s a result when 
more of th e original hyd ro carb on s enter th e  furnace 
a new equilibriu m  is estab lished  w ith o u t a n y  fu rth er 
production of gas. In  a ctu al p ractice  th is condition  
is not a tta in ed  in absolute degree b u t th e  ab ove de
scription  in dicates a stron g general ten d en cy.

T h e factor of sa fe ty  is another im p o rtan t considera
tion. In  th e course of th e  crackin g reaction  on ly  a
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sm all portion of oil is in th e zone of action  a t a n y  one as the transform ations are accom panied b y  increases
tim e and in case of fa ilure of apparatu s to  rem ain tig h t in to ta l volum e. T h is consideration is, how ever,
there is no large volum e of hot oil to  be discharged. m odified b y  the necessity of 'ta k in g  accou n t of the

V alu ab le  indications of w hat m ay be expected  as fa cto r of reaction ve lo city . A ccordin g to  th e law  of
p roducts of the crackin g reaction  m ay be obtained b y  mass action, reaction ve lo city  is proportional to  con-
considering equilibrium  relations betw een a ty p ica l cen tration , and concentration is a derived fun ction
hydrocarb on  and its possible decom position products, which varies in th e same direction as pressure. If  we
T h e in itia l substance chosen for present purposes is a allow  reactions sufficient tim e to proceed to  com-
hydrocarb on  of th e paraffin  series, representative of the pletion low  pressure is favorable for th e transform a-
kerosene cut w hich m odern com m ercial conditions tions represented b y  E quations 3 to 14. W hen,
have rendered desirable of transform ation. T h e  com - how ever, tim e is lim ited  to a fixed am ount the effect
pound C i2H 26, boiling a t about 215°, has been em- of low  pressure m ay be unfavorable unless th e reaction
ployed as a basis for a num ber of ty p ica l reactions occurs w ith  considerable rap id ity .
(T a b le  I), it  being understood, how ever, th a t  w ith  A ll th e reactions in dicated , except the last tw o, 
each of th e m ajor reactions is coincident a num ber of take place w ith absorption  of heat and therefore are
m inor reactions. favored  b y  high tem perature. T h is is indicated b y  the

I t  is also to be understood th a t present considera- m agnitudes of the approxim ate equilibrium  constants
tions do n ot neglect the possibility of crackin g p oly- w hich are figured according to the N ernst eq u ation .1

T a b l e  I — Q u a n t it a t iv e  S t u d y  o f  E q u il ib r ia

A p p r o x i m a t e
I l e a t  o f V o lum e (F o rm u la s  re fe r  to  ,---------------------------*------------------------

N o . R e a c t i o n  re a c tio n  (a) ch a n g e  p a r t ia l  p ressu res ) Keoo Keoo K 750

1 2C hH m  C H i +  C « H . . ............................. —  500  2 to  2 K  =  C I( c '̂ Hm)*]i~  ' ° ' 306 ° -308 ° ' 309

2  2C nH :a  C .oH -i -I- C hH jo.........................  *  000 2 to  2 K  -  1 .0  1 .0  1 .0

3  C uH m  CH< +  C .iH m .............................  —  16750 1 to  2 K  -  2820 . 15500.

4  C i iH ji ~ 7 ~ >  C u H s: +  C jH <............................ —  16100 1 to  2 K  -  — 1950.  8300 . 43500 .

5  C i iH h  C i i H k  +  H i ...................................  —  31800 1 to  2 K  =  H * 0 .0 0 4 4  0 .0 6 1 6  1 .02
 .  _  (C jH .)> ‘x  C i l l t

6  C uH m  5CiH < +  C i H t .    .....................  —  80400 1 to  6  K  - ----------c ^ H „  1 -25 X  10»  1 .5 8  X  10‘» 6 .3  X  10«
 .  _  (C iH <)8 X  H i

7 C i,H .. 6C .H i 4- H ?.................................... — 111600 I to  7 K - ------------------- ---- 1 .2  X  10“  2 .0  X  10“  1 . 6 X 1 0 »

8  C u H ji C jH j +  2 C .H » .............................. —  47600 1 to  3 K  -  7 . 1  x  10* 4 .0  X  10* 3 . 9 X 1 0 '
.  _  C i H ¡X (C < H io)« X C j H4

9 Ci-H-« C iH 2 +  2C<H,o +  C iH < — 61100 1 to  4 K - ------------------- -----------------  7 .4  X  10* 1 .4  X 10* 6 . 2 X 1 0 "
(C iH j) 1 X (H i)7

10 C .iH ,. 6 C .I I .  +  7H i .................................... — 381000 1 to  13 K -   r C í í : .   1 0  X  1 0 -»  5 .0  X  1 0 " ' 1 . 2 X 1 0 ’
(C iH = )-X (H i)» X C ,H ,

11 Ci-H-« 5C.TT. 4- 6H 1 +  C 1H 1  — 336800 1 to  12 K = ----------- cTÍHm-------------- 3 5  x  10_1‘ 7 A  X  10- 1 2 . 9 X 1 0 “
(C jH i) ’ X (C H 0 < X C iH i

12 3 C .H . 4- 4 C H . 4- C .H ,  — 154400 1 to  8 K = ----------- c ^ H Ü --------------  1 1  X  10U 5 , 6  X  10‘'  2 .4  X  10”
 ,  C ;H i X  CioHss

13 C uH m  z r z l  C iH - +  C 10H :: .............................—  29300 1 to  2 K  =  c , , , , . ,  0 .8 9  1 0 .2  162.
(C 3H 2)*4 X (CH ,)<

14 C uH m  4 C .H . +  4 C H i.............................. — I 67 6OO 1 to  8 K  =  '----------------------------  5 ’6 X  10'  7 A  X  10“  7 .8 X 1 0 : »
.  C sII.'

15 . 3 C .H , C .H . ..................................................  + 1 3 0 7 0 0  3 to  1 K  -  (c ,H ,)» ~  2 0 x  l 0 '°  6 -3 X 1 0 »  5 .7 X 1 0 1 »
^  '  C iH s

16 2 C .H . 4- C .H g 7 »  C tH . ...............................  + 1 3 1 9 0 0  3 to  1 K  =  (C jH i)*  X  C ,H , 6 -3 X  10«  2 .2  X  10U 1 . 6 X 1 0 »
( a )  W h e n e v e r  possib le  h e a ts  of reac tio n  (fo r c o n s ta n t p ressu re) a re  b a sed  on v a lu es  o b ta in ed  b y  ex p e rim en ta l m e th o d s. I n  o th e r  ca ses  c a lcu la ted  

va lu es  a re  u sed , b a sed  on  th e  em p irica l fo rm u lae  g iven  b y  T h o m se n . (“ T lie rm o ch em isch er U n te rsu c h u n g e n ,”  P a r t  IV , C h a p te r  X IV .)

cyclic  h ydrocarb on s d irectly  into ' arom atic com - Here again it m ust be rem em bered th a t th e case is not
pounds. Here the case m ay be one of sim ple sp littin g , a simple one and th a t certain  of the reactions ta k e  place
such as occurs in the tran sform ation  of a paraffin at the expense of others. E sp ecia lly  is it true th a t the
m olecule to  a paraffin and an olefin. B y  s ta rtin g  form ation of hydrogen and carbon, undesirable end
w ith  a paraffin  th e  case is m ade inclusive and is there- products, is favored  b y  high tem perature and it cannot
fore b est su ited  to  purposes of illustration . be said, therefore, th a t  to obtain  a m axim um  yield  of

T h e possibilities of decom position m ay be classified such a substance as acetylene (E quation  7) it is de-
under th e fo llow ing four heads: '  sirable to heat as stron gly  as possible.

A  few  specific cases deserve atten tion . I t  seem s
1 Parafhn formation entirely reasonable to assum e th a t olefin form ation  is
2 Olefin formation interm ediate to acetylen e form ation. L ikew ise there

4— Aromatic formaltion are clear indications to  the effect th a t arom atic com 
pounds are polym erization  products of acetylenes.

T h e list of ty p ic a l equations includes all these cases, | j ence the follow ing relations seem  to hold for th e
and th e approxim ate equilibrium  relations point ou t effeCts of tem perature and pressure. A cetylen es are
general tendencies of th e various reactions. I t  is to  f orm ed at m oderately high tem peratures and being
be n oted  th a t for all reactions save paraffin rearrange- interm ediate to  arom atics th e la tter  are likew ise high
m ent (E q u atio n s I and 2) and arom atic form ation  , Nernst, "T h e o re tic a l C h e m is try  a lso  tex t-boo lcs  o f p h y s ica l c h im is try
(E q u ation s 15 and 16) th e effect of pressure is inim ical, —W h ita k e r  a n d  R it tm a n , Loo. cU.
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tem perature products. . A cetylen e  form ation  appears 
to  be fa vo red  b y  low  pressure b u t th e  polym erization  
is a reaction  helped b y  high pressure and th is, in addi
tion  to  th e fa cto r  of reaction  v e lo city , leads to the 
exp ectation  th a t  arom atic form ation  m ust be favored  
b y  pressure.

T h e u ltim ate  products of th e  crackin g reaction  are 
carbon and hydrogen , their form ation  being favored  
b y  high tem perature. B eing in active  and undesirable 
end products th e y  should be m inim ized b y  m odera
tion  in securing th e  la tte r  condition.

E X P E R I M E N T A L

G E N E R A L  S C H E M E  OF P R O C E D U R E  A  S c h e m e  of
procedure sim ilar to th a t described in an earlier 
p a p er1 has been adopted for th e present series of 
experim ents, though the s tu d y  of products has been 
conducted  on a broader scale. T h e  course of a single 
exp erim ental un it w as as fo llow s: a q u a n tity  of oil, 
gen erally  betw een 400 and 600 gram s, w as run through 
an e lectrica lly  heated  furnace in w hich were m aintained 
carefu lly  regu lated  and m easured conditions of tem 
perature and pressure. A fte r  th e  com pletion  of the 
“ run”  the q u a n tity  of resu ltin g oil w as determ ined 
and th e deposited  carbon scraped ou t of the furnace 
and w eighed. T h e ev o lve d  gas w as collected in a 
su itable receiver and its vo lu m e read and recorded, 
although no use has been m ade of this inform ation  in 
the present connection.

In  connection  w ith  each m ajor experim ent or run a 
num ber of su p p lem en tary  determ inations were neces
sary . B o th  u n cracked  and cracked  oils were su b 
m itted  to  a n a lytica l d istillations and specific gravities 
were m easured for to ta l oils and for distillation  cuts. 
V iscosities w ere determ ined for original and recovered 
oils. A  num ber of refractive  indices were m easured, 
though these, like gas volum es, are n ot recorded. 
R e fra ctiv e  indices h ave been found to agree so ex a ctly  
w ith  specific gravities2 th a t these constan ts furnished 
no additional inform ation  of value.

In som e cases w hen the presence of arom atic h y d ro 
carbons w as in d icated  b y  th e g ra v ity  figures, chem ical 
exam ination s were m ade and the re liab ility  of th e 
form er determ in ations verified. T h e m atter of 
chem ical m ethods of sep aration  has received con
sideration  in other com m un ication s.3 Sam ples of 
ev o lve d  gases were rem oved  from  the holder and later 
an alyzed . T h is w ork w ill be described later.

T h e  to ta l schem e of procedure m ay be sum m arized 
as follow s:

“ r u n ”  o r  m a j o r  e x p e r i m e n t

1— Cracking of 400 g. to 600 g. of oil in furnace at regulated 
temperature and pressure.

2— Determination of quantities of oil, gas and carbon re
sulting.

SU PPLEM EN TA RY  D ETERM IN A TIO N S

1— Distillations of: (a) uncracked oil, (£>) cracked oil.
2— Determinations of specific gravities of uncracked oil, 

cracked oil and individual distillation cuts.
1 W h ita k e r  a n d  R i t tm a n , Loc. cit.
2 R i t tm a n  a n d  Eg lo ff, T h is  J o u r n a l , 7 (1915), 578.
3 R i t tm a n , T w o m e y  a n d  E g lo ff, M et. Chem . E n g ., O c t. 1, 1915; 

R it lm a n  a n d  M oore , I b id . ,  O c t, 15, 1915.

3— Determinations of viscosity and refractive index.
4— Chemical tests on distillates.
5— Analyses of evolved gases.

c r a c k i n g  e x p e r i m e n t  o r  “ r u n ” — T h e ap p aratu s 
and general m ethod used for m akin g a run w as the 
sam e as th a t  described in an earlier p a p er.1 T h e 
apparatu s consists essen tially  of an electrica lly  heated 
furnace b o d y  eighteen inches lon g and one and a half 
inches in diam eter. A t  the upper end is a ttach ed  
an oil feed  cup and a vap o rizin g device. B elow  the 
furnace is a L iebig  condenser d ischarging into a re- ' 
ceiver w hich is connected w ith  eith er a ro ta ry  ty p e  
vacu u m  pum p or a pressure release va lve . A  final 
connection is m ade w ith a gas holder of 12 cu. ft. 
cap acity . T h e whole order of th e ap p aratu s w as 
therefore: (1) oil feed cup, (2) vaporizer, (3) furnace 
proper, (4) condenser, (5) first receiver, (6) vacu u m  
pum p or pressure v a lv e , (7) second receiver in case of 
vacuum , and (8) gas holder. T h e  system  is a closed 
one and a n y  desired pressure from  a th irtie th  of an 
atm osphere up to  30 atm ospheres has been m ain
tained. T h e electrical heatin g equipm en t of th e 
furnace b o d y  perm its th e  regulation  of tem p eratu re 
at a n y  desired height up to  10000 C . T h e tem p era 
ture m easurem ents were m ade b y  m eans of a th erm o
couple inserted in th e  interior of th e furnace b ody.

d i s t i l l a t i o n s  were m ade in flasks of 250 cc. bulb 
ca p a c ity , w ith  necks 6/s in. in diam eter and 6 in. 
long to  th e  ou tlet tu b e. In  each case th e neck of the 
fiask w as equipped w ith  a 5 in. colum n of th e  H em pel 
ty p e , filled w ith  alum inum  beads. O riginal charges 
of 200 gram s were distilled  in m ost cases and cuts 
were m ade a t 100° C. and therefore a t in terva ls  of 

S°°-
s p e c i f i c  g r a v i t i e s  were determ ined eith er b y  m eans 

of a W estphal balance w ith  plum m et of one cubic 
cen tim eter d isplacem en t or else w ith  D rushel ty p e  
p ycn o m eters.2

v i s c o s i t i e s  were m easured in th e  E ngler viscosim - 
eter and results are expressed in E n gler degrees, 
w hich represent ratio s betw een  rates of flow of oils 
and w ater.

r e f r a c t i v e  i n d i c e s  were m easured w ith  th e P ul- 
frich  refractom eter.

g e n e r a l  r e s u l t s  o f  e x p e r i m e n t s  

T h e results of a large num ber of th e crack in g ex
perim ents appear in T a b le  II . T h e n ecessary arran ge
m ent of figures does n ot render th em  p a rticu la rly  easy  
to  in terp ret, and m ore readable tables are g iven  in 
connection  w ith  th e  various points set forth  b y  these 
experim ents (see various sections of T a b le  I I I ) .  I t  
w ill be n oted, how ever, th a t  experim ents were per
form ed w ith  five different oils, m ost a tten tio n  h avin g 
been given  to  three, w hich were a P en n sy lva n ia  re
fined burn in g oil, an O klahom a fuel oil and a C a li
fornia K ern  R iv e r  crude. T hese oils were p a rticu la rly  
suited to  th e  present experim ents as th e y  are devoid  
of low -boiling con stitu en ts; th e y  are, therefore, of the 
class least va lu a b le  com m ercially, w hich renders them  
m ost prom ising as sta rtin g  m aterial for crack in g re-

1 W h ita k e r  a n d  R i t tm a n , Loc. cit.
5 R i t tm a n  a n d  D ean , T h is  J o u r n a l , 7 (1915), 185.
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action s. T h e y  are also ty p ica l of the three great 
fields of th e cou n try, th e eastern, the m id-continent 
and th e  w estern. In  addition  to the above th ree 
M exican  and R ussian  crude oils were exam ined and 
sufficient d ata  obtained to  show  that, in spite of their 
■different chem ical n ature and ph ysical properties, these 
do not v a r y  rad ica lly  in their behavior from  the 
others. F igures for th e R ussian  oil were so few  th a t 
th e y  h ave n ot been used iij. th e  later tables prepared 
for purposes of com parison.

I t  w ill be noted th a t  th e ranges of tem perature and 
pressure are considerable, and th a t the entire regions 
o f im portance in the crackin g reaction h a ve  been 
covered  th o rou gh ly . Tem p eratures lower th an  the 
ones used do not produce decom position w ith sufficient 
r a p id ity  while those higher in the scale generate as 
m axim um  end products undesirable carbon and gas. 
T h e range of pressure w as as great as could be m anaged 
w ith  ap p aratu s of ord in ary  construction.

s t u d y  o f  r e s u l t s  (See T ables III  and IV )
c a r b o n ' f o r m a t i o n — T h e first factor to be considered 

is one w hich, though of th e greatest im portance from  a 
com m ercial point of view , is of b u t minor theoretical 
interest. C arb on  form ation  w as determ ined b y  th e 
rath er crude m ethod of scraping th e interior of the 
cooled crackin g tu b e a fter each run and weighing the 
solid  m aterial th u s rem oved. In  spite of the rough
ness of th e m ethod va lu ab le  indications were obtained 
as to  general tendencies.

A  stu d y  of th e  d a ta  in T a b le  I I I  shows first th a t 
th ere are ch aracteristic  differences am ong the series 
run w ith  th e various original oils. T hese differences 
m a y be a ttrib u te d  to  a com bination  of tw o causes, 
one chem ical, th e other ph ysical. T h e chem ical factor 
m a y in tu rn  be sub divided . T h e four oils varied  in their 
carbon  con ten t, p a rtly  because there were differences 
in the average sizes of th e  h ydrocarbon  m olecules and 
p a rtly  because of chem ical differences am ong the basic 
n atures of th e  oils. T hose of an asphaltic  base h ave a 
higher carbon percen tage th an  those of paraffin base. 
H ence the follow ing order: T h e P en n sylvan ia  oil,
w hich deposited least carbon, w as a “ w ater-w h ite”  
kerosene of p u rely  paraffin base and boiling so th a t 
90 per cen t cam e over below  250° C . T h e O klahom a 
oil w as in term ediate and w as of m ixed paraffin and 
a sp h altic  base; a so-called “ fuel oil”  of w hich only 
22 per cent d istilled  below  300°. Still more carbon 
w as deposited b y  th e C aliforn ia  oil, a h e a v y  K ern  
R iv e r  crude of asph altic  base and giving a d istillation  
cu t of o n ly  17 per cent below  300°. T h e M exican  
oil w as ligh ter th a n  the C aliforn ia  and gave a d istilla
tion  cut of 37 per cen t below  300° b u t it had a peculiar 
p h ysica l p ro p erty  of causing m uch h ea v y  ta rry  m a
teria l to  be included in the carbon deposit. A s a 
result th e figures for carbon form ation  are high and 
th e y ield s of recovered oil and the gra vities of re
covered  oils low.

A  com parison of averages of irregular sets of figures 
show in g such m arked variation s is n ecessarily  in 
a ccu rate  and is alm ost unscientific, y e t  it  happens to 
show  th e  result w hich w ould be expected  from  th e o 

retical considerations. C arbon deposition is favored  
b y  b oth  tem perature and pressure.

v i s c o s i t y  o f  r e c o v e r e d  o i l — In a considerable 
num ber of experim ents it was incon venien t to  m ake 
m easurem ents of v iscosity  on accoun t of insufficiency 
in the q u a n tity  of recovered oil.

I t  will be n oted  th a t, a lthough there are considerable 
differences am ong th e viscosities of the original oils, 
the analogous figures for recovered oils show  b u t 
m oderate variation s. T h is fa ct is one of a num ber 
going to show  th a t th e conditions of trea tm en t of an 
oil are of m uch more influence than  a n y  properties, 
physical or chem ical, w hich it  originally possesses.

A  specific com parison brings this out clearly. T h e 
ratio  of viscosities betw een th e original P en n sylvan ia  
and O klahom a oils was abou t 1 : 35. T h e ratio be
tw een averages of the tw o series of recovered oils is 
abou t 1 : 3 ,  and, b y  om ittin g  tw o  vacu u m  runs 
of O klahom a oil, th e ratio can be b rough t down to 
1 : i.S -

N o a ttem p t has been made to average the viscosity 
values, as sufficiently in structive indications can be 
obtained b y  a stu d y  of an y one of th e series. T h a t 
for th e O klahom a oil is most com plete and it  has been 
selected for use in T a b le  I I I .  Here it appears th a t for 
runs up to  750° C . viscosity  decreases w ith  tem 
perature and w ith pressure. I t  does not, how ever, 
seem probable th a t this rule will hold for higher te m 
peratures and th e single figure obtained for 8000 
goes to prove th e tru th  of this reasonable expectation. 
A  sim ilar figure for C alifornia  oil indicates likew ise an 
increase in visco sity  as the 8000 m ark is approached.

s p e c i f i c  g r a v i t y  o f  r e c o v e r e d  o i l — T h e v a ria 
tion am ong th e specific gravities of the different sets 
of recovered oils is likew ise a factor of interest. Here, 
as in the case of carbon deposition, it  will be noted 
th a t there are characteristic  differences am ong re
covered oils from  the various sources and th a t these 
are of the same order as th e g ra v ity  differences am ong 
the original oils. P en n sylvan ia  cracked oils are 
lightest, O klahom a next and C alifornia heaviest. 
T h e M exican, on accoun t of th e tenden cy of h ea v y  con
stituents to stick  to  the carbon, are a little  ligh ter than  
the California, although th e original oil w as heavier.

Here again average values are an uncertain  prop
osition and m ust be regarded w ith due caution. It  
appears definitely, how ever, th a t gravities increase 
w ith tem perature. I t  is to be expected  th a t th e y  w ould 
likew ise increase w ith pressure and there are in d ica 
tions th a t such is the case. M ost of the deviatio n s can 
be explained on the basis of probable experim ental error.

p e r c e n t a g e  o f  o i l  r e c o v e r e d — T h e p ercen tage of 
oil recovered is a factor of th e greatest im portance 
but, un fortun ately, the n ecessary conditions of the 
present experim ents preven ted  its determ in ation  w ith 
a n y  degree of accu racy, esp ecially  in th e cases of re
actions under pressure. T h e pressure in each case 
was “ b uilt u p ”  b y  gas generation  due to  crackin g of 
original oil and there w as therefore in each experi
m ent a considerable period during w hich  pressure w as 
not up to  th e prescribed m ark. In  ad ditio n  it  w as
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n ecessary for the experim ents a t lower tem peratures 
to have th e furnace grea tly  superheated at the start 
in order to  get the system  up to the desired pressure 
before too large a proportion of the original charge 
of oil had been run through.

If a run at 500° and 24 atm ospheres is ta k en  as an 
exam ple the follow ing conditions obtained: the

T a b l e  I I B -

m a g n itu d e , are d is tr ib u te d  w ith  p e r fe c t  im p a r t ia lity . 
T h u s  th e  P e n n s y lv a n ia  re co v e re d  o ils  a re  lia b le  to  
sh o w  e ith e r  a m a xim u m  or a  m in im u m  p e rce n ta g e  
re c o v e ry .

I t  is in d ic a te d  w ith  en tire  d e fin iten ess in th e  t a b u la 
tio n  o f a v e ra g e s  th a t  p ercen ta g e  r e c o v e ry  d ecreases 
w ith  in cre ase  of te m p e ra tu re . I t  a p p ea rs  a lso  th a t

R e s u l t s  o f  E x p e r i m e n t a l  R u n s  w it h  R u s s i a n  a n d  M e x i c a n  O il s

T e m p e ra tu re :
P re s su re— A tm o sp h ere s
O il used  (g ra m s) ................
O il reco v e red  (p er c e n t) ..
C a rb o n  (p er c e n t) .............
S p . G r. o f o il r e c o v e re d . .
V isc o s ity ................................
F ir s t  d r o p ..............................
T e m p e ra tu re

100 ................................
150..................................
200 . / .............................
2 5 0 ..................................
3 0 0 ..................................
150..................................
2 5 0 ...................................

R u s s i a n  O i l :
675° 500°

12 a tm o s . 12 a tm o s.
443 387

28.3 77.3
21.7 0.0

.965 .880
1.44°

40 ° 30°
%  S . G.

30.5 .863 
16.1 .867
4.7 .891 

13.9 Solid 
5 .9  .964

46 .6  ..865 
24.5 . . . .

%  S. G. 
7.3 .718 
7.8 .796 
5.7 .829 

13.8 .856
16.5 .881 
15.1 .761
19.5 .846

Orig.
oil

.897
11.92°

%  S. G. 
0 .0 . . . .  
0.0 . . . .  
1.5 . . . .  

10.7 .836 
16.3 .859

12.2 .836

750
Vac.
812

37.3
10.5 

.992
2 .70°

%  S. G. 
8.3 .822 
5 .0  .836 
7.7 .868

10.5 .915
14.5 .941
13.3 .827 
18.2 .897

M e x i c a n O i l :
600 600° 600° 500 500 400 O rig.

oil12 1 a t. V ac. 12 1 10-11
479 628 500 573 591 527

47.2 40.2 66.0 54.5 72.8 73.5
13.1 16.4 9.0 16.2 9.8 13.8

.941 .992 .942 .918 .930 .934 .986
1.96° 6 .7 3 ° 1.15° 1.88° 4 .4 3 °  O v e r  300°00n

40 70° 30° 55° 35°
%  S. G . %  S . G . %  S . G . %  S. G . %  S. G. %  S. G . % S .  G .

13.3 .765 13.0 .802 2.3 .751 13.5 .721 7.0  .739 4.8 .729 0.0
12.5 .829 8.3 .837 3.5 .782 13.3 .807 8.7 .792 6.0  .789 1.1 .759
8.0 .846 9.2 .860 8.3 .811 11.0 .837 8.5 .825 7.0 .816 2.5 .798

11.0 .899 13.0 .923 10.5 .846 13.0 .884 12.5 .875 11.0 .856 8.3 .843
11.7 .943 12.5 .968 15.5 .880 12.2 .945 11.7 .902 13.7 .898 25.2 .871
25.8  .877 21.3 .816 5.8 .771 26.8 .766 15.7 .770 10.8 .762 1.1 .759
19.0 .797 22.2 .909 18.8 .829 24.0  .862 21.0 .854 18.0 .843 10.8 .833

furnace w as started  a t 650° and atm ospheric pressure 
and oil run in till th e pressure reached the desired 
height while, a t th e  same tim e, th e tem perature was 
allowed to  fall. In such an experim ent it was neces
sa ry  to  run th rough  from  150 to 200 gram s of the total 
600-gram charge of oil before desired conditions 
were established. I t  must be understood therefore 
th a t the percen tage recoveries are in v a ria b ly  low  for

vacu u m  recoveries are greater th an  those a t atm os
pheric pressure. Indications for pressures above one 
atm osphere are not en tirely  correct on the basis of 
figures given  here. It was noted, for instance, th a t 
in the case of a pressure reaction a t 500° gas form a
tion was p ra ctica lly  nil after the initial period during 
which conditions were being established. In th is case 
there should have been a recovery of p ra ctica lly  100

T a d l e  I I I — 
P e r c e n t a g e

-C a r b o n  F o r m a t i o n , P h y s i c a l  P r o p e r t i e s  a n d  P e r c e n t a g e s  o p  O i l s  R e c o v e r e d  
P r o p e r t i e s  o p  O il s  R e c o v e r e d P e r c e n t a g e s

O i l :
o p  C a r b o n  F o rm a tio n  

P a . O k la . C a l. M ex. A v.
V iscosities 

P a . O kla.
(E n g le r  degrees) 
C al. M ex . R uss.

• Specific g rav itie s  
P a . O k la . C al. M ex. A v.

o p  O il  R e c o v e r e d  
P a. O kla. C al. M ex. A v.

T e m p . P re s .
°  C . a tm .
850  1 7 .4 7 .4 1 .0 2 6  . . . 1 .0 2 6 9 .7 9 .7

V ac. 5 .8 7 .1 6 .4 . . .  0 .9 9 7 1 .025  . . . 1 .011 23. 1 3 4 .2 2 8 .6
800 V ac. 4 .1 6 .9 5 .5 i ! 64 Ï .9 5 . . .  0 .9 6 3 1 .017  . . . 0 .9 9 0 2 9 .3 4 3 .7 3 6 .5
750 12 2 4 .3 2 4 .6 3 8 .8 2 9 .2 0 .9 1 0  0 .9 6 5 1 .022  . . . 0 .9 6 5 i s !  9 2 0 .2 21 . 1 19. 1

6 1 5 .3 2 0 .0 3 6 .2 2 3 .8 1 .0 2 0  1 .040 1 .025  . . . 1 .028 1 6 .9 2 2 .2 2 0 .9 2 0 .0
1 3 .7 1 1 .3 9 .9 8 .3 1 .012  1 .039 1 .092  . . . 1 .048 16 .5 17.5 2 0 .9 1 8 .3

V ac. 16. 1 4 .1 8 .7 l6 !5 13. 1 f.Ó 4 i ! 44 2 . 70 ! ! ! 0 .9 0 5  0 .9 2 5 0 .9 6 3  0 .9 9 2 0 .9 4 6 3 3 .9 5 1 .7 4 7 .4 3 Ï .3 4 2 .6
650  V ac. 2 .2 2 .2 8 8 .7 8 8 .7
600  24 7 .5 1 7 .2 2 6 .7 17.1 0^962 1 !ÓÓ8 1.Ó30 ! ! ! 1 ! Ó00 3 7 13 3 3 .9 3 i ! 6 3 4 .2

18 5 .3 1 3 .2 2 7 .5 15.3 1 ! i i i .' 48 i .’ 79 ; 0 .9 2 6  0 .9 7 3 0 .9 9 7  . . . 0 .9 6 5 4 0 .5 3 5 .6 3 3 .7 3 6 .6
12 3 .6 6 .7 19 .3 13 ! 1 10.7 1 .00 1 .08 1 .15  ................. 0 .9 1 8  0 .9 0 7 0 .9 9 6  0 .9 4 1 0 .9 4 0 4 3 .6 6 2 .2 5 2 .5 4 7 .2 5 1 .4
6 2 .4 9 .6 1 6 .2 9 .4 1.27 1 .9 8  1 .9 6  . . . 0 .8 8 5  0 .931 0 .9 8 4  . . . 0 .9 3 3 3 1 .4 3 7 .3 4 3 .9 3 7 .5
1 0 .6 3 .1 12 .3 16^4 8 . 1 1 04 7 .2 9 . . .  6 .7 3  . . . 0 .8 4 0  0 .9 0 6 0 .9 6 6  0 .9 9 2 0 .9 2 6 5 9 .9 5 0 .8 4 6 .6 40  ! 4 9 .4

V ac. 0 .0 1 3 .6 9 .0 7 .5 0 .8 1 1  0 .8 9 9 0 .9 6 0  0 .9 4 2 0 .9 0 3 9 7 .4 100 .0 8 1 .8 6 6 .0 8 5 .0
550 24 9 .2 2 1 .1 15. 1 Ü 05 0 .9 9 1  . . . 0 .991 3 8 . 1 4 0 .6 3 9 .3

18 7 .0 7 .0 ! ! !  0^908 0 .9 0 8 5 5 .0 5 5 .0
500  24 i .2 4 .6 1 Ï .7 5 .8 0 .9 7 i ! 25 i .3 5  !! 0 .8 2 8  0 .8 7 7 o !942 ! ! ! 0 .8 8 2 7 2 .5 6 3 .8 53 ! 6 6 3 .3

18 0 .0 0 .0 0 .9 6 0 .8 1 9  . . . 0 .8 1 9 79 A 7 9 .4
12 0 .0 i A l i !  5 16^2 8 .0 0 .9 8 i ! 32 1 .3 5  1 ! 15 i !44 0 .8 0 8  0 .8 7 0 0^925 0>M 8 0 .8 8 0 8 4 .2 88 ! 2 6 4 .8 54 ! 5 7 2 .9
6 0 .0 1 .2 10. 1 3 .8 1 .0 0 1.54 1 .5 2  ................. 0 .8 1 0  0 .8 6 7 0 .9 2 8  . . . 0 .8 6 8 5 7 .8 9 1 .8 7 1 .5 7 3 .7
1 0 .0 0 .0 3 .7 9 .8 3 .6 1 .0 0 2 .51 6 .1 6  1 .8 8  . . . 0 .7 9 9  0 .8 7 2 0 .9 3 9  0 .9 3 0 0 .*885 9 4 .5 9 9 .0 9 1 .3 7 2 .8 8 9 .4

V ac. 6 .0 0 .0 1 1 .9 5 .9 1 .04 13 .42 0 .8 0 2  0 .901 0 .9 5 0  . . . 0 .8 8 4 10 0 .0 9 9 .8 7 3 .6 9 1 . 1
450 18 0 .0 0 .0 1 .50 2 .7 1 . . .  0 .8 8 2 0 .8 8 2 7 6 .9 7 3 .5 7 5 .2

12 1 .02 1.73 . . .  4 .4 3  . . .
O r ig in a l 1 .05 3 5 .4 0  3 5 .7  O v e r 11 .9 2

A v erag e  P e rc e n ta g e s  C a rb o n  F o rm a tio n

350

V iscosities fo r O k lah o m a  S eries
A verage Specific 

G rav itie s  of R ecovered  Oils
A v erag e  

P e rcen tag es  of O il R ecovered
P res .
a tm . V ac. 1 6 12 18 24 V ac. 1 6 12 18 24 V ac. 1 6 12 18 24 V ac. 1 6 12 18 24

T e m p . 
45 0 °  . . 2 .5 0 .0 1 .73  1 .50 0 .8 6 8  0 .8 8 2  . . . 8 5 .4
5 0 0 °  5 .9 3 .6 3^8 8 .0 0 .0 Ï . 8 1 3 .4 2  2 .5 1  1 .54 1 .3 2  . .  1 .25 0 .8 8 4  0 .8 8 5  0 .868 0 .8 8 0  0 .8 1 9 0 .8 8 2 9 1 .1  8 9 .4 7 3 .7 7 2 .9 7 9 .4 6 3 .3
55 0 °  . . 7 .0 15. 1 .................  1 .05 . . .  0 .9 0 8 0 .991 3 9 .5
6 0 0 °  7 .5 8 .'\ 9^4 1Ó17 1 5 .3 17.1 7 .2 9  1 .27  1 .08 1 4 .8 0 .9 0 3  0^926 0 .9 3 3 0 .9 4 0  0 .9 6 5 1 .000 8 5 .0  4 9 .4 3 Ï .5 51 ’. 4 3 6 .6 3 4 .2
650° 2 .2 8 8 .7
750° 13.1 8 .3 2 3 .8 2 9 .2 1 .44 0 .9 4 6  1 .048  1.028 0 .9 6 5  . . . 4 2 .6  18 .3 2 0 .0 19. 1
80 0 °  5 .5 1 .64 0 .9 9 0  ................... 3 6 .5  . .
850° 6 .4 7 .4 1 .011 1 .0 2 6  . . . 2 8 .6  9 .7

pressure reactions and th a t the error is considerable in 
the case of the low er tem peratures.

T h e first point to be noted in the d ata  is th a t the 
differences am ong original oils seem to  h ave no m arked 
influence over the m agnitude of the percentage re
coveries. There is an exception in the case of the 
M exican  crude where a large am ount of th e liquid 
product of reaction  was held b y  the carbon deposit. 
A m ong th e other oils th e variation s, though of some

per cent as carbon is not form ed in the absence of gas 
and the only possible products m ust have been liquid. 
T he low yields here indicared were due to  the pre
lim in ary cracking period during which pressure was 
low  and tem perature high. T h e indications for the 
effect of pressure a t higher tem peratures are un
doub tedly correct, being in accord w ith th e o ry  and not 
explainable on the basis of a n y  know n experim ental 
error.
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F O R M A T IO N  O F  G A S O L IN E  A N D  A R O M A T IC  H Y D R O 

C A R B O N S

g a s o l i n e  f o r m a t i o n — F rom  b oth  a scientific and a 
com m ercial point of view  the m ost im p ortan t factors 
to  be considered in th e crack in g reaction  are the 
physical and chem ical relations betw een  original and 
recovered oils. T h e chief com m ercial interest in the 
crackin g reaction  has of late  centered on th e problem  
of gasoline production. I t  is rath er a difficult m atter 
to establish  a sa tisfa cto ry  definition of gasoline and for 
present purposes it  is unnecessary, as the differences 
ob tain ed  am ong reaction  products have been so great 
th a t no fine d istin ctions are necessary. In  th e  present 
connection the m agnitude of the d istillatio n  cu t up to 
150° C . has been considered a m easure of th e  “ n a p h th a ” 
or “ gasolin e.”  On th is basis th e am ount of gasoline 
production  has been figured for th e different runs and 
results listed  in T a b le  IV . T h e calcu latio n s from  
experim ental figures were conducted  as follow s. T h e 
am ount of oil in the original sam ple distilling below

T a b l e  IV — F o r m a t io n  o p  G a s o l in e  a n d  A r o m a tics

P e r c e n t a g e  G a s o l in e  F o r m a t io n F o r m a t io n  o f  L o w -B o il in g
T e m p . P res- A ro m a t ic  H y d ro c a r b o n s

°C . su re P a . O kla . C al. M ex . A v. P a . O kla C al. M ex . A v.
850 1 2 .3 2 .3 2 .4 2 .4

V ac. 4 .2 4 .8 4 .5 4'. i 4 .4  . . . 4 .3
800 V ac. 5 .6 8 .8 7 .2 4 .6 7 .1  . . . 5 .9
750 12 5.’ 5 8 .8 1 0 .0 8 . 1 5 .6 7 .7 8 .0  . . . 7 .1

6 6 .2 5 .8 8 .2 6 .7 6 .8 5 .9 7 .9  . . 6 .9
1 4 .3 4 .7 5 .1 4 .7 5 .1 4 .7 5 .0 4 .9
V ac. 4 .5 7 .5 4 .0 6 5 .1 4 .1 4 .2 2 .2  2 .9 3 .4

650 V ac. 3 .0 3 .0 1 .4 1 .4
600 24 1 3 .3 12 .9 1 0 .7 1 2 .3 12.*4 11 .2 9 ! 7 ! ! ! 11 .1

18 1 5 .8 1 6 .6 1 3 .0 15. 1 1 3 .4 1 4 .0 1 2 .3  . . . 13. 1
12 1 6 .3 12.1 1 1 .8 6 12 .9 1 3 .4 6 .9 8 .8  4 .1 8 .3
6 1 0 .0 14. 1 1 5 .7 1 3 .3 7 .1 9 .8 1 2 .2  . . . 9 .7
1 1 3 .4 12 .7 1 0 .6 1 1 1 .2 7 .3 5 .8 5 .1  4 .3 5 .6
V ac 0 .0 2 .5 5 .3 1 3 .6 1 .0 1 . 1 3 .0  0 .4 1 .4

550 24 1 2 .4 12. 1 12 .3 4 .7 7 .7  . . . 6 .2
18 1 7 .3 1 7 .3 7 .3 7 .3

500 24 18Í1 1 4 .0 13 .5 1 5 .2 7 ! 0 2 . 1 4  ! 2  ! ’. ! 4 .4
18 15 .3 1 3 .8 1 4 .6 5 .6 5 .6
12 1 6 .0 1 0 .9 14 ! 3 6 1 3 .7 5 .6 \'.8 3 .7  6 . 9 3 .0
6 5 .9 4 .7 13 .7 6 8 .7 2 .6 5 .4  . . . 4 .0
1 2 .7 0 .0 7 .0 4 .9 1 .8 6 .6 1 .2  1.1 1 .2
V ac. 0 .0 1 . 1 1 . 1 0 .7 0 .7

450 18 9 .4 9 .4 3 .3 3 .3
12 6 .5 8 .8 7 ! 2 7 .5 2 .9 1 .3 i!i ! . ’. 1 .8

400 10 7 1 7 .1 0 .2 0 .2

Av e r a g e  P e r c e n t a g e s A v e r a g e  L o w -B o il in g
P res . G a s o l in e  F o r m a t io n Ar o m a t ic  H y d r o c a r b o n s
a tm . V ac. 1 6 12 18 24 V ac. 1 6 12 18 24

T e m p .
45 0 ° 7 .5  9 .4 1 8 3 .3
50 0 ° i!i 4 .9  8 .7  13 .7  14 .6 15 .2 0 .7 1 .2  4 .0  3 . 0 5 .6 4 A
55 0 ° 17 .3 12 .3 . 7 .3 6 .2
600° 3 .6  1 1 .2  1 3 .3  12 .9  15 . 1 12 .3 1 .4 5 .6  9 .7  8 . 3 13. 1 11 .1
65 0 ° 3 .0 . 1 . 4
75 0 ° 5 .1 4 .7  6 .7  8 .1  . 3 .4 4 ! 9 6 . 9  7 i !
80 0 ° 7 .2 5 .9
85 0 ° 4 .5 2 .3 4 .3 2 .4  .

the 150° m ark was ded u cted  from  the distillation  
figure for th e recovered oil. T h is  last corrected per
cen tage w as reduced to  term s of the original oil, g iv in g  
a percen tage w hich represents its  degree of tran sform a
tion  into hydrocarbon s b oilin g below  150° C.

Thus for example, in the case of an experiment at 500° and 
12 atmospheres with Pennsylvania oil the distillation cut given 
in Table I is 23.8 per cent up to 150°. The original oil distilled 
4.8 per cent up to the same temperature. The increase is there
fore 19.0 per cent. But of the original oil only 84.2 per cent 
was recovered and the gasoline formation was therefore 84.2 
per cent of 19.0, or 16.0 per cent.

A n exam ination  of th e results shows first of all a 
rem arkable agreem ent am ong th e effects of th e sam e 
conditions of tem peratu re and pressure on th e different 
original oils. T h e com parison of th e  average per
centages indicates th a t  th e form ation  of a large per
cen tage of h ydrocarbon s boiling below  150° C . is

favored  b y  pressure and th a t the op tim um  tem p era
tures are in th e  neighborhoods of 500° and 600°. 
It  is not, how ever, sufficient to  lim it our considerations 
to  th e d a ta  appearing in T a b le  IV . T h ere are va st 
ph ysical and chem ical differences betw een  cuts of 
ap p roxim ately  the sam e m agn itude form ed resp ectively  
at 500 and 6000 as w ill be noted when a com parison 
is m ade of th e figures for specific gravities.

D i f f e r e n c e s  i n  S p e c i f i c  G r a v i t y  o f  C u t s  t o  150° f r o m  R u n s  a t  L i k e  
P r e s s u r e s  a n d  T e m p e r a t u r e s  600  a n d  500°

P c n n sy l-  O k la - C ali- M ex i-
P re ssu re  v a n ia  h o m a  fo rn ia  can

V a c .........................  0 .0 0 9
1 ............................  0 .0 3 2  0 .0 4 6  0 .0 4 3  0 .0 4 6
6 ............................  0 .0 4 2  0 .0 8 1  0 .0 5 1

12 ..........................•. 0 .0 7 0  0 .0 6 1  0 .0 5 6  0 .0 3 2
18   0 .0 8 6
2 4 ............................  0 .0 8 8  0 .1 1 1  0 .0 5 3

T h e ab ove is a list of these d en sity  differences b e
tw een d istillates ob tain ed  from  runs a t th e sam e 
pressures and a t tem peratures resp ectively  of 600 
and 500°. T h e gravities of the 600° prod u cts are 
in v a ria b ly  th e higher. I t  w ill be n oted  also th a t  the 
6000 products represent a large percen tage of a sm all 
reco very  while th e reverse is th e case for 500° p rod 
ucts. I n  addition it must be remembered that the in 
herent error of operation made low the amounts of gasoline 
recovered for pressure runs.

T h e ob vious conclusion is th a t th e fa vo ra b le  con
ditions for producing gasoline, as determ ined b y  th e 
com parison of results of th e present series of exp eri
m ents, in volve a m oderate tem p eratu re and a high 
pressure.

f o r m a t i o n  o f  a r o m a t i c  h y d r o c a r b o n s — It has 
long been know n th a t arom atic  h yd rocarb on s m ay 
result from  th e crack in g of petroleum . A  recent 
s tu d y 1 of th e properties of gas oils and d erived  tars 
has dem on strated  th is fa c t  again  w ith  entire defin ite
ness, and th e  present experim ents h ave served to de
term ine o n ly  w h at are th e  m ost fa vo ra b le  conditions 
for th is ty p e  of tran sform ation .

A s w as in d icated  in th e preceding section the 
ch aracteristic  p ro p erty  of arom atic h ydrocarb on s is 
their great den sity. Benzene, w hich boils at 80.5°, 
has a specific g r a v ity  of 0.883 an d toluene, w ith a 
boiling poin t of 1 1 1 ° ,  has a g r a v ity  of 0.872. P araffin  
or olefin h ydrocarb on s of eq u iva len t boiling points 
possess m uch low er gravities. T h is is in dicated  b y  
th e  fo llow ing figures for stra ig h t chain  h ydrocarbon s 
boiling a t tem p eratu res s lig h tly  higher th an  those 
required for benzene and toluene.

H y d r o c a r b o n  B oiling  p o in t S pecific  g ra v i ty
H e p ta n e .................................................  9 8 .0  0 .7 1 2
O c ta n e ........................................................ 12 5 .5  0 .7 0 8
H e p ty le n e .............................................  9 8 .0  0 .7 0 3
O c ty le n e .................................................... 1 2 3 .0  0 .7 2 1

T h e q u a n tita tiv e  separation  of th e different groups 
of h ydrocarb on s is n ot a process w hich can be con
d ucted  w ith  ease and accu racy . T h ere are chem ical 
m ethods w hich  h a ve  been recom m ended and these 
have been tried  w ith  results w hich h a ve  appeared  in 
another com m unication. F or present purposes th e indi
cations furnished b y  specific g r a v ity  m easurem ents 
h ave been foun d sufficien tly  c lear-cut to  d ifferentiate 
results w ith  a sa tisfa cto ry  degree of accu racy .

1 R i t tm a n  a n d  E g lofl, T h i s  J o u r n a l ,  7 (1915). 481.
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A  schem e has been devised for the approxim ate 
calcu lation  of the percentage form ation  of h yd ro
carbons of the arom atic series, boiling below 150°. 
T h e assum ption has been m ade th a t the average 
g r a v ity  of th e m ixed arom atics benzene, toluene and 
the three xylenes is 0.875. T h is figure is u n doubtedly  
v e ry  near th e true valu e and is justified b y  th e results 
ob tain ed  through its use. B y  stu d yin g som e results 
of a previous p a p e r1 it was learned th a t w ith  the 
m ethods of d istillation  here em ployed th e average 
specific gravities of 150° distillation cuts of uncracked 
oils are as follow s:

P e n n s y lv a n ia  O k lah o m a  C a lifo rn ia  M ex ican
0 .7 2 1  0 .7 3 4  0 .7 4 2  0 .7 5 9

U sing these figures in connection w ith a value of
0.875 the m ixed arom atics a series of calculations 
w as conducted  and values obtained for th e percentage 
form ation  of low -boiling arom atic hydrocarbons.

The following example is typical of one of the less favorable 
runs. For a California (Kern River) oil, cracked at 600 ° and 
12 atmospheres the percentage recovery was 52.5 per cent and 
this oil gave be'ow 150° a 22.5 per cent distillation cut of gravity 
0.842. The last figure, according to the scheme indicated above 
represents a mixture containing 75 per cent of the aromatics. 
The total aromatic formation was therefore 75 X  22.5 X 52.5 
per cent or 8.3 per cent on the basis of the original oil.

F igures ob tain ed  in this w ay  are shown in T a b le  IV  
and  again  th ere appears an excellent agreem ent am ong 
th e different original oils. T he variation s are m oderate 
and are not characteristic. In consideration  of the 
several approxim ations and th e inherent experim ental 
errors th e agreem ent m ay be considered as strikin g. 
A gain  there is proof th a t th e conditions of treatm en t 
are of such im portance th a t a n y  original tendencies 
on th e  parts of the oils used are rendered of negligible 
im portance.

It  will be n oted  from  the average figures for low- 
b oilin g arom atics in T a b le  IV , th a t m ost favo rab le  
conditions for th e form ation  of benzene, toluene and 
xylenes seem  to  be 6000 and above and a t pressures 
greater th an  4 atm ospheres.

S U M M A R Y

R esu lts of experim ents here described have in dicated  
the fo llow in g conclusions:

I— E qu ilibriu m  products of th e crackin g reaction 
seem  to be independent of th e influence of chem ical 
and p h ysica l properties of th e original oils or at m ost 
are affected  on ly  in minor degree b y  such tendencies. 
T h e m atter of carbon form ation  is the one clear-cut 
exception. C arb on  is a residual product and its for
m ation is proportional to  th e am ount origin ally  con
tained  in the oil. V iscosities and specific gravities 
seem  to  show  in slight degree the influence of properties 
of original oils b u t the differences are so slight th a t 
th e y  m a y w ell be explained on th e basis of fa ilure to  
reach com plete equilibrium .

II— T h e form ation  of arom atic hydrocarbon s occurs 
best a t m oderate to  high tem peratures and under high 
pressure.

I l l — T h e form ation  of gasoline (low -boiling, low

1 R i t tm a n  a n d  EglofT, T h i s  J o u r n a l ,  7 (1915), 578.

g ra v ity  hydrocarbons) is favored  b y  m oderate to low 
tem peratures and b y  high pressure.

IV — T h e results obtained b y  th e series of lab o rato ry  
experim ents indicate strikin g com m ercial possibilities.

T he experim ental w ork connected w ith th is paper 
w as carried out in the laboratories of the D ep artm en t 
of In dustrial C hem istry  of C olum bia  -U n iversity , 
N ew  Y o rk .

C h e m ic a l  S e c t io n  o f  P e t r o l e u m  D iv isio n  
U . S . B u r e a u  o f  M in e s . P it t s b u r g h

A QUANTITATIVE METHOD FOR THE DETERMINATION
OF THE ADULTERATION IN CHINESE WOOD OIL1

B y  J .  C . B r ie r  

R ec e iv ed  O c to b e r  5, 1915

E xam in ation  of a large num ber of shipm ents of 
Chinese wood oil extendin g over a period of several 
years, each shipm ent being checked again st its be
h avior in the varnish k ettle , has convinced the writer 
th a t the ad vocated  m ethods of testin g  Chinese wood 
oil, while affording valuable indications in certain 
cases, can be used w ith a n y  degree of a ccu racy  only 
on grossly adulterated  oils.

H offm an2 reports th a t the adulteration  of wood 
oil w ith foreign oils was v e ry  com m on in C h in a  in 
form er years and th a t the oils, pressed in C hina, 
hard ly  ever leach ed  the m arket in a pure state . A c 
cording to  him , oil from  the kernel of the vegetab le  
ta llow  seed, especially, was' em ployed for the frau d u 
lent blending of wood oil. B oughton3 states th a t 
Chinese wood oil is freq u en tly  adulterated  w ith soya  
bean oil. From  num erous inquiries the writer b e
lieves th a t the larger am ount of intentional a d u ltera
tion is confined to the use of these tw o oils, b u t th a t  
frequent acciden tal adulteration  happens w ith ground 
n ut oil, sesam e oil, and occasionally, w ith tea  seed 
and perilla oils. Im porters, who are fam iliar w ith  
the production of C hinese wood oil and the various 
stages and m ethods of it£ tran sportation  until b a r
reled ready for export, have inform ed th e w riter th a t 
adulteration, although not nearly as p revalen t as at 
the tim e at which H offm an wrote, is still exceedin gly 
common.

It is well know n th a t the oil is obtained from  a large 
num ber of sm all producers b y  the m iddlem en or m er
chants, who transport it in b askets m ade of bam boo 
lined w ith oiled paper (the average c a p a city  of these 
baskets being approxim ately  17 gallons). T h e n ative  
boats, which transport the oil to the export m arkets, 
frequ en tly  carry m ixed cargoes of th e oils occurring 
in th a t section of C hina where C hinese w ood oil is 
produced. T h e frail b askets being piled on top of 
each other often becom e leaky , thus allow ing th e oils 
from  th e upper baskets to  contam in ate th e conten ts 
in the others. Then, too, the oils th a t drip on th e floor 
are collected and distributed  am ong th e various baskets 
throughout the cargo. Such cases as those ju st cited 
m ake it difficult for the C hinese wood oil im porters 
to be sure as to  th e p u rity  of the oil th e y  are b u yin g,

1 T h is  m e th o d  w as d eve loped  in  co llab o ra tio n  w ith  D r. C . D . H o lley  in 
th e  R esea rch  L a b o ra to ry  of th e  A cm e W h ite  L e ad  a n d  C o lo r W orks.

2 Seifenseider-Z eit., 35 (1908), 169.
* Drugs, O ils a nd  P a in ts , 29, 252 -256 .
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since the m ethods of detecting adulteration  are so 
u n satisfactory.

T h e dem and for C hinese w ood oil for th e m anufac
ture of varnishes has increased v e ry  rap id ly  during 
recent years ow ing to  the fa ct th a t w ith  certain  gum s, 
as well as rosin, th is oil, w hen prop erly  m anipulated, 
gives a v e ry  high-grade p roduct for certain  uses. 
Since sligh t va riatio n s in the p u rity  of the oil affect 
th e finished p roduct it  is n ecessary th a t the varnish  
m aker h ave a uniform  grade of oil, otherw ise ev ery  
shipm ent will m ean an' experim ental b atch .

M E T H O D S  O F  E X A M IN A T IO N

T h e oldest m ethod for testin g Chinese w ood oil 
is the p ractica l k ettle  test. This, how ever, is hard ly  
feasible when one considers th a t large p lan ts use from  
100 to  300 or more barrels per m onth.

T h e  m ethods of B acon , W orstall, P otsdam m er, 
B row n e and oth ers,1 are based on th e w ell-know n 
characteristic  th a t Chinese w ood oil has of po lym er
izing when heated to 280° C.

O ther m ethods of testin g  Chinese wood oil are the 
M c llh in e y ,2 th e iodine je lly 3 and th e W are Sch u
m ann .4

T h e urgen t need for stan dardizin g  the m ethods of 
testin g Chinese wood oil, led Sub-com m ittee D i  of 
the A m erican  S o ciety  for T estin g  M aterials to  take 
up th e problem . T h eir w ork has covered a period 
of several years and th e various m ethods h ave been 
tried  out. H ow ever, specifications for raw  Chinese 
w ood oil were not proposed until the report of th e com 
m ittee was given  a t th e m eeting of the society  held 
June 22, 1915. T hese specifications were based on 
the a n a ly tica l constan ts w hich had been determ ined in 
previous years along w ith the m odified B row n e’s 
njcthod and the m odified iodine je lly  test, w hich were 
reported on a t th is tim e. T h e w ork for this year was 
done on the fo llow ing five .sam ples:

P e r  C e n t  P r e s e n t  in  S a m p l e  N o .
O il s  1 2  3 4 5

P u re  C h in a  w ood o i l . . .  . 100 95 90 95 90
S o y a  b ea n  o i l ........................................... 5 10
L in se ed  o i l .......................................  . . . . 5 10

Prom  th e results ob tain ed  b y  the various operators 
on these sam ples the tim e lim it at or under w hich 
pure oil should polym erize w as specified as 12 m inutes 
when using th e B row ne test, w hile a tim e lim it of four 
m inutes w as specified for th e settin g  period in the 
iodine je lly  test.

T h e wide variation s in the results obtained b y  the 
different m em bers of th e com m ittee in d icate th e neces
sity  of w orkin g both  th e tests again st standards, 
and not to  a tim e lim it as proposed in th e specifica
tions. A  brief resum e of the results obtained  show 
th e large personal equation  in volved :

(a)— A ccep tin g  the 12-m inute tim e lim it in the case 
of the B row ne test, at or under w hich th e oil is to be 
considered accep table, and ab ove w hich it is to  be re
jected , the pure sam ple should be rejected  b y  one 
operator, the sam ple a d u lterated  w ith 5 per cent

5 B o u g h to n , " T e s t in g  o f C h in e se  W ood  O il,"  Proc. A m . Soc. Test. 
M a teria ls , 13 (1913), 923.

! T h is  J o u r n a l , 4  (1913), 496 -197 .
1 Proc. A m . Soc. T esting  M ateria ls , 1914, 242.
* T h i s  J o u r n a l , 6 (1914), 806.

soya  bean oil should be accep ted  b y  5 operators and 
the sam ple adulterated  w ith 10 per cent soya  bean 
oil should be accep ted  b y  one operator. T h e sam ple 
a d u lterated  w ith  5 per cent linseed oil is accep table 
b y  the reports of 3 operators.

(b)— A ccep tin g  th e tim e lim it of 4 m inutes, as is 
specified in the case of the iodine je lly  test, 6 out of 
the 9 operators reportin g gave figures below  the tim e 
lim it on sam ple N o. 2. W ith  sam ple N o. 4, the sam e 
6 operators gave in their reports figures w hich were 
below  th e accep ted  tim e lim it for pure Chinese wood 
oil.

T h e contention  th a t all tests on shipm ents of wood 
oil should be m ade again st stan dards is fu rth er su p 
ported b y  the su p plem en tary  report of B ough ton  
(m eeting held June 22, 1915), w hich shows th a t v a r ia 
tions in tem perature of th e b ath , th e w eight of oil 
used, th e am ount of chloroform  taken , and th e stren gth  
of th e iodine solution, cause large differences in th e ■ 
results obtained.

T h e index of refraction  has been reported  as giv ing 
va lu a b le  inform ation  as to  th e p u rity  of Chinese wood 
oil b y  W ise,1 C h ap m an ,2 H oepfner and B u rm eister,3 
and B o u g h to n .4 D r. H olton 5 noticed, while w o rk 
ing w ith  th e A b b e y  instrum ent on the index of re
fraction , th a t it  was n ecessary to  set the com pensator 
a t an abnorm al point when ta k in g  readings on Chinese 
wood oil.

Shook,0 w hile w orkin g on the dispersion of various 
oils w ith  th e P ulfrich  refractom eter, n oticed  th a t 
Chinese wood oil showed anom alous dispersion;
i. e., w hile th e spectrum  of all the other oils appeared 
w ith  the red on th e upper side and th e green and blue 
on the low er side (F ig. 1), Chinese wood oil com-

F IG . i 
SPECTRUM SHOWING 
NORMAL DISPERSION

F IG . 2  FIG. Î
SPECTRUM SHOWING APPEARANCE OF 
ANOMALOUS DISPERSION SPECTRUM AT TURN- 
(CHINESE WOOD O IL) ING POINT.

p le te ly  reversed  this condition, show ing th e blue and 
green on top  w ith  th é  red on the low er side of the sp ec
trum  (F ig. 2). T h is phenom ena p ro b ab ly  accounts 
for th e observation s m ade b y  H olton.

A P P A R A T U S

T h e principle used is th a t of the P ulfrich  refra cto m 
eter. T h e essential features of the ap p aratu s are 
as follow s: R eferring to F ig . 4, X  is the source of
ligh t and in this w ork w as a tun gsten  light. L  is a 
condensing lens. T h e prism  P , the m ost essential 
p a rt of the apparatu s, is a 90° prism  h avin g an index 
of refraction  of 1 . 6 2 .  T h e cell C, in which th e oils 
were placed, is so m ounted on the prism  th a t th e u p 
per surface of th e prism  is ab ove the jo in in g of the 
cell and prism . T h e telescope T, w hich picks up

1 J .  Soc. Chem . In d .,  4 (1912), 497.
s A n a ly s t,  37 (1912), 543.
» C hem . Z eil. (1913). N o . 2, 18.
* D rugs, O ils  a n d  P a in ts ,  29, 252-256 .
* P r iv a te  co m m u n ic a tio n  to  D r. C . D . H o lley , C h ie f of th is  L a b o ra to ry .
* M el. and C hem . E n g ., O c t., 1915, a n d  a lso  p r iv a te  c o m m u n ic a tio n .
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the spectrum , is bent at a right angle of 90° betw een 
th e o b jective  0  and the eyepiece c for convenience 
in observin g the spectrum .

E F F E C T  O F  D I F F E R E N T  O IL S  O N  T H E  S P E C T R U M  O F 

C H IN E S E  W O O D  O IL

A ddition s of linseed oil to Chinese w ood oil up to 
abou t 8 per cent show v e ry  little  change in the spec-

OUTLIME. OF APPARATUS

trum . B egin nin g w ith  9 per cent adulteration , the 
yellow ^ becom es more pronounced while the red b e
gins to^disappear. H owever, when the adulteration

T a b l e  I — A p p e a r a n c e  o p  t iie  S p e c t r a  op
A d u l t e r a n t

grad u ally  develop until fin ally  the spectrum  has been 
com pletely  and d istin ctly  reversed.

A ll other oils used as adulteran ts of Chinese wood 
oil affected  its spectrum  in the sam e m anner, the 
chan gin g point va ry in g  over a range of 2. 5 per cent 
depending on the particular oil used. T o  illustrate: 
light ta llo w  seed oil and perilla oil begin to  affect the 
spectrum  of C hinese wood oil at abou t 9 per cent, 
while the “ tu rn in g p o in t”  is at 17 per cent a d u ltera 
tion. On th e other hand, w ith ground nut, cotton  
seed, sesam e and rape oils this effect is first noticed 
at a little  below  7 per cent and the “ turnin g p o in t”  
takes place w ith  1 4 . 5  per cent adulteration. C an dle 
nut, linseed, p o p p y seed, dark tallow  seed, and soya 
bean oils affect th e spectrum  of Chinese wood oil 
a t a point about m id w ay betw een the cases ju st cited, 
the “ turning p o in t”  ta k in g  place w ith  1 5 . 5  per cent 
adulteration  in the case of p o p p y  seed, linseed, and 
candle n ut oils, w ith 16 per cent of dark  ta llow  seed, 
and w ith 15 per cent adulteration  of soya bean oil.

A d u l t e r a t e d  C h in e s e  W ood  O il  at  2 5° C .

^  P r e s e n t  
P e r  c e n t 

it b y  w e ig h t
T a l l o w  S e e d  O il  
(L ig h t)  (D ark )

P e r il l a
O il

C a n d l e
N ut
O il

L in s e e d  O il  
(R aw ) (R efined)

P o p py
S e ed

O il

S oya
B ean
O il

S e sa m e
O il

G rou n d
N ut
O il

C o t t o n 
s e e d
O il

R a p e
O il

13 .5 G reen
Y ellow
G reen
Y ellow

G reen
Y ellow

G reen
Y ellow

G reen
Y ellow

G reen
Y ellow

1 4 .0
Y ellow
G reen
Y ellow

Y ellow
G reen
Y ellow

Y ellow
G reen
Y ellow

Y ellow
G reen
Y ellow

Yellow'
R ed
Y ellow

Y ellow
R ed
Y ellow

Y ellow
R ed
Y ellow

Y ellow
R ed
Y ellow

1 4 .5
Y ellow
R ed1 5 .0

Y ellow Y ellow
15 .5 G reen R ed R ed R ed R ed

Y ellow Y ellow Y ellow Y ellow Y ellow Y ellow
1 6 .0

Y ellow Y ellow
1 6 .5 R ed

Y ellow
1 7 .0 R e d R ed

reaches 10 per cent, the green ta k es  th e form  of a 
m ore d istin ct band w ith the red slow ly  decreasing in 
in ten sity . W ith  n  per cent adulteration , th e green 
ban d becom es more m arked and the line of d em arca
tion  from  th e yellow  is much sharper th an  w ith  10 
per cent adulteration . T h e red shows now only to 
a v e ry  lim ited degree. T he addition of 12 per cent 
linseed oil to  the Chinese wood oil shows a spectrum  
consisting of on ly  tw o colors, green and yellow , which 
appear as v e ry  distinct bands of abou t the sam e 
w idth , the green still rem aining upon th e upper side: 
T h e appearance of the bands w ith 13 per cent adul
teration  is v e ry  little  different from  th a t w ith 12 per 
cent, th e green, how ever, being a trifle less d istinct. 
W ith  1 3. 5  per cent the conditions rem ain p ra ctica lly  
th e sam e, while w ith 14 per cent and 1 4 . 5  per cent 
th e green shows v e ry -in d istin c tly , and when 15 per 
cen t linseed oil has been added, only a d istin ct yellow  
ban d can be seen. T h e n ext change noted, occurring 
w ith  1 5 . 5  per cent adulteration , is th e red beginning 
to  appear in a d istin ct narrow  band on th e  upper 
side of th e spectrum . T his is th e m ost n oticeable 
chan ge .and th e one m ost readily  observed, and in 
th e w ork w hich follow s th is point is called  the “ tu rn 
ing p o in t”  (F ig. 3). F urther additions of linseed 
oil increase first the distinctness of the red, and when 
ab ou t 16 to  1 6 . 5  per cent has been added, th e green 
begins to appear. From  this point on the colors

T able I shows the effect of the individual adulteran ts 
on the spectrum  of Chinese wood oil at v a ry in g  per
centages ju st below and at the “ turning p o in t.”  

R eading from  top to  bottom , it will be noticed th a t 
at o. 5 per cent below  the “ turning p o in t”  the spectrum  
showed, in each case, only a yellow  band; while, w ith  
an adulteration of one per cent less th an  this, the 
spectrum  showed tw o bands, nam ely, green and y e l
low. In all cases these bands were v e ry  defin itely 
divided and not blended one w ith th e other.
T able  I I — A p p e a r a n c e  o p  S p e c t r a  o p  A d u l t e r a t e d  C h in e s e  W ood  O il  

T a llo w
A d u lt e r a n t  S e e d  

P e r  c e n t b y  w eigh t O il  
20° C. 3 0 °  C . (D ark )

L in s e e d
O il

(R aw )

S oya
B ea n
O il

C o t t o n 
s e e d
O il

G ro u n d
N ut
O il

S e sa m e
O il

13.75 12 .25 G reen
Y ellow

G reen
Y ellow

G reen
Y ellow

14.25 12.75
Y ellow Y ellow Y ellow Y ellow

14.75 13.25
Y ellow Y ellow Y ellow Y ellow Y ellow

15.25 13.75 G reen R ed R ed R e d
Y ellow Y ellow Y ellow

15.75 14.25 G reen
Y ellow Y ellow

R ed
Y ellow

16.25 14.75 G reen
Y ellow

R ed
Y ellow

16.75 15.25

17.25 15.75 R ed
Y ellow

Tem perature influences the effect of the a d u ltera
tion on the spectrum  of Chinese wood oil to a v e ry  
m arked degree. H ow ever, th is fa cto r seem s to  be 
the sam e for each of th e oils used. F or exam ple:
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th e “ tu rn in g p o in t”  w ith  so y a  bean oil a t 250 C . 
ta k es  place w ith  15 per cen t ad u lteration , a t 20° C.
w ith  1 5 . 7 5  per cent adulteration , and at 30° w ith
1 4. 25  per cent adulteration . W ith  linseed oil the 
“ turnin g p o in t”  at 250 C . ta k es  place w ith 1 5 . 5  per 
cent, at 20° C . w ith  16. 25  Per cen t, and a t 30° C.
w ith  14. 7 5  Per cen t ad u lteration . A  com parison of
T ab les I and II  clearly  shows th e influence of te m 
perature on th e sp ectrum  at th e different a d u ltera 
tions.

I t  is obvious from  these results th a t either a cor
rection for tem p eratu re should be m ade when m aking 
a determ in ation, or, better, all readings should be 
m ade at one tem perature. In- th e rem ainder of the 
w ork th is la tter  plan has been adopted.

U p to  th is point in the in vestigation  th e  w ork has 
been carried on using on ly one sam ple of Chinese 
wood oil. T h is oil is No. 1 in T a b le  I I I ,  w hich shows 
the effect on the sp ectra  of different Chinese wood 
oils when the sam e so y a  bean oil is used as an adul
teran t. I t  will be n oticed  th a t  th e “ tu rn in g p o in t”  

T a b l e  I I I
S o y a

B e a n  O i l  A p p e a ra n c e  of th e  S p e c t ra  of d iffe re n t C h in ese  W ood  O ils 
P e r  c e n t A d u lte ra te d  w ith  S o y a  B ea n  O ils

b y  w e ig h t 1 2 3 4  5 6  7
1 3 .0  ... 1............. G reen  ...... G reen  G reen

................................................................  Y ellow ' Y ellow  Y ellow  Y ellow
1 3 .5  G reen  G reen  G reen  G reen  R ed  G reen  G reen

Y ellow  Y ellow  Y ellow  Y ellow  Y ellow  Y ellow  Y ellow
1 4 .0  G re e n  G reen  G reen  ......................................................................

Y ellow  Y ellow  Y ello w  Y ellow  .............. Y ellow  . Y ellow
1 4 .5  ...................................................  R ed  ............  R ed  R ed

Y ellow  Y ello w  Y ellow  Y ellow ' ..............  Y ellow  Y ellow
1 5 .0  R e d  R e d  R e d  ...................................................

Y ellow  Y ello w  Y ellow  ...................................................

in th e cases of oils i ,  2 and 3 takes place at th e sam e
point, th a t  is, w ith  an adulteration  of 1 5 . 0  per cent,
in the cases of oils 4, 6 and 7 w ith  14. 5 per cent, and
w ith  oil 5, th e  poorest one given  in the tab le , w ith
13 . 5 per cent.

Sam ples 1, 2, 3 5, 6 and 7 were taken  from  ship
m ents coverin g a period of tw o  years and from  differ
ent im porters. Sam ple No. 4 w as furnished to Dr. 
C . D . H olley b y  M r. E . W . B oughton and is the 
Aleuri tes  f o r d i i  used b y  him  in his investigations 
on the various oils from  th e Orient. In  actu al use, 
oil N o. 5 proved  to  be inferior to  oils 1, 2, 3, 6 and 7.

Of th e oils m entioned above, the ones generally  
supposed to be used as ad u lteran ts are soya  bean, 
ta llo w  seed, sesam e, and occasion ally  ground nut 
and can dle n ut oils. I t  has been pointed out th a t 
th e effect on the spectrum  of Chinese w ood oil when 
ad u lterated  w ith  these oils is to  cause the “ turning 
p o in t”  to  ta k e  place a t ad u lteration s v a ry in g  betw een 
the lim its of 1 4. 5  to 1 7 . 0  per cent. A s a w orking 
basis for an a n a lytica l m ethod, th e w riter assum es 
an a rb itra ry  adu lteration  of 1 5 . 5  per cent, a t which 
the “ tu rn in g p o in t”  will ta k e  place, i. e., when th e 
red first appears on the upper side of th e spectrum .

A N A L Y T IC A L  M E T H O D

Since 1 5 . 5  per cen t of linseed oil in Chinese wood 
oil causes th e “ turnin g p o in t”  to  ta k e  place, it  is 
used as the oil to  be added when n ecessary to  bring 
abou t th e “ turning p o in t.”

T h e au th or’s procedure is as follow s: F irst a sam 

ple of the oil in question is placed in th e cell and its 
spectrum  exam ined. If th e oil is pure, or contains 
less th a n  S per cent of ad u lteration , the spectrum  
will be in verted  and appear p ra ctica lly  th e sam e in 
all cases. If th e percen tage of adulteration  is over 
8 per cent and under th e “ tu rn in g p o in t”  ( 1 5 . 5  per 
cen t), the sp ectrum  will appear as p rev iou sly  de
scribed for th e  various adulteration s w ith in  these 
lim its. B y  this m eans one m a y get a clue as to  abou t 
w hat th e a d u lteration  is. If the first ob servation  in
dicates th a t the oil is pure, or contain s less th a n  8 

.per cent ad u lteration , 15 per cen t of linseed oil is 
added. T h en , if th e oil in question  is pure, on ly  th e 
yellow  ban d w ill be visible in the spectrum , and as 
a check, th e w riter at this point then  m akes another 
ob servation  on a sam ple of the oil a d u lterated  w ith
1 5 . 5  per cent of linseed oil, and if th e red now a p 
pears on th e upper side of th e  spectrum , th e  sam ple 
of Chinese wood oil m a y  be considered pure beyond 
question. If, on th e other hand, th e sp ectru m  has 
reversed to  th e norm al it is ev id en t th a t the oil is 
ad u lterated , since m ore th an  15 per cent of foreign 
oil is required  to  brin g this reversal abou t. T h e am ount 
of a d u lteration  w ill, how ever, not exceed 8 per cent, 
as show n b y  th e  p relim in ary  exam ination . T h e depth 
of th e colors of th e sp ectrum  will g ive som e idea as 
to  w hether or not th e adulteration  is v e ry  sm all or 
quite large. If the -green is v e ry  in distin ct the ad u l
teration  will prob ab ly n ot be over tw o per cent. H o w 
ever, if more th a n  tw o per cent of a d u lteration  is 
present, th e colors will be more intense, since the in 
te n sity  of both  th e green and th e red v a r y  d irectly  
w ith th e adu lteration  w hen over 1 5 . 5  per cent foreign 
oil is present. In  order to  determ ine th e percen tage 
it is n ecessary to  find out how m uch a d u lteran t m ust 
be added before th e “ tu rn in g p o in t”  is reached, then, 
b y  su b tractin g  th e am ount added from  1 5. 5 ,  the 
am ount present in th e oil m ay be obtained.

If th e prelim in ary exam ination  shows the ad u l
teration  to  be betw een  th e lim its of 8 per cent and 1 5 . 5  
per cent, successive additions of th e ad u lteratin g 
oil are added to  th e sam ple in question  until the “ tu rn 
ing p o in t”  has been reached. T h en  b y  su b tractin g  
th e  am ount added from  th e  a rb itra ry  figure, 1 5 . 5  
per cent, th e  am ount of adu lteration  in the Chinese 
w ood oil is obtained, as in th e  case when th e  foreign  
oil present is less th a n  8 per cent. T h is procedure is 
best illu strated  b y  concrete exam ples.

1— A  sam ple of oil w hich w as rejected  on th e k ettle  
test during th e past year, w as exam ined as follow s: 
th e oil when placed in th e cell for p relim in ary  exam in a
tion showed th e ch aracteristic  sp ectrum  of pure Chinese 
wood oil, or of an oil n ot a d u lterated  over 8 per cent. 
U pon addin g 15 per cent of linseed oil th e sp ectrum  
was observed to  h ave been com p letely  reversed, 
showing th e colors red, yellow  and green com p ara
tiv e ly  strong, th us in d icatin g th a t the oil contain ed 
abou t 5 to  8 per cen t adulteration . Seven  per cent 
of linseed oil w as then  added to  th e original sam ple. 
T h e sp ectrum  of th e oil th us ad u lterated  showed a 
d istin ct green band on top w ith a ye llo w  ban d on the 
b otto m , in d icatin g th a t sufficient a d u lteran t had not
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been added. W hen a sam ple of the original oil to 
w h ich  8 per cent of linseed oil had been added 
w as exam ined, its spectrum  showed on ly  a yellow  
ban d; 8 .5  per cent of linseed oil was then  added to 
th e  original sam ple and the observation  m ade; the 
“ tu rn in g p o in t”  w as now reached, shown b y  the 
ch aracteristic  red band appearing on the upper side 
of th e spectrum . S u btractin g  th e am ount added,
8 .5  per cent, from  th e arb itrary  figure 1 5 . 5  per cent, 
it is ev id en t th a t the sam ple in question contained 
7 per cent adulteration .

2— A n other sam ple ta k en  from  a rejected  shipm ent, 
when first observed in the cell, showed a spectrum  
w hich w as deficient in the red. It was therefore 
th o u gh t to contain  abou t 10 per cent adulteration. 
W hen 6 per cent of linseed oil was added to  this sam 
ple, th e sp ectrum  appeared only as a yellow  band, 
and when 6 .5  per cent of adulteran t was added to 
the sam ple in question the red appeared on the upper 
side of th e spectrum . Su btractin g 6 .5  from  15. 5  
th e adu lteration  w as shown to  be 9 per cent.

3-— A n oth er sam ple, taken from  a rejected  sh ip
m ent, when exam ined b y this m ethod, showed an 
a d u lteration  of 7 .5  per cent, and a sam ple m arked 
q uestion able b y  th e chem ist of a large varnish  works, 
show ed an adulteration  of 4 .5  per cent.

T h e sam ple of pure Chinese w ood oil used b y  the 
A m erican  S o ciety  for T estin g M aterials, and reported 
on as an exceptional oil, required an addition  of 1 7 . 0 
per cen t linseed oil before the “ tu rn in g p o in t”  occurred; 
hence in exam ining the four adulterated  sam ples of 
th is oil, w hich were used b y  the society  in the work 
for 1915,  it was deem ed advisable, for sake of com 
parison, to use the figure 1 7 . 0 as well as the arb itrary  
figure of 15 . 5 .  T ab le  IV  gives the results in b oth  cases:

T a b l i; IV  
P e r  c e n t a d u lte ra t io n  fo u n d  b y  u s in g  as

S a m p l e  N o . " tu r n in g  p o in t”
1 7 .0  per ce n t 1 5 .5  p er c e n t

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

If these sam ples had been exam ined w ith ou t h a v 
ing th e pure oil th e last colum n would h ave been con
sidered as th e percen tage to  which th e Chinese wood 
oil had been adulterated.

S U M M A R Y  O F  R E S U L T S  

If th e  ad u lteratin g  oil is know n, v e ry  accu rate  re
su lts can be obtained b y  this m ethod, otherw ise the 
a ccu racy  is lim ited  to  1 . 25  per cent either w a y  from  
the true va lu e, ow ing to the fa ct th a t  the turnin g 
point varies betw een the lim its of 1 4. 5  to 1 7 . 0  per 
cent and th e a rb itra ry  value of 1 5 . 5  is not correct.

If, how ever, th e oil w ith  which the Chinese wood 
oil is a d u lterated  can be determ ined, th e a ccu racy  is 
th ereb y  increased. L ew k o w itsch ,1 in com m enting on 
ta llo w  seed oil, says: “ T h e m ost characteristic
p rop erty  of th is oil is th a t it rotates the plane of po lar
ized ligh t to  th e  left, viz., 6° 4 5 ' in a 200 mm. tu b e 
in a L au ren t polarim eter, corresponding to  — 29.9 
saccharim eter degrees. T h e optical a c t iv ity  is con
firm ed b y  N a sh .”  T h is is being in vestigated  as a m eans

1 " C h e m ic a l T e ch n o lo g y , a n d  A n a ly sis  of O ils, F a ts  a n d  W a x es ,”  Vol-
I I .  p . 70.

of detection  in Chinese wood oil at th e  present tim e in 
th is lab oratory. If the attem p t is successful th e ac
cu racy  for adulterations w ith other oils will be in 
creased, since the only other oil w hich causes the 

tu rn in g p o in t”  to  ta k e  place as high as 1 7 . 0  per cen t 
adulteration  is perilla oil, w hich is used on ly occa
sion ally  as an adulteran t of wood oil.

T he detection  of sesame b y  the B audouin  te st and 
the detection  of cottonseed oil b y  the various m eth
ods as described in Lew kow itsch, would elim inate m ost 
of the oils w hich affect the turning point as low  as 14 . 5 
per cent. T h e rem aining oils affect the tu rn in g point 
w ithin such a close range of each other th a t th e 
a rb itra ry  figure assum ed as the turning point would 
be v e ry  close to  the true value.

T h e w riter believes th a t concen tration  of the ad u l
teratin g  oils b y  the lig h t b reak m ethod described b y  
W are and Schum an n 1 m ay fa cilita te  th e detection  
of those oils readily  identified.

A n other factor w hich m ust be ta k en  into considera
tion  is the fa ct th a t the prism  itself has a dispersive 
power and if its dispersion is too  large th e anom alous 
dispersion of Chinese wood oil will be counteracted . 
A lso, prism s, though havin g a dispersion low  enough 
to  be used in this m ethod, m ay v a ry  from  each other, 
so th a t in using an instrum ent of this ty p e  one m ust 
first calibrate his prism  before m aking determ inations. 
T h is is readily  done b y  finding the “ turnin g p o in ts ”  
brought abou t b y  the addition of different oils to 
Chinese wood oil.

T h e fa t ty  acids of Chinese wood oil also show anom 
alous dispersion. T h is fa ct gives prom ise of in ter
esting inform ation  when studied in connection w ith 
other fa t ty  acids.

R e s e a r c h  L a b o r a t o r y  
A c m e  W h it e  L e a d  a n d  C o l o r  W o r k s  

D e t r o i t . M ic h ig a n

COMPOSITION OF WOOD TURPENTINE2
B y  M a x w e l l  A d a m s  

R eceived  J u n e  14, 1915

Because of the shortage in the sup ply  of “ g u m ”  
turpentine, and the enorm ous wood w aste of our lu m 
ber mills during the past ten years, m any m ethods 
for the extraction  of turpentine from  wood have been 
proposed. T h e econom ics of steam , solven t, alkali 
digestion, oil b ath , d estructive d istillation, under both 
increased and dim inished pressure processes h ave been 
given thorough consideration, b u t v e ry  little  a tte n 
tion  has been accorded the com position of th e tu rp en 
tine obtained b y  these different procedures. A l
though the products obtained b y  these various m eth
ods differ w idely as to color, odor and ph ysical con
stants, w ithout a n y  attem p t a t standardization,- 
th ey  have all been classed together. T h e  result has 
been th a t a strong prejudice has arisen again st an y 
product sold under the nam e of wood turpentin e.

T h e physical properties of w ood tu rp en tin e obtained, 
presum ably, from  long leaf or C u b an  pine, h ave been

1 T h is  J o u r n a l , 6 (1914), 806.
- T h is  w ork  w as in  p a r t  d one  in  P ro f. W a lla c h ’s la b o ra to ry  a t  G ö ttin g e n , 

G erm an y , a n d  su p p o rte d  b y  th e  A dam s F u n d  of th e  N e v a d a  A g ric u ltu ra l 
E x p e rim en t S ta t io n .
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w orked out b y  H a w le y ,1 F . W . R ichardson  and J. E .
F . W h ita k er,2 M arcille ,3 P a r ry .4 O thers h ave pu b 
lished m ethods for the analysis of different kinds of 
turpen tin e, b u t for th e m ost p a rt these w orkers have 
been concerned w ith  the iden tification  of adulteran ts, 
or w ith  ph ysical constan ts; little  a ttem p t has been 
m ade to  id en tify  or separate th e different terpenes 
present, and in no case observed has wood turpen tin e 
obtained  from  a n y  v a r ie ty  of W estern pine been 
in vestigated .

T h e present in vestig atio n  was u n dertaken  for the 
purpose of determ in ing th e ph ysical properties and 
id en tify in g  th e various terpenes present in the wood 
turpentin e prepared from  pine grow ing in th e w est
ern p a rt of th e U n ited  States. T h e “ g u m ”  tu rp en 
tines of the varieties chosen h ave p revio u sly  been 
exam ined b y  Schorger.5

Sam ples of wood from  W estern  yellow  pine (P inus  
ponderosa), obtained from  trees grow in g in the neigh
borhood of Independence L ak e, C al., Jeffrey pine 
( Pinus jefreyi)  from  trees grow in g on the E astern  
slope of M o u n t R ose and near G alena C reek, ^iev., 
and from  single leaf n ut pine (P in us monophylla) grow 
ing on the w estern slope of th e  m ountains betw een 
S team b oat Springs and V irg in ia  C ity , N evad a, were 
collected. E ach  sam ple was distilled under dim in
ished pressure in a retort, around w hich circulated  
hot oil, according to  th e m ethod described b y  A dam s 
and H ilton.6 T h e d istillate  from  the wood w as 
sep arated  rou gh ly  into three fraction s: (1) th a t  which 
com es over beiow  1600, (2) th e distillate betw een 
160 and 220, and (3) th a t driven over above 220°. 
In m ost of th e follow ing experim ents on ly  th e first 
fractio n  w as used. T h e second fraction  contained 
considerable q uan tities of decom position products, 
w hich could be rem oved only b y  a ltern ate treatm en ts 
w ith  sulfuric acid  and caustic soda, togeth er w ith  
steam  d istillation. Since treatm en t w ith  these chem 
icals m ight affect th e  chem ical com position of th e  oil, 
th e second and th ird  fraction s were discarded. T h is 
procedure has doubtless s lig h tly  increased th e p er
cen tage of the low er boiling terpenes over th a t w hich 
w ould  be found in o rd in ary  crude wood turpentine.

S IN G L E  L E A F  N U T  P IN E

A sam ple of w ood tu rp en tin e obtained  from  the 
d istillatio n  of th e w ood of single leaf n ut pine, accord
ing to  th e ab ove m ethod, when redistilled  w ith  steam , 
had the fo llow ing ph ysical con stan ts: di5<> 0.9702, 
Hois5 1 .4 7 7 1 , + 2 1 .  IS- T h e  oil w as colorless
and had a v e ry  characteristic  arom atic  odor. A  sam 
ple of th e oil w as dried over fused potassium  carbon 
ate, d istilled  a t a pressure of 15 mm. and separated  
into three portions:

I— B. p. 50-60°, consisted of 77.9 per cent of the original oil 
and had the following properties: dis 0.8691, mdis° 14693. «020° 
+29.76

II— B. p. 60-80°, consisted of 7.6 per cent of the original oil and 
had the following constants: di50.8721 , nDi&° 1-4777. <*djo° + 11.78

1 E ighth  In i.  Congr. A p p lie d  C hem ., 1912, a n d  F o re s t S erv ice , B u ll. 105.
- J .  Soc. Chem . In d ., 30 , 115.
3 B u ll. soc. ch im ., 2 , 762.
* Chem . and  D rugg., 81, 5 2 .
5 T h i s  J o u r n a l ,  5 (1913), 971, a n d  U . S. F o re s t S erv ice , B u ll. 119.
< Ib id ., 6 (1914), 378.

I l l — B. p. 80-135°, consisted of 9.2 per cent of the original oil 
and had the following constants: dis 0.8982, Bdis” 1-4856

T here was a residue le ft in the distilling flask con
sisting of 5 per cent of th e  original oil. E ach  fraction  
decolorized an alkalin e solution of perm anganate and 
absorbed brom ine readily , b u t none gave a test w ith 
sodium  bisulfite or sem icarbizide for aldehydes or 
ketones.

a-piNENE— From  F raction  I, when distilled over 
sodium , there w as obtained a m aterial w ith  a boiling 
point of 15 5 -15 6 ° , which when dissolved in acetic 
acid and trea ted  w ith  am yl n itrite  and hydrochloric 
acid gave crystals of pinene nitrosochloride. A fter 
d issolving in chloroform  and reprecip itatin g w ith 
m eth yl alcohol th e cry sta ls  m elted a t 103 °. T h e nitrol 
piperidcne, prepared in th e usual m ann er1 from  the 
nitrosochloride m elted at n 8 ° .  T h e above resu lts 
prove th e presence of ¿-a-pinene.

/3 -p in e n e — F raction  II , a fter several red istillation s 
over sodium , yielded  15 per cent, or a b ou t one per 
cent of th e original oil, w hich boiled a t 16 7 °; 3 .7  
gram s of th is oil were added to 4 .9  gram s of potassium  
perm anganate, and 1 .8  gram s of sodium  hydroxide 
dissolved in 1 x gram s of w ater and crushed ice. T h e 
m ixture was a g ita ted  on a shaking m achine for 6 hours, 
according to  th e  m ethod of W a lla ch .1 A s th e ice 
m elted the tem perature w as allow ed to rise to  th a t  of 
th e room . T h e hydrocarbon s not acted  upon were 
driven  off w ith  steam  and th e  solution rem aining in 
th e retort w as filtered  from  th e oxide of m anganese 
and th e  filtrate  evap orated , while a constan t stream  
of carbon dioxide w as conducted through th e solu
tion . C ry sta ls  of sodium  nopin ate sep arated  when 
th e solution  cooled. T h e yield , how ever, w as so sm all 
th a t  an a ttem p t to  prepare th e nopinic acid  in suffi
cient q u a n tity  for com plete iden tification  failed.

c a d in e n e — T he th ird  fraction , w hich w as ligh t 
yellow  in color, when heated  a t atm ospheric pressure 
began to  boil at 170° b u t turn ed  brow n, in d icatin g  som e 
decom position. A  second portion w as therefore dis
tilled  a t 15 mm. pressure and sep arated  into tw o  
portions. T h e low er b oilin g fraction  w as tested  for 
lim onene and phellandrene w ith ou t p ositive results. 
T h e higher boiling fraction , a fter d istillin g over sodium , 
th e re b y  rem ovin g considerable ta r, boiled w ithout 
a n y  apparen t decom position  a t 205—215 °. T h is  fra c 
tion, th u s purified, w as d issolved in four parts of glacial 
a cetic  acid, cooled in brine and ice, and saturated  
w ith  d ry  hydrogen  chloride. A  h e a v y  brow n liquid 
separated, w hich when p laced in an open dish ev o lved  
considerable gas and q u ick ly  solidified. T h is  solid 
w as dissolved in acetic  acid  and allow ed to  stan d  for 
12 hours. A  good yield  of w hite crysta ls  separated, 
which m elted a t 1 1 7 ° , th us establish ing th e presence 
of cadinene.

These results, when com pared w ith  those of Sch orger2 
on th e vo la tile  oil ob tain ed  from  th e oleoresin, indicate 
th a t wood turpen tin e obtained  from  this species is 
alm ost iden tical in both  ph ysical properties and chem 
ical com position w ith  the pure “ g u m ”  spirits.

1 A n n ..  35$, 288. - Loc. cil.



J E F F R E Y  P I N E

In  the follow ing experim ents on the vo latile  oil 
from  Jeffrey pine especial care w as taken  to id en tify  
the .wood used, because th e differentiation betw een 
F in n s  jefreyi  and P in u s  ponderosa is v e ry  close, and 
som e confusion has arisen on this account. S ad tler1 
reports havin g obtained  heptane from  P in us ponderosa. 
T h is  error p rob ab ly  arose from  a confusion of Y e llo w  
pine w ith  Jeffrey pine.

S u d w irth 2 says in w riting of Jeffrey pine: “ Some 
specialists consider it a va r ie ty  of P in us ponderosa, 
which it resem bles so closely in its habits and soil 
and clim ate requirem ents th a t from  the foresters’ 
po int of view  there appears to be no practical reason 
for d istinguishing the tw o .”

Jepson 3 says, “ T h e Jeffrey pine which merges in
sen sib ly  into the Y e llo w  pine is in its typ ica l form  
found a t high elevations ranging from  6000 to  9000 
feet. B y  som e writers this va r ie ty  is regarded as a 
species. W hile th e ty p ica l form  is clearly  to be recog
nized it  is to  be said, on the con trary, th a t Jeffrey 
pine not on ly  passes over into Y e llo w  pine, b u t th a t  
th e tran sition  form s in the interm ediate region are 
quite as num erous and occupy as extensive an area as 
the true Jeffrey pine itse lf.”

In th e  pub lication s of the U nited States F orest Ser
v ic e 4 sim ilar ideas are expressed as follow s: “ The
Jeffrey  pine bears v e ry  close resem blance to w estern y e l
low  pine and some authorities regard it sim ply as a 
v a r ie ty .”

B ecause of th e distinct chem ical difference in the 
vo latile  oils obtained from  the woods of these trees, 
as shown b y  th e follow ing analyses, there is good e v i
dence for th e contention th a t Y e llo w  and Jeffrey pine 
are d istin ct species; a t least there is a definite chem ical 
m ethod for distinguishing betw een them . It  would be 
interestin g in th is connection to exam ine chem ically  
th e vo la tile  oil from  a specim en w hich th e b otan ist 
considers a transition  form .

A  sam ple of wood turpentin e obtained from  dis
tillin g  carefu lly  selected wood from  a well identified 
Jeffrey pine tree, was distilled under dim inished pres
sure. T h e distillate thus obtained was steam -dis- 
tilled , the resulting vo latile  oil dried over potassium  
carbo n ate and separated  into four fraction s b y  dis
tillin g  a t a pressure of 15 mm .:

F ra c t io n  I  I I  I I I  IV  R es id u e
B o ilin g  p o i n t . ...........................  2 5 -3 0 °  3 0 -3 5 °  3 5 -6 5 °  6 5 -1 2 5 °
P e r  c e n t o b ta in e d ...................  74 13 6  4  3

T h e first three fractions distil w ithout decom posi
tion a t ord inary pressure. T h e y  were com bined and 
distilled  over sodium  and a portion, consisting of 
a b ou t 90 per cent of the entire vo latile  oil, was ob
ta in ed  w hich distilled betw een 99 and 100. 5 0. T h is 
d istillate  ga v e  no test for the double bond w ith von  
B e y e r ’s reagen t, n either would it absorb brom ine. 
W hen added to  am yl n itrite in acetic hydrochloric 
acid  solution it  gave no test for pinene. T h e ph ysical

1 A m . Jo u r . P harm ., 51, 176.
2 “ T re e s  o f th e  P acific  S lo p e .”
3 “ T h e  S ilv a  of C a lifo rn ia ,” p. 80.
4 S ilv ica  L eafle t, p. 21.
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properties were di5° 0 .6877, «d2o°, 1.3890, op tica lly  
inactive. These tests prove th a t the vo latile  oil 
from  Jeffrey pine wood contains from  90 to  95 per 
cent of norm al heptane.

T h e fourth  fraction  was redistilled a t dim inished 
pressure and separated into tw o parts. T h e lower 
boiling fraction  was distilled over sodium  and tested  
for lim onene and dipentene. I t  absorbed th e ca lcu 
lated am ount of brom ine to form  the tetrabrom ide, 
butr cystals were not obtained from  th e oil. The 
higher boiling fraction  gave a precipitate w ith  sodium  
bisulfite, which w ould indicate the presence o f.c itro - 
nellal, b u t th e  sm all am ount of the m aterial a v a il
able preven ted m aking confirm atory tests.

Y E L L O W  P I N E

A  sam ple of vo latile  oil obtained  from  Y e llo w  pine, 
according to  the m ethod alread y described, was clear, 
w ater-w hite, and had th e odor w hich is characteristic  
of Y e llo w  pine wood. Its  specific g r a v ity  a t 15° was
0.8626, index of refraction 1 .4 7 2 7 , specific rotation  

— 13-  IS-
On distilling 500 gram s of the oil, using a N orton 

and O tto distilling tube, and at a b arom etric pressure 
of 642 m m ., the follow ing results were obtained:
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F r a c t io n a l D is t i l l a t i o n OP THE V o l a t i l e  O il O b t a i n e d  p r o m  t h e
W o o d  o f  P in u s  ponderosa

T e m p . D is tilla te S p ecific In d e x  o f re  S p e c ific  ro 
° C . O b serv ed  C u m u la t iv e  g r a v ity ,  15° fra ctio n , 15° ta tio n , 20°

156-158 4 .7 2 4 .7 2 0 .8 4 6 7 1.4621 — 15 . 14
159 .9 9 .3 9 14.11 0 .8 5 2 5 1 .4710 — 1 4 .4 8
161 .2 9 .2 0 2 5 .3 2 0 .8 5 4 6 1.4731 — 14.57
162 . 1 9 .9 9 3 3 .3 2 0 .8 5 5 2 1 .4732 — 13 .68
163 .0 10 .0 8 4 3 .4 0 0 .8 5 5 9 1 .4738 — 1 2 . 15
1 6 3 .9 9 .5 1 5 2 .9 1 0 .8 5 6 2 1 .4740 — 11 .89
164 .9 9 .6 5 6 2 .5 6 0 .8 5 9 0 1 .4744 —  11 .04
176.7 9 .9 5 72 .51 0 .8 6 0 3 1 .4745 — 1 0 .5 6
169 .8 6 .9 5 8 79 .4 7 0 .8 6 3 3 1.4752 . — 10.97
173 .4 7 .8 6 8 7 .3 5 0 .8 7 3 3 1.4913 — 1 4 . 12
180 .3 9 .3 6 9 7 .7 1 0 .9 2 4 6 1 .5038 — 17 .22

R esid u e 2 .3

W hen th e above table is com pared with a sim ilar
one prepared b y  Schorger1 on “ g u m ”  spirits, it will 
be noted th a t the wood turpentine contains more of 
th e low boiling and less of the high boiling fractions 
than th a t obtained from  the oleoresin of w estern 
pine. This difference is perhaps due to th e fa ct th at 
wood turpentine was obtained from  th e first frac
tion of the wood distillate and th a t the barom etric 
pressure was abn orm ally  low.

A  second analysis, which was made upon a sm aller 
but a more representative sam ple of Y e llo w  pine wood 
distillate, and which contained all the vo latile  oil 
given off up to  the tem perature a t which th e wood 
began to decom pose, gave th e follow ing results:

F ra c tio n  I I I  I I I  R es id u e
D istillin g  te m p e ra tu r e .....................  156-164° 1 64 -172° 172-180°
P e r  ce n t d is t i l la te ..................................  8 .7  7 2 .5  1 6 .4  2 .4

F raction  I of the oil when tested  for a-pinene read 
ily  yielded nitropiperidine which m elted a t 118 °. 
Fraction  II , when oxidized w ith potassium  perm an
ganate according to  the m ethod previously  described, 
gave an abun dan t yield  of crystals of nopinic acid, 
which m elted at 12 5 0. Fraction  III  ga v e  crysta ls  of 
limonene tetrabrom ide when trea ted  w ith  brom ine.

C O N C L U S IO N S

The presence of p ra ctica lly  ev e ry  con stituen t of the
1 U . S. F o re s t S erv ice, D ull. 119, 12.
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vo la tile  oil of th e oleoresin has been identified  in the 
w ood tu rp en tin e of th e  three varieties of w ood under 
exam ination . T h e ph ysical properties and the per
centage com position do not a lw a y s agree, y et th ey  
coincide as closely  as could be reasonab ly expected, 
w hen  we consider th e inaccuracies of some of the

m ethods availab le . T h e  results th u s far obtained  
ju stify  th e conclusion th a t th e vo la tile  oil obtained  
from  distilling wood under dim inished pressure is 
sim ilar to  th a t obtained from  th e  oleoresin of the sam e 
species of tree.

C h e m ic a l  L a b o r a t o r y , U n i v e r s i t y  ok  N e v a d a  
R e n o , N e v a d a

L A B O R A T O R Y  A N D  P L A N T

SO M E  IM PR O VED  ELECTRICAL LABO R A TO R Y 
APPARATUS

B y  C h a s . M o r r is  J o h n s o n  

R ec e iv ed  J u ly  23. 1915

I  Q U IC K  H E A T I N G  E L E C T R IC  F U R N A C E  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  I N  S T E E L , E T C .,

W IT H  T R A I N

T h e train  (P ig. I) consists of: ( i)  a m ercury tube 
to  d etect leaks and stoppages; (2) a sa fe ty  jar  con tain 
ing a 1 : 1 so lu tio n  of K O H ; (3) a tow er filled loosely 
w ith  a p lug of glass w ool follow ed w ith  anhydrous 
calcium  chloride, a lay e r  of soda lim e and another

placeable h eatin g elem ent, and a su p p ortin g  stand- 
T he furnace w ill heat from  th e cold to 1000° C . in 20 
to  25 m inutes w ith  a curren t consum ption  of 3 to  4 
am peres. I t  can be cooled rap id ly , if desired, b y  
liftin g  off th e top half of th e sp lit muffle. T h e w riter 
has su p p lan ted  for som e tim e in th is lab o rato ry , 
and in another lab o rato ry  under his direction, all of 
the ty p e  introduced  b y  him  in 19081 w ith  th is new 
ty p e  show n in F ig. I.

T h is ty p e  of electric furnace can be b u ilt in a n y  
len gth  of h eatin g surface w ith  coils conn ected  in parallel. 
T h e  ty p e  shown in F ig. I is 13 inches long b y  3V32

plug of the w ool; (4) a ja r  of short pieces of stick  
cau stic  potash w ith  a plug of glass wool a t th e top 
and a t th e b o tto m ; (5) a c la y  and rubber connector 
doin g a w a y  w ith  rubber stoppers a t the charging end; 
(6) the v itrified  c la y  com bustion  tu b e  w ith  th e tapered 
ou tle t doing a w a y  w ith  th e rubb er stopper a t th is 
point also; (8) is th e ja r  of gran u lated  zinc to  stop 
acid  and su lfu r; (9) is a jar  of phosphoric acid  pow der 
and (10) is th e bulb for absorbing and w eighing the 
C 0 2. T h is train  w as designed b y  th e  w riter, being 
a sim plification  of his train  described in J. Am . Chcm. 
Soc., M a y , 1908.

T h e w riter has now  used th e tapered  c la y  com 
bustion  tu b es for over tw o  years for th e determ in ation  
of carbon in steel, e tc ., and has been using them  for 
som e m onths for oxygen  determ in ations also.

T h e new sp lit muffle ty p e  of furnace w as designed 
a b o u t a year ago. I t  is of m ost sim ple con struction , 
consisting of a split muffle of k ieselguhr, a coil of ni- 
chrom e wire em bedded in alun dum  cem en t as a re

inches 0 . D. and i 15/io I- D . T h e w riter b u ilt 
the sam e ty p e  for organic w ork 18 inches long. B y  
using three rheostats a long fu rn ace can be m ade to 
heat to  three different tem peratures a t once or it  can 
be heated  in one part if desired.

T h e fu rn ace presents a b righ t n eat appearance 
w ith  its w hite m uffle; new  heatin g elem ents can be 
k ep t in sto ck  and q u ick ly  p u t in place in case of a 
burn -out as there are no screw s or pow dered h eat 
insulation  to  bother w ith . In case the muffle becom es 
soiled it  can be p u t in a muffle fu rn ace and h eated  to 
a red heat for ab ou t 20 m inutes when it  becom es as 
w hite as new. T h e sim ple construction  m akes the 
furnace a v e ry  inexpen sive one.

B y  using a sp lit insulation  muffle of s5/a inches 
0 . D. and 25/32 I. D ., th e w riter ob tain ed  a furnace 
of this ty p e  w hich is d evelopin g 1020° C. w ith  a current 
consum ption of on ly  2.7 am peres. T h is fu rn ace has been 
in d a ily  service in th is lab o rato ry  for several m onths.

■ J .  A m . Chem . Soc ., 30 (1908), 773.

F ie .  I
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I I  A N E W  T Y P E  O F  P O R T A B L E  L A B O R A T O R Y  R H E O S T A T

F ig. II  shows the rheostat designed b y  th e w riter 
w ith a v iew  to  m aking repairs more easy and to have 
a piece of apparatu s w ith  sufficient cap acity  to fill 
the needs of m ost laboratories. It  consists of 21 coils 
of nichrom e wire g iv in g a to ta l resistance of 30 ohms 
and a m axim um  ca p a city  of 14 am peres. I t  can be

T h e w hite casing m akes an a ttra c tiv e  looking piece 
of apparatus. T he interior muffle on which the wire 
is w ound is of a special com position w hich is now  being 
tested  out. T his same com position used in com bus
tion  boats m ade the rem arkable run of 525 steel com 
bustions per boat w ith the test boats still in com m is
sion b u t considerably worse for wear. I t  is h igh ly

F i g . I I

used either on the furnace shown in Fig. I or w ith the 
large one g iven  in Fig. III . I t  holds th e large furnace 
in F ig . I l l  for an y length of tim e a t a n y  tem perature 
from  200° C. up to  1000° C.

T h e rh eostat occupies b u t a few  inches of table 
w idth  and can be set behind the other ap p aratu s as 
illu strated  in Fig. I. R epairs are easily  m ade and the 
w hite board  of hard asbestos board gives a cheerful 
effect. If  desired, tw o such rheostats can be bolted 
togeth er m aking a double instrum ent. T h e rheo
sta t is p ra ctica lly  indestructible so long as its  cap acity  
is not exceeded as there is nothing abou t its design 
to get out of r.epair. In F ig. II , 11 is th e fron t and 13 
the b ack  v iew  showing details of construction.

I l l  A N E W  R E C T A N G U L A R  L A B O R A T O R Y  E L E C T R IC

M U F F L E  F U R N A C E  W IT H  S O L ID  H E A T  

IN S U L A T IO N  C A S E

T h e furnace shown in Fig. I l l  is in principle ju st 
the sam e as the cylin drical furnace described in F ig. I. 
A  w hite solid case of kieselguhr surrounds the h eatin g 
elem ent and w orking muffle w hich has an a vailab le  
w orkin g space of 11 Vs X 5 X  7 in. T h is is am ple for 
m ost laboratories. T o  control the tem perature of the 
furnace th e rheostat shown in Fig. II is used and by 
m eans of it a n y  desired tem perature can be m ain
tain ed  for hours a t a tim e up to  1000° C . T h e author 
keeps three furnaces of this size in con stan t service.

On accou n t of the sim plicity  of construction , the 
repairs can be easily  made and, as no in sulatin g pow der 
is used, th e furnace is free from  pow der fa llin g out into 
the w orkin g cham ber. W ith  the absence of th e heat 
in sulatin g pow der the repairs are m uch sim plified. 
T h e whole furnace is supported  and enclosed in a stout, 
soft steel fram e w hich m akes it v e ry  rigid.

F i g . I l l

probable th at the muffle will be eq u ally  superior to 
the old m ixture for heating core muffles.

T h e schem e is to keep these w orking muffles a lread y 
prepared w ith the heatin g wire cem ented on them  ready 
for use so th a t repairs can be q u ick ly  m ade. As 
the furnace consists of three parts its construction  it  is 
considerably cheaper than th at of th e old typ es, besides 
h avin g the advantages a lready m entioned.

The door opens h orizon tally: the author has found 
this arrangem ent to be m uch more desirable th a n  the 
ve rtica lly  opening door used in some of the old typ es.

L a b o r a t o r y  o f  t h e  P a r k  W o r k s  
C r u c ib l e  S t e e l  C o m p a n y  o p  A m e r ic a  

P it t s b u r g h

A NEW  DIRECT-READING VISCO SIM ETER
B y  R . F . M a c M ic h a e l  

R eceived  S ep te m b er  8 , 1915

Viscosim eters are instrum ents for m easuring the 
viscosities of fluids. T h ey  operate on tw o general 
principles:

I— T he tim e required to  produce a definite re lative  
m ovem ent of the fluid particles under a given  force.

I I — T h e force  required to produce a definite relative  
m ovem ent of the fluid particles in a given  tim e.

Fam iliar exam ples of the application  of the first 
principle are:

o— Long cap illary  tube, used b y  scientists.
b— Short-tube com m ercial instrum ents, e. g., Say- 

bolt, Engler and Redw ood.
c— F alling bodies w ithin the fluid, e. g., A rnold, 

Ladenburg and Flowers.
d— R ising bubble.
e— R etarded  surface, e. g., D oolittle  and Storm er.
In each of these instrum ents th e tim e required for a
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definite m ovem ent of th e  fluid particles to ta k e  place 
is n oted. T h e a ctin g  force in each case, excep t th a t 
of D oolittle , is g ra v ity . T h is m ay be th e w eight of 
the fluid itself, or th e w eight of a foreign b o d y  actin g 
w ithin  or upon th e fluid, or b o u y a n cy  of an air bubble. 
In th e  case of D oolittle , en ergy is stored up in a steel 
spring, and allow ed to expend itself in ro ta tin g  a disk.

In well designed in strum ents of this class the con
trol of th e actin g force is alm ost absolute. H ow ever, 
the tim e required to m ake a te st is freq u en tly  a d raw 
back, and th e difficulties of m aintaining an exact te m 
p erature during the te st are often v e ry  serious. T h e 
fluid m ust u su ally  be strained before testin g; w ith 
v e ry  viscous fluids, th is necessitates heatin g; Sm all 
p articles of foreign m atter w ithin th e in strum ent m ay 
interfere w ith  proper action, and at tim es w ill in tro 
duce v e ry  large errors. It  is only rarely  th a t colloidal 
or glue-like substances, or suspensions of finely  divided 
solids, such as c la y  slips, can be handled successfully 
in these instrum ents.

R esults are u su ally  expressed in seconds of tim e. 
E ven  in th e  sim plest form s of instrum ents, elaborate

force n oted. C o u e tte ’s experim ents were conducted  
a t an early  date, and th o u gh  th e principles in volved  
were sound, m echanical d ifficulties were encountered 
which proved insurm oun table a t th a t tim e. In th e 
more recent C lark  m achine, the ta n g en tia l force ap 
plied to  the ro ta tin g  m em ber is m easured: this in
strum en t under proper conditions gives excellent 
results, but th e construction  introduces m echanical 
com plications which render it un suitable for general 
use.

In the a u th o r’s viscosim eter, th e  force exerted  b y  
the rotation  of th e fluid itself on the s ta tio n a ry  m em ber 
is m easured. T h is force is equal and opposite to  th at 
applied to  the ro ta tin g  m em ber. A  description  of 
th is instrum ent follow s.

a p p a r a t u s — F ig . i shows th e m achine assem bled 
and rea d y  for a test. A  disk is suspended in th e cup 
of fluid b y  a torsion wire abou t 10 in. long, running 
down th rough  the stem  of th e plunger, and fastened 
near th e b ottom . T h e head of the torsion wire is 
trian gu lar, and is held betw een  tw o grooved pins at 
the top  of the stan dard. T h e cup and plunger m ay

and in vo lved  calcu latio n s are required to  reduce th e 
readings to  scientific un its, while m ost of th e in stru 
m ents noted ab ove are not even  susceptible to  such 
calcu lations. In the la tter  case th e results are expressed 
in an a rb itra ry  m anner in em pirical units. T h e per
sonal equation  is large, and considerable care and skill 
are required  if accu rate  results are to  be obtained. T he 
difficulties and ann oyan ces a tten d in g the constant 
use of a sto p -w atch  are to o  well know n to  require 
com m ent.

Viscosim eters of each of th e ab ove typ es have been 
before th e public for m any years. Up to  the present 
it has not been foun d possible to  com bine in an y one 
instrum ent based on th e first principle all of th e es
sential features required in a viscosim eter for general 
scientific and com m ercial use. It  is n ot to  be as
serted th a t  th is cannot be done, b u t m erely th a t  after 
m an y years of effort, it has not been done.

T h e most prom inent exam ples of in strum ents based 
on the second principle are those of C o u ette , C la rk  
and M acM ich ael. In each of these in strum ents a 
cylin der or disk is suspended in a cup of fluid; then 
either the disk or th e cup is revo lved , and th e torsional

be rem oved and replaced w ith o u t m anipulating a n y  
catches or fastenings.

F ig. 2 shows th e cup and plunger rem oved  for clean 
ing. A ll surfaces are sm ooth and rounded and m ay 
be cleaned w ith  th e  greatest ease. T h e cup is oil- 
jack ete d , being form ed of tw o  pieces of h e a v y  spun 
brass. W ith in  th e oil ja c k e t is im m ersed an electric 
h eatin g coil. T h is  coil draw s curren t from  th e sam e 
line as th e m otor, on ly  one connection b ein g neces
sary.

T h e  fluid to  be tested  is heated  in place, no other 
heatin g device being required. T h e operation  is v e ry  
rapid. S tirrin g is effected  b y  a sligh t vertica l m ove
m ent of th e plunger. A  bent therm om eter inserted 
through an opening in th e  cover in d icates th e te m 
perature, th e b ulb  being im m ersed in th e fluid. T h e 
tem perature during test m ay be controlled  to  w ithin  
a sm all fraction  of 1 0 F. F or low  tem peratu re w ork, 
th e fluid and th e ad ja cen t parts are chilled in an ice 
b ath  or brine solution.

T h e graduated  dial a t th e top  of the plunger is 
secured to the stem  b y  a friction  disk, p erm ittin g  the 
a d ju stm en t of th e zero m ark to its proper location.
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T h e fine ad ju stm en t is effected b y  means of th e steel 
w ire pointer at the head of the standard.

T h e sam e figure shows th e dash pot on th e stem  of 
the plunger. T h is device is frictionless and au to
m atic in action, and requires no atten tion  from  the 
operator. Its  function  is to check incipient v ib ra 
tions and to perm it quicker readings b y  dam ping the 
action.

In  F ig. 3 the stan dard  arid hood are throw n  back, 
show ing th e driving m echanism . T h e speed control 
is of the fam iliar phonograph typ e  and gives excellent 
results. T h e m otor is sp ecially  wound for this service 
and is furnished either in a. c. or d. c. for use on 
ord in ary  ligh tin g circuits. V ariations in vo ltage do 
not affect th e a ccu racy  of the determ ination.

o p e r a t i o n — In operation, the cup is filled to the 
m ark on the side w ith  the fluid to be tested. This 
requires abou t 100 cc. T h e cover is put on and the 
therm om eter inserted. B y  means of th e heatin g coils 
th e tem peratu re is raised to n early  the desired point. 
A s expansion of the fluid will p rob ab ly  h ave taken 
place, the excess fluid is rem oved b y means of a 
p ip ette furnished w ith the m achine. T his a u to 
m atica lly  fixes the proper level, w ith ou t further 
a tten tion  from  the operator. T h e tem perature is 
b rought e xa ctly  to the desired point, th e therm om eter 
rem oved  and th e m otor started. W ithin  a few  seconds 
the dial will have come to rest, and will rem ain stead ily  
a t one point. T h e deflection noted is the viscosity  
of the fluid. T his entire operation is ve ry  rapid, so 
th a t the ■ drop in tem perature on ordinary w ork is 
en tirely  negligible.

F or extrem e accuracy, the tem perature m ay be 
raised s lig h tly  above the desired point, and an allow 
ance m ade for th e drop up to the m om ent of reading. 
T h is will seldom  be found necessary in actual practice.

r e a d i n g s — T h e readings are in degrees of angular 
deflection, 300° to  th e circle, designated as °M . T he 
practical w orkin g unit is 1/1000 of the absolute unit. 
A s w ater at 20° C ., or 68° F ., has ex a ctly  1/100 of the 
absolute un it of viscosity, w ater at this tem perature 
reads io °  M . T h u s, b y  shifting the decim al point, 
p ractical units, absolute units, and specific visco sity  
m ay be obtained  a t one reading. R eadings are taken

COAL-TAR D Y E S AND TH E PAIGE BILL'
B y  B e r n h a r d  c .  H s s s e  

The Paige Bill is the latest of a number of attempts to saddle 
compulsory working of patents upon American inventors in 
the United States. Its text is as follows:

A BILL

To amend Sections Forty-Eight Hundred and Eighty-Six and 
Forty-Eight Hundred and Eighty-Seven of the Revised 
Statutes, relating to patents.
Be it enacted by the Senate and House of Representatives of the 

United States of America hi Congress assembled, That Section 
Forty-Eight Hundred and Eighty-Six of the Revised Statutes, 
as amended by A ct of Congress approved March Third, Eighteen

1 A d d ress  befo re  th e  R o c h e s te r  S ection  of th e  A m erican  C hem ica l 
S o c ie ty , R o ch e ste r . N ew  Y o rk , O c to b e r 4, 1915.

d irectly  from  the dial, no interm ediate calculations 
being required.

Torsion wires ord inarily  give w ater as io °  M ., and 
m ay be used up to 500° M . T h is covers the range of 
m ost liquids ordinarily to be tested. For extrem ely  
th in  and extrem ely  th ick  liquids, lighter and heavier 
wires g iv in g readings for w ater of io o °  and 1 °, re
sp ective ly , are supplied. T his covers every  range of 
visco sity  up to  abou t 50000 M ., or 500 tim es th a t  of' 
water.

c a l i b r a t i o n  of the instrum ent is effected b y  te stin g  
with a stan dard  fluid of known viscosity. Sugar 
syrup is used for th is purpose. W ater m ay be used 
for calib rating, b u t th is is not advisable as it is too 
thin for the best results. Should the reading of the 
dial, on test, be found to v a r y  s lig h tly  from  the correct 
value, the speed of rotation  of th e  cup is altered b y 
m eans of the speed control screw  a t th e low er front 
of the m achine. T h e deflection of the dial will v a ry  
d irectly  as the speed, other factors being constant, 
and the correct indication  m ay be obtained. W hen 
calibrated  accu rate ly  for one value, th e readings will 
be correct for a n y  other value.

T h e accuracy of the instrum ent under ord inary 
w orking conditions should be well w ithin an error of 
‘ /a per cent above or below the true value. F or ex
trem ely  accurate work, extra precautions should insure 
results w ithin a sm all fraction  of this error.

As the tim e required for a reading is extrem ely  
short, determ inations m ay be made on suspensions, 
such as c la y  slips, which settle rapidly.

Colloidal solutions such as glues, gum s, starch  
solutions, gelatine, and other sim ilar m aterials can be 
handled successfully. Likew ise, the v iscosity  of com 
plicated m ixtures such as catsup, or other food m a
terials or chem ical substances m ay be readily  de
term ined. Straining is unnecessary as sm all particles 
of foreign m aterial do not in a n y  w a y  affect th e 
accu racy of the determ ination.

It is believed th at th is instrum ent offers an accurate, 
rapid, convenient and thoroughly  satisfa cto ry  means 
for determ ining th e viscosity  of fluids.

S e a t t l e , W a s h in g t o n

Hundred and Ninety-Seven, be, and the same is hereby, amended 
so as to read as follows:

“ Sec. 4886. Any person who has invented or discovered any 
new and useful art, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, not known 
or used by others in this country before his invention or dis
covery thereof, and not patented or described in any printed 
publication in this or in any foreign country before his inven
tion or discovery thereof or more than two years prior to his 
application, and not in public use or on sale in this country for 
more than two years priors to his application, unless the same 
is proved to have been abandoned, may, upon payment of the 
fees required by law and other due proceedings had obtain a 
patent therefor: Provided, That no patent shall be granted on
any application filed subsequent to the passage of this Act upon 
any drug, medicine, medicinal chemical, coal-tar dyes or colors,
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or dyes obtained from alizarin, anthracene, carbazol, and indigo, 
except in  so far as the same relates to a definite process for the 
preparation of said drug, medicine, medicinal chemical, coal-tar 
dyes or colors, or dyes obtained from alizarin, anthracene, carbazol, 
and indigo.”

Se c . 2. T hat Section Forty-Eight Hundred and Eighty- 
Seven of the Revised Statutes, as amended by Act of Congress 
approved March Third, Eighteen Hundred and Ninety-Seven, 
and as further amended by A ct of Congress approved M arch 
Third, Nineteen Hundred and Three, be, and the same is hereby, 
amended so as to read as follows:

" S e c . 4887. No person otherwise entitled thereto shall 
be debarred from receiving a patent for his invention or discov
ery, nor shall any patent be declared invalid, by reason of its 
having been first patented or caused to be patented by the in
ventor or his legal representatives or assigns in a foreign coun
try, unless the application for said foreign patent was filed more 
than twelve months in cases within the provisions of Section 
Forty-Eight Hundred and Eighty-Six of the Revised Statutes, 
and four months in cases of designs, prior to the filing of the 
application in this country, in which case 110 patent shall be 
granted in this country.

“ An application for patent for an invention or discovery 
or for a design, filed in this country by  any person who has pre
viously regularly filed an application for a patent for the same 
invention, discovery, or design in a foreign country, which, 
by treaty, convention, or law, affords similar privileges to citi
zens of the United States, shall have the same force and effect 
as the same application would have if filed in this country on 
the date on which the application for patent for the same in
vention, discovery, or design was first filed in such foreign 
country: Provided, T hat the application in this country is
filed within twelve months in cases within the provisions of 
Section Forty-Eight Hundred and Eighty-Six of the Revised 
Statutes, and within four months in cases of designs, from the 
earliest date on which any such foreign application was filed. 
But no patent shall be granted on an application for patent for 
an invention or discovery or a design which had been patented 
or described in a printed publication in this or any foreign 
country more than two years before the date of the actual filing 
of the application in this country, or which had been in public 
use or 011 sale in this country, for more than two years prior to 
such filing: Provided, however, That in case any drug, medi
cine, medicinal chemical, coal-tar dyes or colors, or dyes obtained 
from alizarin, anthracene, carbazol, and indigo, on which a patent 
for a definite process for the preparation thereof had been granted 
on any application filed subsequent to the passage of this Act, 
is not manufactured in the United States by or under authority 
of the patentee, within two years of the granting of said patent, 
and after the commencement of said manufacture the same is not 
continuously carried on in the United States in such a manner 
that any persons desiring to use the article may obtain it from a 
manufacturing establishment in the United States, then said pat
entee shall have no rights tinder the patent laws of the United States 
as against any citizen of the United States who may import such 
drug, medicine, medicinal chemical, coal-tar dyes or colors, or dyes 
obtained from alizarin, anthracene, carbazol, and indigo, into the 
United States or who may produce or manufacture the same in the 
United States or who may handle for sale or use such article so im
ported or manufactured.”

(N oTE— I ta lic ized  m a t te r  is th e  new  m a tte r  in tro d u c e d  b y  th is  Bill.)

The Paige Bill was introduced for the purpose of forcing Euro
pean dye and medicinal makers to the United States: it is utterly 
incompetent and unable to do anything of the sort.

The compulsory working of patents is a legislative device 
which appeals very strongly and persistently to the very great 
m ajority of lay minds as a most efficient, equitable, just and

effective mode of introducing the industry relating to the sub
ject matter of the patent into the country in which the patent 
runs. There seems to be nothing on its surface nor imme
diately beneath its surface to suggest difficulties in enforcement 
and inequalities, injustices and economic errors in such an en
actment.

However, the legislative experience of 57 countries, extend
ing over a period certainly for the past 83 years, has taught 
that the compulsory working of patents, if it is to be just, eco
nomically profitable and enforceable, is a thing almost impossi
ble of achievement and presents obstacles which, to the most 
astute minds and the most experienced persons, seem unsolv- 
able.

Contrary to all expectations, manufacture within the country 
is not so stimulated but dumping from without is thereby in
creased.

G EN ERA L N A TU RE OF RESU LTS 

T o go 110 further back than 1832, when the United States 
enacted its compulsory working clause,1 a study of that enact
ment shows compulsory working as absolute and as bare as any 
enactment could be, yet it was repealed within four years and 
no similar statute has ever been placed upon our statute books.

Coming next to the attem pts of the French Government 
in 1844 and the modifications that it has from time to time 
added thereto, it is correct to say that the legislative measures 
of that country have been a series of compromises and modi
fications, all of them aimed at reducing the harm that was 
being done to France through this legislation, and at the same 
time retaining, in some measure, the benefits that were supposed 
to have accrued to France thereby.

The experience of other countries is very much the same 
and the latest efforts in that direction have been the conclusion 
of treaties between various countries, which amount in effect 
to an abrogation of these law’s, so far as the citizens or subjects 
of the two countries involved are concerned. T hat is, two 
countries get together and say to each other: “ If you will not 
enforce your working clause against m y citizen-, I will not en
force m y working clause against your citizens.” 2

To put it in a few words: Experience has shown that this
seemingly innocent legislative device is possessed not only 
of a “ punch” but also of a “ k ick ”  (1. e., it hurt and oppressed 
domestic inventors); that the " k ic k ”  in most cases is more 
powerful than the "p u n ch ” and no legislative efforts have been 
directed towards removing the " k ic k ” without, at the same 
time, interfering with the "punch.”  A t the end of about 80 
years of legislative experimentation these 57 countries have 
drifted into the position of removing the " k ic k ”  by  removing 
the "p u n ch ”  at the same time. In other words, having a com
pulsory working law w'hich is a dead letter towards some peoples 
and, at any rate, a sleeping letter towards other peoples and 
when enforced doing quite as much, if not more, harm than 
good.

TH E  B R ITISH  W O RK ING  CLAUSE 

When the British compulsory working clause was adopted 
in 1907, the W'orld had a right to expect that that A ct would 
contain the very best legislative devices that could be constructed 
in the light of the past experience of the world. The present 
European war, however, has shown how futile this British 
working clause was; that it failed utterly in introducing within 
the British realm those industries which it was the particular 
aim and object of that enactment to bring into Great Britain 
from without. Instead of the $500,000,000 of fresh capital 
that were lavishly promised to be introduced into Great Britain 
because of this enactment, and in place of the thousands, if not 
hundreds of thousands, of fresh labor to be employed there-

1 T h is  J o u r n a i,, 7 (1915), 304.
2 T ra n sa c tio n s  In te rn a t io n a l  A ssocia tion  fo r th e  P ro te c tio n  o f In  

d u s tr ia l  P ro p e r ty , 16 (1912), 183.
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through, the best obtainable information1 is that not to exceed 
fifty different firms came to England from without, that not to 
exceed $5,000,000 of fresh capital has found its w ay into Great 
Britain, and not to exceed 8,000 additional people have been em
ployed in Great Britain. No new self-contained industries of any 
kind were thereby brought to Great Britain; on the contrary, 
dumping from without grew apace by  virtue of revoked patents.2

W H Y  B R ITA IN  FAILED

W ithout attempting to go into the refinements of the various 
reasons that have been given for the failure of the British work
ing clause, it can be fairly stated that the main reason why it 
failed of efficient enforcement is that it called for an encroach
ment upon or an abrogation of personal and private rights which 
in all civilized countries are regarded as inalienable, namely: that 
the burden of proof of a charge lies upon him w'ho makes it. 
I11 order to make the British working clause efficient, it was 
necessary to reverse that principle and hold every charged per
son guilty until he proved himself innocent. In other words, 
in order to make the British working clause effective it is neces
sary to regard every patentee as dishonest and to regard every
body else as thoroughly honest and to put every patentee in 
a position where he must establish his innocence3 by full dis
closure to the public of all of his business dealings on the sub
ject m atter of the patent.

GERM AN W ORKING CLAUSE AND DYE PATENTS 

It has been asserted4 that the presence of a compulsory work
ing clause in the German patent law is the cause of the existence 
of a coal-tar chemical industry in Germany, because unless 
patents were worked efficiently in Germany they could be re
voked and would revert to the German public and that is why 
non-Germans do not take out German coal-tar process patents. 
Nothing could be further from the truth than that assertion. 
So far as I have been able conveniently to ascertain, not one 
single German coal-tar patent, whether held by a foreigner or 
by a German subject, has ever been revoked for non-working, 
and yet I personally know of any number of German patents 
for processes for making coal-tar products, which are not worked, 
never have been and probably never will be, worked in Ger
many. Americans, British, Swiss and French have taken out 
patents in Germany for coal-tar products and dyes.

The rate of revoking patents in Germany for non-working 
is probably not in excess of four patents per year;5 non-Germans 
and Germans as well owned the patents so revoked. The Brit
ish rate of revoking patents for non-working is about 5 per year.6

Germany herself is very willing to repeal her working clause 
if the other countries will do the same.7

COMPULSORY W O RK ING  DOES NOT CREATE A DYE INDUSTRY 

If a compulsory working clause necessarily gives birth to a 
coal-tar chemical industry, then it necessarily follows that 
France should dominate the world, because the French working 
clause dates back to 1844, or 12 years before the first coal-tar 
dye (apart from picric acid) was invented, and the German 
compulsory clause dates from 1877 only, or 21 years after the 
first coal-tar dye was invented and 17 years after the German 
coal-tar dye industry started; Germany had 110 patent law's 
prior to 1877. Switzerland had no compulsory working until 
1907, or 48 years after its coal-tar dye industry started; on this 
reasoning of the supporters of compulsory working, Switzerland, 
which has for 40 years at least been second to Germany in the 
coal-tar dye business, should not have had any coal-tar dye in-

1 T h i s  J o u r n a l , 7 (1915), 306.
’ Ib id ., 7 (1915), 306, 311, 315.
' I b i d . ,  7 (1915), 313, 315, 316.
* T extile  W orld Record, 1906 (N o v .) . p . 65 an d  1911 (S ep t.) . p . 56.
5 T ra n s . In t .  Soc. Protection In d u s t. P roperty , 16, 177; sec a lso  T extile  

W orld  Record, M a y , 1915, p . 92.
• T h i s  J o u r n a l , 7 (1915), 311.
1 1bid ., 7 (1915), 305; 7th In i .  Congr. A p p l. C hem . (L ondon . 1909), See. 

X I ,  p . 9.

dustry at all. Furthermore, a French patent is invalidated 
if the subject of that patent or materials similar to the subject 
of that patent are imported into France or French territory 
from without. Theoretically, this certainly is a very effective 
wray of insuring that the consumption within the country would 
be produced w'ithin the country. However, France, either in 
1844 or shortly thereafter, proceeded to remove the " k ic k ” 
by inserting a modification that partly manufactured materials 
for use in a process patented in France could be imported into 
France without invalidating the patent. That is the milk in 
the cocoanut: France has had for a great number of years, 
certainly since 1873, within her borders, branches of practically all 
of the German coal-tar dye factories, but they were merely, or, 
almost merely, assembling plants and Germany shipped into- 
France its partly manufactured materials, carried out the patented 
steps in France, complied with the French working law, but abso
lutely nullified the hope for favorable economic effect. In short, 
when France could no longer trade with Germany, France was left 
holding the empty bag; she had "assem bling” plants but she had 
nothing to "assem ble.”  Russia and England were in precisely 
the same fix, while Switzerland was not much better off.

The following letter (in translation), dated Sept. 13, 1915, and 
addressed to me by the French branch factory, established in 1873, 
of a very large German coal-tar dye plant, reinforces this state
ment :

“ W e are purchasers of beta-naphthol, beta-naphthylamine, 
diphenylamine, dimethylaniline.

"W ill you please tell us whether you sell these products, 
and in case you do, please inform us of your conditions and the 
quantities which you can offer us.

" A t  the same time, we beg you to inform us of other raw 
materials of interest for the manufacture of dyestuffs which 
you may have to offer us, aside from those mentioned above.

" I n  case your answer should be negative, we should be obliged 
to you if you would kindly indicate to us the addresses of firms 
to whom we could address ourselves with prospect of success.” 

G ENERAL SURVEY OF COMPULSORY WORKING

Without going into all of these enactments in detail, it will 
be enough to say that some 15 years ago it became m y specific 
duty to examine the working clauses of all countries and to re
port to my principals, who were then in Germany, as to the 
possibility or feasibility of the enactment of a compulsory 
working law in the United States that could force them to come 
to the United States. After giving more than six months to 
a study of this subject, my report was in substance that I could 
not draft up any legislative enactment which would force an 
industry into the United States without doing the domestic 
industry of the United States in that and in other directions 
an amount of harm far in excess of any possible good that could 
flow from it and therefore that, in my judgment, a compulsory 
working act which would force the transplantation of the com
plete coal-tar dye industry into the United States would work 
more damage to the country at large than it could possibly do 
it good,1 and that therefore in m y opinion such legislation 
would not be enacted.

When the British w'orking clause of 1907 was passed, I frankly 
confess I felt for a while that I had skipped a cog in m y judg
ment; it seemed on the surface as though they had worked out 
something that I had overlooked. Be that as it may, m y 
conclusion as to the ultimate effect of this sort of legislation 
was and is correct.

BELG IU M ’S E X P E R IE N C E

How compulsory working operates in smaller countries, 
such as Belgium, is described as follows by Jacques Gevers, 
Patent Agent of Antwerp, in Vol. X V I of Transactions of the 
International Association for the Protection of Industrial Property, 
pp. 168-169:

»S ee also T i n s  J o u r n a l , 7  (1915), 311.
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"T h e  general interest that there is in abolishing reciprocally 
the requirement of working has been abundantly proved by 
the numerous papers written on this question. It  is, however, 
of interest to consider exactly why small countries such as Bel
gium have still greater interest than other countries in the aboli
tion of this requirement.

" A t  present the Belgian inventor or manufacturer wrho is 
the proprietor of patents is obliged to manufacture the patented 
article separately in Great Britain, Germany, France, Austria, 
Hungary, Italy, Spain, Portugal, Denmark, etc.’

"Instead of being able to extend the manufacture in Belgium 
and export to these other countries, he is cibliged, under risk 
of having his patent annulled, to manufacture in each country 
the patented articles which he sells there. This splitting up 
of manufacture increases the cost in a manner which is preju
dicial to the success of his enterprise. Existing laws, therefore, 
militate against manufacture for exportation. It  will be seen 
that exporting countries are those which sulTer most from the 
present law. Belgium, which exports about three-quarters 
of its total industrial production, is obliged, in,the case of pat
ented articles, to manufacture these for the most part elsewhere, 
in order to maintain the validity of the patents. O11 the other 
hand, the principal argument of those who are in favor of main
taining the law as at present, is that, Belgium being a small 
country, foreign inventors must be prevented from importing 
into Belgium, notwithstanding that in return Belgium manu
facturers are still to be obliged to manufacture in all foreign 
countries.

" B u t  do the existing laws prevent importation into Belgium 
and does the foreigner really manufacture in our country the 
patented articles which he sells there? Facts show that he 
does not.

"T h ere  are used in Belgium large quantities of sewing ma
chines, typewriting machines, cash registers, and photographic 
apparatus for which thousands of patents have been granted 
by the Belgium Government (the number, according to the 
Dictionnaire des Brevets, is 4,687). So that, although each 
Letters Patent granted says ‘ you are obliged by law to manu
facture the patented articles in Belgium,’ not 1 per cent of these 
articles are in fact manufactured there.

“ Let us take the case of Van Bcrekel’s patent which was an
nulled in 1911. • These are the facts: A meat-cutting machine
which is to be found in every meat salesman’s establishment, 
was patented by Van Berckel. The inventor and his legal 
representatives brought successfully a number of infringement 
actions. The reports of these actions prove the extensive use 
of the machine. In Belgium alone more than 2,000,000 francs 
worth were sold, and as many could be furnished as required. 
Van Breckel’s patent was subsequently attacked for non-manu
facture. Notwithstanding the steps usually taken by inter
ested parties, the Government annulled the patent, once more 
interpreting the law in the sense that ‘ exploiter’ meant ‘ fabri
quer.’

" A  more attentive examination of the operation of economic 
laws shows also how it happens that the requirement to manu
facture is nothing more or less than an obstacle to the estab
lishment of the prosperous manufacture in Belgium of patented 
articles. An invention of value is never patented in Belgium 
alone. If, therefore, an inventor is to maintain his patents 
he must cither manufacture in each country, or he must com
promise by  manufacturing only in certain countries and im
porting into others. If he takes the first course he must estab
lish a factory in each country, which is impracticable. The 
multiplication of factories entails too large costs, raises the 
price of the article and prevents manufacture on a large scale 
and upon uniform lines.

"If he chooses between the countries, where shall he manufac
ture? In a small country where the consumption is small, or

in a large country where the consumption is considerable? 
Which is the patent to be safeguarded, the patent with a limited 
value in a small country, or the patent granted in a large country 
where it is of ten times the value? The answer is obvious. 
Manufacture of patented articles is perhaps established in the 
larger countries to ensure the validity of the patent there. 
The establishment of manufacture in smaller countries is omitted 
in order to avoid multiplication of factories. That is w hy small 
countries, which have a limited domestic market and export 
by far the largest part of their manufactured products, have 
the greatest possible interest in abolishing upon reciprocal 
terms this requirement of manufacture under patents which 
is so prejudicial to export trade.”

No one should attem pt to pass upon this subject without 
first having given careful thought to the Symposium of the 
Imperial Industries Club of Great Britain printed in full in 
T ins J o u r n a l ,  7 ( 1 9 1 5 ) ,  3 0 7 - 3 1 7  and to the facts collected in 
the paper published in T his J o u r n a l ,  7 ( 1 9 1 5 ) ,  3 0 4 - 3 0 7 .

NO B E N E F IT S  FROM COMPULSORY W ORKING 

The supporters of the compulsory working of patents have 
not yet come forward with any specific or concrete instance of 
advantage arising therefrom and to the enacting country; as 
much as they have done is to indulge in glittering generaliza
tions, vague promises and hypothetical assurances; both sides 
were ably represented at the Symposium of the British Indus
tries Club just above referred to, yet the supporters failed 
utterly to make out any reasonable case in their favor.

COMPULSORY W ORKING A D ELU SION  

Personally, I would most heartily welcome a compulsory 
working law that would force industries from without into the 
United States and at the same time w'ould do 110 harm to the 
United States in other directions, or at any rate, not enough 
to counterbalance any benefits that might flow from such in
troduction of extra-territorial industries. M y own view is 
that any attem pt to solve a legislative problem of that kind 
is of the same order, not merely as to attractiveness and de
sirability, but as to absolute unsolvability as is the problem of 
perpetual motion. The reason seems to be that you cannot
treat domestic and foreign inventors each and all alike and at
the same time “ play favorites” toward the domestic inventors; 
it is most frequently not to the best interests of domestic inven
tors to be compelled to work their patents; therefore the make
shifts, compromises and the like that have everywhere been in
troduced in the hope of helping domestic inventors but in fact 
and at the same time benefitting foreign inventors to the same 
extent; hence, the inopcrativeness of all such enactments.

Therefore, believing as I do, and for the reasons given, I am 
convinced that if we embark upon a policy of compulsory w’ork- 
ing of patents, we shall simply be living in a fool’s paradise;
we shall be leaning on a broken reed and we shall be fooling
ourselves thoroughly and from the ground up. In the language 
of the day: “ It can’t be done.” 1

In the past 2 0  years, numerous attempts have been made 
in the Congress at Washington to pass some such legislation. 
However, and fortunately as I firmly believe, such legislation 
has not been passed. The judgment of the American Bar A s
sociation and of the American Patent Law Association is almost 
unanimously against any such legislation. As a result of a study 
of the various hearings held in Congress, I have come to the con
clusion that those \yho favor compulsory working do not take 
anything but a very personal, that is, a very narrow view  of 
such legislation. The most any legislation can hope to accom
plish is the greatest good to the greatest number; to condemn 
legislation because in individual or isolated cases it  does not 
w'ork quite right, is visiting condemnation upon practically all 
of our legislation and an indictment of all law.

1 T h is  J o u r n a l , 7 (1915), 311.
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I believe that those who take the entire interests of the entire 
United States into consideration and balance benefit against 
disadvantage, are of the opinion that such an enactment 
will do us more harm than it can possibly do us good (even 
though it might rectify certain abuses to-day existent) because, 
as a result thereof, other abuses and inequalities of far greater 
extent and of greater economic effect would necessarily arise 
a t once.

PA IG E BILL SHOULD BE KILLED 

W hat I have particularly in mind is that if we enact the 
pending so-called Paige Bill we would meet retaliatory legisla
tion from other countries. That Bill picks out a 
certain branch of chemical industry in which com
pulsory working of patents is to be introduced, 
and exempts the rest of the chemical industry, and 
in fact all the other industrial activities of the 
United States. It is unreasonable to expect that 
other countries would not at once pass similar laws 
and, instead of limiting them to that particular 
branch of chemistry that this Bill has selected, 
would select some industrial branch in which we 
are supreme and would shut our products out of 
their markets or would force our industries to go 
to those countries and establish plants there for 
the manufacture of their patented products.

When Great Britain passed its compulsory 
working act, Germany made her compulsory 
working act sharper against Great Britain, and 
so did France; then Great Britain raised the 
barrier. Germany and France did the same. Each 
was hurting the other as well as itself, and in view 
of the very best information that I can get, not 
only by consultation of public documents but by 
correspondence with most competent men abroad, 
it is certain that these laws have not been effective 
in the direction in which they were expected to be.
Judging from the reams upon reams of discussion 
appearing in the various Proceedings of the Inter
national Association for the Protection of Indus
trial Property, every one of the countries that 
has a working clause would be willing to drop it 
if everybody else would drop it; one is afraid to 
drop it and the other dare not. Some countries 
have made mutual treaties abrogating those laws 
with respect to each other. There you are!
Should we commit ourselves to a policy of legisla
tion which we adopted 83 years ago, rejected 79 
years ago, and have since not put on our statute 
books and with which 56 other nations have been 
tinkering for over 70 years with an amount of 
success far less than the effort put forth and the 
damage incurred?

T E X T IL E  IN TER E ST S AND TH E PA IG E BILL 
The chemists of this country are, or ought to be, 

particularly interested in the so-called Paige Bill, 
officially known as H. R. 19187, 63rd Congress,
2nd Session, which was introduced into Congress 
by Hon. Calvin D. Paige, of the Third District of 
Massachusetts, October 8, 1914, to force European dye and 
medicinal makers to come to the U. S. This Bill came up for 
endorsement on the part of the National Association of Cotton 
Manufacturers at its meeting in Boston on April 28, 1915, but 
was not so endorsed. W hat cotton manufacturers know about 
the chemical business it is difficult to understand. They have 
constantly opposed the enactment of suitable tariff provisions 
so that the dye industry could thrive in this country, on the 
ground, among others, that it would raise the price of a dozen 
red flannel undershirts by 25 cents' and that dyes were their raw 

1 T n i s  J o u r n a l ,  7 (1915), 694.

materials, that increase in the cost of dyes would increase the 
cost of goods to the United States consumer and would inter
fere with their ability to do export business; that a protective 
tariff on dyes would simply mean an increased cost in goods 
with no added public benefit.

The facts seem to be that prior to the tariff of 1882 the cost 
to the textile people of at least two colors did drop,1 i. e., magenta 
dropped from $6.50 in i860 to $2.50 in 1882, and rosaniline 
blues, which commanded $4.00 in 1881, were sold in this coun
try at $2.50 in 1882. The cause of this drop in prices of these 
two products is ascribed, by trustworthy sources, to the internal

1905 1910
JK

P ig . I

competition within this country between the nine coal-tar 
dye factories then operating. The textile men have conclu
sively proven that they guessed things absolutely wrong on the 
tariff for dyes and that certainly is 110 qualification for them 
to offer themselves as infallible or desirable guides or as even 
probably good guides in so complicated a question as patents. 
The answer to them is that they have in the past been swayed 
altogether too much by self-interest; they have disregarded 
the rights of others and their duties to others; they have run 
the steam-roller of tariff legislation over our chemical indus.

I T h is  J o u r n a l , 7 (1915). 695, 696, 697.
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tries and now propose to run the patent-law steam-roller over 
them as well, and in those circumstances, the chemists of this 
country must wake up and see to it that their interests in Con
gress are not further jeopardized b y  the selfish and short-sighted 
activities of the textile people.

PA IG E B IL L  NO H E L P TO AM ERICAN COAL-TAR DYE INDUSTRY

Can the Paige Bill help the coal-tar chemists? The answer is: 
it cannot. The reasons are:

I— A t no time in the history of the development of the coal- 
tar dye industry did the number of commercial coal-tar dyes 
subject to United States patents equal the number of commercial 
coal-tar dyes not patented in the United States.

II— In all but a very few instances dyes free from U. S. patent- 
restraint could at all times be made which could be and were 
offered as successful substitutes for dyes subject to U. S. 
patents.

III— A t no time was the American industry throttled or

T a b l e  I — C o m m e r c i a l  D y e s  P a t e n t e d  a n d  N o t - P a t e n t e d  in  U . S. 
Y e a r  d y  Y e a r  ( E x p i r e d  P a t e n t s  A l l o w e d  f o r )

F ree

E x cess  of 
free  to  
a ll o v e r

N o . of 
p a te n te d  pc 

100 free
Y e a r P a t . to  a ll p a te n te d to  all
1856 .................................... 4 4 0
1858 .................................... 5 5 0
1859 ............................ 7 7 0
1861 .................................... 9 9 0
1862.................................... 15 15 0
1863 .................................... 18 18 0
1866 .................................... 20 20 0
1867.................................... 22 22 0
1 8 6 8 ................................... 23 23 0
1869 .................................... 1 23 22 4 .8
1871.................................... 1 27 26 3 .7
18 7 3 ................................... 1 30 29 3 .3
1874 .................................... 1 34 33 2 .9
1875 .................................... 1 44 43 2 .3
1876 .................................... 3 52 49 5 .8
1877 .................................... 9 58 49 1 5 .5
1 8 7 8 ................................... 19 68 49 2 7 .9
18 7 9 ................................... 24 82 58 2 9 .3
1880 .................................... 24 89 65 2 7 .0
1881.................... . . 33 90 57 3 6 . 1
1882 .................................... 41 98 57 4 1 .8
1883.................................... 52 11 1 59 4 6 .8
1884 .................................... 59 115 56 5 1 .3
1885 .................................... 71 121 50 5 8 .7
1886 .................................... 82 143 61 5 7 .3
1887 .................................... 94 155 61 6 0 .7
1888 .................................... . . 116 168 52 6 9 . 1
1889 .................................... . . 133 196 63 6 7 .9
18 9 0 ................................... 150 224 74 6 7 .0
1891 .................................... 170 246 76 6 9 .1
1892 .................................... 180 273 93 6 5 .9
1893.................................... . . 205 289 84 7 0 .9
1894 .................................... . . 218 316 98 6 9 .0
1895 .................................... . . 228 336 108 6 7 .9
1896.................................... . . 242 358 116 6 8 .9
1897 .................................... . . 256 364 108 7 0 .3
1898 .................................... . .  258 387 131 6 6 .7
1899 .................................... . . 267 400 133 6 6 .8
1900.................................... . .  263 416 153 6 3 .2
1901 .................................... . . 270 427 157 6 3 .2
1902 .................................... . . 272 448 176 6 0 .7
1903 .................................... . . 268 465 197 5 7 .6
1904 .................................... . .  265 485 223 5 4 .6
1905 .................................... . . 252 509 257 4 9 .5
1906 ................................... . . 251 531 280 4 7 .3
1907.................................... . .  257 551 294 4 6 .6
1908 ................................... . .  252 579 327 4 3 .5
1909 .................................... . . 254 603 349 4 2 . 1
1910 ................................. .. . . 239 637 398 3 7 .5
1911 .................................... . . 223 660 437 3 3 .8
1912 .................................... . . 206 680 474 3 0 .3
1 9 1 2 (a ) .............................

2) F o r  a ll 921 d y es .
207 714 507 29 .1

even handicapped by U. S. patents held by  foreigners to such 
an extent that it could not offer successful substitutes for the 
great m ajority of patented articles; the American industry 
always had at its disposal means of getting into the market 
and which were free from U. S. patent-restraint, provided that 
industry was strong enough to get into the market.

These statements are conclusively proven by the data in Table 
I based upon the 1914 edition of Schultz’s "Farbstofftabellen” 
for 886 of the 921 commercial dyes there listed and for which 
dates of appearance on the world’s markets could be fixed with 
any approach to reasonable accuracy; of the 35 entries not con

sidered, 33 never were subject to U. S. patents and 2 were sub
ject to U. S. patents, namely, picric acid (expired) and indigo 
(some still alive).

A t the end of 1912, 206 dyes were subject to U. S patents 
(or 207 adding indigo) and 680 (or 714 adding picric acid and 
the 33 others above referred to) were then free from all U. S. 
patent-restraint to U. S. makers.

Limiting further discussion now to these 886 dyes out of 
those 921, the Table I speaks for itself; under the column 
“ P at.”  are given the numbers of dyes subject to U. S. patents 
for the year given (all patents 17 years old being counted as 
lapsed); under the column “ Free to a ll”  are given the number 
of dyes not subject to U. S. patents for the year given inclusive 
of all dyes whose U. S. patents had then lapsed.

It must be remembered that the intermediates used in the 
non-patented dyes were not patented in the U. S. and that 
very few, if any, of the intermediates used in the patented dyes 
were patented in the U. S.

This 1912 situation is visualized in part in Fig. I, which needs 
no elucidation. It shows the rapid growth of the business and 
emphasizes that whatever brought the coal-tar dye industry to 
Germany, it was not the U. S. patent system. Something else 
was at work— the market was being developed and the industry 
being created. Both these things were being done by a number 
of nations— Swiss, British, French, Germans, Austrians, Italians, 
Dutch and Americans, but the Germans succeeded better 
than any or all of their competitors. There is no blinking that 
fact. As far back as 1887, Otto N. W itt1 wrote as follows: 

“ The success of a coal-tar dye factory is to-day no longer 
dependent upon the careful guarding of factory secrets as in 
the past, but upon a systematically arranged plant and the 
proper distribution therein of the work to be performed and above 
all upon skillful commercial management, both within and w ith
out the factory.”

In considering this diagram, however, the following chrono
logical order of events must not be lost sight of :

1844 F re n c h  co m p u lso ry  w o rk in g  c lau se  e n a c te d .
1856 F re n c h  a n d  B r it is h  c o a l- ta r  d y e  in d u s try  s ta r te d .
1859 S w iss c o a l- ta r  d y e  in d u s tr y  s ta r te d .
1860 G e rm a n  c o a l- ta r  d y e  in d u s try  s ta r te d .
1866(a) U . S. c o a l- ta r  d y e  in d u s try  s ta r te d .
1869(6) F i r s t  o f th e se  U . S. c o a l- ta r  d y e  p a te n ts  issued .
1873 F re n c h  b ra n c h  fac to r ie s  of G e rm a n  d y e -w o rk s  e rec ted .
1874 G e rm a n y  m a d e  90  p e r  c e n t o f w o r ld ’s c o a l- ta r  d y es .
1877 G e rm a n  co m p u lso ry  w o rk in g  c lau se  e n a c te d ; f irs t G e rm a n

p a te n t  law .
1896 R u s s ia n  co m p u lso ry  w o rk in g  c lau se  e n a c te d ; S w iss c o a l- ta r

d y e  p ro d u c tio n  e q u a l to  t h a t  o f F ra n c e  a n d  E n g la n d  co m 
b in ed .

1907 S w iss co m p u lso ry  w o rk in g  c lau se  en a c te d .
1908 B r it is h  co m p u lso ry  w o rk in g  c lau se  effec tive .

(a)  T h is  J o u r n a l ,, 7 (1915), 695.
(b) P r io r  to  1869 n o  few er th a n  9 U . S . p a te n ts  re la tin g  to  c o a l- ta r  

d y es  h a d  b ee n  issu ed . C lassified  a c co rd in g  to  c itiz en sh ip  o f ow n ers : 
E n g la n d  3 , F ra n c e  3, G e rm a n y  1, U . S. 2 ; five w ere specific  p ro cess  p a t e n ts  
o n ly ; 4  w ere  p ro d u c t p a te n ts ,  2 e a ch  to  F ra n c e  a n d  to  th e  U . S .; a ll of th e se  
h a v e  s ince  b eco m e o b so le te .

Further, in 1912, Germany exported $51,545,326 of coal- 
tar dyes, intermediates and crudes in excess of her imports 
thereof; Switzerland had a corresponding excess of $3,794,898, 
while Great Britain had the reverse, an excess of imports over 
exports, of $6,275,775.2

A  most liberal estimate of the production in 1912s of all coal- 
tar dyes for those five countries is as follows:

G e rm a n y ...................................................................... $ 6 8 ,2 2 2 ,8 4 6
S w itz e r la n d ................................................................. 6 ,4 5 2 ,6 5 1
E n g la n d ........................................................................ 5 ,9 8 2 ,6 7 6
F r a n c e ........................................................................... 5 ,0 0 0 ,0 0 0
U n ite d  S t a t e s ............................................................  3 ,7 5 0 ,0 0 0

In 1896 Switzerland (eleven years before it had a compulsory
working clause and 37 years after it started its coal-tar dye in
dustry) produced $3,200,000 worth of coal-tar dyes,4 i. e., as; 
much as France and England together in that year. French.

1 C hem isette In d u s tr ie , 1887, p. 215. > I b id .,  6 (1914), 1017.
5 T h i s  J o u r n a l ,  6 (1914), 1015. * Ib id ., 6 (1914). 1026.
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figures for 1897 and later are not accessible, but France’s 
production is smaller than that of Switzerland.

Finally, Germany produced:1

Y e a r  A lizarin
1874 ..................................................... $ 3 ,0 0 0 ,0 0 0
1878.....................................................  $ 6 ,2 5 0 ,0 0 0
1882 .....................................................  $ 8 ,7 5 0 ,0 0 0
1 890 .....................................................  $ 6 ,2 5 0 ,0 0 0

A ll o th e r  
c o a l- ta r  dyes  
$  3 ,0 0 0 ,0 0 0  
$ 3 ,7 5 0 ,0 0 0  
$  3 ,7 5 0 ,0 0 0  
$ 10, 000,000

The cause of this slow increase of values is the great price- 
reduction per unit of dyestuff; the 1890 unit-values are barely 
40 per cent of the 1879 unit values. Germany’s excess of ex
ports over imports1 is as follows:

A nilin  oil A nilin , e tc ., A liz a rin
Y e a r a n d  s a l t dyes JO p e r  c e n t w as te
1876 175 to n s N o t  kno w n
1880 1640 to n s 5871 to n s
1 8 8 5 ., ,  . 4213 tons 4145 to n s
1890 .......

( 3411 to n s 6695 to n s 7892 to n s
■• \  $ 1 .7 0 6 .0 0 0 $ 8 ,6 5 6 .0 0 0 $ 3 ,1 5 7 .0 0 0

during the life of those patents now (1915) about to expire 
and issued from 1897 onward; overlapping earlier patents are 
not considered, and no account of dyes introduced in 1913, 
1914 and 1915 could be taken since that information is not 
accessible except at prohibitive labor.

The commercial products whose patents issued in each of 
these three periods and those non-patented commercial products 
of each of these three periods is given in Table II (no allowance 
for expired patents).

T a b l e  I I
N o t-

P a te n te d p a te n te d T o ta ls
1 8 5 6 -1 8 8 2 ............. ...................  41 98 139
18 8 3 -1 8 9 6 ............. ...................  225 236 461
18 9 7 -1 9 1 2 ............. ...................  187 99 286

T o ta l s ................. .................  453 433 886

The 1890 German export excess totals $13,519,000; the corre
sponding figure for 1912 is $51,545,326, or very nearly four
fold.

The above productions are 90 per cent of the world’s pro
duction2 for the years shown. Therefore, Germany in 1874—  
three years before she had a patent law or a compulsory working 
clause, fourteen years after she started the coal-tar dye indus
try, and 18 years after this industry started in France and Eng
land— had even then outstripped all of her competitors com
bined, by 9 to 1, and that in spite of France having a compulsory 
working clause from 1844 (12 years before this industry started) 
down to the present.

This state of affairs certainly cannot be charged up to com
pulsory working laws, and, therefore, those who attem pt to 
force compulsory working in the U. S. will have to find a better 
excuse than have the advocates of the Paige Bill.

It  is perfectly obvious and self-evident that the value of the 
markets in the 207 dyes still patented in the U. S. in 1912 is 
very much smaller than the value of the markets in the 714 
dyes then free from any and all U. S. patent-restraint. Since 
1912 U. S. patents on 44 further dyes out of the above 207 
have expired, leaving 163 dyes of these 921 subject to U. S. 
patents, or about 4.5 free dyes for each dye subject to U. S. 
patents.

Under this state of facts it is clear that the French working 
clause did not keep the coal-tar dye industry in France and 
that the German working clause did not create or retain the coal- 
tar dye industry for Germany, nor did it create the coal-tar 
dye industry for Switzerland; neither can the U. S. patent sys
tem be charged with Germ any’s present-day success because in 
1868 (12 years after this business started) the U. S. had the ad
vantage over Germany in this rcspcct (see foot-note (6), page 
968 and Table V).

For the purpose of this discussion, the time from 1856 to 1912 
(both inclusive) has been divided into three periods:

I .............................................................................  1856-1882
I I .............................................................................  1883-1896

I I I .............................................................................  1897-1912

The first period corresponds to the time when the U. S. in
dustry had a protective tariff high enough to enable it to com
pete with Europe.

The third period was chosen to show approximately the course 
of events during the past 17 years and represents the conditions

1 W ich e lliau s , "W ir th s c h a f tl ic h e  B ed e u tu n g  C h em isch er A rb e it ,"  pp . 
33 a n d  34.

! " G u id e  B ook  fo r th e  E x h ib itio n  of th e  C hem ica l I n d u s tr y  of G e rm a n y  
a t  th e  W o rld 's  F a ir ,  C h ic ag o ,” 1893, p . 68 .

In Table III is shown the number of patents taken out in these 
three periods by the different countries. and also the number of 
non-patented dyes invented and exploited by these countries 
together with their respective totals as shown.

T a b l e  I I I — S h o w in g  P a t e n t e d  a n d  N o n - P a t e n t e d  D y e s  f o r  E a c h  o r  
t h e  T h r e e  P e r i o d s  a s  S t a t e d

T o ta l 886 dyes— no a llow ance  fo r ex p ired  p a te n ts  
1856-1882 1883-1896 1897-1912 T o ta ls  

N o t-  N o t-  N o t-  N o t-  
p a t .  P a t .  p a t .  P a t .  p a t .  P a t .  p a t .C o u n t r y  P a t.

G e rm a n y ....................... 38 53(a) 159 202
S w itz e r la n d .................. 0  9(6) 48 11
E n g la n d ........................  1 18(c) 11 12
F ra n c e ............................ 2 21 (d) 4 3
I t a l y ................................  0 0  0 1
H o lla n d .........................  0 0  0  1
A u s t r ia ........................... 0  0 1 3
U . S ....................   0  0 2 3

122 74 319 329 (a)
56 19 

2 2
3 1 
0 2 
0 1 
0 0
4 0

104 39(b)
14 32(c)
9 31 (d)
0  3 
0 2
1 3
6 3

G r a n d
T o t a l s

648(a)
143(6)
46(c)
40(d)

3 
2
4 
9

41 107(e) 225 236 187 99 453 442 (f)  895(e)

(а) 7 s im u lta n e o u s ly  w ith  2 o r  3 o th e r  co u n tries .
(б) 2 s im u lta n e o u s ly  w ith  2 o r  3 o th e r  co u n tries .
(c) 2 s im u lta n e o u s ly  w ith  2 o r  3 o th e r  co u n tries .
(d) 6 s im u lta n e o u s ly  w ith  2 o r  3 o th e r  co u n tries .
(e) L ess  9 fo r s im u lta n e o u s  in v e n tio n  b y  2 o r m ore coun tries .
N o t e— D ifferences in  to ta ls  a re  ac co u n ted  fo r b y  th e  ab o v e  fo o t-n o te s .

In Table IV  are given the distribution of the patented and non- 
patented 886 dyes over the 17 chemical classes, no allowance being 
made for expired patents. This table shows at a glance that 
except for two, namely, auramines and indophenols, each 
chemical classification had at all times members free from 
U. S. patent-restraint; in the majority of the other classifi
cations the non-patented dyes were very well provided for as 
against the patented dyes.

T a b l e  I V — C h e m ic a l , D is t r i b u t i o n  o f  P a t e n t e d  a n d  N o n - P a t e n t e d
D y e s

N o  A llow ance fo r E x p ired  P a te n ts .
1856-82 1883-96 1897-

D y e  class
N o t-  

P a t .  p a t .  P a t .
N itro s o ........................................  2 1
N i t r o ...................................... 1 1 ...............
S ti lb e n c ...............................................  2 5
P y ra z o lo n e ........................................  1 1
A z o . . . . ................................. 24 43 137 165
A u ra m in e s .........................................  2 . . .
T rip h en y l-  a n d  d i- 

p h e n y l n a p h t l i y l -
m e th a n e ..........................  3 17 20 16

X a n th o n e .................................... 18 8 5
A crid in e ....................................... 1 3 2
Q u in o lin e .............................  3 1 ...............
T h io b e n z e n y l...................................  3 2
I n d o p h e n o l s . . . . . .   1 ............................
O xazine an d  th ia z in . . . . 2 1 16
A z in e .....................................  2 8 11
S u lfu r ............................................ 1 8
A n th ra q u in o n e  a n d  re 

la te d  d y e s .......................  5 5 13
In d ig o s ............................................................

N o t-  
p a t .  P a t  

1 ...
1 
3 
6 

43

(T o ta l 886 D yes) 
1912 T o t a l s

N o t-  
p a t .  P a t.

1
2 (a)
5

4 7
37 204

2

13 

' 2 \

52
36

32
11
3
3
3
1

31
13
29

N o t-
p a t .
3
1
5
5

245(6)

37(c)
24

5
1
2

"16(d)
23(e)
22(d)

1912
T o ta ls

4
4

10
12

462
2

72
35

8
4
5 
1

48
38
52

23 70 3 1 ( f)  116
6  3 6 (a ) 7(g) 48

T o t a l s ............................. 41 98 225 236 187 99  453 (e) 433 (h) 921
(a) A dd  1 fo r p a te n te d  b u t  u n c e rta in  d a te  o f in tro d u c tio n .
(b to  h) A dd  fo r n o n -p a te n te d  b u t  u n c e r ta in  d a t e  of in t ro d u c tio n : 

(b) 13; (c) 3 ; (d) 1; (e) 2 ; ( / )  9 ; (g) 5 ; (h) a d d  33.

U . S. COAL-TAR DYE PA TEN TS— PR IO R  TO 1 883

Before the end of 1882, 138 U. S. patents for coal-tar dyes had 
issued. Table V  gives details, as shown, for them.
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T a b l e  V— D e t a i l s  o p  138 P a t e n t s  I s s u e d  P r io r  t o  1883
P  *=» P r o d u c t  p a te n t  M  13 M e th o d  o r  p ro cess  p a te n t

F ra n c e  E n g la n d  G e rm a n y  U . S.
Y e a r  P  M  P  M  P  M  P  M  T o ta ls
186 1   1   1
186 3 ................................................................. 1   1
186 4 ................................................................. 1 ................................ -  . . .  1
186 5 ................................................................. 1 •• 1 . 2
186 6   1   1
1868 ............................... 1 ...................................................... 2 . . .  3
I 8 6 0 ........................................  1 ............................  2 ................... 3
187 0 ................................................................................................................................  0
187  1 ................................................................................................................................  0
187 2 ................................................................. 1   1
187 3 ................................................................................................................................  0
187 4 ....................................................................................... 2   2
187 5 ................................................................................................................................  0
187 6 ..................................................... 1 ..........................................................  1
187 7 ........................................  1 . . .  2 1 ................... 4
187 8 ............................... 1 ...........................  5 .............................. 6
187 9 ............................... 3 ...........................  3 7 . . .  13
188 0 ............................... 1 ............................ IH a )  .........................  12
188  1 ............................... 1 . . .  2 . . .  23(61 2 1 . . .  29
188 2 ........................................  2 . . .  3 31(c) 9 13 . . .  58

T o ta l s ......................  8 5 3 9 73 17 23 . . .  138
P e r  c e n t o f t o t a l . . .  5 .8  316 2 .2  6 . 6  5 2 .9  1 2 .3  1 6 .7  .................
T o ta l  p e r  c e n t b y

c o u n t r ie s ................  9 .4  8 . 8  6 5 .2  1 6 .7
S ta y e d  u n ti l  1912. . 0  0  1 0 28 2 0 31(d)
E ffic iency— p e r c e n t  0  8 .3  3 3 .3  0

(а) 7 fo r s y n th e t ic  in d ig o  a ll obso le te .
(б) 11 fo r s y n th e t ic  in d ig o  n e v e r  co m m erc ia lly  u sefu l.
(r) 7 fo r s y n th e t ic  ind igo .
(d ) C o v e rin g  33 d iffe re n t d y es  s till co m m erc ia l in 1912; fo r 8 o i  th e  

41 d y e s  on  th e  m a rk e ts  in 1882 th e  U . S. p a te n ts  d id  n o t issue u n ti l  after 
1882.

U N IT ED  STA TES A POOR SCORER

In the language of the baseball score, at the close of 1882:
A t b a t  R u n s

F r a n c e ............................................................  13 0
E n g la n d .........................................................  12 1
G e rm a n y ....................................................... 90 30
U . S .................................................................  23 0

T o t a l ..........................................................  138 31
U m p i r e s — W o rld ’s M a rk e ts  a n d  D y e  U sers

Therefore, it appears that each of these four countries made 
m any wrong guesses as to the dyes suitable for exploitation and 
which stayed on the markets until 1912. On that basis France 
and the U. S. each made no score, England made 1 score, Germany 
made 30 scores. In percentages, the efficiency of "guessing 
•the m arket”  is, France and U. S. each zero; England 8.3 per 
ccnt; Germany 33.3 per cent.

Everybody knows the multitude of different reasons that 
are generally given for the failure of the home-team to win the 
pennant; and after it is all over the real sportsman says: “ The 
best team won.”  W hy should this case be an exception?

W hatever may have been the reason w hy "o u r team ” did 
not win, the Paige Bill could not have helped it win. M any a 
ball-team has played poor ball for lack of proper home-support.

From Table IV  it follows that the U. S. received outright
and as a free gift and free from any and all U. S. patent-restraint
466 (433 and 33) dyes out of 921 products on the world’s market 
in 1912; from Table I it follows that of the 455 dyes once pat
ented in the U. S., 247 had bccomc free from all patent-restraint 
by the end of 1912. B y  the end of 1915, 44 more patented dyes 
will have become free, making 591, or 64.2 per cent, of the 
455 commercial and once patented dyes of 1912 free from all 
U. S. patent-restraint. Therefore, at the end of 1915 the condi
tion for these 921 is:

F re e  to  a l l ................................... 758 o r  8 2 .3  p e r  ce n t-
P a te n te d ......................................  163 o r  1 7 .7  p e r c e n t

T o t a l ...............................................  921 1 0 0 .0  p e r  c e n t

The condition at any year is shown in the diagram. From 
Table III it follows:

For 886 of the 921 dyes on the markets in 1912:
I-— The U. S. originated but 9, patenting 6 and not-patenting 3.

II— Germany patented 319 and did not patent 329.
III— Switzerland patented 104 and did not patent 39.
IV — England patented 14 and did not patent 32.
V — France patented 9 and did not patent 31.
The 35 dyes not contained in Table III, distributed as to 

originating countries, are as follows:

G e rm a n y  S w itze rlan d  E n g lan d
P a te n te d ...........................  2
N o t - p a t e n te d .................  26 6  1

Therefore, Germany, France and England each treated 
Switzerland and the U. S. with greater liberality than the latter 
did the former.

For the 921 commercial dyes of the Schultz “ Farbstofftabel- 
len” the total number of patents taken out in the four principal 
countries is as follows:

G e rm a n y ............................  810 U n ite d  S ta t e s ................  487
.E n g la n d ..............................  524 F r a n c e ............................... 399

From Table V  it follows that while the U. S. did take out some 
patents it did not succeed in “ picking any winners” that lasted 
till 1912.

From all this it irresistibly follows that there is nothing in 
the history of the development of the coal-tar dyes industry that 
could have been cured at all by compulsory working, which 
failed so utterly in France, Russia and in England.

This is reinforced by the history of this industry as follows: 

G ERM ANY’S F IG H T  FOR SUPREM ACY

The following (in translation) from the pen of Otto N. W itt, 
of Berlin, in the Introductory Chapter to the “ Sammel-Aus- 
stellung der Deutschen Chemisclien Industrie”  for the Paris 
Exposition of 1900 (pp. 5 and 6) bears on this point:

“ The almost simultaneous discovery of the first two aniline 
dyes, M auvein by Perkin and Anilin-red by Natanson, occurred 
in 1856; the first practicable manufacturing process for Anilin- 
red was worked out by Verguin in 1859. Immediately and 
almost simultaneously the new chemical industry of artificial 
dyestulTs arose in both France and England. Seldom has any 
new industry come into being with such brilliancy and such im
mediate success as has this industry. To none as to this indus
try' has been spared the reaction, after the first access of enthu
siasm has died out. Its development is a series of triumphs 
which continue even to-day after an existence of more than 40 
years.

“ Germany contributed to the rise of this industry since one 
of its greatest chemists, August Wilhelm Hofmann, helpfully 
participated at the time of its introduction and development. 
B ut only with hesitation did Germany decide to take up this 
new industry. And yet Germany was particularly well pre
pared for such an industry; for only one step was needed to  
pass from the manufacture of fine chemicals, which had stead
ily progressed since its early introduction into Germany, to the 
dyestuff industry. Experience gained in the one could very 
profitably be translated to the other field; Germ any’s surplus o f 
well-trained help could not find better employment than in an 
industry which was to flourish upon a foundation so complicated 
and theoretical.

“ If Germany, nevertheless, allowed years to pass before she 
turned to the production of artificial dyestufls the reason w as 
probably that here likewise the fundamental economic condi
tions for the industry were more favorable abroad, and particu
larly in England, than at home. N ot only were the necessary 
auxiliary substances, such as fuel and the products of the indus
tries of acids and alkalis much cheaper in England, but Germany 
lackcd also particularly the raw material— tar and its distilla
tion products— because the gas industry was here not nearly 
so well developed as in England and in France.”

So does the following from Heinrich Caro’s lecture on the de
velopment of the coal-tar dye industry1 (in translation):

"T h is  industry,which arose in England and France, has finally 
and after a mighty struggle found its principal home in Germany, 
and that in spite of our being in an unfavorable geographical 
location and far removed from the source of raw materials and 
the consumers of the products of this industry and hampered 

1 Berichle, 1892 (3). p . 956 ; see a lso  J o u r . S o c . C htttt. In d ..  1885, p . 436; 
J o u r . Soc. A r ts , 1886, p. 759 ; Jo u r . Soc. Chem . In d .,  1886, p. 351 fo r m ore 
reasons.



as we are on many sides through unfavorable foreign tariff 
and patent laws.”

Finally, the following from Sir William Henry Perkin,1 the 
founder of the coal-tar dye industry, is suggestive:

"A n d, moreover, who could have formed any idea of the 
wonderful development of the coal-tar color industry that exists 
to-day, started from such small beginnings, but which through 
the researches of an army of scientific men, is now of such colossal 
magnitude.”

In view of all this it is clear that the Paige Bill is 110 relief 
whatever for the condition it seeks to cure. On the contrary, 
it is full of harm to us as a nation and can do us no good.

PA IG E BILL BROADLY EXAM INED 

Before proceeding to any detailed discussion of the Paige 
Bill, I want to say that I consider it to represent an attack upon 
the best interests of this country, as ill-advised as it is full of 
pernicious potentialities. We in this country believe that class 
legislation is intolerable; that being so, what must we think 
of .»/6-class legislation? The textile people believe that com
pulsory working is good— for a few of us chemists; in other 
words, the Paige Bill selects a few of us upon which to experi
ment with this compulsory working of patents. If compulsory 
working of patents is a good thing for the chemists, or a few of 
us, we are certainly willing to share our good fortune with the 
rest of the country. If it is a doubtful thing or a bad thing, then 
there is 110 reason why some of us should be selected for the pur
pose of "trying it on the dog;” under these circumstances, the 
whole country ought to step in and make every man take his 
just share of the risk, and not as this Bill contemplates, enable 
the textile and other people to stand from under and simply 
shove us chemists, or some of us, out where we are exposed to 
injury.

Congressman Paige himself is reported2 as saying of this 
Bill at the banquet given in Boston by the National Association 
of Cotton Manufacturers 011 April 28, 1915 :

"There were those who feared that the Bill I introduced 
would be applied to all patents, and they were naturally lukewarm, 
if not actually opposed to it, but the Bill contemplated nothing 
of the kind. It was introduced solely for the purpose of reliev
ing American manufacturers from the deplorable conditions 
which existed in September last.

" I  think the textile manufacturers of the country should have 
investigated the merits of the Bill, even if they did not feel 
warranted in urging its passage. B ut the manufacturers who 
ought to have been so deeply interested in this problem in 
New England got cold feet because it was represented to them 
that the Bill would be of no avail.”

Since compulsory working of textile patents is regarded as 
bad by our textile interests why should compulsory working 
of chemical patents be considered good for our chemical in
terests? If compulsory working is as good as represented by 
our textile interests w hy should our textile makers "fear” that 
the Paige Bill would apply to their patents? If they "fear” 
under those circumstances why should chemical manufacturers 
not do the same? Since some of our textile interests are “ natur
ally lukewarm”  or “ actually opposed” to any effort to enforce 
compulsory working of textile patents why should our chemical 
interests do otherwise with respect to the compulsory working 
of chemical patents? W hy should our chemical manufacturers 
be so recklessly sacrificed for the benefit of our textile interests? 
The above Quotation throws a convincing light upon the mental 
attitude of the supporters of this Bill and proves beyond question 
that compulsory working is in itself a bad thing and as such is 
instinctively dreaded by those likely to be affected thereby. 

N ot only is the Paige Bill badly constructed from the point

1 J o u r . Soc. Cltem . In d . ,  1906, p . 785.
2 T ex tile  M a n u fa c tu re r 's  Jo u rn a l, M a y  1, 1915, p . 50; T extile  W orld  

Record, M a y , 1915, p. 126.
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of view of the needs of the chemists, but it is the very poorest 
kind of law-building; it attempts to inject into a Patent A ct 
the language of a Tariff Act; in other words, it has selected, 
from a law-building point of view, the entirely wrong tool with 
which to do its work.

The Paige Bill is bare and unequivocal compulsory working, 
absolutely devoid of any of the legislative and administrative 
compromises which the experience of the world has unqualifiedly 
proven to be absolutely essential; it absolutely ignores the legis
lative experience of 57 countries for the past 80 years.

PA IG E BILL R EV ER SES TW O LONG-ESTABLISHED U . S . PO LICIES

The U. S. Patent Act of April 10, 1790, did not specify “ com
position of m atter” which is the basis of our product claims, 
among the patentable subject-matter; this Act was repealed 
February 21, 1793, and "composition of matter” was then made 
patentable and has remained so ever since, or for 122 years.

The U. S. Patent A ct of July 12, 1832 (repealed July 4, 1836, 
79 years ago) provided for compulsory working of all U. S. 
patents to be held by foreigners;1 110 such legislation has since 
been passed.

Those who wish to bring about such fundamental reversals 
in our policies of such long standing surely must sustain the 
burden of showing positive advantages and the sponsors of 
compulsory working have utterly failed to do so.2

The past has taught nothing to the advocates of this Bill.

S IX T EEN  CRITICISMS OF PA IG E BILL

W ithout attempting a minute and exhaustive analysis of this 
Paige Bill, it is sufficient to point out in sketchy fashion the fol
lowing 16 directions in which it is open to serious criticism:

1— The things to be affected by this Paige Bill are "an y 
drug, medicine, medicinal chemical, coal-tar dyes or colors, or 
dyes obtained from alizarine, anthracene, carbazol and indigo.”  
These things are to be deprived of the right to a product patent, 
to a generic process patent and are to be limited to the process of 
manufacture specifically described and no other; all other prod
ucts to continue to enjoy the rights thus taken away from 
these enumerated products.

2— Process patents relating to these designated things must 
be worked within this country by the patentee or by a licensee 
inside two years from the issue date of the patent, and the product 
must be continuously manufactured within this country there
after throughout the life of the patent.

3— The products of these patents must be for sale at the 
plant where they are made; they must be sold to all comers w ith
out exception. ,

4—-A citizen of the United States escapes infringement if he 
uses the process of the product of a patent covering any of 
these things, if the patentee fails to observe any of the afore
mentioned requirements; a resident of the United States and not 
a citizen thereof does not so escape infringement.

5— A person who deals in the products of such processes of 
patents so invalidated is free from suit for infringement; a person 
who uses that material is not at all exempt from such pursuit 
and by implication is open to such pursuit.

6— A person using benzol which has been produced from coal 
tar. is put on an entirely different footing from a person who uses 
benzol recovered from the gas of a by-product coke oven or benzol 
that may be made by the Rittman process.

To show how these things may work out, it is enough to call 
your attention to the fact that if Inventor A makes a so-called 
coal-tar dye from coke-oven benzol he can get a product patent, 
a generic process patent, and he can do as he pleases with his 
product and his process; if, however. Inventor B uses coal-tar 
benzol he cannot get a product patent for his new dye there
from; he cannot get a generic process claim; he can merely have 
a specific process claim and he must operate that process con-

1 T h is  J o u r n a l , 7 (1915), 304.
2 Ib id ., 7 (1915), 307-317 .
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tinuously for the last fifteen years of the statutory life of the 
patent and he must sell at his plant to all comers. It  is not only 
novel but pernicious to attem pt to define patentable invention 
by the source of the material employed in carrying out that in
vention.

7— A man may take coal-tar benzol and therewith invent a 
new photographic developer or a non-medicinal material or a 
non-dyeing material which is useful in the arts, obtain a product 
patent 011 it, a generic process patent on it, and do absolutely 
as he pleases with both.

8— If it be contended that the expression "coal tar” as used 
in the Paige Bill means things that are contained in coal tar, 
then where do we draw the line? Ammonia is a constituent 
of coal tar and is obtained from it. Would a dye-product, made 
with the aid of ammonia, be a coal-tar product because of that 
ammonia? W ater is a component of coal tar. Is every dye in 
whose manufacture water is used a coal-tar dye? These illus
trations are enough to show the pernicious effect of the loose, 
vague, ambiguous and indefinite language of this Bill.

9— Is there any reason w hy a man who invents a dye from 
coal-tar benzol should be compelled to have a selling outfit 
at his manufacturing plant, and a man who makes a photographic 
developer from coal-tar benzol should not have a selling outfit 
at his plant?

10— Suppose a man invents a new member of the products 
affected by this Paige Bill, and, in order to protect himself, he 
proceeds to invent, let us say, five different processes of making 
that particular new thing; suppose he is operating one of those 
processes in such a manner that with ten days’ production he can 
supply the needs of the entire United States for the whole year; 
suppose that only one of these processes is for him a commercially 
profitable process. M ust that man operate his plant 355 days 
in the year when he cannot sell the output? M ust he operate 
each and every one of those processes throughout the entire 
year and every day or moment of that year? M ust he sell 
to anybody any amount of a product produced b y  any one of 
these processes that a whimsical buyer may specify? If so, it 
simply opens the door to sandbagging— an unfair attack that 
certainly cannot appeal to the American people. It  takes 110 
great imagination to figure out the pernicious combinations 
that are possible under this state of affairs. For example, sup
pose a man decided that A  must deliver to him 10,000 lbs. of 
his product made by his least profitable process; A  decides upon 
a price, which the prospective buyer declines to pay. This Bill 
says, in effect, that A must sell to B; they cannot agree on the 
price. Who decides? Or shall B be in a position to browbeat 
A  into selling him the product of a process at a loss?

11—— Suppose A and B are competitors. B needs the product 
in his business that A has invented, just as does A. Suppose 
B goes to A  and insists on buying that product. A t what price 
shall A  deliver these goods to B ? There is no provision whatever 
in this Bill for the determination of any such disputes and they 
are bound to arise. If A ’s product were not patented he would 
not have to sell to B.

12— Further, suppose A invents a new process of producing 
a so-called coal-tar dye, by  itself, as a pigment and upon fiber. 
M ust he embark not only in the venture of making the coal-tar 
dye itself, but also of the pigment and of the colored fiber? If A 
fails to embark in cither of these ventures or is unable to obtain 
a licensee, does he lose his entire patent, and if not, how much 
and what part docs he lose?

13— Suppose A, during the first two years, cannot embark 
upon the enterprise or is not able to find a licensee. Must he 
lose his patent? If so, this Bill merely puts a prize on pros
pective licensees to band together, string the inventor along, 
and when the two years are up, jump in and take for nothing that 
which they did not create.

14—-Suppose an American invents a new and very useful drug

derived from animal sources entirely, and a foreigner discovers ' 
a  w ay of making that same drug from so-called coal-tar materials.
Is this foreigner to be placed in a position to drive the American 
out of his own market? T hat is precisely what the Paige Bill 
makes possible and enthusiastically invites and encourages.

15— Suppose that the inventor does not succeed before the 
expiration of the twenty-fourth month, in getting his plant in 
shape, but does during the twenty-fifth month. Is he to be de
prived of his patent? If that be so, w hy should we trouble at 
all to invent and would it not be easier to let the other fellow 
do all the work while his time is running against him, interfere 
with delivery of machinery and the like to him, and when the 
twenty-fourth month is up, simply rob him of what he has? If 
this is not putting a premium on piracy, underhanded dealing 
and double-crossing, there never could be any such inducement. 
Suppose his plant and stock burn up during the third year 
and it takes him a week to rebuild, does he lose his patent?
If not, why not?

16— This Bill attempts to do away with product patents and 
substitute specific process patents therefor and abolishes generic 
process patents. Everybody knows that under the American 
system, chemical proccss patents are almost impossible of de
fense; infringement is difficult to detect and to prove; orders of 
inspection arc very rarely given. If we are to substitute process 
patents for product patents on the ground that that is the German 
practice, then we should also incorporate into our system of 
jurisprudence the German judicial point of view of proccss 
patents. While the German claims are in form process claims, 
yet judicial interpretations have given them the effect of product 
claims; furthermore, the patentee, upon a reasonable pritna 
facie showing, forces the defendant to disclose to three men 
skilled in the art and acceptable to the Court that which he 
actually does and the Court then decides whether the thus dis
closed matter is or is not an infringement of the patent. For 
how long does any one suppose the American public would stand 
for a judicial procedure of this kind? I have yet to see the Amer
ican chemist who, after fully appreciating this German procedure, 
was for one instant in favor of abandoning our product claims 
and product patents for process claims and patents.

PROCESS AND PRODUCT CLAIMS

The difference between our present practice, now 122 years 
old, and the practice proposed by this Paige Bill m ay be fairly 
illustrated as follows: A  prospector locates a valuable gold
mine after much wandering and traveling; he stakes and registers 
his claim; that gold mine is his and all are trespassers who 
enter upon his claim by whatever route. The Paige Bill proposal 
would have it that a person reaching that staked and registered 
mine by a route different from the trail taken by the first locater 
has equal rights upon the property with the first locater; this 
Bill wants to try this departure, new to the U. S., upon a few of 
us chemists, while the textile people continue to live and work 
under the old plan. In other words, the Paige Bill ranks a 
finder of a second trail to a gold mine, that he did not discover, 
as of equal importance with the man who had the grit to go 
out and find that unknown gold mine; “ claim-jumping”  is not 
regarded as particularly honorable and clean dealing and why 
should the Paige Bill encourage it? To bring it nearer home: 
suppose you buy a lot and build a house on it; everybody is a 
trespasser who enters that lot b y  any route whatever. The 
Paige Bill says that any one is entitled to full and free use of that 
lot and house and all its contents equally with you, provided he 
enters the lot by any means other than the front gate which hap
pens to be your customary w ay of entering your grounds Can 
you imagine the disturbance that this sort of a proposition 
would make among householders? Then w hy should the chem
ists of this country' tolerate any such treatment?

P A IG E  BILL IN CURABLY BAD

In short, this Bill opens the w ay to innumerable avoidable
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disputes without providing any judicial means of settling them, 
but leaves it to the individual to work out a set of conclusive 
judicial interpretations through costly, time-consuming court 
proceedings. W e now have a large body of such decisions based 
upon our present policy of patent-protection now over 122 
years old. To m y mind, it is worse than useless to throw away 
such positive results and send some of us out on another ex
pedition for the same purpose which might require fifty  years 
to accomplish and with every reasonable prospect of not hitting 
the mark at all, and all at the cost of a selected few of us.

There is no question that many of the above specified objec
tions to this Bill can readily be cured by suitable alterations 
in its language. B u t what an indubitable index such imper
fections are as to the seemingly haphazard and thoughtless manner 
in which this legislation was conceived and proposed! With 
so many on-the-surface faults and shortcomings why is there 
not just ground for well-founded distrust of the more hidden 
effects of such proposed legislation, so-called “ jokers?”  No 
m atter what changes may be made in this Bill as to details like 
those enumerated, the three insurmountable and irremovable 
objections to it still remain:

1— Class and subclass legislation.
2— Abandonment of a settled judicial policy and substitution 

therefor of an effort to create a new judicial policy which the 
world’s experience to date shows conclusively will lead to failure.

3— Introduction of a new system of judicial procedure which 
cannot be otherwise than obnoxious to American principles 
and thought.

Experience is said to have shown that manufacture within 
the country is not stimulated but that dumping is. Shall the 
Paige Bill stimulate dumping? If so, for whose benefit? Any 
one else than the dyc-users?

COMPULSORY W ORKING IN  OTHER COUNTRIES

W ith the aid of the book entitled “ Foreign and Colonial 
Patent Laws,”  by  W . C. Fairweather (published London, 1910) 
and other publications, I have compiled the following list of 
countries having compulsory working clauses and have given 
the date of enactment thereof, so far as it could be ascertained 
with any approach to accuracy; as to dates this compilation needs 
checking up.
D a te  C o u n t r y D a te  C o u n t r y

18321
1844

(1856

1864
1869
1877
1880
1880
1880
1882
1885
1885

U n ite d  S ta te s  
F ra n c e
C o a l- ta r  d y e  in 

d u s t r y  fo u n d ed ) 
L ib e r ia  
P e ru  
G e rm a n y  
E c u a d o r  
L u x e m b u rg  
T u rk e y  
B raz il 
N o rw a y  
U ru g u a y

1887
1888 
1894 
1896 
1896
1896
1897
1898
1898
1899
1901
1902 
1902

S w eden
In d ia
P o rtu g a l
C o s ta  R ica
N eg ri S em b ilan
R u ssia
G u a te m a la
F in la n d
G ra n a d a
N ic a ra g u a
S eyche lles  *
B e rm u d as
B ritish  G u ian a

1 R e p e a le d  1836.

D a te  C o u n t r y  
1902 N ig e ria  (N o r th e rn )  
1902 S p a in
1902 T ra n s v a a l
1903 B a rb a d o s
1904 R h o d es ia  (S o u th e rn )
1905 T r in id a d  a n d  T o b a g o
1906 C ey lon
1906 L e ew a rd  Is la n d s
1906 R o u m a n ia
1907 S w itze rlan d
1908 G re a t B r ita in  
1908 N ew  Z e a lan d
1908 P a n a m a
1909 J a p a n

Those countries whose enactment-dates have not been de
termined :
A rg en tin e
A u s tra lia
A u s tr ia
B a h a m a s
B elg ium

B oliv ia
C a n a d a
C hile
C o lom bia
C u b a

D en m a rk
H u n g a ry
I ta ly
Ice lan d
M a lta

N ew fo u n d lan d  
N ig e r ia  (S o u th e rn )  
O ran g e  R iv e r  C o lony  
V enezue la

W hy do not all these countries have coal-tar dye industries? 
They all have compulsory working laws!

A  half-dozen hours’ casual reading of the working clauses 
as set out in this Fairweather publication will convince any 
one of the futility of the Paige Bill.

COMPULSORY W ORKING AN ABSOLUTE FA IL U R E  

In conclusion, the following from Lord Moulton, the fore
most patent-counsel of Great Britain and one of Great Britain’s 
highest law officers of the present day with regard to the British 
Compulsory Working A ct of 1907 and uttered by Lord Moulton

in 19141 after more than 6 years of enforcement of that Act, 
is pertinent and suggestive:

“ Well, gentlemen, so far as the legislation, as it stands, about 
compulsory working is conccmed, I am afraid I am going to 
use adjectives. I think it is not only mischievous, it is also 
idiotic. It is one of those cases which are growing to be common, 
where the layman rushes into legislation with little or no ac
quaintance with the subject on which he is legislating. Know l
edge has gone so far that the layman cannot keep up with the 
technical knowledge of a subject, even in politics. In my 
opinion, it would have been impossible for any man who under
stood this matter to devise the present legislation.

"N ow  let us take one example, and remember when you are 
testing whether a thing is right or wrong by an example, you 
must never take an extreme example; you must take one which 
fairly represents it. Let me suppose that a man makes an in
vention and contents himself by  taking out an English patent. 
The invention turns out to be of world-wide utility; it is adopted, 
we will say, by every' civilized nation in the world; but the in
ventor has no rights abroad: he has rights in England only. 
Then comes some person and says, 'Y our patent is worked 
mainly abroad!’ Of course it is. Big as England is, the world 
outside is bigger. Then he appeals to this legislation, and claims 
that the patent must be revoked because it  is worked mainly 
abroad. In this he is justified and the consequence is that an 
invention that is universally valuable and universally appreciated 
stands iii the eye of the legislation of England, as it at present 
exists, as condemned to death, and it will be revoked unless the 
poor inventor can explain how it is that a useful thing is used 
more abroad than it is in England.

" I t  is no use arguing about legislation of that kind. It  is 
self-condemned.

* * * * * * *

"T he mischief that has stirred up people to pass this legis
lation is that manufacturers, not inventors, stop the use of in
ventions in this country. Just think of the cases. Do you 
think that a man who invents a new dye would not like it to be 
made by Mr. Levinstein as well as everybody else? But it is a 
different question when a great foreign firm gets it. They do not 
want to protect the inventor’s rights. They want to protect the 
manufacturer’s rights. The consequence is that the whole cause 
of the outcry is the manufacturer who wants to get a monopoly 
by means of the rights which we have given to the inventor 
as a reward for his original thought, and you never find any 
mischief of the kind that it is supposed we .must guard against 
as long as the patent remains in the inventor’s hands. I smile 
when I hear those who take the opposite side in this controversy 
talk about the advantage of compulsory working because it 
brings trade into England and gives work to our working class. 
Mr. Levinstein is an old friend and an old client of mine, but do 
you think he conducts his campaign in order to bring the Badische 
Anilin and Soda Fabrik into England? No, no, no. If you strip 
the cases of the formal language in which they are put, you will 
always find that the man who wants to revoke a patent is a manu
facturer who wants to prevent the inventor proper from getting 
the return of his invention. I have said that I never knew 
any inventor who kept the interest in his invention in his own 
hands, who was ever unwilling that it should be worked as largely 
as possible in every country in the world. Occasionally you may 
find a crank who puts too high a value on his invention, and will 
let the few years of the patent pass and his invention remain 
unused, simply because he thinks that the royalties offered are 
too low, but those cases are so rare that they may be neglected. 
No, the applications to revoke patents are not for the purpose 
of increasing the manufacture in England; they are for the 
purpose of increasing the importation into England. It  is this 
which makes it so important to give to people clear ideas on the 

1 T h is  J o u r n a l .  7 (1915), 314, 315.



974 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  7, No.  11

subject. As you know, it is quite possible that the specious 
appearance of a movement in favor of English manufacturers 
(and it can be clad in those words) may bring some attem pt to 
increase the severity of the law. This can be resisted only by 
showing to the world, first of all, that the movejnent is always 
from the manufacturer— the inventor has no interest in limiting 
the use of his patent— and, secondly, that the aim of all these 
attempts is to increase importation into England, and not manu
facture in England.

"So much for the real substance of the case. W hat then is 
the true remedy? The true remedy is that you ought to protect 
the monopoly of every inventor who behaves reasonably and 
punish those only who act unreasonably. If an inventor sells 
his rights to a foreign manufacturer, and that foreign manu
facturer uses the English patent to prevent manufacture in 
England, a manufacturer who is willing to make the article in 
England ought to be able to get a license to do it. No patent 
ought to be used for the purpose of checking work in the country 
itself. But let me point out the dangers that there are in taking 
a  principle like that and using it without knowledge and without 
caution. There arc many things that are best manufactured by 
one or two firms. The demand is small for them, and one or two 
firms can well satisfy it. If you threw it open to hundreds of 
firms you would get no greater benefit to the country. (A 
voice: ‘I,ess.’) Therefore, we have adopted the rule, and I 
think it a wise one, that the inventor should be left to manage 
his own patent, fix his own royalties, and get as much from it 
as lie can with his own personal knowledge of the matter. But 
if lie acts so unreasonably that the patent is having the effect 
of seriously checking working in England, then give the power 
to the Courts to grant a compulsory license. T hat is remedy 
enough, and I should counsel you not to.do anything else what
ever. If you do you will find that all you are doing is to help 
people to take the ideas of the inventor without giving any fair 
return, and to help people who manufacture abroad to import 
their goods into this country without remunerating the inventor. 
We do not want to see that, because we desire to sec English manu
factures increase, for we feel that we have a growing working 
population. We are glad to welcome new industries to develop 
in our midst; but, if we try to bring that about b y  unjust laws, 
you may be perfectly certain you will do more harm than good, 
and ultimately you will regret it.”

CONCLUSIONS

I— Compulsory working has nowhere been successful, is a 
gross economic error, increases dumping and does not increase 
home-production, and all other countries are anxious to find some 
way of dropping it.

II— The Paige Bill takes no notice whatever of the experience 
of the world for the past 80 years, proposes to start where the 
rest of the world, including the U. S., began So years ago, and 
wants to rc-prove at the expense of a few of us chemists what 
six hours’ reading of past legislation in other countries would 
teach, to any one, was and is a colossal mistake.

III— The U. S. rejected one of the Paige Bill proposals in 
1793 and the other in 1836; no reasonable proof of advantage 
for such a reversal as now proposed has been promised, much less 
offered by the supporters of the Paige Bill.

IV — The Paige Bill was devised for the purpose of forcing 
European dye-makers to the U. S.; compulsory working had 
nothing whatever to do with the dye industry development.

V — The Paige Bill as it stands puts a premium 011 dishonest 
practices and unfair methods of dealing and invites and encourages 
such conduct.

V I— Compulsory working should not be adopted by the U. S. 
and the Paige Bill and all Bills like it should be killed for good 
and all.

90  W il lia m  S t r e e t . N e w  Y o r k  C it y

D IS C U S S IO N

B y H . E . S t o n e b r a k e r

G e n t l e m e n  o p  t h e  C h e m i c a l  S o c i e t y :
The request of your committee to have placed before you the 

other side of the question which Doctor Hesse has so ably 
presented, places me in an anomalous position, but with your 
assurance that the following remarks will not be construed as 
m y personal views, or the views of the patent bar generally, 
I will endeavor to explain the causes for the proposed Bill, and 
the advantages to be derived, as drawn from m y impressions 
after a study of the Bill in connection with similar acts in foreign 
countries and the conditions surrounding the much recently 
proposed patent legislation in the United States.

Before entering into a detailed discussion I want to call a t
tention to several points brought out by  Dr. Hesse: First, I
do not understand that the Bill excludes "generic process pat
ents.”  It  states that patents may be obtained on applications 
relating to "a  definite process,” as distinguished from a product, 
and there is nothing in this to indicate that the Bill contemplates 
the refusal of a patent on a generic process, since a definite 
process may be either generic or specific. Secondly, the patented 
product does not necessarily have to be sold at the place where 
manufactured, as the Bill merely provides that the product 
shall be “ manufactured in the United States by or under authority 
of the patentee within two years of the granting of said patent, 
and after the commencement of said manufacture”  it is to be 
continuously carricd on in the United States “ in such a manner 
that any persons desiring to use the article m ay obtain it from 
a manufacturing establishment in the United States.”  Under 
this provision, I  do not understand that the patentee shall 
be compelled to sell at any price, but merely that he shall offer 
it for sale so that it m ay be obtained by anyone who is willing 
to pay the required price.

The Paige Bill is divided into two sections, one of which 
deals with the exclusion of ccrtain patents, cxcept in so far as 
they relate to a definite process, or, in other words, product 
patents, whereas the latter part of the Bill deals with the com
pulsory working feature, which is the more important considera
tion of the two.

The elimination of product patents will not work any serious 
injury to an inventor and, in fact, will be of considerable assis
tance in connection with litigation involving chemical patents, 
where it is very difficult, and sometimes impossible, to identify 
a particular product with a patent. It is hard to conceive 
of a case where an inventor would not be protected as to his 
product, if a patent is granted to him covering the process 
employed in making that product, so that the inventor would 
not suffer except in the unusual ease where the product could 
be manufactured by more than one process. Under such a 
condition, a generic process patent would afford complete 
protection, and if the inventor is not entitled to cover a generic 
process there is 110 reason why he should be granted a patent 
covering the specific process which he has developed for pro
ducing a certain formula, and every other process that might 
be developed by others after him, but of which he had 110 con
ception. It has been held, as instanced in the case of Downes 
vs. Teter-Heany Development Company, 150 Fed. 122, that 
where a patent includes claims both for a process and a product 
of the process, the claims for the product are to be construed 
in conncction with and are limited in scope by the claims for 
the process and are not infringed unless the process claims are 
also infringed. In the case of Kuehmsted vs. Farbenfabriken, 
179 Fed. 701, HofTman patent No. 644,077, for Acetyl Salicylic 
Acid, known medically as Aspirin, was involved, and covered 
the product of a new process. The Court experienced great 
difficulty in finding any difference between the patented product, 
old products, and the infringing product and held that " a  prior 
known compound having the same formula is not conclusive
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evidence of the lack of patentable novelty in a chemical com
pound,”  and the patent was sustained on the ground that the 
product claimed was produced by a new process. So that in 
reality the invention was for a process and not for a product, 
and if the patent had been based 011 the process instead of the 
product, much labor and expense would have been eliminated 
in litigating it. In commenting on the invention and the patent 
the Court said:

"T he fact that the formulae are identical cuts little figure. 
A chemical formula is simply the symbolical expression of 
the composition or constitution of a substance; as the formula 
fo r. water is H20 . Customarily, chemists who intend to pro
duce a combination of two substances write the formula of the 
product in advance of making it. And, assuming that the for
mula actually expresses the constitution of the substance chem
ically, the substance physically, and in consequence, therapeuti
cally, may be widely different, as, for instance, the water of the 
seas differs in its physical body from the water of certain springs 
though the chemical formula for water, whether of sea or spring, 
is H20 . T hat is to say, two substances having the same chemical 
formula may differ widely as to impurities upon qualitative 
analysis.”

The net result seems to be that the real invention in every 
instance of this class of patents resides in the process and not 
in the product, and to eliminate product patents would be of 
no serious consequence to the inventor, and, on the other hand, 
the requirement that he define his invention in terms of the 
process might be of great help in cutting down litigation and 
in enabling him to prove infringement with greater certainty.

Turning now to the compulsory working phase of the bill, 
a great deal has been said in the numerous discussions of com
pulsory license and working-laws about what the respective 
laws fail to accomplish, but nowhere has there been pointed 
out a specific instance of harm having been done as a result 
of such law’s. The disadvantages claimed seem to be in the 
nature of generalizations, and the hypothetical cases which are 
cited to show the bad effects of the laws in operation are usually 
most exceptional instances. In the talk to which you have 
listened this evening, three reasons have been assigned as a 
basis for the statement that the Paige Bill cannot help the 
chemists. These I will take up in the order given.

(1) Commercial coal tar dyes subject to United States patents 
have never equaled the number of commercial dyes not-patcnted 
in the United States. In answer to this, it can be said that the 
Paige Bill will not affect in any w ay the unpatented dyes, and 
it will insure the manufacture of patented dyes or, as an alter
native, the lapsing of the patents.

(2) The second point advanced was that in all but a very 
few instances, dyes free from United States patent-restraint 
could be made and were offered as suc:essful substitutes for 
dyes subject to United States patents. This admits the ex
istence of cases where United States patents stood in the way 
of open competition, and if any of these patents were pigeon
holed, it would certainly be a disadvantage to the public in 
general, and the Paige Bill would cure just such an evil.

(3) A t no time was the American industry throttled or 
even handicapped by U. S. patents held by foreigners to such 
an extent that it could not offer successful substitutes for the 
great majority of patented articles. If this condition continues 
to prevail there may aris; no cases that will require operation 
of the Paige Bill, but if the Bill did nothing more than to insure 
the continuance of such a happy industrial condition, it would 
be worth putting into effect for this purpose, in the absence of 
proof of any actual harm that might be done by it.

The Bill before us is one of several that have been presented 
to Congress as a result of a combination of conditions that have 
arisen in recent years, due in part, as claimed by many, to our 
patent system, and partly to some of the unfortunate business

policies that have grown up with our trusts and larger com
binations, and it may be of interest to digress for a moment and 
look at some of the causes for the general state of unrest sur
rounding our patent institutions.

A  patent monopoly in an invention for a limited period is 
beneficial so long as the patent is not employed for illegitimate 
purposes, and the patent evils complained of arise only from 
the perversion of patent monopolies to illegitimate uses. Such 
illegitimate use has consisted in securing a monopoly more 
extensive than that covered by the patent, and by accumulating 
a number of patents and suppressing part of them. Our present- 
day trusts have come into existence after the enactment of our 
patent laws, at a time when competition was universally ac
cepted in business and combinations for restraining trade were 
not dreamed of. Under such conditions a patent monopoly 
was a healthful stimulation for competition, but as soon as 
competing concerns attempted to combine for dominating 
any branch of industry, the patent monopoly was put to a use 
for which it w'as not originally intended and resulted in extortion
ate prices and an arrest of progress.

The inventors’ guild, which includes in its membership such 
inventors as Thomas A. Edison, Peter Cooper Hewitt, Michael
I. Pupin and H. Ward Leonard, define in the following language 
the danger that the country faces:

“ It  is a well-known fact that modern trade combinations 
tend strongly toward constancy of processes and products and 
by their very nature are opposed to new processes and products 
originated by independent inventors, and hence tend to restrain 
competition in the development and sale of patents and patent 
rights; and consequently tend to discourage independent in
ventive thought to the great detriment of the nation, and with 
injustice to inventors whom the constitution especially in
tended to encourage and protect in their rights.”

It  has been clearly demonstrated from experience that certain 
patent practices, w’lien pursued in a competitive business way 
are harmless, and sometimes beneficent, whereas the same 
practices are attended with serious evils when pursued for 
the purpose of restraining trade, and it has been a world-wide 
practice to buy up patents for precluding competition, the 
harm of which has been recognized and dealt with in almost 
every nation except the United States. Great Britain, Canada, 
Germany, France and many other nations provide the govern
ment with power to liberate the manufacture, sale or use of 
all patented articles after a fixed period, which affords the 
patentee sufficient time for supplying the patented product 
to the public. In case of his failure to do so, in some countries 
the patent right is forfeited and the privilege of making and 
selling becomes common to everyone, while in other countries 
the owner of the patent by his inactivity brings himself within 
the terms of a compulsory license law.

There is no question but that patents have been bought up 
in large numbers in the United States for suppressing com
petition, and instances can be found in the reports of decisions 
of Federal Courts. Thus in Columbia Wire Co. vs. Freeman 
Wire Co., 71 Fed. 302, the Court, in referring to one of the 
parties stated that:

“ It has become possessed of many if not all of the valuable 
patents for the manufacture of barbed wire and machines for 
so doing.”

In the case of Indiana Manufacturing Co. vs. J. I. Case Thresh
ing Machine Co., 148 Fed. 21, the Court found that one of the 
parties had acquired over a hundred patents pertaining to 
straw stackers.

The National Harrow Company was charged with having 
acquired eighty-five patents on spring-tooth harrows in National 
Harrow' Co. vs. Bement, 21 Appellate Division, New York, 290. 

And in the so-called Locks case, 166 Fed. 560, the Court said: 
“ It is a fact familiar in commercial history that patent rights
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have a commercial value for purposes of extinction; that many 
patents are purchased in order to prevent the competition 
of new inventions and of new machines already installed.”

Another and more famous case is that involving the Paper 
Bag patent, 150 Fed. 741, in which the complainant owned 
two patents covering machines for making paper bags, one of 
which patents was deliberately suppressed, and on this unused 
patent suit for infringement was brought. The suit was success
ful, although in both the Court of Appeals and the Supreme 
Court of the United States there were dissenting opinions, 
contending that the complainant, having purchased and sup
pressed the patent to prevent competition, was not entitled to 
the aid of a court of equity to enjoin and infringe it. .

Other cases may be cited to show the harmful practice of 
buying up and suppressing patents, the effect of which is to 
shut out competition and to build up a monopoly of monopolies, 
equivalent to a patent on the industry, and such a combination 
is not a monopoly in the' beneficial use of a specific invention 
(148 Fed. 25) but is a monopoly created by commercial cunning 
in the use of great wealth, and it is to cure this evil and prevent 
the continuation of such a practice that compulsory working 
is provided.

Another practice that has grown up is for a vendor of a patented 
device to place a notice on the product, requiring the purchaser 
to obtain his unpatented supplies, to be used with the patented 
product, exclusively from the owrner of the patent under penalty 
of his being dealt with as an infringer if he fails to do so, and 
also, patented articles are sold with notices stipulating a fixed 
retail price below which the purchaser is forbidden to sell the 
article. This practice was first, recognized in the case of Heaton 
Peninsular Button Fastener Co. vs. Eureka Specialty Company, 
77 Fed. 288. The complainant owned a patent for a machine 
for fastening buttons to shoes by means of metallic staples, 
and placed a notice 011 the machines which it sold, to the effect 
that the purchaser was licensed to use the device only with 
staples purchased from the owner of the patent on the machine. 
The staples were not patented. The defendant sold staples 
to the purchaser who used the same on the patented machine, 
and the Court held that the act of selling the staples was one 
of contributory infringement, and enjoined a further sale of 
the unpatcnted staples.

The most recent upholding of this doctrine was in the case 
of Henry vs. Dick Co., which the Supreme Court decided March 
11, 1912. In this later case, the Dick Company made and sold 
a patented mimeograph with a notice that it was to be used 
only with ink, paper and other supplies made by the Dick Com
pany. The decision of the Court was that the sale of ink by 
Henry, who knew of the restriction, t6 the owner of the mimeo
graph for use therewith was contributory infringement.

T he restriction as to resale price was however invalidated 
by the Supreme Court in the more recent case of Bauer &  Co. 
Hi. O ’Donnell, decided M ay 26, 1913. According to the facts 
in this case, the complainant prepared and sold a compound 
made according to a patented formula with a notice stating 
that the contents of the bottle was patented, and that it was 
sold under license whereby the purchaser must retail it at not 
less than one dollar, and that anyone selling it for a less price 
or using it when so sold would be prosecuted for infringement. 
A  druggist in Washington sold a quantity of the patented goods 
at a cut price and was sued for infringement, and the Supreme 
Court, by a five to four decision, declared that there had been 
no infringement of the patent, and while the court endeavored 
to distinguish this case in principle from the earlier case of 
Henry vs. Dick, involving the mimeograph they have failed 
to convince many persons that any distinction really exists 
that should cause the application of different principles to the 
two cases. I will not endeavor to reconcile these cases, and 
do not care to enter into any discussion as to whether the Supreme

Court was right or wrong in the decision in either case, but 
am citing them to draw attention to the changed order of things 
that business conditions have brought about, whereby the 
highest court in our land has been influenced to decide by  a 
most narrow margin in favor of one doctrine that has prevailed 
practically since the establishment of our patent system, and 
to throw down utterly another doctrine closely analogous. 
Something must be wrong with our laws that needs remedying, 
so that the public will at least be in better position to judge 
of the probable result in any case, and so that the people m ay not 
be forced to suffer individually or collectively under an illegal 
use of patent monopoly at the hands of any combination, built 
up directly or indirectly, for the purpose of restraining trade 
and competition.

I have here a statement of the working laws in the important 
civilized countries which m ay be of interest, but I will not burden 
you with reading this entirely. The laws in Germany and 
Great Britain are practically the same and require working 
only in the event that the patented article or process is manu
factured or carried on exclusively or mainly outside the country. 
Only three applications for revocation of a patent on the ground 
of non-working were filed in Great Britain in 1912, and only 
one patent was revoked during the same year, and this was by 
consent of the patentee. A  second application was withdrawn, 
while in the third case the patent was revbked in 1913.

During 1913, according to the official notice, eight applica
tions for revocation were filed, of which seven were withdrawn, 
and only one patent was revoked, and this by  consent of the 
patentee. Considering that more than a hundred thousand 
patents were in force in England on 1913, the figures above 
indicate that manufacturers are not in any wray prejudiced by 
the working act.

One of the chief objections to a compulsory working law is 
that inventions are not suppressed, and that the supposed evil 
is fanciful and has no reality, but if there are no instances of 
suppressed inventions, and the proposed law is directed to an 
imaginary evil, it is strange that opposition should be made to 
it when it. should affect no one according to this argument.

Let me read you some extracts from what M r. W alter Reid, 
Chairman of the Institute of Inventors of Great Britain, had 
to say before the Imperial Industries Club on April 1, 1914.1

“ W e for a very long time had no compulsory working; we had 
allowed foreign inventors here to acquire monopolies in certain 
branches of industry and they had made use of those monopolies 
in a w ay which those who were acquainted with the details 
of the subject could no longer permit Great Britain to labor 
under the disadvantage of. On the occasion when we had the 
last deputation to M r. Lloyd George a number of cases and de
tails were given of industries that had suffered in Great Britain 
because foreigners had been granted monopolies here and had 
not worked the patents in this country, but, having the monopoly, 
they could demand from our own people prices which they at 
home could not obtain. A  very familiar case was that of the 
alizarine industry, where our manufacturers here who had to 
use such dyes were paying about half a crown, and the practical 
real value of the material was about seven pence. Of course, 
our manufacturers were suffering there under a great disability 
as regards foreign competition because they required that dye, 
it was a dye which wras necessary and the wool dyers in Brad
ford and elsewhere had those excessive prices to pay whereas 
their German competitors had not.

Now, I think, if we consider that, it is a clear case where the 
British industry is handicapped and unfairly handicapped; 
and I would ask you to bear in mind that the first and original 
idea of a patent was a monopoly for the introduction of an 
industry into this country, and it was only at a later stage that 
the inventor was given a monopoly for the produce of his brains.

‘ See T i n s  J o u r n a l , 7 (1915), p p . 307-308 .
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Nobody will deny that an inventor ought to have something 
for inventing a thing; otherwise we should have 110 inventors 
in this country; they would go elsewhere. But I do think, 
myself, and, so far as I have been able to learn, the opinions 
of inventors generally are, that it is an unfair thing to British 
inventors that a foreign inventor should come here and acquire 
a monopoly and not do what the British inventor in most cases 
has to do from the very nature of the subject, namely, work 
the invention. I think that we, as an Imperial Industries Club, 
ought to see to it that the British inventor is not, at any rate, 
worse of! than the foreign inventors. He cannot in many cases 
acquire foreign patents abroad in the same way that a foreigner 
can acquire a patent here because there is compulsory work
ing.

“ Now, as a consequence of that Act during the time when, if 
I may use the word, it  was active, several firms abroad came and 
established factories in this country and a number of factories 
have undoubtedly been established under the pressure of the 
A ct as we interpreted it. It  is not enough to say that one firm 
or another has put up a factory in England, and they are not 
doing much, that they have done it just simply as a blind, and 
so on; that is not so much the question; those who are behind 
the scenes know very well that a number of patents have been 
introduced into this country under royalty to British firms 
that would not otherwise have been introduced. When an 
industry is introduced into this country, whatever it may be, 
there is employment for British capital, there is employment 
for British workmen and the industry becomes established in 
this country and after the lapse of the patent the industry 
becomes an English one.”

The same reasons apply in the United States that apply in 
England in favor of compulsory working. The evil of illegal 
monopolizing of patents exists beyond a doubt. Only several 
days ago a decision was handed down in the United States 
District Court for Eastern Pennsylvania by  Judge Dickinson 
against the Motion Picture Patents Company, the General 
Film Company and many other concerns and individuals manu
facturing moving picture films and accessories or controlling 
the rights of their manufacture, and by this decision the so- 
called moving picture trust has been dissolved. The Court 
discusses the rights of the holders of patents in the following 
language:

“ It  is the right of a patentee through having the exclusive 
sale of the patented article to control and in that sense to mo
nopolize the trade in it. It  is wrong by an illegal restraint of 
trade to monopolize it or any part of it.”

“ We feel constrained on the authority of this case alone, to 
find that the agreements and acts of the defendants in the 
present case went far beyond what was necessary to protect 
the use of the patents on the monopoly which went with them 
and that the end and result which would be expected to be and 
w as. accomplished, was the restraint of trade condemned by 
law.”

Let me call your attention to the fact that the entire world
wide industry of moving pictures and film manufacture has been 
dominated by probably less than ten men, and were it not for 
the obstruction which the United States has placed in their 
way under the Sherman Law, it is not improbable that in a 
little while the public would be compelled to pay one and two 
dollars for moving picture exhibitions that now cost five and 
ten cents. There should be some other way to prevent this 
practice than the slow and difficult procedure, responsibility 
for carrying on which rests with the United States Department 
of Justice, and a compulsory working law would in a large measure 
prevent the evil, as it would compel a controlling company 
either to operate under all of its patents or else lay the patents 
open to public competitive operation and under the present

existing conditions it is submitted that the United States people 
as an entirety would derive benefits from a compulsory working 
system that would more than counterbalance any bad effects 
that might be found to accrue therefrom.

W i l d e r  B u i l d i n g , R o c h e s t e r , N e w  Y o r k

D IS C U S S IO N
By B. C. H esse

Whether the language of the Bill in respect of “ definite pro
cess”  excludes generic processes and in respect to “ obtain it 
from a manufacturing plant” is or is not mandatory, is open to 
question.' Under the stress of litigation, on the Bill as it now 
stands, it might very well be that the quoted language would 
be stretched to the limit to curb generic process claims on the 
one hand and to enforce sale of goods made by patented processes 
in the U. S., on the other hand. Practice under the Rules of 
the U. S. Patent Office would favor limiting "definite process” 
to "specific process,”  thus excluding "generic processes.” Under 
these conditions the only safe course for the chemists of this 
country' to pursue is to assume the, to them reasonable, adverse 
extreme of the purport of the Bill and its language and the 
conditions that wou'd likely thereunder arise.

In view of the doubtful and limited protection afforded by 
U. S. chemical process-patents and in view of the w ay in which 
Germany, England and France have each stretched chemical 
process-patents into product-patents there is no doubt that the 
chemists of this country would be greatly hampered and har- 
rassed by elimination of product-patents, as such. If .a product- 
patent does not contain tests for the certain’ identification of its 
product and for its differentiation from all other like substances, 
then that is due to improper and defective patent-drafting and 
is not a defect in the patent-law, as such.

As to specific instances of harm done by compulsory working: 
while the summing up by Lord Moulton:

“ No, the applications to revoke patents are not for the pur
pose of increasing manufacture in England; they are for the 
purpose of increasing importation into England,” 1 is a general 
statement, yet it is so clear and authoritative in its statement of 
final result and outcome as to satisfy any reasonable demand for 
specific effect. In an endeavor to get specific and precise in
stances I addressed letters in M ay of this year to two of the sup
porters of the Compulsory Working A ct under discussion at 
the Symposium of the Imperial Industries Club2 requesting them 
to send me specific instances of benefits and directed their specific 
attention to their own generalized statements of benefits; to 
these no reply has been received; I also sent at the same time a 
like letter to one of these opponents of Compulsory’ Working 
and asked him for specific instances of harm— no additional 
information was received. In addition to Lord Moulton’s 
statement, just referred to, are the statements of Gevcrs in my 
paper of this evening and those of A. J. W alter,3 H. A. Colefax4 
and of J. Hunter Gray;* as against these set the statements of 
Walter F. Reid,6 of Alexander Siemens7 and of Ivan Levinstein8 
for specific benefits and compare them with the statement of 
actual results achieved.3 The balance is not in favor of the sup
porters of Compulsory Working. In reading the quotation from 
Mr. Reid as given by Mr. Stonebraker, above, it must be re
membered that commercial forms of process of making alizarine 
were patented separately in England by Perkin, of England, 
B. P. 1948 of June 26, 1869 and by Caro, of Germany, B. P. 
1936 of June 25, 1869; that the British Alizarin Company was 
originally based upon the above Perkin Patent.

1 T in s  J ournal. 7 (1915), 314, 2d. col. last half and to p  of p. 315.
1 Ib id ., 7 (1915), 307-317. < Ib id ., 7 (1915), 307-309.
i Ib id ., 7 (1915), 311-312. ’  Ib id ., 7 (1915), 310.
‘ Ibid ., 7 (1915), 313. • Ib id .. 7 (1915), 305.

. * Ib id ., 7 (1915), 316. > Ib id .. 7 (1915). 306-307.
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Compulsory working will not forcc manufacture of coal-tar 
dyes in the U. S.; France, Russia and England have all and 
long ago found that out.

A law like the Paige Bill will in no wise influence the U. S. 
coal-tar dye market. On the other hand it would discourage 
any American inventors from attempting to break into the busi
ness because the American is not yet industrially equipped to 
compete with foreigners and when he does become so equipped 
he will recognize in legislation like that of the Paige Bill, an 
enemy and not a friend.

W hether compulsory working would overcome the improper 
acquisition of patents and concentration of their ownership 
is something into which I have not looked with any detail; 
however, the habitual concentration of chemical patents (other 
than coal-tar dyes) in a few hands in Great Britain and in 
France and its comparatively rare occurrence in Germany 
does not, at first sight, seem to augur well for the success of com
pulsory working in that direction; having failed in so many 
different directions and in all directions for which glowing suc
cess was confidently predicted,1 there does not seem to be any 
real ground to hope that compulsory working would effectively 
help the Sherman Law or the Clayton Law.

A PPLIED CHEMISTRY^
B y  L . H . B a k k e l a n o  

It is only three years ago that a Brooklyn alderman, who, 
in the absence of the M ayor of N ew York, had to welcome the 
visitors to the International Congress of Chemistry, addressed 
them as if they were druggists or pharmacists.

After all, he made not much greater a mistake than many so- 
called educated men who obtained a B.A. and yet are ignorant 
enough of elementary scientific knowledge to imagine that the 
main occupation of a chemist is to analyze substances and 
detect falsifications.

Even in England, a pharmacist is currently designated as 
"chem ist,”  while a real chemist is called an "analytical chemist.” 

B ut the European war has done much to correct some of these 
mistaken notions of the public at large. Our daily press has 
to a certain extent acquainted this country with the fact that 
in our national make-up, there are such things as chemical 
problems. I doubt, however, whether the unthinking masses 
have begun to realize that aside of the so-called chemical in
dustry, practically every other industry, in fact, every enter
prise, has chemical questions to contend with, and that chemical 
industry itself is intim ately interwoven with the great network 
of every modern industrial or agricultural condition; that the 
economic welfare of our country, and the health of its citizens is 
largely dependent on the w ay we utilize our chemical knowledge.

CHEM ICAL WARS 

The present war has been aptly called a "chemical w ar,” 
because efficient work of every department of the fighting 
armies, from the Red Cross service to the manufacture of guns 
and explosives, involves incessantly chemical knowledge and—  
still more chemical knowledge.

B ut do not imagine that this is the first chemical war. The 
art of killing and robbing each other became "chem ical” the 
day gunpowder was invented; at that time, however, the ex
isting knowledge of chemistry was just of pinhead size. 
Napoleon knew very well how to use adroitly exact knowledge 
and chemistry for furthering his insatiable ambition to dominate 
the world; so he surrounded himself with the most able chemical 
advisers and scientists, and, for awhile at least, he placed him
self at a decided advantage over his many enemies; incidentally, 
he thus helped to lay the foundation for some very important 
branches of chemical industry.

< T i n s  J o u r n a l , 7 (1915), 301 , to p  o f 2 n d  col.
'  P re se n te d  a t  th e  5 1 s t M e e tin g  o f th e  A m erican  C h em ica l S oc ie ty , 

S e a ttle , A u g u st 31 to  S e p te m b e r  3, 1915.

"Les chiens ont appris quelquechose,”  exclaimed the 
Corsican conqueror when he realized that his enemies began to 
adopt the same means which had given him temporary master
ship over them; but those whom he called so contemptuously 
"the dogs” finally beat him at his own game.

Ever since then, science, technology and chemistry in particu
lar, have played a role of increasing importance in the armament 
of nations. This accounts perhaps for the strange fact that the 
really great military inventions have practically all emanated 
from civilians and from non-military nations like our own. 
If the men of the military class, essentially conservative in all 
countries, had been left to their own devices, they would prob
ably still be fighting with bows and arrows— or perhaps, with 
the traditional sling. Nor should the pacifist blame the chemist 
if the latter’s most beautiful conquests in science, if his proudest 
discoveries, have been turned into means of relentless de
struction and human slaughter. Do not reproach chemistry 
with the fact that nitrocellulose, of which the first application 
was to heal wounds and to advance the art of photography, was 
stolen aw ay from these ultra-pacific purposes for making smoke
less powder and for loading torpedoes. Do not curse the chemist 
when phenol, which revolutionized surgery, turned from a 
blessing to humanity into a fearful explosive, after it had been 
discovered that nitration changes it into picric acid.

As well might you curse written speech or language or the 
art of printing— by which the most noble thoughts of the human 
race have been expressed, disseminated and preserved— if it 
has been used also to distribute the vilest lies and the most 
damnable errors.

Knowledge is like a knife: in the hands of a well-balanced
adult, it is an instrument for good of inestimable value; but 
in the hands of a child, an idiot, a criminal, a drunkard, or an 
insane man, it may cause’ havoc, misery, suffering and crime.

Science and religion have this in common, that their noble 
aims, their power for good, have often, with wrong men, de
teriorated into a boomerang to the human race. Our very 
successes will threaten to devour us as long as all of us have not 
yet become imbued with the truth that greater knowledge, like 
greater possession of wealth or power, demands a greater feeling 
of responsibility, greater virtues, higher aims, better men.

L et us hope, in the meantime, that war carried to its modern 
logical gruesomeness, shorn of all its false glamor, deceptive 
picturesqueness, and rhetorical bombast, exposed in all the 
nakedness of its nasty horrors, m ay hurry along the day when 
we shall be compelled to accept means for avoiding its repe
tition.

Will you take it amiss if I made a digression from my subject 
as an answer to some repeated attacks which have been made 
of late by men who blame our increasing scientific knowledge 
in general and our chemical science in particular, for the ex
cesses of the present European war?

TH E  PEA C EFU L W ORK OF AM ERICAN CHEM ISTS

But let us turn our attention to more peaceful chemical 
pursuits and more particularly to the chemists of this country.

Their work is difficult to understand and still more difficult 
to be appreciated by the uneducated or uninitiated; nor do 
chemists court the plaudits of an ignorant public that cannot 
understand them; they feel fully compensated by the results 
of their work if it only meets with the approval of a few of their 
fellow-chemists, irrespective whether it brings them financial 
results or not; in fact, most chemists are so much in love with 
their work, that very often they neglect the financial side to 
their own immediate detriment.

Unlike the physician, lawyer, clergyman, actor, writer, artist, 
or business man, the chemist does not depend on the public 
at large; he is either engaged in some private enterprise or he 
acts in a consulting capacity for a few people, if he is not engaged
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as professor or teacher in some educational institution. Popu
larity in the usual sense has little or no value for the chemist.

No wonder then that the chemists of this country, numerous 
and active as they are, have hardly been noticed among the 
daily noise of newspaper sensation and shrieking publicity— no 
more than a skillful watchmaker would be noticed among the 
hammering of a busy steam-boiler manufacturing plant.

And yet, right here in the United States, the chemical pro
fession has taken such a root, such a development during the 
later years, that we have here assembled at this very meeting, 
the representatives of our national American Chemical Society, 
which counts over 7000 members, by far the largest membership 
of any chemical society in the world, with all due respect to 
England, France and Germany— a society which finds it possible 
to spend yearly over $100,000 011 its three chemical publications, 
copies of which are to be found all over the world in every well- 
equipped scientific library. Nor is the study of chemistry in this 
country a matter of recent occurrence. Our European friends 
are astonished when we tell them that as far back as 1792, there 
existed already the Chemical Society of Philadelphia, which was 
probably the first chemical society ever organized in the world; 
even to-day, some of the papers read at the meetings of that 
early scientific body furnish very interesting reading. Some 
of our American universities equipped chemical research labora
tories for students, at a time when exceedingly few of the best- 
known European universities possessed any such facilities.

Nor should we overlook the fact that notwithstanding the 
essentially pragmatic tendencies of our country, the United 
States has given to the world a Willard Gibbs, who out- 
theorized existing chemical theories and whose mathematical 
deductions are still, after his death, furnishing food for pro
found thought to the most renowned physical chemists of 
Europe, to whom they have opened entirely new fields in the 
study of chemical dynamics.

TH E A N ILIN E-D Y E SITUATION

I mention this more particularly because some of our aniline 
dye consumers have taken the chemists of the United States 
bitterly to task and have made decidcdly unfavorable comments 
on their abilities, because since the European war, dyes could no 
longer be imported from Europe. But Dr. B. C. Hesse, an 
American-born chemist, a graduate of the University of M ichi
gan, has already ably answered this indictment of the American 
chemists. In a paper full of information on this subject, which 
he presented at our last General Meeting,1 but which, un
fortunately, has received little or no attention from our daily 
press, he has clearly demonstrated that the aniline dye con
sumers of the United States can have all the chemists and all the 
dyes they want; provided they are willing to make the necessary 
investments of capital and to submit to the risk of uncertain 
profits by starting their own dye-manufacturing establishments 
here in the United States instead of, as in the past, favoring 
imported dyes, either through personal choice, or by fostering 
legislation which forbids the home manufacturers to utilize 
such methods as selling agreements, “ Kartels,”  or other con
solidation of interests, "dumping,” — so as to kill new competitors 
in the field, while making up the temporary loss by increasing 
the price of other products,— and in general, any of the many 
other trade arrangements and trading tricks freely and openly 
utilized by  European manufacturers so as to stifle possible 
competition of our home aniline dye producers.

The outcry which has been raised as to our shortage of artificial 
dyes is out of all proportion if we take into consideration that 
the annual importation of dyes and synthetic products from 
Germany amounts only to about $9,000,000. As our former 
President, M r. A. D. Little, pointed out2 this represents about

1 T i n s  J o u r n a l , 7 (1915), 293.
» Ib id ., 7 (1915), 237.

the same sum of money as the amount of candy sold annually 
by the Woolworth Ten-Cent Stores.

LOCAL O PPO RTU N ITIES OP AM ERICAN CHEM ICAL IN D U STRIES

The development of any chemical industry is a matter of 
local opportunities; for instance, the manufacture of cellulose, 
as well as the industry of wood distilling, have taken a greater 
development in the wood-covered sections of the United States 
than in Germany or any other country in the world.

The magnitude and earning capacity of the largest German 
chemical enterprises, however imposing they may be, look less 
astonishing if you take into consideration that some of these 
companies have been in existence for more than half a century. 
Much younger American chemical enterprises, which make 
American specialties— for instance, the Eastman Kodak Com
pany, which sends its films and photographic papers throughout 
the whole world— have annual earnings decidedly greater than 
the most successful German chemical works of much older 
existence. Nor is the value of the output of our largest purely 
chemical companies much less important than that of the 
German concerns.

s u l f u r i c  a c i d

This country is now the greatest producer of sulfuric acid 
with an annual production of about 3,000,000 tons. Y et it 
is not so long ago that the first maker of sulfuric acid could not 
even find a purchaser for a trifling small production of a few 
tons per week. It  needed the opportunity of a home market; 
by and by this was created by the refining of petroleum after the 
discovery of our oil fields, .the discovery of natural phosphates 
and the resultant industry of superphosphates, the use of dyna
mite for blasting, the development of the glucose industry, and 
electrolytic copper refining. These and many other new in
dustries all required large amounts of sulfuric acid, and gave 
this country an opportunity of developing sulfuric acid manu
facturing to its present importance. In fact, the same reasoning 
holds good for all of our industries. I doubt very much whether 
the talented foreigners, who have now beome proficient in 
chemical manufacturing, would have tied their initiative and 
enterprise by specializing in coal-tar dyes manufacturing, if 
they had had the limitless opportunities of an immense un
developed country like ours, to which to give outlet to their 
spirit of pioneersliip in mining, transportation, agriculture, and 
similar subjects, all beckoning for more urgent attention, and 
offering at the same time, more immediate rewards.

AM ERICAN ELECTROCHEM ICAL IN D U STRIES

In the meantime some of our other chemical industries, better 
suited to our local conditions, have taken such an enormous 
development here as to make the United States an undisputed 
leader in at least some of them. Such products as the various 
acids and salts, aluminum, artificial abrasives, soda and caustic 
alkalies, bleaching powder, chlorine products, electrolytic copper, 
are decidedly more important in value and in economic im
portance than the few' million imported coal-tar dyes.

Mr. F. A. Lidbury1 pointed out rightly that if there had been a 
shortage in some of the products of our electrochemical in
dustries in which the United States has been a pioneer, the 
consequences to our national economics would have been so 
serious that the present complaint of our aniline dye users would 
have sounded like a timid whisper, compared to the bellowing 
lamentations of so many more important industries which would 
have become absolutely paralyzed. The fact is that few men 
realize how many industries are directly dependent on the work 
of American chemists. If the aniline dye industry has been 
somewhat neglected in this country, there are many other good 
reasons for it; not only was the possibility of reasonable profits 
too scant to offer special inducement to clever-headed business 

1 F . A. L id b u ry , M etallurgical and  C hem ical E ng ineering , 13 (1915), 277.
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men to risk their capital in this branch of manufacturing when 
they had so much better choice in other channels of enterprise, 
but the first raw material, suitable coal tar, was not abundantly 
available here as it is in Europe, for the simple reason that this 
country long ago discarded the older and more expensive 
methods of gas manufacturing generally used in Europe, and 
which give coal tar as a by-product. The less expensive and 
simpler water-gas process, adopted in the United States, gives no 
suitable gas tar; it is only of late, by  the introduction of the 
by-product coke ovens that we can look forward to an almost 
unlimited supply of coal tar.

In the meantime, the German manufacturers had every 
opportunity in specializing in these coal-tar industries and could 
afford to concentrate their efforts so as to supply not only their 
home consumption and that of the United States, but that 
of the whole world; in about the same w ay as the United States 
sends to the remotest corners of the globe its sewing machines, 
its typewriters and its Ford cars.

Judging from the past history of the chemical industry in 
America, I have little doubt that the day it  will be found profit
able to manufacture all kinds of synthetic dyes here in the 
United States, instead of a few as is the case now, there will be 
little further delay in supplying the demand by a hustling and 
bustling home production.

In fact, it is quite possible that under present abnormal 
conditions, this branch of manufacturing may be stimulated to 
the point as to result in overproduction after the war is over.

CHEM ICAL RESEA RCH  IN  U N IT E D  STATES 

If hitherto our chemists have been deficient in this special 
line, we can, with some satisfaction, point to better efforts in 
other chemical industries. For instance, it is not sufficiently 
known how many research chemists in our different American 
manufacturing establishments are busily occupied in studying 
and improving manufacturing processes, nor what large sums 
of money are devoted every year to industrial chemical re
search. If we hear it constantly repeated that some of the 
largest German chemical companies have hundreds of chemists 
and engineers, it is less known that right here in the United 
States, the number of chemists employed in some of our better 
organized chemical enterprises is scarcely less; but nobody finds 
it necessary to boast about it. In  fact, the most striking 
symptom is that so m any engineering enterprises, for instance, 
some of our large electrical companies— although their field of 
action seems rather remote of chemical subjects— have now 
elaborate chemical research organizations, of which the record 
is well known by their excellent results.

Conditions were quite different some fifteen or twenty years 
ago; but this country has grown, and as the requirements and 
opportunities grew up at the same time new chemical problems 
arose thereby.

T H E  ANALYTIC AND CONSTRU CTIV E TU RN  OF MIND 

The urgent nature as well as the magnitude of some of these 
ne\v chemical problems, is shaking our chemists awake,— is 
making new men of them.

Professor W hitaker is probably right when he says that the 
chemists are thirty years behind the engineers as far as method 
and attitude of mind is concerned, but this same criticism holds 
good for chemists all over the world. The fact is that the 
engineer was called first, and he was born centuries before the 
chemist, but the latter is now making up for lost time.

New conditions, new problems, are compelling the chemist 
to learn to tackle a proposition in a true engineering spirit 
and— to hitch some business sense to it. He is learning to 
forget thinking or acting on the test-tube plan; he is thrown 
more and more in contact with business men; he begins to 
realize that too one-sided theoretical considerations are some
times more dangerous than complete ignorance and that a sense

of proportion and relative values is the first requirement for 
good practical effort.

Here, indeed, is one of the weakest spots of the chemist. 
Aside from the fact that the chemical profession seems one of 
those vocations which have fascinated a large number of in
tellectual freaks, it has generally attracted men of an analytical, 
rather than a constructive turn of mind. Successful engineering 
is essentially constructive. The most urgent work for the 
chemist of to-day must be constructive— he must learn how to 
cement together the vast amount of data which already lie 
at his disposal, even if he, himself, has to provide this very 
cement by further research.

TH E  CH EM IST IN  O TH ER IN D U STRIES

The chemist of to-day is no longer confined to purely chemical 
enterprises; even . the most stubbornly conservative manu
facturers have learned, through competition, that every in
dustry, however mechanical be its nature, has its chemical 
problems. Things have changed rapidly since the day Andrew' 
Carnegie listened with a sly twinkle in his eyes to the fun his 
competitors were poking at him when he first engaged a spec
tacled professor to investigate the chemical problems in his 
iron works. Conditions have now become reversed; to-day, a 
steel or iron works without a competent chemist justly  pro
vokes contempt and distrust.

Nor is the time so far distant when even our biggest railroads 
had not begun to realize how they missed the constant services 
of a staff of chemists, so as to advise them in the endless chemical 
problems which present themselves in the operation of a well- 
organized railroad.

Some time ago, I visited the plant of the National Cash 
Register Company, in Dayton, Ohio; one of its most interesting 
departments was its well-equipped chemical laboratory, where 
no end of chemical questions relating to the manufacture of 
purely mechanical devices have to be studied and solved.

No up-to-date motor-car works is complete without its 
chemical department and the same remark holds good for all 
■well-organized engineering concerns.

In this country, the importance of chemistry has been first 
appreciated in its relations to agriculture. So obvious was 
this, that we set an example to all other nations of the world 
by the number of our federal and our state chemical agricultural 
laboratories. This, more than anything else, was the entering 
wedge of applied chemistry in this country, which extended later 
on in the Government Service, Geological Survey, Bureau of 
Standards and the Bureau of Mines. Nor did the useful effect 
stop there. M any of our federal chemists, our state chemists, 
have left public service to accept better-paying positions in 
private industries; but the men trained in public service im
planted their high aims and scientific w ays in some of our com
mercial enterprises which needed it badly. I know of some 
cases w'here this beneficial influence changed radically the whole 
spirit of the commercial organization, from its manufacturing 
to its selling department, and introduced instead of reckless, 
sordid commercialism, a spirit of fairness and efficiency which 
soon proved the more profitable policy.

ET H IC S OF TH E CH EM IST

In this and similar directions the chemist can exercise a 
valuable moral influence on the community. If you think it 
over, you will find that the quest of efficiency lies quite close 
to the path of honesty, justice, and equity.

Here also the chemist has much to learn. In some instances, 
I have been astounded at the almost childlike attitude of mind 
of some of our chemists who are too ready to sell their services 
to anybody who has a temporary use for them, irrespective 
of the underlying motives or purposes.

Some lawyers tell me that they never have the slightest 
difficulty in hiring chemical experts to defend contradictory
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opinions. It  is quite amazing how some chemists in their 
eagerness of pleasing their employers will overlook their own 
ignorance of the most elementary principles of patent law, as 
well as their superficial acquaintance with the many details of 
intricate technical questions while not hesitating to furnish 
cocksure opinions which encourage infringers or industrial 
pirates to trespass on the rights of intellectual property of 
others. M uch ruinous patent litigation would be avoided in 
this country, and invention would be better encouraged if wre 
had more men of the type of a well-known British electrical 
expert, who never hesitates in Court to tell the simple and direct 
truth, regardless whether it kills or saves the case of his client; 
his statements are so highly valued and respected that the 
judges accept them without suspicion, and the same expert is 
frequently retained by the two opposing parties, whom he serves 
impartially, and who gladly pay him higher fees than to a mere 
litigation-acrobat-expert, or a chemical “ ambulance-chaser.” 

EM PLO YERS AND EM PLOYEES

The ethics of our profession have been dealt with by the 
American Institute of Chemical Engineers, and have been 
embodied in its recently adopted Code of Ethics, which may 
furnish a good guide for younger or less-experienced chemists. 
And this leads me to state that many more manufacturers or 
business men would be induced to utilize the services of chemists, 
if they could feel confident that in so doing they are not putting 
themselves at the immediate mercy of a stranger, by confiding 
to him facts or processes which it has cost them many sacrifices 
of time and money to accumulate, and the undivided knowledge 
of which constitutes sometimes one of their most valuable 
assets. On the other hand, a chemist can hardly be of any 
service unless his client or employer is just as frank with him 
as he would be with his lawyer or physician. However, this 
mooted point is easily overcome by referring to the Code of 
Ethics to which I have just alluded, or, better, by  making a 
preliminary agreement between the chemist and his client or 
employer, safeguarding the interests of both parties. B ut in 
such a case, the compensation to the chemist should be made 
commensurate to the occasion.

This same principle holds good in the employment of chemists 
in manufacturing plants, where the chemist is either engaged 
in research or in a manufacturing capacity. An employer 
should not expect an intelligent chemist to render him important 
services without proper compensation, and in as far as the 
practical value of the work of a chemist can seldom be determined 
in advance, it will pay the employer to offer special inducements 
or rewards for initiative; he can well afford to give his chemist 
some share of the increased profits he has received through his 
work; to do otherwise would be narrow-minded, short-sighted, 
and detrimental to the direct interests of the employer. The 
work of a research chemist cannot be performed nor measured 
like that of a bookkeeper or a laborer; the results of his work are 
uncertain; delays and obstacles beset him at every turn; some
times luck plays an important role; but good-will, enthusiasm, 
and persistent endeavor are indispensable factors and these 
m ay be encouraged or killed by  the attitude of the employer. 
An employer who is unfair, or who cannot arouse the respect or 
the enthusiasm of his chemists, cannot get the best there is in 
them. He must make them feel that if their work turns out 
well for him, they will get some decent share of compensation. 
Therefore, a  reasonable salary ought to be supplemented by the 
possibility of a bonus or some share in the profits based on the 
earnings brought about directly by the work of the chemist.

On the other hand, the chemist must not overlook the financial 
sacrifices and business risks assumed by his employer. He 
should specially bear in mind that knowledge or experience 
gathered at great cost by his employer, or through expensive 
factory equipment, or other facilities, have in most cases enabled 
him to take up his own work at an advanced stage. It  would

be rather unfair, unless otherwise stated, that a chemist should 
be allowed during or after his period of employment, to divulge 
or take advantage of all knowledge or information gathered 
around the plant in which he is engaged; or patent for his ex
clusive benefit, any inventions he m ay make on those particular 
subjects for which he is engaged, as long as the stimulating 
ideas themselves have been gathered by the very means put 
at his disposal by his employer. All these questions should be 
provided for and embodied in an equitable contract which will 
necessarily vary  with special circumstances. But here again, 
niggardliness, or too great cunningness of the employer, will 
hardly pay. Unless his chemist be a fool— and a fool of a 
chemist is not worth anything— he will lose the good will and 
confidence of the very man whose work is primarily dependent 
on these factors.

Faithful and generous observance of these conditions have 
brought about the most excellent results in many instances. 
I know that the contract system, with a salary supplemented by 
a bonus, or participation in profits in special departments, 
has been used with great advantage to all concerned, by some of 
the most successful chemical companies in Continental Europe, 
and in some of the more progressive American enterprises.

It  has been objected that a contract of the kind merely binds 
the employer w'ho has tangible assets, while in most cases it 
would be difficult to enforce it against faithless employees. But 
even then, a clear and well-defined contract will prevent many 
misunderstandings which will crop up in the course of time. It 
has been m y experience that direct dishonesty and faithlessness 
are merely exceptions among chemists, whatever their other 
shortcomings may be.

T H E  CHEM IST AS A RESTLESS PROSPECTOR 

We know where the work of the chemist begins. W e can 
never tell where it ends, and through what unexpected ramifica
tions it may lead. I t  is just this fact which adds some zest to 
the life of the struggling, hard-working chemist, and brings to 
his work frequently as much excitement as the best of sports; 
his hopes and disappointments can be compared to those of the 
restless prospector.

Pasteur, while he was professor at the University of Lille, 
was consulted by a local alcohol distiller about some irregularities 
in the fermentation processes. Little did the great French 
chemist dream, when he tried to solve this purely industrial 
problem, that by  doing so he was going to establish such an 
amount of new and unsuspected scientific facts, destined to 
upset all formerly accepted notions, not merely on fermenta
tion, but on life, disease, contagion and epidemics; that he was 
about to revolutionize surgery, sanitation and medicine, and 
create several new departments of medical science; that he was 
going to save millions of lives, reduce sorrow and misery. So 
little were the men of that period prepared for all these 
stupendous revelations that this great benefactor of the human 
race had to suffer most from the gibes and violent attacks of 
some of the best-known men of that very medical profession 
into which he was going to infuse new life by  placing it on a 
true scientific basis. The history of the stubborn polemics 
and angry discussions at the French Academy show that, at 
that time at least, the imagination even of men of science could 
not expand to the point of perceiving that medicine and surgery 
were to be remodeled by the hands of a mere chemist.

Y o n k e r s , N e w  Y o r k

TH E INDUSTRIAL RESO URCES AND O PPO RTU N ITIES 
OF T H E  N O R T H W E ST 1

B y  H . K . B e n s o n  

The industrial aspect of the Northwest has been towards the 
East. From thence flowed the great streams of capital which

1 P re sen te d  a t  th e  5 1 s t M ee tin g  of th e  A m erican  C hem ica l S ocie ty , 
S e a ttle , A u g u st 31 to  S ep te m b er  3 , 1915.
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have furrowed the continental barriers and spread a network 
of transportation to every storehouse of natural treasures; 
or locked in mountain fastnesses have generated the power 
with which the wheels of industry m ay be driven. The time 
is coming and is now here when we may well turn from the 
broader phases of external development to a more minute and 
critical inspection of the resources about us on every hand and 
utilize them in the greater intensification of industry and com
merce.

The Pacific Northwest constitutes an industrial unit which 
comprises the states of Oregon, Idaho, and Washington, the 
Province of British Columbia in Canada, and the territory 
of Alaska. Although composed of different political parts, 
whereby the natural course of industry m ay be hindered or 
benefited, yet the ultimate outlet for commodities is largely 
confined to the cities touching the waters of the Pacific Ocean. 
M aterial development of any portion of this area is felt through
out all of it. While it would be of great interest to compre
hensively discuss the potentialities of the Pacific Northwest 
as a whole, the lack of published data would make it necessary 
to collect and compile at first hand much of this information. 
Time does not permit of such an extended investigation 
at present, and it is proposed therefore to present in some de
tail the resources of the State of Washington as a typical example 
of what m ay be found in varying degrees throughout the entire 
Northwest.

The total area of the Pacific Northwest includes nearly a 
million and a quarter square miles, distributed as follows:

O r e g o n  W a s h in g t o n  I d a h o  B r it i s h  C o l u m b i a  A l a s k a  
96,607  69,180  83,888  395,500  586 ,400  sq. mi.

Harney County, alone, in Oregon, contains as much tillable 
land as the State of M aryland, while the area of Alaska is greater 
than that of Norway, Sweden, Finland, England, Scotland 
and Ireland taken together. While a large portion of Alaska 
is mountainous, less than i per cent of its area consists of per
manent snow fields and its agricultural valleys contain as much 
tillable land as is cultivated in the States of New York, Pennsyl
vania, and Ohio.

LUM BER AND WOOD PRODUCTS

We call Washington the “ Evergreen” State, because its hills 
and mountains are enveloped with forests of fir, cedar, spruce 
and hemlock. W ith the pines of Oregon and Idaho, these forest 
species represent the greatest resource of the Pacific Northwest. 
In the states of Oregon, Washington and Idaho there are still 
uncut more than 50,000,000 acres of merchantable timber, 
from which it is estimated that over 850,000,000,000 feet, board 
measure, of lumber m ay be cut. This is more than one-third 
of the standing timber of the United States. The annual cut 
of lumber in the two states of Oregon and Washington is slightly 
in excess of 5,000,000,000 feet in lumber and 8,500,000,000 
shingles. Over 2,000 wood manufacturing establishments, 
employing about 65,000 men, are required in the production 
of the lumber and timber products of Oregon and Washington 
annually. The value of the timber products annually manu
factured exceeds $80,000,000, of which 80 per cent is paid out 
for wages, taxes, rent and other production costs. When there 
is added to these forest areas, the 180,000,000 acres of forest 
lands in British Columbia with its annual cut of 1 ‘/a billion 
feet and an estimated stand of merchantable timber amounting 
to 130,000,000,000 feet and the more or less indefinite content 
of 20,000,000 acres of merchantable timber in Alaska, it becomes 
apparent that the timber products of the Northwest will continue 
for many years as an asset of great importance.

FER T IL IZ E R S

f i s h e r i e s  p r o d u c t s — The fertilizer resources of the Pacific 
Northwest are almost of equal importance with its forest products. 
From the waters of Puget Sound and the North Pacific the annual

harvest of fisheries products exceeds $53,000,000. In 1913 
the fisheries products of British Columbia were almost one-lialf 
of the total production of the Dominion, amounting to $14,-
500.000 and twice the value of those of N ova Scotia. The 
salmon industry of Alaska now extends from Ketichan in South
eastern Alaska for a distance of 2000 miles to beyond the B ay 
of Bristol in Bering Sea. In 1913 the 79 salmon canneries of 
Alaska represented an invested capital of $31,341,670.00 and the 
annual catch of halibut, codfish, herring and whales required 
an additional investment of over $6,000,000.

From the annual packing of 8,000,000 cases of salmon on the 
Pacific Coast results an annual production of 140,210 tons of 
cannery waste, which might be augmented considerably by the 
non-edible fish which are rejected and never reach the cannery. 
This waste contains in the fresh condition 10 per cent oil, 3.5 
per cent bone phosphate, 1.5 per cent phosphoric acid, and 
3 per cent nitrogen. Of the total waste in 1913, only 16,300 
tons were utilized 011 the Pacific Coast of the United States. 
From this waste were obtained 1630 tons of dry scrap and 293,000 
gallons of oil. More complete utilization would increase the 
possible output of fertilizer and oil by tenfold.

p o t a s h — Floating upon these same waters are the great 
beds of the giant kelps or sea weeds. These have been mapped 
by the United States Bureau of Soils, and according to this 
survey, they yield annually over 20,000,000 tons of kelp equiva
lent to 750,000 tons of potassium chloride. The total imports 
of potash salts of all kinds in normal times is equivalent to about
400.000 tons annually. From the kelps of the North Pacific 
waters may be extracted not only the potash salts for domestic 
consumption, but a surplus as well, which eventually may enable 
this country to export potash salts to other countries.

r o c k  p h o s p h a t e — Until the discovery of the rock phosphate 
deposits of the Northwest the only commercial quantities that 
were known to exist in the United States were found in Florida 
and Tennessee. The phosphate deposits of Idaho are thirty 
times greater than the other known deposits of the United States. 
In the areas thus far surveyed by the United States Geological 
Survey it  is estimated that over 2,500,000,000 tons of phosphate 
rock with 35 to 37 per cent phosphoric acid (P2O5) may be found.

In the ultimate utilization of cannery waste and of non-edible 
fish, of the potash in kelps, and of phosphate rock, the Pacific 
Northwest ofTers a most promising field for the upbuilding of a 
great fertilizer industry.

POW ER

c o a l  a n d  o i l — In the past, the industrial welfare of a com
munity was dependent upon its nearness to a coal deposit but 
in the Northwest coal has competitors in the great quantities 
of oil from California and the electrical power of the mountain 
streams of the Northwest. The annual production of coal in 
the State of Washington is nearly 4,000,000 tons, while that of 
British Columbia is 2,500,000 tons. The total supply of coal in 
the Pacific Coast states is estimated by Campbell and Parker 
at 22,000,000,000 tons of which 20,000,000,000 tons are located 
in the State of Washington. The coal fields of Alaska cover 
12,667 square miles. The estimate of the Geological Survey 
places the minimum coal resources of Alaska a t 150,000,000,000 
tons, which are far in excess of the original coal supply of Pennsyl
vania. Unlike the latter, however, much of this coal consists 
of lignites, the utilization of which calls for new methods and 
processes. Even in the State of Washington and adjacent to 
the coal fields themselves fuel oil is transported from California 
displacing annually a quantity of coal greater than that consumed.

w a t e r  p o w e r — The water power resources of the Pacific 
Northwest constitute an important factor in power productions. 
The estimated developed water power of the Pacific Northwest, 
exclusive of Alaska, exceeds 650,000 H. P. The estimated un
developed power of the Columbia River Basin is approximately
20,000,000 H. P., or one-third of all the undeveloped water power
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in the United States, and equivalent to all the water power 
found in the twenty-six states east of the Mississippi River. 
Within economical transmission of our larger cities on tide water 
m ay be generated at least one-fifth of the available water power 
of the United States, exclusive of Alaska. The water power 
resources of the latter are said to exceed those of the Pacific 
Coast states.

M INERALS

m e t a l s — M uch has been written of the mineral industry of 
Alaska and the Northwest, and it would become tedious to 
particularize concerning its extent and importance. The 
annual production of gold and silver in normal times is approxi
mately $35,000,000. For the year 1913, the production of 
copper was valued at $11,300,000, of lead at $15,600,000, and of 
zinc at $2,500,000. The development of deposits of minor 
minerals has not been extensive, due to their remoteness from 
suitable smelting facilities. On the Seward Peninsula is a tin- 
bearing district of 450 square miles. Alaska has produced since 
1902 over 560 tons of tin. Antimony ores are found in Alaska 
and Washington, molybdenum in British Columbia and Wash
ington, tungsten in Alaska and Washington, while platinum 
is found in the sluice boxes of many of the placer camps of 
Alaska. Arsenic ores abound in the Monte Cristo district 
of Washington, and are smelted with the recovery of white 
arsenic at the Tacoma smelter.

g r a p h i t e ,  g y p s u m  a n d  b a r y t e s  exist in commercial quan
tities in Alaska. In Washington and adjoining portions of 
British Columbia occur the only large deposits of l i m e s t o n e  

located on deep water along the entire Pacific Coast of the 
United States and Canada. Extensive deposits occur in the 
northern tier of countries from Puget Sound to the Idaho bound
ary. These deposits constitute the sources for six Portland 
cement, one hydrated lime, and numerous lime-kiln plants 
now located within the State of Washington.

c l a y — Clay deposits suitable for use in common brick manu
facture are widely distributed throughout the Pacific North
west, as are also those adapted to the manufacture of drain 
tile. I11 numerous places are also found deposits of clays which 
can be used for the manufacture of paving brick, sewer tile, 
terra cotta, and firebrick. Both Washington and British 
Columbia are producers of refractory brick of a high grade. 
Washington now ranks fifteenth in the production of clay prod
ucts in the United States, forty-five firms being engaged in the 
industry, and producing wares valued at over $2,000,000 annu
ally.

m i s c e l l a n e o u s — Deposits of diatomaceous earth of superior 
quality have been investigated in five locations within the State 
of Washington. Apparently enormous quantities of this material 
exist in this state. Deposits of magnesium carbonate, and other 
magnesium salts have been reported, but are not utilized. 
Among other raw materials available in the Pacific Northwest 
are iron ores suitable for mineral paints and perhaps for pig 
iron; talc for use as a filler in pa:per manufacture; silica for 
glass and sand-lime brick; and large deposits of stone for struc
tural purposes. Among the latter especial mention should be 
made of the Alaskan marble and of the granites and sandstones 
of Washington. A t least three extensive deposits of tufa rocks 
occur in Oregon and Washington.

m a n u f a c t u r i n g  i n d u s t r i e s

The opportunities of the Pacific Northwest are to be found 
in the utilization and distribution of the resources heretofore 
cited. Less than 100,000 persons are now engaged in manu
facturing industries, which produce products valued a t $400,- 
000,000 in the States of Oregon and Washington. An in
spection of the foodstuffs of the city of Seattle reveals what is 
typical of the entire Northwest. In this city of 300,000 popu
lation, during $16 past year 7,207 cars of vegetables and fruit

were shipped into the city. This is equivalent to a carload 
for every seven families. Of three million packages making 
up the total receipt, a million and a quarter came from outside 
the State of Washington.

a g r i c u l t u r e  n e g l e c t e d

Agriculture is a dormant, undeveloped industry. Less than 
10 per cent of tiie agricultural land of Washington has been 
improved and is utilized for agriculture. More than 2,500,000 
acres of loggcd-off land of agricultural character remain un
cleared and idle. This is due chiefly to the high cost of clearing 
the land b y  the methods which are commonly in use. The 
farms which have been developed from the wilderness of debris 
left by the logger represent a monument of industry to those 
who have reclaimed them and made them factors of production. 
In Eastern Washington the problem has been different. In
stead of the jungle the desert must be overcome. Irrigation 
has transformed large areas into orchards and meadows of 
great beauty and wonderful productiveness. But even there, 
out of 2,000,000 acres of irrigable land, not more than 25 per 
cent has thus far been reclaimed. In British Columbia the esti
mated acreage of tillable land is 253,000,000 acres, of which not 
more than 12 per cent is occupied, and only about one-fifth 
of that is under cultivation. The great need of the Pacific 
Northwest is settlement by colonists. Transportation is avail
able, water and power are abundant, natural resources of un
known extent and character await development: in brief— the 
harvest is great, but the laborers are few.

CONSERVATION NEEDED

In the industries already established greater intensification 
and closer utilization are urgent. Fully as much timber as is 
manufactured into lumber is either wasted by burning or used 
in an uneconomic manner. As will be shown in papers pre
sented before the Convention, the fir slabs of the sawmills con
tain nearly as much tannin as the chestnut wood which is the 
basis of the tannin extract industry' of the United States. But 
no extract plant exists in the Northwest, and even tanneries 
have had hard struggles for existence in spite of the fact that 
great quantities of hides are readily available. Men have looked 
at our great forests and have seen nothing but lumber in them, 
and, following the line of least resistance, they have cut down 
these forests and manufactured a single product.

In the fisheries industry the results have been largely similar. 
Mr. John N. Cobb, editor of the "Pacific Fisherman” calls 
attention to the neglected fishery resources of the Pacific Coast 
in an admirable paper presented before the first annual meeting 
of the Pacific Fisheries Society. In the 120,000 tons of salmon 
offal annually wasted are millions of pounds of salmon eggs. 
Siberia in 1913 prepared 500,000 pounds of salmon eggs as caviar, 
while 24,000 pounds were prepared upon the Pacific coast of 
America in the same time. In Japan whale meat is of con
siderable economic importance as a food product. The whaling 
stations of the Pacific Coast ship certain portions to Japan, 
but by far the largest portion is either made into fertilizer or 
else wasted. Methods of processing whale meat so that it could 
be marketed as a food product should be worked out by the 
technical men of the fisheries industry, whereby millions of 
pounds of meat might be added to our national supply annually.

These are random instances of the wasteful methods whereby 
our natural resources are being developed. A more complete 
study of existing conditions would simply tend to multiply 
their number. The Pacific Northwest needs to apply the methods 
of self-examination which have been so successfully applied 
to the industries and resources of the more congested sections 
of this and other countries. It  needs a closer alignment with 
the technical thought and progress of the day. In a word, it 
needs not capital, but captains of industry. W ith more carc
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for the utility of natural resources and with the cooperation 
of the technical skill of the day, opportunities will spring from 
hidden places, and industries will multiply, and the Pacific 
Northwest will take its place in the moving streams of commerce 
and trade.

U n i v e r s i t y  o f  W a s h i n g t o n , S b a t t l b

CH EM ICAL P A T E N T S— III AND IV
I I I — C O N T R A C T U A L  R I G H T S  R E L A T IN G  T O  L E T T E R S  P A T E N T

B y  S e a b u r y  C. M a s t i c k 1

I — ASSIGNM ENTS

An assignment of a patent or application for patent is an 
instrument in writing which, in the eyes of the law, purports 
to convey the entire title to that patent or application, or to 
convey an undivided share in that entire title.

The patent or application assigned ought to be described in 
the assignment by its number and date, or serial number and 
date of filing, as the case may be, and by the name of the pat
entee or applicant and the title of the invention. In the case 
of assignment before or cotemporaneous with the application, 
it  should specify the name of the inventor and the title of the 
invention in manner sufficient to identify it, giving also the date 
of execution of the application papers, if possible. Where the 
assignment is made before the payment of the final fee, if so 
requested in the assignment, the patent will issue to the assignee.

The assignment, whether of a patent or of an application, 
should be acknowledged before a N otary Public, although this 
is not requisite for validity, and unless the assignment of an 
issued patent is recorded in the Patent Office within three 
months of its date it is void as against any subsequent purchaser 
or mortgagee for a valuable consideration without notice.

An assignment of an application is not required to be recorded, 
although as a matter of practice it should be. Such assign
ment, even though unrecorded, is valid against all subsequent 
assignments, even though the latter assignees have no notice 
of the prior unrecorded assignment. Even though the patent 
issue to the inventor or to the assignee of an assignment subse
quent to the prior unrecorded assignment, the assignee of the 
latter has both equitable and legal title to the patent and m ay 
lawfully bring suit for infringement thereof.

Rights of action for past infringement of a patent are not 
conveyed by the mere assignment of that patent but should 
be specifically mentioned in the assignment. No action can 
be brought for acts of infringement occurring before the issue 
of the patent, so such need not be mentioned in an assignment 
of an application.

Interests in patents may be vested not only in assignees 
but in grantees of exclusive sectional rights, in mortgagees, 
and in licensees.

(1) An assignee is a transferee of the whole interest of the 
original patent or of an undivided part of such whole interest, 
extending to every portion of the United States. The assignee 
of an undivided interest, no m atter how small, has the same 
right to make, use or sell the patented invention, or to license 
others to do so, as have the owners of the remainder of the in
terest, even though the latter interest is much greater than the 
former, subject only to an accounting of profits to the other 
owners of the patent in the proportion of the respective inter
ests.

(2) A  grantee acquires by  the grant, which must be in writing, 
the exclusive right, under the patent, to make, use and sell 
and to grant to others the right to make, use and sell, the thing 
patented within and throughout some specified part of the 
United States.

(3) A  licensee takes an interest less thau or different from 
either of the others. It  m ay be exclusive and for the whole

1 S p ec ia l le c tu re r  on  C h e m ic a l P a te n ts ,  D e p a r tm e n t  o f C hem ica l 
E n g in ee rin g , C o lu m b ia  U n iv e r s i ty , '1915 .

country, or exclusive for a part of the country, or limited to the 
making, or using, or selling or in any other way. A  license 
m ay be oral or written and need not be recorded in order to 
be valid against subsequent purchasers of the patent or subse
quent licensees. In the case of a license the title to the patent 
remains in the patentee or assignee and all suits for infringe
ment must be brought in the latter’s name.

A  license not expressly limited in duration continues until 
the patent expires or the license is surrendered or forfeited in 
accordance with its own terms.

No license is assignable b y  its licensee to another unless it 
contains words which show that it was intended to be assign
able.

2 — LIC EN SES, EX PR ESS AND IM PLIED

Express licenses arc those given directly either orally or in 
writing. Implied licenses may arise from the conduct of pat
entees or assignees, or from the recovery by  them of profits 
or damages for certain classes of infringements.

Implied licenses arising from the conduct of owners of patent 
rights are generally found to arise by  virtue of acquiescence 
in acts which constitute a license or by action of estoppel. For 
example:

Where the patentee knows of the use and does not object, 
especially if he receives a portion of the profits for such use.

Where the owner of a patent explains the invention to another 
who is ignorant of the patent and advises the latter to make, 
use or sell the patented invention with intent to cause him 
to infringe unwittingly, an implied license would result by 
estoppel to the person thus misled.

Where a patentee sees an infringing article sold without 
authority from him, but makes no objection, an implied license 
by  estoppel results to the purchaser.

A  recovery of damages by w ay of royalty as against an in
fringing manufacturer operates an implied license to the pur
chaser from that manufacturer. B ut a recovery of profits 
only from an infringer for use of a patented device gives no 
license to the subsequent purchaser as each infringer by  w ay of 
use stands alone to account to the owner of the patent for his 
profits in its use.

3 — EM PLOYER AND EM PLO YEE

Where a man is employed for the purpose of making inven
tions, all such inventions are the property of the employer, 
who can compel assignment of them to him, the inventor having 
no property right in them whatsoever.

Where a man is employed generally by another to work in 
the business of the latter, and not specifically as an inventor, 
and, during the period of such employment, conceives an in
vention, applicable to the employer’s business, and uses the 
property and time of the employer to reduce the invention to 
practice, an implied license or "shop right” results to the em
ployer. This is especially the case if the employee sees the em
ployer make, use or sell the thing invented, without making 
objection.

If the invention was made and the drawings prepared outside 
the hours and shops of the employer, but the invention was re
duced to practice and made in the employer’s shop at the em
ployer’s time and expense, an implied license results to the 
employer.

Where a person has discovered a new and useful principle 
in a machine, manufacture or composition of matter, he may 
employ other persons to assist in carrying out that principle, 
and if they, in the course of experiments arising from that em
ployment, make discoveries ancillary to the plain and precon
ceived design of the employer, such suggested improvements 
are in general to be regarded as the property of the party who 
discovered the original principle, and they m ay even be em
bodied in his (the employer’s) patent as part of his invention.
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B ut persons employed, as much as employers, are entitled to 
their own independent inventions, and if the suggestions com
municated constitute the whole substance of the improvement 
then the patent should be applied for and would be the property 
of the employee subject to the qualifications as to actual em
ployment as an inventor and implied license as above pointed 
out.

If you are an employer the safe way is to have a definite 
contract in writing with the employee, specifying that all in
ventions made while in said employ are to be assigned to the 
employer, together with any future improvements on the several 
specific inventions.

If you are an employee the safe way is either to have a definite 
agreement in writing with your employer or not to do any in
venting or reducing to practice of such invention on the premises 
or 011 the time or at the expense of or with the tools of the em
ployer.

IV — A C T IO N S  F O E  IN F R IN G E M E N T

I  TH E CASE IN  TH E  LOW ER COURT

The District Courts of the United States in the several States 
and the Supreme Court of the District of Columbia have origi
nal and exclusive jurisdiction of all suits, either at law or in 
equity, arising under the patent laws of the United States. 
The action must be brought in the district in which the defendant 
is an inhabitant, or in any district in which the defendant, 
whether a person, partnership or corporation, shall have com
mitted acts of infringement and have a regular and established 
place of business.

Actions brought to enforce or set aside contracts relating to 
patents, such as license contracts, contracts to assign patents 
or applications, or for specific performance of such, are not 
actions arising under the patent laws of the United States and 
are not within the jurisdiction of the United States Courts un
less diversity of citizenship and the amount involved give such 
jurisdiction. Such actions are properly within the jurisdic
tion of the several State Courts.

In any suit or action brought for the infringement of any 
patent there shall be no recovery of profits or damages for any 
infringement committed more than six years before the filing 
of the bill of complaint or the issuing of the writ in such suit 
or action.

In any suit for infringement brought by a party failing to 
mark the patented article with the word "patented,”  together 
with the day and year the patent is granted; or when, from the 
character of the article, this cannot be done, by fixing to it, 
or to the package wherein one or more of them is enclosed, a 
label containing the like notice, no damages shall be recovered 
by the plaintiff, except on proof that the defendant was duly 
notified of the infringement, and continued, after such notice, 
to make, use, or vend the article so patented.

The decisions of the District Courts of the United States 
may be appealed to the proper one of the United States Circuit 
Courts of Appeal for the several Circuits (nine in number) 
and the judgments or decrees of the Circuit Courts of Appeals 
are final in all cases arising under the patent laws, excepting that 
said Court may certify to the Supreme Court of the United 
States any questions or propositions of law concerning which 
it desires the instruction of that Court for its proper decision; 
and excepting also that it shall be competent for the Supreme 
Court to require, b y  certiorari or otherwise, any such case to 
be certified to the Supreme Court for its review and determina
tion.

As a m atter of practice the decision of the Circuit Court of 
Appeals is generally final and very few cases go up to the Supreme 
Court.

Actions at law for infringement of patents may be before a 
jury or, if both sides waive a jury, before a judge without a

jury, or before a referee appointed by the Court with consent 
of both parties. The only relief in actions at law is to give 
damages for past infringements of patents. Actions at law are 
infrequent excepting where the action is brought for damages 
for the infringement of an expired patent.

Actions in equity for infringements of patents are before a 
judge without a jury and must be so brought where an injunc
tion to restrain future infringements is desired. The Court 
sitting in equity has jurisdiction to direct an accounting for 
profits and damages which the complainant has sustained 011 
account of the defendant’s infringement. Almost all actions 
for infringement are brought on the equity side of the Court 
as an injunction is almost universally the chief remedy desired.

It is unnecessary to go into the details of a trial in these lec
tures further than to state that the pleadings comprise a com
plaint and an answer; that the complaint must set up the patent, 
that the complainant has title thereto, that it is valid and that 
it has been infringed by the defendant; that the answer must 
set up the defense, controverting the allegations of the complaint, 
and specifically setting forth the prior uses or prior patents 
relied upon for invalidating the patent or restricting it so that 
infringement cannot be held.

The testimony, where possible, should be given in open Court 
but when the witness lives at a greater distance than one hun
dred miles from the place of trial or the Court, upon applica
tion of either party (in cases permitted by the statute), for good 
and exceptional cause for departing from the general rule, gives 
permission, the testimony may be taken by deposition before 
an Examiner or other qualified officer.

The question of the validity of the patent sued upon is de
termined in accordance with the rules heretofore given in the 
two preceding lectures. A t the outset of the trial the patent 
is presumed to be pritna facie valid and the complainant is not 
required (and generally not even permitted) to introduce any 
evidence as to validity. He must, however, prove infringe
ment. This is done by offering in evidence a sample of the in
fringing device or by introducing testimony clearly describing 
the alleged infringement if, from the nature of the case, such as 
in certain process or certain complicated or cumbersome devices, 
it is not possible to produce bodily the matter constituting the 
infringement. Expert evidence may be introduced to explain 
the operation of relevant arts, processes, machines, manufac
tures or compositions of matter, and of the meaning of terms 
of art or science and of diagrams or formulae, but the witnesses 
are not permitted to give their opinion as to the meaning of any 
patent claim or specification. This latter is solely for the Court 
to consider.

A patent for a process is infringed by one who, without author
ity, uses substantially the process of the claim, whether or not 
he uses substantially the apparatus or materials which the 
patent describes, or uses equivalents therefor. The definition 
of an equivalent has been given in one of the preceding lectures 
as " a  thing which works in substantially the same w ay to ac
complish the same result or perform the same function as the 
thing for which it is substituted.”  No process patent claim 
is infringed if one of the steps of the process is omitted b y  the 
alleged infringer unless some equivalent step is substituted for. 
the one omitted.

A patent for a composition of matter or a machine is infringed 
by one who, without authority, makes, uses or sells the thing 
covered by any claim of the patent. I t  is not an infringement 
of a patent, whether in a process patent or in one for a composi
tion of matter or a machine, to use, or to make, use or sell, a 
tiling described in the specification but not claimed in the claims, 
as the measure of the patent protection is defined only by what 
it claims. Of course the rule of equivalents also applies in com
position of matter and machine cases.

Whoever infringes any one claim of a patent infringes the
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patent, whether or not it contains other claims which are not 
infringed.

Addition to a patented machine or article of manufacture 
does not void infringement. Addition to a process or to the 
ingredient of a composition of matter does not avoid infringement, 
unless a substantially different process or composition results.

Omission of a claimed part of a machine or of a claimed in
gredient of a composition of matter, no equivalent being sub
stituted, negatives infringement of said claim, as a combina
tion is an entirety and if one of its elements is omitted, the 
claimed thing disappears. E very part of a combination claimed 
is material, and evidence to the contrary is inadmissible.

Changes of proportions of the ingredients of a  composition 
of matter, unless the claim gives specific proportions, will not 
avoid infringement.

It  is not necessary that the infringer should have known of 
the patent a t the time he infringed it or should have known 
that what he did was an infringement even if he did know of 
the patent. In either case an action for injunction will lie 
although profits and damages could not be recovered unless 
the patented article was marked "p aten ted ” or the infringer 
had received actual notice. If the patented article had never 
been manufactured and the patent was a  mere "p a p er”  patent, 
or in the case of a  process where marking “ patented” is impossi
ble, profits and damages could probably be recovered in the 
absence of marking “ patented” or of actual notice, although, 
in this case, actual notice is usually required.

As is stated above, it is unnecessary' to go into details in these 
lectures. The subject of infringement is a large one and it has 
been the intention to point out only certain of the more promi
nent features. For greater detail it will be necessary to con
sult the text-books on Patent Law.

T H E  H ALL PA TEN T LITIGATION

In order to illustrate the practice in connection with patents, 
both w'ith relation to the trial of a case and the w ay in which 
the Courts handle the matter, I have chosen the litigation con
cerning the Hall Patent (No. 400,766, April 2, 1889) for the 
electrolytic production of aluminum. We have already traced 
the history of this patent through the Patent Office. Now 
let us trace its history through the Courts.

W e shall see the practical application of many of the rules 
heretofore stated and shall learn something of the trials and 
tribulations of the patent litigant.

About the first of July, 1886, Hall was introduced to the Cowles 
brothers who had already organized the Cowles Electric Smelt
ing & Aluminum Co. and later entered into an optional agree
ment with them to sell them his patent. The option ran for 
a little less than a year. During the period of the option, 
which expired sometime in July, 1S88, he was given facilities to 
experiment and develop his process at the Cowles plant at 
Lockport, New York. His proposed process was one wherein 
the crucibles were heated externally and copper anodes were 
used. Hall was unable to satisfy the Cowles Company that 
his process was a success as they believed that internally heated 
crucibles with carbon rods for anodes were necessary. Internal 
heating, however, was alleged to be within the scope of certain 
prior Cowles patents and applications and Hall would not, at 
that time, deviate from his original idea.

Early in July, 1888, one of the employees of the Cowles 
Company resigned and went to Pittsburgh, where he began the 
organization of w hat became The Pittsburgh Reduction Com
pany. A t the close of July, after the option had expired, Hall 
went to Pittsburgh also, joined forces with the organizers of the 
new company and in November, 1888, began work at the factory 
at New Kensington, near Pittsburgh, producing some 50 pounds 
of metal a day which sold a t $2 per pound. For the first six 
months they operated according to Hall’s original ideas. A t 
the close of this period they lined their crucible wi£h a heavy

coat of carbon and adopted internal heating with carbon anodes. 
This proved successful and their progress was rapid.

It is to be noted that the final amendment to the Hall ap
plication, wherein a new specification was filed (corresponding 
to that of the issued patent) and the claims for copper anodes 
were dropped and those involving carbonaceous anodes substi
tuted, was filed on September 4, 1888, after he had left the Cowles 
Company and while he was beginning work at Pittsburgh.

Immediately following H all’s departure from Lockport, the 
Cowles Company began working on cryolite and alumina, 
keeping the bath fused by the current. For a period there was 
an attem pt made to merge the two companies and when this 
failed a suit was brought in 1891 by  the Cowles Company against 
the Pittsburgh Reduction Company for infringement of certain 
Cowles patents and a counter-suit was brought against the 
Cowles Company by the Pittsburgh Reduction Company for 
infringement of the Hall patent. Before the taking of testi
mony had started in the suit brought by  the Cowles Company, 
the Bradley patent (No. 464,933 dated Dec. 8, 1891, but applied 
for February 23, 1883) had issued. We shall discuss this 
patent later. W e might note here, however, that it covered 
one of the chief points at issue between the two companies 
but did not enter into the controversy until later and after the 
Cowles Company had acquired it.

The case brought by the Pittsburgh Reduction Co. against 
the Cowles Electric Smelting &  Aluminum Co. was brought to 
final hearing and on January 20, 1893 (55 Federal Reporter 301) 
an interlocutory decree in favor of Hall was rendered upon an 
opinion written by Judge T aft, then U. S. Circuit Judge. The 
case then went before a M aster who eventually assessed an 
amount of $292,000 against the Cowles Company, damages and 
profits, in favor of the Hall Company. In view of future de
velopments, to be hereinafter considered, this sum was never 
paid. The litigation involving the Bradley patent was pending 
so that no effort was made to push the case before the M aster 
and it dragged along until 1903. A  rehearing in the Hall case 
was then ordered but was never had. After the Cowles Com
pany obtained title  to the Bradley patent, as we shall see, it 
brought suit against the Hall Company on the Bradley Patent, 
which suit was lost in the lower Court but reversed and decided 
in favor of the Cowles Company on appeal. We shall take up 
these various phases of the litigation in order, referring first 
to the decision in The Pittsburgh Reduction Co. vs. Cowles 
Electric Smelting &  Aluminum Co. In  this case the Court 
said in part as follows:

" t a f t ,  c i r c u i t  j u d g e — This is a suit in  equity by  the Pitts
burgh Reduction Company against the Cowles Electric Smelting 
& Aluminum Company, to restrain the infringement of a patent 
process for reducing aluminum by electrolysis (letters patent 
No. 400,766) owned by the complainant under an assignment 
from the original patentee, Charles M . Hall. The patent was 
applied for July 9, 1886, and was granted April 2, 1889. The 
defenses to the suit are: First, that the patent is invalid for
want of novelty; and, second, that the defendant does not in
fringe. * * * *

"T h e two claims of the patent in suit which are here involved 
are as follows:

“  ' 1— As an improvement in the art of manufacturing aluminum, 
the herein described process, which consists in dissolving alumina 
in a  fused bath composed of the fluorides of aluminum, and a 
metal more electro-positive than aluminum, and then passing 
an electric current through the fused mass, substantially as set 
forth.

"  '2— As an improvement in the art of manufacturing aluminum, 
the herein described process, which consists in dissolving alumina 
in a  fused bath composed of the fluorides of aluminum and 
sodium, and then passing an electric current, by  means of a 
carbonaceous anode., thsough the fused mass, substantially as 
set forth.’

“ The defendant is said to infringe both these claims. The
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validity of the first, so far as it covers defendant’s process, and 
of the second, is attacked by the defendant.

"W e shall first consider the validity of the claims, and in that 
connection must refer to the history of the art. It is said on 
behalf of the defendant that as far back as 1859, De Ville, a 
famous French chemist, published to the world the process which 
Hall has included in his patent. De Ville gave a great deal of 
time to aluminum and its production from its compounds. 
He was the discoverer of the purely chemical process by  which, 
without the aid of electricity, pure aluminum has been manu
factured since his day down to the present time. He also gave 
some attention to the manufacture of aluminum by the pro
cess of electrolysis. In the publication by De Ville on alum
inum, its properties, its manufacture, and its uses, in the year 
1859, we find this statement:

“  'Aluminum by the Current.— The same bath of the double 
chloride of aluminum and sodium can be used for coating with 
aluminum, especially copper, on which Captain Caron and m y
self have worked. In order to succeed well, one must employ 
a bath of the double chloride, which has been carefully purified 
from all metallic substances by the action of the current itself. 
When the aluminum which deposits at the negative pole ap
pears pure, one attaches to this pole the piece of copper to be 
aluminized, and to the negative pole a bar of aluminum.

“  '(N ote— A  compact mixture of carbon and alumina, which is 
transferred into chloride of aluminum gradually and in measure 
as the deposit of aluminum takes place, keeps the composition 
of the bath constant for an indefinite period of time.)

“  ' (The temperature must be kept somewhat below the melting 
point of aluminum. The deposit takes place with great facility. 
I t  is very adhering; but it is difficult to prevent the metal from 
getting impregnated with double chloride, which attacks it the 
moment one washes the piece, while, with some precaution, one 
succeeds. The washing of the piece must be done with much 
water, and for a long time. Cryolite, in the same way, can be 
used in this operation, but it must be made more fusible by 
mixing it with a little double chloride of sodium and aluminum, 
and with potassium chloride.’

“ The process here described is not for producing pure alum
inum', but for plating aluminum on copper. It will be seen that 
the bath which is first and chiefly recommended by De Ville 
is not a fluoride of aluminum and sodium, but a double chloride 
of aluminum and sodium, i. e., a double compound of chlorine 
with each of these metals. Alumina will not dissolve in a double 
chloride of aluminum and sodium, heated to a fused state. * * *

"Finally, it will be observed that De Ville suggests that 
instead of the double chlorides of aluminum and sodium, cryolite 
m ay be used, but that it must be made more fusible by mixing 
it with a little double chloride of sodium and aluminum and 
with potassium chloride; and it is the proposition of De Ville 
to use cryolite in this w ay as the main part of the bath, and an 
anode of carbon and alumina in accordance with the foot-note, 
which the defendant’s counsel and experts contend is substan
tially the same process as that on which Hall claims a patent.

"W e are clear in our opinion that this is not an anticipation 
of H all’s patent. The primary and most important step of H all’s 
patent is the dissolving of the alumina in the fused bath of the 
double fluoride of aluminum and sodium. This happens before 
any electrolysis occurs at all. When the electric current is 
applied, it disrupts the alumina, sending the aluminum to the 
cathode and the oxygen to the anode, where it unites with the 
carbon anode, and becomes carbonic oxide gas. The bath 
material in which the alumina was dissolved— that is, the double 
fluoride of aluminum and sodium— is not affected by the elec
tric current, and the process is made continuous by  the simple 
addition of alumina to the bath. In the De Ville process, how
ever, alumina is not dissolved in the bath. The fused mass 
subjected to the current is composed of a double fluoride of alu
minum and sodium with no alumina in it. No efTect comes from 
the presence of the alumina in the anode until after the electric 
current is passed through, and the fluoride of aluminum has been 
disrupted, and fluorine gas has been produced at the anode;

then the gas unites with the aluminum of the alumina, and re
stores the bath, in a manner, to its former state, to be again 
disrupted by the application of the current. In the one 
case there is a simple solution of the alumina in a bath and 
its disruption by the current, the bath remaining constant; 
while in the De Ville process the bath itself is disrupted, and 
restored again by the union of one of the disrupted elements 
with an element of the alumina in the compact anode. In the 
Hall process there is simply solution of the alumina and elec
trolysis; in the De Ville process there was electrolysis, followed 
by what is called an 'electrochemical solution of the alumina.’

“ Defendant’s counsel and experts, in their effort to make 
the two processes the same, rely upon the supposition that when 
the compact anode of carbon and alumina was inserted by De 
Ville into the bath of cryolite some of the alumina was necessarily 
dissolved in the cryolite, and so the current electrolyzed that 
alumina as in the Hall process. In the first place, the experi
ments made on behalf of complainant demonstrate that a com
pact mixture of carbon and alumina (which can be made only 
by the use of some binding material) may be kept in a bath of 
cryolite for many hours without dissolving the alumina at all. 
Some counter-experiments by defendant are by no means so 
satisfactory, because the results may be attributed to the pres
ence of other causes than the solution of the compact anode.

"B u t suppose it to be a fact that in De Ville’s process alumina 
was dissolved in the bath from the anode, and that thereupon 
it was electrolyzed as in the Hall process, it was a mere accident, 
of which De Ville made no note, and which, therefore, we m ay 
reasonably infer, he did not observe. Accidents of this character 
cannot be relied on as anticipations of a patented process 
(Tilghman v. Proctor, 102 U. S. 707,711) when the operator 
does not recognize the means by which the accidental result is 
accomplished, and does not thereafter consciously and purposely 
adopt such means as a  process for reaching the result. De 
Ville did not intend that the alumina should be dissolved in the 
bath. If he did, why did he unite it with carbon by means of 
pressure and a binding material? If he had intended to dissolve 
the alumina, he could not have done anything which would have 
so interfered with his purpose. Just as Prof. Langley says, 
such a course would have been as reasonable as it would be for 
a man, wishing to dissolve a lump of sugar in his coffee, to varnish 
it or grease it. De Ville did not intend to dissolve the alumina 
in the bath: First, because as we shall see hereafter, he had no
knowledge that it would dissolve therein; and, second, because, 
until the fluoride of aluminum had been decomposed in the bath 
by the current, he did not need anything with which to restore 
that fluoride to the bath. He felt that it was necessary to have 
the alumina in a solid form in close connection with the carbon, 
because, without the strong attraction that the carbon would 
have for the oxygen of the alumina, the fluorine gas could not 
get at the aluminum of the oxide.

"D e Ville was seeking to electrolyze the fluoride of aluminum, 
while Hall was seeking to electrolyze alumina. It was a condi
tion precedent to Hall’s success that his alumina should be in 
a liquid state. As we have seen, it was essential to De Ville’s 
process that his alumina should be where it was, i. e., mixed 
in solid form with the carbon. * * * * * * *

"W e have read with care every part of this voluminous record 
of over 1,500 pages, and, while we are not chemists, we have 
obtained a sufficient understanding of the principles applied 
in the Hall and De Ville processes to be entirely confident that 
they are wholly different, and that no skilled chemist and elec
trician could have developed the Hall process from the De Ville 
process without a real discovery.

"The Bell patent of 1861, the Johnson provisional specifications 
of 1879, the Johnson specification of 1883 and the Graetzel patent 
of 1884, which are all recorded in ths English patent office, and are 
produced here by the defendant and relied on as anticipations of
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H all’s patent, are mere reproductions of the De Ville bath-regener
ating process, with various attempts to avoid the difficulties which 
the process presents in its practical operation. The Graetzel pat
ent— the latest of them— was a failure. This is admitted by the 
patentee himself, who was a witness in thecase. The Johnson spec
ifications were never even proceeded with to the procuring of a pat
ent, and the Bell patent has never been used at all to make alum
inum commercially. It  is said that one reason why these electro
lytic processes, including De Ville’s, were not brought into actual 
use, was that, until within a very few years, there were no dynamos 
capable of furnishing sufficient electric volume and force to  make 
them practicable for commercial purposes. T hat the improve
ments in the machines for producing electricity have greatly 
facilitated the use of electrolysis as an agent in commercial 
processes is not to be denied, but the failure of the De Ville pro
cess for making aluminum by electrolysis finds a far better 
reason in the inherent difficulties of the process itself than in 
the mere expense of electricity. If the De Ville process is opera
tive with the present modes of producing electricity, w hy does 
not the defendant adopt it? It  is free to any one. The various 
futile attempts to relieve the De Ville process of its defects are 
strong proof that it was and is a failure without regard to the 
development in the making of electricity.

“ There are other patents introduced to show anticipation 
than those which involve the De Ville process, but of these there 
is only one which, it is seriously contended, discloses the Hall 
process. This is a French patent of Fuerst, dated August 8, 
1884. In this patent the patentee says:

“  ‘The process of which I claim the industrial property consists 
in making the electrolysis of alkaline aluminates, or alkaline 
earthy aluminates, in the condition of solution or of fusion. 
For this I take an alkaline aluminate, or earthy alkaline 
aluminate; that is to say, one of the aluminates of potassium, 
of sodium, or of barium, etc. Into this body, in solution or 
fusion, according to the circumstances, I introduce the two 
poles of an electric current of suitable tension. There is nothing 
further to do than to receive the aluminum upon the cathodes 
employed (negative poles), where I collect it in order to melt 
or utilize it alone or in different alloys for all the industrial 
uses to which it can lend itself. As to the anodes (positive 
poles), these anodes can be, according to m y desire, soluble or 
insoluble, and I reserve to myself t ie  industrial property of 
each of these two cases. While I employ anodes which are in
soluble, or are considered such industrially, I reserve to myself 
to maintain a constant composition in these electrolytic baths 
by adding to them, as is needed, oxide of aluminum.

"  ‘The electrolytic decomposition produced by the electric 
current in an alkaline aluminate, or in an alkaline earthy 
aluminate, can also be produced equally well whether this salt 
be in a state of purity or whether several aluminates be mixed 
together, or whether they be mixed with other salts or foreign 
materials giving rise to double salts or any secondary combina
tions whatever, provided, let it be understood, that these salts 
of foreign materials, whatever they may be, will not produce 
decomposition of the aluminates employed. It is thus that I 
reserve to myself to introduce into these baths salts of ammonia, 
alkaline sulfites, alkaline phosphates, alkaline cyanides, alkaline 
chlorides, etc., the presence of which seems to have the power 
of improving the practice of this electrolysis.'

“ Later on, Fuerst deposited an addition to his patent, in 
which he says:

"  ‘In this certificate of addition I claim as m y industrial property 
m y process for the industrial production of aluminum by elec
trolysis of alkaline aluminates or alkaline earthy aluminates in 
solution or igneous fusion. And by ‘alkaline aluminates,’ 
I mean every compound into which alumina and alkaline base 
enter, even if there should enter into that compound one or 
more of the following bodies, which I shall call ‘useful’ or 
‘ indifferent’ auxiliary bodies: Hydrocyanic acid, cyanides,
cyanates, phosphoric acid (pyro and meta), boric acid, silicic 
acid, hydrofluoric acid— in tiie state of acids or salts. For me 
there is aluminate of alkali as soon as there is in a body alumina 
and an alkaline base, even in the presence of the auxiliary 
bodies above mentioned, whatever otherwise be the hypothesis 
that might be established respecting the numerous molecular 
groupings which might exist or be supposed to exist.’

“ An alkaline aluminate is either an aluminate of potassa

or an aluminate of soda. Aluminate of soda is a compound of 
alumina and soda, i. e., of the oxides of aluminum and sodium. 
It  is a triple compound of oxygen, aluminum and sodium. An 
alkaline earthy aluminate is an aluminate of baryta, strontia, lime, 
or magnesia; i. e., a compound of alumina with baryta or strontia 
or the other substances. The three elements of such a com
pound are oxygen, aluminum, and barytum, or strontium, or 
the other substances. The theory of the patent— and it is only 
a theory, as we shall see— is that if these triple compounds of 
oxygen, aluminum, and some other metal can be reduced only 
to a liquid form either by  aqueous solution or igneous fusion, 
the current will decompose the compound by depositing the 
aluminum at the cathode, and will leave the compound of oxygen 
and the other metal in the bath. B y  adding alumina to the 
bath he proposed to restore the aluminate in the bath. Now, 
the electrolysis of an aqueous solution of the alumihates to 
produce aluminum is impossible. This is not denied. One-half 
of Fuerst’s patent is demonstrably inoperative. Secondly, 
so far as the patent calls for the igneous solution of the aluminate 
of soda, it is also inoperative, becatise that compound is infusible; 
and even if it were fusible, the current would precipitate the 
sodium, and not the aluminum. This is conceded by defend
ant’s experts. Such facts are strong evidence that Fuerst 
wrote out a theory for the production of aluminum by the cur
rent without knowing by experiment whether it would work or not. 
All the experts in the case agree that he was a very poor chemist. 
In order, however, to catch future inventors in the toils of his 
dragnet, he mentions a great many chemical compounds which 
could be added to his bath of aluminates, and not interfere with 
its working, and might even aid the electrolysis. I t  is perfectly 
obvious that he never tried any of them, and it has not been 
shown at the bar that one of the innumerable baths proposed 
by him would, when electrolyzed, produce aluminum. It  does 
appear, however, that if hydrofluoric acid, which is one of the 
indifferent auxiliary bodies mentioned b y  Fuerst, be mixed 
with aluminate of soda so that the mixture shall contain eight 
times as much acid as aluminate, the acid will entirely decompose 
and destroy the aluminate, and, after evaporation and fusion, 
we shall have a bath, not of the aluminate at all, but of the fluo
rides of aluminum and sodium. If, then, alumina be added, and 
the current applied, we shall have the Hall process exactly. 
An experiment of this kind was tried on behalf of defendant, 
and an account of it is produced in evidence as demonstrating 
the identity of the Fuerst and Hall processes. It  is perfectly 
evident that no one without a knowledge of the Hall process, 
and without the deliberate intention of producing H all’s bath, 
would ever have derived from the Fuerst patent any information 
leading to such a treatment of the aluminate of soda with the 
hydrofluoric acid. In the first place, according to Fuerst’s 
specifications, the acid is to be only indifferent or auxiliary. 
Who would think, therefore, of using eight times as much acid 
as aluminate in preparing an aluminate bath? Again, one 
imperative injunction which Fuerst imposes in his specifications 
was flatly disobeyed in defendant’s experiment. He says he 
has no objection to the introduction of foreign materials as in
different or auxiliary bodies, ‘provided, let it be understood that 
these salts or foreign materials, whatever they m ay be, will 
not produce decomposition of the aluminates employed.’ The 
addition of hydrofluoric acid in excess to aluminate of soda com
pletely decomposes and destroys the aluminate, so that the bath 
which results after evaporation and fusion has nothing like an 
aluminate in it, but is a bath of fluorides. In view of the neces
sity for this flagrant violation of Fuerst’s injunction in order 
to produce the Hall bath, it is absurd to say that the bath can 
be found described within the four comers of the Fuerst patent. 
Fuerst does suggest that his bath can be kept constant by  adding 
alumina, but, as his bath is not Hall’s bath, he does not thereby 
come any nearer the Hall patent.

“ The other patents pleaded as anticipations of H all’s are even
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less like it than those already considered, and they were not 
pressed in argument.

" I t  is objected to the validity of the Hall process that it is 
not operative. The argument is that it has no utility, as de
scribed in the patent, for three reasons: 'First, because the
fusion of the bath is maintained by external heat, and except 
with internal heat, produced by the current, the process is worth
less and inoperative; second, because it contemplates continual 
interruptions in the process to remove the aluminum already 
deposited from the cathode, which would make the process too 
cumbersome and expensive for commercial use; and, third, 
because it does not provide for sprinkling powdered alumina 
over the top of the bath, to be gradually stirred down into it, 
without which the depositing of aluminum cannot go on without 
interruption.’

“ There is nothing in any of these claims. The patent dis
closed a process and suggested an apparatus by  which the pro
cess could be operated. * * *

"N ow, it m ay be that the changes in the mode of using the 
Hall process, indicated in the objections of defendant stated 
above, from that recommended by Hall in his patent, are great 
improvements, but that does not in the slightest degree affect 
the validity of the patent if it appear that at the time when the 
application was made a new and useful result could be ac
complished with the process by the mode which Hall suggested. 
* * * *

"H all’s process is a new discovery. It is a decided step for
ward in the art of making aluminum. Since it has been put 
into practical use the price of aluminum has been reduced from 
$6 or $8 a pound to 65 cents. This is a revolution in the art, 
and has had the effect of extending the uses of aluminum in many 
directions, not possible when its price was high. An effort has 
been made to show that this reduction in the price is due to the 
improvements in the application of electricity to the manu
facture of aluminum. That the new inventions in the line of 
producing electric currents of great volume and intensity have 
contributed to render the Hall process an economical one is 
true, but without the Hall process the manufacture of pure 
aluminum must have continued to be a purely chemical one. 
The Cowles brothers made aluminum alloys by  the use of elec
trical furnaces which they have brought to a high state of per
fection, doubtless, and that had an effect to reduce the price of 
aluminum alloys, and perhaps indirectly affected the price of 
pure aluminum. The fact was that the price of pure aluminum 
was so high that its uses were few-, and the market for it was 
small. When H all’s process, however, came into the field of 
commercial manufacture, pure aluminum was largely substi
tuted for aluminum alloys, and, if alloys are now desired for 
particular purposes, they are generally made from pure alu
minum. Hall was a pioneer, and is entitled to the advantages 
which that fact gives him in the patent law.

“ One other thing must be alluded to before we close the long 
discussion of the validity of Hall’s patent and that is the French 
patent of Heroult. Heroult has a patent granted to him by the 
French Government, dated April 23, 1886. T h e ' process he 
described is substantially one of those described b y  Hall. He 
uses a fused bath of cryolite in which alumina is dissolved, and 
from which, by  the electric current, aluminum is deposited at 
the cathode. His anode is of carbon. Heroult made applica
tion for a patent to the United States patent office M ay 22, 1886. 
Hall did not make his application until July 9, 1886. An inter
ference was declared in the patent office between Hall and 
H irouit. Hall adduced evidence to show the Commissioner of 
Patents that he made his invention and put it into operation 
February 23, 1886. The same evidence has been introduced 
here. It  establishes beyond all reasonable doubt by  written 
evidence that Hall did put his process into successful operation 
on February 23, 1886. The patent office decided the interfer

ence proceeding in Hall’s favor, and it was clearly right. There 
was no evidence, there or here, to show that Héroult discovered 
the process before Hall, and the fact that Héroult’s French patent 
antedates Hall’s application does not affect H all’s right to a 
patent, because by Section 4887, Rev. St., an inventor’s right to 
a patent in this country is not debarred by reason of the fact 
that the invention has previously been patented in some other 
country, provided that it has not been more than two years 
in use in the United States. The counsel for defendant do not 
dispute the correctness of this conclusion, but they rely 011 the 
Héroult interference proceedings to attack the validity of that 
part of the second claim in the Hall patent where he specifies 
as part of his process the use of a carbonaceous anode. It is 
conceded by them that Hall had used a carbon anode in his pro
cess before filing his application, but the contention is that be
cause in his application he alluded to it as having some dis
advantages, and did not include it in his first series of claims, 
which he afterwards amended, and did not finally include it in 
his claims until Héroult’s patent suggested its value to him, and 
more than two years after his application, he thereby abandoned 
the use of a carbon anode to the public. No authority is cited 
to sustain this argument. * * * *

"And now we come to the question of infringement. The 
evidence leaves no doubt that the defendant company began 
their manufacture of pure aluminum in January, 1891, with the 
aid of one Hobbs, who had been the foreman of the complainant 
company, and engaged for it in superintending the manufacture 
of aluminum by the Hall process. B y  that time the complainant 
company had adopted several improvements in the apparatus 
described in the patent for working the process. The defendant 
copied these improvements, as well as the process, and has sought 
to escape responsibility by maintaining that without these im
provements the process was inoperative, and the patent which 
did not contain them was invalid. Much the same course is 
taken as to the defense of infringement. The improvements 
are said to make the present process a different one from that 
described in the patent, and, therefore, the defendant does not 
infringe. It  is needless to say that a court is not inclined to 
favor such defenses. There is evidence tending to show that the 
defendant used Hall’s preferred bath, but with the admissions 
in this case it is unnecessary to consider the issue made on that 
point. It  is admitted that the defendant is using a process in 
which alumina is dissolved in a fused bath of the double fluoride 
of aluminum and sodium and in which an electric current is passed 
through the bath containing the alumina thus dissolved, whereby 
aluminum is deposited at a carbon cathode and oxygen is 
released at a carbon anode. It is said, however, that they are 
not infringing the Hall patent, because the Hall patent does not 
cover the particular double fluoride of aluminum and sodium 
which they are using, which is cryolite; and because the Hall 
process contemplated and called for a fusion of the double fluoride 
by external means of heating, whereas the defendants are using, 
to fuse the bath, the heat generated by the resistance of the bath 
to the electric current. The whole defense of infringement is 
based on a narrow and wholly impossible construction of the Hall 
patent. * * * *

“ Coming now to consider the claim that the patent does not 
cover fused cryolite as a bath, it should first be noted that cryolitc 
is a double fluoride of aluminum and sodium, a metal more electro
positive than aluminum. It  is, therefore, exactly within the 
words of both claims here in suit. B ut the contention is that 
the patentee has disclaimed any right to the exclusive use of 
cryolite. It  is not denied that the patentee had used cryolite 
as a bath before he made his application, but it is said that he 
described its use in his first application, and stated, in substance, 
that it was not so good as a different proportion of the fluorides, 
and then subsequently omitted reference to it as a bath altogether 
in his final specifications. * * * *
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“ The patentee states first the proportion of the aluminum 
fluoride and sodium fluoride which he prefers for his bath. 
They are 84 parts of sodium fluoride and 169 parts of aluminum 
fluoride. Then he proceeds to tell a convenient w ay for reach
ing those proportions. Cryolite, as we have said, is an arti
cle of commerce. He suggests that the best bath can be made 
by taking cryolite and adding to it 338/421 of its weight in 
aluminum fluoride. After this, for the very object of including 
cryolite, which, as we know, he had used for the purpose, and 
all other double fluorides of sodium and aluminum which 
would work, he says that the proportions may be varied. W hat 
proportions does he mean? W hy, the proportions of the two 
fluorides, of course. The labored construction that the pro
portions to be varied are those of the cryolite and the aluminum 
fluoride is wholly untenable. How m ay they be varied? Within 
certain limits. W hat does that mean? The patentee goes 
on to state when he says ‘ that any proportions which may be 
found suitable m ay be employed.’ Cryolite is now found 
suitable, and the patentee had found it suitable when he made 
his application. Could anything be more unlikely than that 
Hall or his patent solicitor, after they had been successful in 
an interference controversy with Heroult, whose only bath 
was one of cryolite, would have framed his specifications with 
the intention of not including a cryolite bath in the monopoly 
he was seeking? We think the patent very aptly drawn to 
cover the use of every double fluoride of aluminum and sodium 
which can be made to produce aluminum when used as a bath 
in the Hall process. The proportions are immaterial so long 
as it is a double fluoride of these metals.

"N e x t is the defense based on the use of external heat in 
Hall’s apparatus as described in his patent, and defendant’s 
use of internal heat. H all’s claims do not say what heat shall 
be used to fuse the bath. The process is described as begin
ning with a fused bath. The argument is that because Hall 
in his specification describes an apparatus for the fusion of the 
bath by external heat, therefore he limits himself to a process 
in which external heat is used, and confers upon the world at 
large the right to use his process if only some other mode of 
applying the heat is employed; and this in the face of the words 
of the patent: ‘ Nor does this apparatus described herein
with more or less particularity form any part of the invention 
herein.’ We do not see how the patentee could have used 
stronger words to avoid the difficulty in which defendant wishes 
to involve him. Then, too, we have the refined point that the 
language of the claim itself excludes the possibility of electric 
heating because it speaks of dissolving alumina in a fused bath 
of the double fluorides, ‘ and then passing an electric current 
by means of a carbonaceous anode, through the fused mass.’ 
This language is as applicable to electric heating as to any other. 
The word ‘ then’ is used to indicate that the electrolysis 
is to follow the solution of the alumina in the fused bath. Now, 
whether the current or a furnace fire fuses the bath, the current 
which is passed through the fused mass to perform electrolysis 
is passed through after the fusion. * * »

"F in ally, it is said the defendant does not infringe, because 
the claim calls for a  carbonaceous anode and the defendant 
uses a carbon anode. ‘ Carbonaceous’ means ‘ pertaining to 
carbon,’ or ‘ made of carbon.’ I t  includes anodes made partly 
of carbon and partly of some other substance, but it certainly 
covers an anode made all of carbon.

" A  decree will be entered for the complainant, finding that 
complainant’s patent is valid, and that the defendant infringes 
both the first and second claims thereof, and perpetually en
joining the defendant from further infringement, with the usual 
reference to a master to determine the damages.”

Following this decision the defendant took an appeal to the 
United States Circuit Court of Appeals, but when the appeal 
was called by that Court in June, 1893, it was dismissed on

motion of the appellant. The master then proceeded with 
the hearing of evidence on the question of damages. Pend
ing this hearing and on June 21, 1894, a motion was made by 
the defendant to reopen the case, for leave to introduce new 
evidence, and for a rehearing.

The principal ground for asking the rehearing was that the 
Court made an error in holding that the De Ville process for 
making aluminum by electrolysis was not an anticipation of 
the complainant’s process, which error it was purposed to show 
more fully by  subsequent experiments made b y  the defendant 
and now offered in evidence.

In the opinion denying the rehearing (64 Federal Reporter 
125), the C ourt said in part:

"  ‘The evidence which the defendant now seeks to bring to the 
court’s attention consists of certain patents issued to the Cowles 
Brothers and to Bradley for the reduction of refractory metallic 
ores by electric currents of great intensity, of quotations from 
books on chemistry to show that cryolite was known to the art 
for many years before H all’s alleged discovery as a suitable 
flux for the reduction of alumina, and of subsequent experi
ments with the De Ville electrolytic process. Cowles’ patents 
describe an electric furnace into which he introduces the 
aluminum compound mixed with small granular particles of 
carbon. An. intense electric current is passed through the 
furnace, and is carried by the granulated carbon. A  degree of 
heat is thereby produced which is intended to smelt the 
aluminum compound, and to permit an alloy with some other 
metal, as copper. The Bradley invention contemplates the 
introduction of the refractory ore into a furnace in which are a 
movable carbon anode and a cathode. These are placed so 
near together a t the beginning of the operation that, when the 
current is applied, an electric arc is formed between them. 
The arc generates enough heat to melt the ore near the anode 
and cathode, and this melted portion of the ore thereafter 
carries the current, and gradually effects the melting of the 
entire mass of ore in the furnace. As soon as any part of the 
ore is melted, electrolysis is intended to take place. The gist 
of the invention is the use of the electric current, first to fuse the 
refractory ore and subsequently to electrolyze it, and disrupt 
it  into its constituent parts. * * * * ’

" T h e  Cowles patents, here relied on, were in evidence at the 
original hearing. The Bradley patents were not introduced 
in evidence, though well known to defendant and its counsel. 
The present claim of the defendants is that, as cryolite was a 
well known flux for alumina, it was mere mechanical skill, and 
involved no discovery or invention, to use alumina in the .Cowles 
and Bradley furnace (which were patented some years before 
the patent in suit), with cryolite as a flux; that the use of cryolite 
as a flux for alumina in the Cowles or Bradley furnaces must 
result in the electrolysis of the alumina, and the deposit of the 
aluminum at the cathode and would be the patent process claimed 
by complainant. * * * *

"T h e  evidence which has been introduced by the defendant 
consists of the deposition of another expert and further quota
tions from De Ville’s works and from subsequent chemists. 
Everything which has been shown is carried back to the process 
for making aluminum by chemical reactions discovered b y  De 
Ville, and which was the only practical process until H all’s 
process by  electrolysis was discovered to the world. The evi
dence is simply cumulative, and does not at all change the con
clusion of the Court with reference to its effect. Neither the 
Bradley nor the Cowles patents contain the slightest sugges
tion that cryolite should be used as a flux for the refractory 
alumina, and no evidence is sought to be introduced that any 
one ever actually used cryolite in furnaces for that purpose. 
The question presented by the defendant, therefore, is exactly 
the same as that which the Court originally passed upon, and 
which was fully argued to the Court. * * * * *
should be remarked, moreover, that the Hall process would 
still be a patentable process, and the only one known for prac
tically making aluminum by electrolysis, even if it had been 
well known that alumina would freely dissolve in fused cryolite; 
for it was conclusively shown by the evidence that never be
fore Hall did it, had alumina been disrupted by electrolysis
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into its constituent parts. It therefore follows, even if the con
clusion already reached is not well founded as to the effect of 
the evidence touching the solubility of alumina in fused cryolite, 
that H all’s patent would still be a valid one. * * * * ”

After this rehearing was denied the inquisition of damages 
before the master was continued and about 10 years later, at 
the beginning of 1903, a second petition for rehearing was made, 
based on the question whether the commercial success, which 
had so greatly influenced the Court before, resulted from the 
practice described in the Hall patent or from some important 
modification of, or addition to, such process, and whether or 
not internal heating sufficient to fuse is necessarily incident to 
the use of the electric current in electrolysis.

The Court granted the rehearing on condition that defendant 
pay all the costs of the accounting before the master. This re
hearing was never actually had. Other matters intervened 
and subordinated the interest in this case to one in which the 
former defendant was the complainant and the former com
plainant was the defendant.

This latter case and one of the conditions precedent to it will 
be considered next.

(Pari I V  to be concluded in December issue)
2 R e c t o r  S t r e e t , N e w  Y ork

THE STATUS OF THE CHEMICAL INDUSTRIES IN THE 
UNITED STATES AT THE END OF 19 1 5 1

B y  I . F . St o n e  

M r . C h a i r m a n  a n d  G e n t l e m e n :.

When your Chairman asked me to address you 011 the status 
of the chemical industries in the United States at the end of 
1915, I considered the subject with much trepidation, and felt 
that if I tried to speak on this topic I would be falling into a 
teeming cauldron of trouble, as with conditions so abnormal as 
they are to-day, any one trying to describe these conditions as 
they are and as they may be for the next year or more, is verj 
likely to prove a false prophet. But notwithstanding these 
conditions, I will do the best I can, and hope anything I m aj have 
to say will be of interest to you.

Right after the beginning of the war there was an immediate 
demand from all sides for products which had formerly been 
supplied from Europe, which were apt to be scarce as a result 
of the war. Buyers attempted to secure as large supplies as 
possible in order to carry them through during this war. As 
a result the prices of European products immediately commenced 
to advance and finally reached the most fabulous figures. Those 
of us connected with the lines of business dealing in these prod
ucts then thought that 110 more abnormal and exciting condi
tion could be possible. But strangely enough, now, a year after 
the war, conditions are more exciting than ever, in that most 
of the European products which were then procurable in some 
quantity, have practically disappeared, while the demand for 
them still continues to a great extent, but is impossible to meet.

The products manufactured in America, not dependent en
tirely on Europe, did not follow immediately the advance of 
the European products, but gradually, as the manufacturers 
commcnced to see how things were developing and what their 
cost of raw' material would likely be in the near future, they ad
vanced their prices until they are now many times the normal 
in a good many instances.

American manufacturers also began to consider the question 
of manufacturing larger quantities of wrhat they were already 
making, and also taking up new products which formerly could 
be obtained only from Europe, and I am glad to say that a great 
deal of progress has been made along these lines. I can say 
definitely that the chemical industries in the United States 
at this time are developing rapidly, and are in a stronger and bet- 

1 A d d ress  befo re  th e  N ew  Y o rk  Section  of th e  A m erican  C h em ica l 
S oc ie ty , C h e m is ts ’ C lub , O c to b e r 8 . 1915.

ter condition at this time, the end of 1915, than ever in the past. 
M any of the products which are now being manufactured will, 
in my opinion, continue to be manufactured after normal con
ditions are again in vogue, and we need no longer be dependent 
on Europe for such products. I will be more specific as I go 
along, but simply want to mention the fact at this time that 
the condition and progress of the chemical industries have de
veloped and are now in a stronger position than ever before.

A t the time of the war, or just before the war, the two most 
important chemical products furnished by Europe to the United 
States, in this case by Germany, were potash and coal-tar prod
ucts. We were entirely dependent on Germany for muriate 
and sulfate of potash, wrhich as you know are used very largely 
for fertilizers, and in a smaller way for the manufacture of potash 
products such as bichromate of potash, yellow prussiate of potash, 
caustic potash, etc., the manufacture of which was dependent 
on Germany for their supply of raw material. Unfortunately, 
since the w'ar and the embargo on the shipment of potash to the 
United States, none now being received, no substitute has been 
found, and in spite of the reports from the Department of Com
merce that large quantities could be secured from a seaweed 
called kelp, which is in beds or meadows along the Pacific’Coast, 
belonging to this Government, nothing so far has been practically 
done to recover it. There are reputed deposits of potash in 
Utah and California, but again nothing practical has ever been 
done with them, so that at the present time consumers of potash 
or potash products arc entirely dependent on what is left of the 
German shipments before and right after the U'ar; when these 
stocks are exhausted, no one knows what can be done.

PRODUCTS FORM ERLY OBTAINED FROM EU R O PE

BENZOL— On the other hand, as to coal-tar products, it was 
immediately discovered by investigation in this country, that 
we had large quantities available if they only could be recovered 
and developed. In other words, the production of benzol, 
w'hich is the principal base for the manufacture of most coal- 
tar products and chemicals, could be immediately increased, 
and this was and is being done. Some of the large steel works, 
who formerly did not recover their benzol, are now producing 
it, and the production, which was about 3,000,000 gallons before 
the war, is now increased to about 15,000,000 gallons. While, 
unfortunately, its demand for war purposes in the manufacture 
of explosives, etc., is so great that even the present supply is 
not sufficient, and prices are almost too high for manufacturers 
to use it for the manufacture of ordinary products not con
nected with war products, yet the fact remains that this product 
has increased in production over five times, and that this pro
duction is here to stay; at normal prices it will be largely used 
for the manufacture of other products, which will develop with 
it. There is one use for benzol, for instance, which is prac
tical and sure, and that is its use for motive purposes in auto
mobiles in place of gasoline. It is being largely used in Europe 
for this purpose, and the only reason it has not been used here 
has been the limited production and the higher price, it normally 
being about double the cost of gasoline. With the present im
mense production, however, the cost has been reduced until 
now I believe that it can be manufactured and sold at a profit 
at the proportionate price of gasoline, and tnat this will be 
done as soon as the present war is over. When I say propor
tionate price I mean that careful experiments for automobile 
purposes show that benzol has a motive power about 25 per 
cent better than gasoline; it consequently would have 25 per 
cent advantage at the same price, so that even with benzol 
25 per cent more in cost it would still be money value, but 1 
also really believe that it could be actually produced now and 
sold at the same price as gasoline if it were necessary to do so. 
Therefore, the importance of this matter is obvious. Not 
only is the above true, but it is a fact that the use of gasoline



992 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol .  7, No.  11

for automobile purposes is so large (100,000,000 gallons) that 
it is very difficult for the oil companies to produce enough to 
meet the demand; consequently the entrance of the new product 
for the same purpose will be very important, and a great relief.

a n i l i n e  p r o d u c t s — Another large increase- in production 
through the present conditions, is the manufacture of aniline colors 
and other coal-tar products in this country, which will be much 
to the relief of consumers who at the present time are unable 
to get anything like the supply of colors which they need in the 
conduct of their business. The five factories already estab
lished in this country before the war, are all extending their 
production to their utmost capacity in keeping with safety 
for their investment, and I believe that in 1916 the produc
tion of aniline colors in this country will be at least three to 
four times the production before the war. This production 
could again be largely increased if the manufacturers were sure 
of some protection from the Government in the w ay of higher 
tariff, or Government manufacture of intermediate materials, 
which would enable them to get the same at the same price as 
paid by  European manufacturers; then again putting into effect 
some anti-dumping clause, which is now promised by the Govern
ment?, to prevent the dumping into this country of colors at 
lower prices than they are sold elsewhere, for the purpose of 
preventing their development and manufacture here. W hat
ever the Government may finally decide to do towards the 
protection of this industry, there remains the fact that a great 
impetus in the development is already under way, with the 
hope of Government protection, so that the Europeans will, 
find them strongly entrenched in any event after the close of 
the war. I am speaking now of the factories already in opera
tion, but in addition to these there are many new factories 
projected, and some in operation. I have a list of 23 new fac
tories, the last of them with a proposed capital of $15,000,000, 
and while a good many of these may not materialize, some
thing will surely come of some of them. Up to now none have 
actually manufactured any aniline colors, but some are operating 
with a production of some intermediate products like aniline 
oil, beta naphthol, paranitranilin, etc. Speaking of aniline 
oil, with the one factory established before the war and the 
increase in its works since the war, and the number of new fac
tories making or about to make aniline oil, it looks as if the 
production of this product would be 4,000 to 10,000 tons as 
against the normal consumption of about 4000 tons; in other 
words, the proposed manufacture seems larger than the consump
tion, but as the consumption is also increased, possibly the 
whole amount projected can be used. A t any rate, there will 
be enough manufactured in this country to take care of the 
whole consumption, so that Europe need not be depended upon.

c a r b o l i c  a c i d — -Another article which has increased largely 
in production is carbolic acid, the consumption of which in the 
United States is about eight to ten million pounds yearly. It 
is true, however, that this has not been available for ordinary 
use, as most of the new factories have used their product for 
the manufacture of picric acid, which is sold for w-ar purposes, 
with the exception perhaps of the works of Thos. A. Edison, 
who, in an interview, said that his production was about 12,000 
lbs. daily, which is used for his records. The point about 
this article is that practically none of it wras manufactured 
here prior to the war, but it is now produced in large quantities, 
and after the demand for picric acid is over, for war purposes, 
then the production can be used for other commercial purposes 
to the advantage of the country, and so relieve them of de
pending on Europe for their supply.

n a p h t h a l i n e — Another article which has increased largely 
in production here is naphthaline, which is also a coal-tar product. 
Before the war the production in this country was about
2,500,000 pounds, while now it has increased to something like
7,000,000, perhaps more, the normal consumption being about

9,000,000; the difference between w hat was produced in America 
and the total was obtained from England and Germany, which 
countries hereafter should be practically unable to ship over 
here, by  reason of the new large production here.

b a r i u m  p r o d u c t s — This is about all I will say in connection 
with aniline or coal-tar products, but as it is obvious that there 
is a  great development taking place in this industry, it  is cer
tainly a very satisfactory condition at this time. Leaving 
the aniline industry, and going to other products not connected 
with aniline, but the development of which has gone on very 
quickly since the war, I  shall refer first to barytes and barium 
products. Before the war there had been a yearly average 
importation to this country of crude barytes of about 40,000 
tons coming from Germany, practically all of which was used 
in the manufacture of lithophone, which was about the only 
product of barytes made largely in this country prior to the 
war. There are now' six manufacturers who are turning out 
large quantities, and the business on this product will remain 
with the American factories. I wish to say, however, that since 
the beginning of the war no barytes has been coming in from 
Germany but it has been supplied from mines and deposits in 
the States of Tennessee, Kentucky, Virginia and Missouri, 
and possibly some others, so that nowr the thing to do is to con
tinue to use this American product and keep away from the 
European barytes. Formerly there was a duty of $1.50 per 
ton on foreign barytes, but this was reduced in the last tariff 
to 15 per cent which was only about half the former duty. 
The German barytes was formerly delivered at a cost of about 
$5.00 per ton at such ports as Philadelphia and New York, 
the duty of 15 per cent per ton included, while the American 
barytes under normal conditions could not compete and can 
sell now only because no German goods can be secured. The 
German barytes tests higher in barium sulfate content, averaging 
about 96 per cent and is almost free from objectionable impuri
ties, so that the consumer obtains a better yield at a  lower 
cost than by the use of the available American barytes, which 
analyzes only from about 83 to 95 per cent barium sulfate, 
averaging, say, 92 per cent and much of it is contaminated 
with iron. The point is then that a duty should be placed on 
foreign barytes high enough to offset the difference in quality 
and price, and insure the continued use of American barytes 
by American manufacturers. In other words, the duty should 
be advanced, instead of standing at the present rate of 15 per 
cent per ton. In addition to using the American barytes for 
the manufacture of lithophone, since the war four or five re
sponsible factories have started up to manufacture other barium 
products such as chloride of barium, carbonate of barium, 
hydrate of barium, nitrate of barium, and binoxide of barium, 
which means an increased use of the crude barytes, giving still 
further production to American producers, possibly double 
the quantity formerly used. It  is important that American 
producers should continue to furnish the crude barytes to these 
factories in spite of the German competition, which is bound 
to come again after the war, and, as far as I know', an addi
tional duty is the only w ay it can be done. W ith the manu
facture in this country of the products just mentioned, viz., 
chloride, carbonate, hydrate, nitrate and binoxide of barium, 
most of which w'ere never made in this country before success
fully, we have a practically new industry created, which will 
make us independent of Europe in the future, some of these 
factories being already in operation successfully, and the full 
production of all of them will undoubtedly be On the market 
before very long. This makes the barytes and barytes products 
in this country practically a new industry and one which could 
be held in the future, and is of great importance.

c a r b o n  t e t r a c h l o r i d e — Another product, the manufacture 
of which has increased largely in this country since the w'ar, 
is carbon tetrachloride, which was formerly made exclusively
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in Germany, but later taken up by American manufacturers, 
who a t the time the war began were probably producing half 
the consumption here. Since the war they have increased 
their plants very largely so that they are now supplying all 
of the American trade, and while still somewhat short of the 
requirements, new factories are being constructed so that in 
the end the whole consumption of the country will be manu
factured here. This article is perhaps not so w'ell known, but 
is one of considerable importance, and the consumption is con
tinually increasing in view' of the many purposes for which 
it can be used.

IN CREA SED  PRODUCTIONS IN  ESTABLISHED IN DU STRIES

I have given, up to now, the situation on those articles for 
which we formerly depended largely on Europe, but the manu
facture of which has increased largely in this country, which 
gives a distinct advantage, and increase in our chemical in
dustry. I will, therefore, now refer to a number of products 
which have always been produced largely in this country, 
and arc not so susceptible to European competition, simply 
to advise you the condition of the manufacture of these articles 
and the present and future conditions regarding them.

a c i d s — First in importance, I presume, is the manufacture 
of such acids as sulfuric, nitric and muriatic, which are the 
basic materials for practically all of the great chemical industries 
of the country, and 011 which there has never been any foreign 
competition because largely of the heavy expense of trans
portation, the fact being that American manufacturers were 
able to make at such prices as rendered importation unprofitable. 
Up to within a few months ago they were able to supply the 
demand of the country as usual, but as the war ran on, and the 
demand for ammunition and explosive purposes became larger 
and larger, the demand for acids increased to such an extent 
that at this time the manufacturers are absolutely unable to 
supply it; as a consequence American consumers find themselves 
unable to get enough to conduct their business, or, when they 
do get enough for their present business, they are unable to obtain 
any additional quantities for an increased business, so that the 
general situation on acids is very serious at this time. Many 
increases are planned and under construction, but it will be a 
number of months before they can be completed, and not much 
relief is expected for some time to come.

a l k a l i s — Perhaps the next important manufactures in 
volume and value, are caustic soda, soda ash, and- bleaching 
pow'der, all of which are now manufactured largely in this coun
try, the quantity I am told being from 1,250,000 to 1,400,000 
tons of the three products together. For a short time after 
the war, the manufacturers were able to continue their supply 
in their ordinary way, but the stopping of shipments from 
European countries to other countries by reason of the war, 
led to a demand for American manufactures, to supply this 
shortage, i. e., countries who had formerly bought from England 
and Germ any and who could not get any from Germany at all 
and not enough from England, turned to America for their 
supply; this created a large export business which brought 
the manufacturers to their full production and has kept them 
very busy up to this time. B y  reason of this unusual export 
demand, and the consequent shortening of stock, the condition 
of these products means great prosperity to the American manu
facturers.

CHLORATES, PR U SSIA TES, BICHROM ATES— Other products manu
factured largely in this country are such products as yellow 
prussiate of soda and potash, chlorate of soda and potash, bi
chromate of soda and potash, the manufacturers of which hold 
the whole American trade, as there are practically no importa
tions from Europe. The manufacture of y e l lo w  prussiate of 
potash, however, is somewhat limited, owing to the inability of 
manufacturers to get muriate of potash from Germany, so most 
of them are working almost exclusively on soda, and the paint

manufacturers, who are large users, are now trying to make 
their Prussian blues from soda instead of potash, and if success
ful, as some of them seem to be, the soda will probably be used 
exclusively for a long time to come, and there will be no need 
to depend on European sources for potash.

The manufacture of chlorate and bichromate of soda con
tinue without hindrance, and in increasing quantities, but chlorate 
and bichromate of potash are apt to be somewhat limited, owing 
again to their inability to get proper quantities of the muriate 
potash, these manufactures depending, as far as I can find out, 
on muriate of potash which was brought in from Germany 
before or just after the war; while they are fortunate in having 
enough to go on with their manufacturing, it must be evident 
that sooner or later their potash products must stop, and soda 
products substituted wherever possible.

c a u s t i c  p o t a s h — The condition of caustic potash, another 
potash product, is also interesting; its manufacture was com
menced in this country some years ago and up to the time of 
the war was constantly gaining in importance and production. 
Unfortunately, however, the manufacturers were dependent en
tirely on Germany for their muriate of potash; when shipments 
of this were stopped the factory was compelled to slow up and 
is now in a position where they can only make that quantity 
of caustic potash for which they can secure the raw material. 
Should the muriate of potash be found or produced in America, 
then this caustic potash couid be made largely, but while de
pending on Germany, muriate of potash must necessarily con
tinue to be limited.

o x a l i c  a c i d — Another important article, the manufacture of 
which has developed in this country, is oxalic acid. The fac
tory was established some years ago, but up to the time of the 
war had trouble competing with the European product on ac
count of the reduction of duty in the last tariff, and wras not 
able to develop the production as they wished; but since the 
war practically stopped the importation of foreign acid, they 
have taken care of practically the whole American consumption, 
and will continue to do so to the limit of their ability. They 
are not yet able to produce the full quantity, so there is a con
siderable shortage in supplies. Consequently the price is very 
high, but eventually there is no reason why this product should 
not be manufactured to the full extent of the American consump
tion, and the business held here.

There arc many other chemical products which are manu
factured in this country, but not of enough importance to 
enumerate separately, so all I can say in finishing is that the 
status of the chemical industries in the United States at this 
time is very satisfactory, practically every manufacturer being 
engaged to the limit of his capacity, and from every indication 
this prosperity will continue for the following year, for the reason 
that most of them have made contracts covering their produc
tion for this period.

You will notice that in speaking of these various products 
manufactured in America, I have made frequent reference to 
tariff, and the necessity of advancing the duty if articles manu
factured are to be developed successfully. While I have no 
intention of making this an address on tariff, at this time, it is 
so obvious that the tariff should be reformed upward to retain 
the present manufactures successfully, that I cannot help men
tioning it.

100 W il u a m  S t r e e t , N e w  Y o rk

THE BARIUM IN DUSTRY IN TH E UNITED STA TES SINCE 
TH E EUROPEAN W A R 1

B y  M a x im il ia n  T och  

Within the last eighteen years there have been three attempts 
to establish a barium industry in the United States prior to 
August 1, 1914, and all three of them were unfortunate failures.

1 A ddress befo re  th e  N ew  Y o rk  S ection  of th e  A m erican  C hem ical 
S oc ie ty , C h em is ts ’ C lu b , O ctobe r 8 , 1915.
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I have investigated the cause of these failures and I find that 
two of them failed through financial and chemical mismanage
ment, and one of them was utterly destroyed on account of its 
inability to compete against foreign competition.

I have been identified with the manufacture of barium products 
for nineteen years, and while the venture of my firm has been 
successful it was never very large and was confined to one par
ticular barium salt, which sold entirely on account of its quality 
rather than its price.

A  well known and successful chemical corporation manufac
tured barium chloride and barium sulfate in New York C ity  
a little over fifteen years and made very, very good products. 
As soon as they turned out reasonable quantities some foreign 
chemical manufacturers undersold them to such an extent that 
they found they were unable to continue, and as soon as they 
were promptly and properly put out of business the foreigners 
raised their price and have kept the trade ever since, for they 
taught the American manufacturer the unfortunate lesson that 
if he were to establish an industry he could not continue it suc
cessfully, for the well-known methods of “ dumping” large 
quantities on this market, in addition to the meagre tariff, would 
soon teach them that they had better not try  to make American 
goods again.

I believe I was the first one who pointed out to the Depart
ment of Commerce the shortcoming of our own laws. If a 
manufacturer in this country attempts to put a competitor out 
of business by w hat is known as unfair methods, all one has to 
do is to file a complaint with the Federal Trade Commission, 
and the matter is considered at once by its examiners and a t
torneys; but it is quite obvious that any law made in this country 
has no sanction against a foreigii corporation outside of the juris
diction of the United States any more than a firm in the United 
States can be held responsible for its actions according to the 
law of England, France or Germany.

Two weeks after the great war in Europe was under full 
swing, m y firm recognized that a very interesting portion of its 
business would be obliterated if we could not obtain barium 
compounds, and, to be exact, 011 the 14th of August I started 
negotiations for a plant at Sweetwater, Tennessee, for the pur
chase of a large tract of land containing the mineral barite, and 
in October, just a year ago, the first carload of barium salts 
was shipped from Sweetwater, Tennessee, to our Long Island 
C ity  works. From tlvit day to this the plant has been working 
night and day, additional mines have been purchased, additional 
installation has been erected, and the corporation is destined to 
continue to grow, provided our own parsimonious and short
sighted Government will not aid in its final destruction.

There has been a great deal of talk about the dye industry in 
the United States, and any number of capitalists would invest 
the necessary funds to-morrow to establish a permanent aniline 
industry in the United States if they had some kind of assur
ance that the laws which prohibit unfair competition among 
ourselves could, in some manner, be made active as against those 
outside of the United States. There has been a tremendous 
amount of talk with reference to enacting an “ anti-dumping” 
law. For months this has gone on and up to now it is simply 
nothing but talk. A great deal of publicity has been given by 
public officials about the new and wonderful methods and short 
cuts that have been discovered for the manufacture of aniline 
dyes out of soft coal to such an extent that it has made the finest 
and best method for stock jobbing that has ever existed, but 
there is not a color maker in the United States who can buy for 
immediate delivery the necessary aniline colors for the manu
facture of the lake colors in any reasonable quantity in spite of 
all this caloric atmospheric discussion.

The barium industry in the United States is not an industry 
that can be started over night, and among the failures that 
I referred to one of them was due to the fact that theory took

the place of practice. The starting point of the barium industry 
in the LTnited States is the admixture of barium sulfate and coal, 
both of which are finely divided, and heated, when the coal con
verts the entire oxygen into carbon dioxide and leaves barium 
sulfide behind. The best that any man can do in practice is 
to get 70 to 75 per cent reaction. In our works we have had 
runs where we have gone as high as 85, but I think this is purely 
accidental; yet theoretically the reaction ought to be com
plete, and the difference between theoretical chemistry and chem
ical engineering shows that the chemical engineer must devise 
apparatus which will fit his raw material. N ot all barite is 
suitable for reduction. I have seen disastrous results where 
calcium fluoride was contained in the barite, and where certain 
forms of iron would actually produce a paralysis in the reaction, 
and if up to now I have had a slight measure of success in the 
manufacture of these compounds it is because I had a knowledge 
of the manufacture of these compounds prior to the European 
war. Chemical engineering is 49 per cent chemistry and 51 
per cent business acumen. I place the business end ahead of 
the chemical end for the obvious reason that ability to finance, 
ability to sell at a profit, and ability to organize are ahead of the 
chemical reactions involved. Y o u  can buy chemical talent, 
but you cannot buy business efficiency. You can buy barytes 
of any kind, but you cannot buy in the open market the skill 
necessary to design this apparatus so that the results will be 
uniform. I have seen a chemical industry fail because 110 com
mercial method of water purification necessary for the reaction 
was at hand, and if the subject had been carefully studied in 
advance a fortune could have been saved.

There are m any arguments in favor of protection of the chcm- 
ical industries in the United States, and what I say about the 
barium industry might refer practically to any other chemical 
industry, for we have economic differences between Europe and 
America which cannot be neutralized excepting by a system of 
protection in addition to an "anti-dumping” law. The freight 
rate from Tennessee to the coast on our raw' material is about 
S4.50 per ton; that is to say, barite cannot be shipped for less 
than that except by rail and water, which is a purely theoretical 
rate, for under existing circumstances a fifty ton car of barium 
ore cannot be transferred to a steamer unless the material is 
packed in sacks or barrels. The same material pays $1.80 
freight from Bremen to New York, and I have it 011 very good 
authority that the rate from the mines of Germany to New York 
is $2.00 per ton, because the German Government has always 
fostered its commerce by making special freight rates to export 
shippers. The railroads in this country, which are, of course, 
all privately owned, show that they cannot carry trade for less 
than a fixed sum, owing to their overhead charges; but their 
overhead charges, which start with the interest on their watered 
stock, are so great that the shipper must suffer. An 800 mile 
haul from Tennessee to New Y o rk  pays $5.00 per ton, and a 
1200 mile haul from Missouri to New Y ork pays $4.00 per ton, 
and the one railroad can afford to do it and the other railroad 
cannot afford to do it. If the unsuspecting public is forced to 
support an overburdened railway the Government should, at 
least, equalize this matter by  giving us a protection in the form 
of tariff.

It is very amusing to read in the papers almost daily about 
wonderful new methods and new corporations who are about to 
manufacture all the dyestuffs in the United States and that the 
shortage of dyes and chemicals necessary for dyeing is about to 
disappear. It seems to be a pity that any Government employee 
will lend himself to the exploitation of what looks like stock 
jobbing schemes without due investigation, for I have not been 
able to buy any American dyes and no one else that I know of 
has been able to buy any American dyes such as are generally 
used for the manufacture of lake colors. On the same sheet of 
the daily press in which these forthcoming industries are heralded
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you could invariably find a news item stating that the dye works 
are practically shut down for want of even simple dyes.

It  is at once amusing and pitiable to note the superficiality 
with which these investigations have been conducted. Three 
weeks ago in the Neiv York Times there appeared a statement 
that a corporation was formed and very shortly there would 
be no dearth of the barium chemicals necessary for the manu
facture of mordants and paper glazing material, and that a 
great deal of credit should be given to this concern as being the 
first concern to manufacture the barium chemicals in the United 
States, and this just exactly one year after the industry with 
which I am connected has been steadily turning out hundreds 
of carloads. It  may be true that I have not trumpeted from the 
housetops that the concern which we started was supplying ma
terial with great regularity and of chemical uniformity, and our 
own Government did not know it. On the other hand, last 
Spring a friend of mine sent me a clipping from the German 
commercial reports giving a full description of the materials that 
we are making, and an item concerning myself, for the investi
gator had stated that many German chemists would recognize 
my name as having been president of a section of the Eighth 
International Congress of Applied Chemistry. This was last 
Spring, and now our own wide-awake Government is noting the 
fact that soon there will lie a barium industry started in the 
United States.

One of the very serious drawbacks concerning the new barium 
industry in the United States is the inability to obtain raw ma
terials and equipment. There isn’t a steel factory in the United 
States that is not working overtime at high prices on appliances 
which are designed to kill people, and as long as this condition 
obtains we peaceful manufacturers who want new rotaries and 
new apparatus will simply have to abide our time and pay ex
orbitant prices until we can obtain parts of new equipment. 
To give you a striking example, we needed in one of our works 
a set of bevel gears made of a special metal, and after waiting 
twelve weeks, because there was no shop in the country which 
would pay any attention to us, we finally had to devise gears 
ourselves as a makeshift. Nor does this apply to machinery 
alone, for no one could take any contract on any of the barium 
salts like the chloride, nitrate or sulfate and hope to deliver any 
part, because it is absolutely out of the question to obtain acids. 
The people with whom we have dealt for our acids for years 
are simply either refusing to give us any materials or supplying 
us with ridiculously small lots at enormous prices, for there arc 
other channels which buy larger quantities and pay more than 
the peaceful manufacturer can afford.

I mentioned before that industrial chemistry was 51 per 
cent business and 49 per cent chemistry, and these figures will 
serve for an example. I was often asked why we located at 
Sweetwater, Tennessee, and while I did not have very much 
time to look around I found that that was the logical and strategic 
location for coal, labor, water and ore, for all of these materials 
combined are perhaps more reasonable at that locality than 
anywhere else I know of. In the lantern slides, which I will 
show you later, you will see a graphic description of the method 
by which the ore is mined, and in order to make a success of 
this enterprise the works should be located within such a  radius 
of the mine that the ore can be delivered at a reasonable rate.

The great and only question with reference to the barium 
industry is, shall this industry live after the European war is 
over, and I could not answer that categorically without some 
explanation. It depends entirely upon our own Government. 
If, on account of the economic conditions w’hich I have described, 
foreigners are prevented from underselling us, we shall be able 
to live. Our own manufacturers should get together and under
stand that the underlying principle of successful business is to 
have a profitable business, for 110 argument is necessary on this 
point other than to prove that when you have a growing and

going manufacturing concern, in order to have peace and success 
you must be able to pay your men a living wage, and you must 
be able to pay them regularly, for the shut-down of any works 
in any community, particularly in a small one, produces disas
trous results. Innocent women and children are made to suffer 
through it, so that in the greed of obtaining business manu
facturers must understand that cut-throat methods lead to bad 
results for all parties concerned. I hope that when this war is 
over the barium industry will be firmly established and pro
tected, as the economic conditions in this country would demand.

W hat a remarkable difference there is between the enter
prise in Japan as compared to the United States. Japan has 
suffered from a lack of chemicals and dyestuffs just as much as 
we have, and both Houses of the Japanese Government have 
voted to subsidize all corporations and firms who are about to 
engage in the manufacture of chemicals and dyestuffs that were 
not formerly made in Japan to the extent of §3,500,000, the other 
half to be subscribed by the manufacturers themselves. It 
is understood that the subsidy granted is for ten years in order 
that the new manufacturing concerns may pay a dividend of at 
least 8 per cent. In addition to this it is understood that the 
Japanese Government has protected these manufacturers in 
the form of a high tariff. And that is the country to whom we 
have been sending missionaries in order to convert them from 
their archaic beliefs and notions. The old order of things could 
be reversed and Japan could now send missionaries to this coun
try. It seems to me that it is a great pity that nothing has been 
done up to now to protect the American manufacturer, for a 
subsidy from the Government is out of all reason, even though 
this is at present the richest Government in the world and 
Japan rated as one of the poorest. As I said before, we can 
hope to succeed only if our Government will help us from being 
destroyed by outside influences.

320 F if t h  A v e ., N k w  Y o r k

NOTES ON TH E EUCALYPTU S OIL IN DUSTRY OF CALI
FORNIA

B y  P. W . T o m p k in s  

R ece iv ed  A pril 26, 1915

Eucalyptus globulus oil produced in California has been 
characterized, since the Pure Food and Drug Act, by its non
conformity to the U. S. P. solubility standard in three volumes 
of 70 per cent alcohol by volume, a guarantee now required by 
wholesale druggists. While this difficulty can be readily over
come by appropriate fractionating, it is at the expense of a 
certain portion of the oil and a cost not favorably comparable 
with Australian conditions of production, with which we must 
compete.

A feature developed during an investigation of the industry 
begun iu 1912 satisfactorily explains the wide variation 
occasionally encountered in California oils. A  considerable 
proportion of the trees cut are topped or stumped and the 
subsequent growth develops a very prolific and dense foilage. 
Since this new wood is sometimes recut, its influence on the 
oil derived exclusively from mature trees was determined.

Two sections were found where the new foilage (all globulus) 
was fairly accurately established as being five years old and was 
from topped trees while the other was a lot of one year sucker 
shoots from tree stumps. Each batch of 400 pounds (with a 
minimum of terminal twigs) was separately distilled and is 
compared with an oil from trees about 30-years old, with salient 
characteristics briefly determined as follows:

O i l s  f r o m  E u c a ly p tu s  globulus. A l l  f r o m  S a n  F r a n c i s c o  C o .
1 y e a r  5 y e a rs  30 y ea rs

J5P_ g f ,   Z j  .......................................................  U .0 7 U  V . ' S W  U .7 U O
Soi. 70 p e r  ce n t a lcoho l by  w t................ 15 vols. 3 .2 5  vo ls. 1 .5  vols.
Sol. 70 p e r  ce n t a lcohol b y  v o l................  In so lu b le  45 vo ls. 15 vols.

Obviously the young growth furnishes ipuch less oil in pro
portion to its age, and its inferior quality would have an un-
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desirable influence on any run. Aside from a very marked 
difference clue to locality, observed in oil from mature trees, 
this young growth would apparently account for the abnormal 
character of California oils noted from time to time. W hat 
age the new growth must attain before its oil fOlljr matures, 
would be an interesting subject for those having the opportunity 
to investigate.

However, the greatest difficulty the California industry has 
to contend with, aside from the decreased oil recovered, in 
order to bring its product up to present U. S. P. solubility, lies 
in the fact (practically speaking) that Eucalyptus globulus is 
the only species available in quantities for oil production at the 
present time, whereas in Australia more productive species 
requiring no treatment are almost exclusively worked for ex
port. This subject is best illuminated by quoting some corre
spondence with Richard T. Baker1 in part as follows:

“ There is, however, an erroneous opinion commercially as 
to the percentage content of cineol in the oil of E . globulus 
and we have species growing naturally in Australia, the oils of 
which are much richer in cineol than that species, and also yield 
a much greater quantity of oil. These oils are now largely 
exported from Australia, particularly that of E. polybractea 
and are without doubt often sold as the oil of E. globulus as 
indicated by the records of their sale. In fact, there is at the 
present time very little oil of E. globulus distilled in Australia, 
as it  cannot compete against the more prolific oil-yielding species 
which are richer in cineol.

" I t  is not usual to fractionate the oil of Eucalyptus globulus 
and the other rich eucalyptol oils so as to remove terpenes and 
thus endeavor to increase the eucalyptol content, as this is 
unnecessary with these species. Rectification by steam distilla
tion is all that is necessary. There are species, however, the oil 
of which can be much improved by fractional distillation and the 
oil of the New South Wales form of Eucalyptus amygdalina can 
be, and is so increased in eucalyptol, by  separating the large 
fraction boiling at about the temperature of eucalyptol; the 
other portions of the oil are then used for industrial purposes 
other than pharmaceutical. As a rule fractional distillation, on 
a large scale, is not practiced to any great extent in Australia 
in preparing eucalyptus oils for market.”

In addition to this unequal basis of competition they now 
employ, in Australia, digesters of much greater capacity than 
are used here, some of these taking over 3 to 4 tons of green 
leaves to the charge. A  most interesting feature was developed 
in the fact that the raw globulus oil from Australia does not 
conform to U. S. P. solubility, unless fractionally distilled like 
our own, though with less loss. Notwithstanding the popular 
idea that the raw Australian globulus oil is soluble in 3 volumes 
of 70 per cent alcohol by  volume, it is in reality not so.

Through the kind assistance of M r. Baker this valuable 
comparison was made possible and in submitting the first sample 
(broken in transit) Mr. Baker stated in part:

"A fter considerable difficulty I have at last been able to 
obtain a sample of the oil of Eucalyptus globulus which has been 
forwarded, etc.”  “ The oil was without doubt distilled from 
Eucalyptus globulus and is typical of the oil of this species as 
grown in Tasmania.”

The second sample also from the Island of Tasmania was 
received with the comment:

" I  have after considerable trouble secured another sample 
of Eucalyptus .globulus oil,”  etc.

Compared with the average raw  California globulus oils 
from San Francisco County, and normal extremes observed 
from properly distilled leaves (mature) of several localities, 
the Australian sample gave the following, compared with Baker 
and Smith’s observations of the New South Wales growth:

1 C u ra to r  of th e  te c h n ica l m u seu m  of S y d n ey . B a k e r  a n d  S m ith — “ A 
R esea rc h  on  th e  E u c a ly p tu s  w ith  P a r t ic u la r  R efe re n ce  to  T h e ir  E sse n tia l 
O ils”  p u b lish e d  b y  th e  G o v e rn m e n t o f A u s tra lia  in  1902.

V a r io u s  
S a m pl es  
o f  O il s  

S p. g r. — 2 5°

A u s t r a l ia
(T a s-

C a l if o r n ia  (m a tu re  g ro w th )  m a n ia ) (N . S. W .)
E x tre m e s  A v e rag e  O ur " B a k e r  &
o b serv ed  S . F . C o. sa m p le  S m ith ”

0.901 to  0 .909 0 .906  0.9123 0.913
+ 9 .2

1.5

A b o u t 50 
N eg .

R o ta t io n  [ a ] “ (i)) + 1 1 .4  to  + 7 .0  + 8 .0  + 3 .9
S ol. 7 0 %  ale . b y  w t. 1.7 to  1.4 vo ls . 1.5 1.2
S ol. 7 0 %  ale. b y  vo l. 35 to  13 vols. 15 8
P e r  c e n t cineo l (U .

S . P . M e th o d ) . .  47 to  54 52 54
P h e lla n d re n e  te s t  N e g a t iv e  N eg . N eg .

from  tre e s  a t  B erke ley , C al.

Inasmuch as most oils from Australia are soluble in 1.8 to 
2.2 volumes of 70 per cent alcohol by  volume, it would lead to 
the conclusion, particularly in view of Mr. Baker’s statement 
and our examination of the Tasmania globulus oil, that this 
species is not represented in the products received here. M erely 
in support of its scant production, is the fact that of some ten 
commercial varieties of eucalyptus pil representing the Australian 
exhibit at the P. P. I. E., Eucalyptus globulus is the species 
conspicuously absent.

It  could hardly be considered guess work to assume that the 
raw globulus oil of Australia is in reality as variable in 70 
per cent alcohol by volume as our own, when we compare the 
constants of the Tasmania sample and those found by Baker 
and Smith, with over twice the specific rotation and 0.3 cc. less 
soluble in 70 per cent alcohol by weight, a very great factor of 
influence on the solubility in 70 per cent alcohol by volume.

Probably the greatest relief home industry could receive, 
would be by appropriate modifications of U. S. P. requirements 
in the coming edition, which would permit within reasonably 
practical limits the use of our globulus oil. The limitations 
should be sufficiently broad to include normal variations, 
particularly the solubility in 70 per cent alcohol by "volum e.”  
Among the proposed requirements are: specific gravity at 250 
— 0.905 to 0.925 (same as at present); soluble in 4 volumes of 
70 per cent alcohol (undoubtedly meaning 70 per cent by volume) ; 
and containing not less than 70 per cent cineol by  the resorcin 
method.

However, if 70 per cent cineol is to constitute the minimum 
limit, then a gravity as low as 0.905 is unnecessary. The pro
posed solubility in 4 volumes of 70 per cent alcohol by volume 
with oils containing a minimum of 70 per cent cineol when the 
present U. S. P. calls for solubility in 3 volumes with not less 
than 50 per cent cineol, reverses the needs, since the solubility 
increases as the cineol increases. T hat is, if by increasing the 
solubility to 4 volumes, a more liberal scope is intended, the 
70 per cent cineol makes this increase unnecessary and would 
be a solubility more in keeping with present U. S. P. require
ments for 50 per cent cineol. If, on the other hand, a gravity 
of 0.905 (about that of California’s) is meant to include the 
conditions of a broader range of oils, then the solubility in either 
3 or 4 volumes of 70 per cent alcohol by volume is entirely 
inadequate; nor could a natural oil of this gravity contain as 
much as 70 per cent cineol.

SUMMARY

I— Appropriate fractional distillation will render California 
eucalyptus oil up to present U. S. P. requirements, but at the 
expense of about 15 per cent of the original volume as determined 
by the present official method. The quality is further improved 
by the use of caustic soda.

II— Neither Australian nor California globulus oils in the 
raw state or redistilled in a current of steam are soluble in 3 
or 4 volumes 70 per cent alcohol by  volume, without fractionat
ing, though this variety is not the competitive species we have 
to deal with in the Australian trade.

III— If the phosphoric acid method is retained, as official 
in the coming U. S. P. the minimum per cent of cineol should 
remain as at present, 50 per cent. If the resorcin method is
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adopted the minimum per cent of cineol could be placed at 60 
per cent without materially interfering with the California 
industry, but the proposed 70 per cent would entail a loss of at 
least 30 per cent of the original volume to bring it up to .this 
figure if determined by the phosphoric acid method, and about 
15 per cent loss if the cineol is determined by the rcsorcin method.

IV — The solubility in 70 per cent alcohol by volume should 
be increased to at least 18 instead of 4 volumes, if the average 
raw California oils redistilled in a current of steam without

M A R K E T  CONDITIONS

Active inquiry, alarming advances and continued scarcity 
have been noted for many chemicals and raw materials during 
the past month. A combination of peculiar circumstances 
that is unprecedented has resulted in a very sensitive market. 
Conditions prevailing arc such that quotations seldom hold 
for more than a day. Manufacturers having a surplus of some 
articles are selling at a handsome profit and small fortunes 
have been realized by speculators. Manufacturers in many 
lines have been compelled to alter their formulae to allow for 
the use of substitutes where the necessary materials are ab
normally high or impossible to obtain.

These unusual conditions are justly attributed to the European 
war but there are some features only remotely connected with 
the hostilities of nine nations and some causes entirely inde
pendent of the European situation. The cessation of all ship
ments from Germany is probably the largest single factor al
though home requirements and embargoes have prevented 
England, France, Russia and Italy from permitting or making 
normal exportations of many commodities. The war has re
sulted in a scarcity of freight room on ocean vessels, higher 
rates for freight and insurance, and a general uncertainty.

Contracts for the manufacture of explosives for the entente 
Allies are responsible for the scarcity and high priccs noted 
for carbolic, picric and nitric acid, nitrate of soda, glycerine, 
ether, benzol, toluol, aniline oil and many other coal-tar deriva
tives.

Nitrate of soda in normal times enters commerce principally 
for fertilizer. During the early months of the war, large stocks 
were held at most receiving and shipping points; with a large 
portion of foreign markets closed, operations in Chile were 
brought almost to a standstill and prices were very low. As 
the war continued the demand for nitrate increased and opera
tions at producing points were increased to normal with quo
tations slowly advancing. About a month ago unusually 
large purchases in Chile were credited to explosive interests 
and great strength developed. Then came the last big slides 
in the Panama Canal and the subsequent announcement that 
Canal traffic would be suspended indefinitely. This resulted 
in the market reaching $3.00, the highest point in several years. 
Cargoes will now come “ round the Horn” and increased freights 
and the growing scarcity will probably result in further advances.

Glycerine was not attracting any particular attention in the 
markets a month ago and C. P. was available at 26 cents and 
“ dynamite”  at 25 cents. To-day it is difficult for any buyer 
to secure supplies, except subject to delays, although the current 
quotation is 60 cents per pound for both C. P. and dynamite 
grades. One consumer was in the market a few days ago for
1,500,000 pounds. The high prices and active demand have 
resulted in an increased production and this is proving the most 
profitable business to most of the soapmakers. Vegetable 
oils are being purchased in large quantities for this purpose and 
linseed oil appears to be the only one not profitable.

Inability to secure supplies of potash salts has resulted in 
abnormal prices for many chemical compounds and the elimina

fractionating (Australian practice) are to be included on an 
equal basis with the foreign importations.

V — The by-product oil of refining as well as the crude (if 
sufficiently reasonable and in quantities) might be utilized for 
the separation of metallic sulfides by  the flotation process, as 
extensively applied in Australia and to some degree here with 
the foreign oil.

L a b o r a t o r i e s  C u r t is  a n d  T o m p k in s  
108 F r o n t  S t . ,  S a n  F r a n c is c o

tion of some from the market. Dealers and brokers have 
verily scoured every corner of the globe in search of old stocks 
of German potash, so that now little muriate or sulfate is to be 
had except from third hands who naturally look for a substantial 
profit. Muriate of potash, however, is available in a limited 
way at $245 to $250 per ton.

Scarcity of the various forms of potash has found the soda 
compounds being substituted to such a degree that sharp ad
vances arc common. Yellow prussiate of potash is to-day 
selling at 87 cents per pound as compared with 1 1 ‘/i cents be
fore the beginning of the war. Red prussiate of potash commands 
$2.60 to $2.75 per pound as compared with 21 cents in July,
1914. These advances result in such an increased use of soda 
compounds that prussiate of soda is to-day selling at 44 to 45 
cents per pound, as compared with S'/s to 83/< cents during 
July, 1914. Bichromate of potash is held at 21 cents per pound 
as compared with a normal price of 7 cents or less. Bichromate 
of soda is selling at 15 to 16 cents and quoted at 14 to 14V2 
for winter deliveries as compared with 4’ /» cents before the war. 
Chlorate of potash is to-day bringing 37 to 38 cents per pound 
as against the old price of to 7V2 cents. Chlorate of soda 
sells to-day at 22 to 23 cents per pound on spot with contracts 
for future deliveries commanding 14 to 16 cents f. o. b. works, 
as compared with /'/< to 8 cents a little more than a year ago.

In July, 1914, aniline oil was selling at io ’/i to 11 cents per 
pound while to-day one can sell at 95 cents to $1.50 per pound, 
according to urgency of the consumer’s requirements. Aniline 
salts at present command S i.35 to $1.50 per pound whereas 
9 cents was the average price fifteen months ago. Benzol is 
now selling at 80 to 90 cents; not long ago many orders were 
filled at $1.25 to $1.40; just a little over a year ago, plentiful 
supplies could be had at 22 cents.

The foregoing arc only a few instances of the upward trend; 
further reference to a price current of July, 1914, shows the price 
of oxalic acid at 7>/< to 7l/x cents; this week sales were recorded 
at 45 and 46 ccnts and quotations are as high as 50 cents. We 
have depended on Germany and other foreign sources to supply 
us with oxalic.

Lead products were very high for a time but present levels 
are close to normal. Zinc products are high and scarce but 
not as high as a few months ago. Quicksilver sells to-day at 
S93 to $95 per flask as against a normal figure of $75.

One of the principal reasons for the extreme high prices is 
that manufacturers have contracted for their entire output 
and consumers not fortunate in holding a contract for regular 
deliveries are at the mercy of second hands who are reaping 
profits while they may. How long present conditions will pre
vail is a question that interests many. The duration of European 
hostilities is the most important factor although this may be 
overcome, to a degree, by more generous supplies of needed raw 
materials. Further advances are predicted and are to be ex
pected for many articles. A sudden cessation of the war would 
result in declines but well-posted factors claim that it would 
be many months before the old levels were restored.

But few commodities have remained practically unchanged

C U R R E N T  IN D U S T R IA L  N E W S
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during the fifteen months of the war or have found lower levels. 
These include most of the vegetable oils, naval stores and a 
small list of articles that are of domestic origin.

Unusual opportunities have been opened for American chemists 
and manufacturers and it is pleasing to note that most of them 
are being grasped and developed.

TH E VALID ITY OF E M P LO YM E N T  CO N TRACTS

In a Court of Appeals of England, an interesting decision has 
been rendered, affecting the relation of employer to employee. 
An account of this appears in the India Rubber Journal, 
for April 24, 1915, as follows:

A  draughtsman in a certain plant reached the position of 
chief draughtsman, and eventually became head of the sales 
department in the company. On attaining this position he 
signed an agreement, that if he left the company’s employ he 
would not for seven years thereafter enter the employ of any 
other concern in the same business. This agreement he did 
not observe, but shortly after leaving the first firm he was en
gaged by a second,— a competitor. Action was taken by the 
first company to compel its former employee to observe his 
agreement. The trial Justice rendered a decision in favor of 
the employee, on the ground that such an agreement was against 
public policy and could not be enforced. The case was appealed, 
and the Court of Appeals upheld the original decision on the 
same ground stating: "O11 the one hand it .was in the public
interest that a covenant should be observed and enforced but it 
was also in the public interest that a man should be free to use 
his skill and experience to the best advantage.”

This decision is of considerable interest to Industrial Chemists 
in the United States as numerous attempts have been made by 
employers limiting or seeking to limit the usefulness of former 
employees. It would seem that the German industrials had 
found a better way out of the difficulty by keeping a former 
employee on half salary for five years in case he promises not 
to enter the employ of a competitor within that time.

D EVELO PM EN T OF SOUTH AUSTRALIAN CO PP E R  AND 
OIL RESO URCES

A recent bulletin of the South Australian Official Intelligence 
Bureau at Adelaide states that with the object of making a 
systematic attem pt to provide a means whereby the relatively 
low-grade copper deposits of South Australia may be turned 
to profitable commercial account, the Government, with the 
assistance of the University of Adelaide, has secured the services 
of a metallurgist for a period of two years, to experiment in 
hydrometallurgical methods.

The direct aim of this experimental work will be the drawing 
up of w'orking schemes, wherever practicable, for the treatment 
of ores that have been tested.

A  small experimental plant will be erected in South Australia 
for the carrying out of a series of tests 011 the copper ores of the 
State. Should this experimental work be successful, it is hoped 
that some of the copper mines of the State which are now lying 
idle or being worked on a restricted scale, will become important 
contributors to the annual output of copper.

W ith reference to the offer made by the Government of South 
Australia of a bonus of £5000 to the person or body corporate 
first obtaining from a well or bore, situated in the State, 100,000 
gallons of crude petroleum containing not less than 90 per cent 
of products obtainable by distillation, the South Australian 
Department of Mines reports the results of investigations into 
the supposed oil-bearing areas of South Australia. It  is stated 
that the prospects of obtaining a supply of petroleum from 
the districts investigated are very slight indeed. The far South
east carries a faint possibility which is based on surmise and 
no evidence. In the interior of the continent the Coonanna

Bore gave some signs which have resulted in nothing tangible 
when tested by further boring. Shales which may produce 
oils 011 distillation are also known to occur in these far removed 
areas, but difficulties connected with climate, water, and com
munication will probably cause a long period to elapse before 
the actual value of these interior deposits can be adequately 
tested and made known, and will largely discount their economic 
value for many years.

With regard to lignite beds which underlie areas nearer the 
coast, the analysis of average samples shows them to be of such 
poor quality that all attempts to utilize them at present would 
result in financial loss.

The report concludes with the suggestion that the oiler of the 
bonus should be extended so as to include oil obtained by dis
tillation from shales or lignites.— D. G. A n d e r s o n .

GLAUBER’ S SALT F R O M  TH E CASPIAN  SEA

The Russian Agricultural and Land Gazette calls attention 
to the immense riches in Glauber’s salt, soda, etc., to be found 
in the Karabagasky Gulf, of the Caspian Sea. This gulf had 
been particularly investigated already in 1897, when it was 
shown that there are beds of Glauber’s salt, unequaled in purity 
by that ordinarily prepared in the chemical factories. It  is 
estimated that the deposits there contain 181,000,000 pounds 
of the salt. The production of this article, as well as others 
which do not lie deep in the gulf, might be undertaken with 
simple excavating machinery. Naturally, stress is laid on the 
value of exploiting these deposits at the present moment, as 
their exploitation would free Russia of dependence on foreigners 
in respect to Glauber’s salt, and might bring about a complete 
revolution in the soda business.— A.

BR ITISH  BOARD OF TRAD E

During the month of August the British Board of Trade have 
received inquiries from firms in the United Kingdom and abroad 
regarding sources of supply for the following articles:

A ce tan ilid e
B o rax
C a lip e r  gauges  
C om bs, v u lc a n ite  
C o b a lt  ox ide 
C o b a lt  ch lo rid e  
C oca ine  
C odeine  
G lass  ch im n ey s  
G lass  am p o u le s  
G ra p h ite  
Ic e la n d  s p a r  
I r is h  m oss 
L e a th e r , im ita tio n  
Iy ithophone 
M ag n es iu m  r ib b o n  
M ilk , p o w dered  
M ica
M a n u re , a rtif ic ia l 
M an g a n e se  d iox ide  
N a p h th a lin e  
P a p ie r  m â ch é  
P h en az o n e  
P h e n y l sa lic y la te  
R u b b e r  sponges  
S ilica
S te a r in e  p itc h  
S te e l wool 
T u n g s te n  p ow der 
W ood  wool

A ce ty l-sa lic y lic  ac id  
A sb esto s  a n d  a sb e s to s  goods 
B oxes w ith  a lu m in u m  lids
C o m p re ssed  a ir  b ru sh e s  fo r a p p ly in g  color
C o p p e r  tu b e s , e llip tic a l sec tion
F e lt  ta p e  fo r in s u la te d  w ire co v e rin g
G lass  ca p su les  fo r h o ld in g  so u p
G lass  tu b e s  fo r p ills
H e x a m e th y le n e te tra m in e
H o rn  a n d  to r to is e  shell w as te
In c a n d e sc e n t m a n tle s
M a c h i n e r y  f o r  M a k i n g :

M e ta l clips 
P re ss  b u t to n s  
S a fe ty  p in s  
T in  ca n s
S ta m p in g  iv o ry  n u t  b u t to n s  
G rin d in g  b a ry te s  
W ire -s titc h in g  

P a p e r  fo r w ra p p in g  c ry s ta lliz e d  fru it  
P h o sp h o r  b ro n ze , h a rd  sp r in g  q u a l ity  
P u m ic e , ro u g h  lu m p s  
Q u e b ra c h o  e x tra c t 
R esin , pow dered
S p ir i t  level b u b b le s  a s  u sed  in c lin o m e te rs
S te e l cy l in d e rs  fo r  co m p ressed  gas
S tee l rin g s , po lish ed , 1 in . d ia m e te r
S tee l w ire  fo r b o o k b in d in g
T in fo il fo r p a c k in g
U ltra m a r in e -b lu e  p o w d er

Firms who may be in a position to supply any of the above 
articles are asked to communicate with the Director of the 
Commercial Intelligence Branch, Board of Trade, 73 Basing- 
hall Street, London, E. C .— A.

PO T A SH  D E P O S IT S IN SPAIN

Extensive deposits of sulfate and carbonate of potassium are 
reported to have been discovered at Cordova. A Belgian com
pany paid £20,000 for an option 011 the bulk of the deposits
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and has now taken over all the land on which it had an option. 
Sinking operations to determine the extent and commercial 
value of the deposits are still being carried on, however, and the 
deposits are, so far, not being worked as a commercial success, 
being hardly out of the experimental stage.— A.

CHINA CLAY

The export of China clay from Cornwall has been prohibited 
except to British possessions or protectorates, but supplies will 
be allowed under licenses granted by the W ar Office Depart
ment. It  is feared, however, that licenses will not be granted 
very easily and difficulty m ay arise in Cornwall from which 
about 60 per cent of the clay exported goes to the United States. 
Representations are being made to the British Government 
that the export trade in China clay with the United States 
should be continued as what is sent there is so used that there 
is little chance of it finding its way into the hands of the enemy. 
— A . M c M i l l a n .

PRODUCTION OF ZINC

According to the Chemical News, the Swansea Vale Spelter 
and Zinc Smelting Works, Wales, which were built and until 
recently controlled by  Germans, have now been taken over and 
will henceforth be under the control of an entirely English 
group, with the consent and approval of the British Govern
ment. The works, which have been erected upon the most 
modem principles, are likely to be enlarged on an extensive 
scale and the development of the zinc ore deposits of Great 
Britain is likely to be encouraged. The head of the group is 
M r. R . Tilden Smith, who is associated with many important 
enterprises of the kind, including the zinc mines of Burma from 
which he intends to obtain supplies of metal. The plant is 
exactly similar to those which have been erected in Germany, 
Belgium and France, and was part of the organization which 
enabled the owners to dominate the zinc market of Europe.— M.

CO N CRETE PLUGS IN M INES

Concrete plugs have been used by the Warwickshire Coal 
Company at their colliery at Keresley, near Coventry', Eng
land, in order to stop the inrush of water and as a result of the 
treatment in one shaft practically 110 water is being met with 
instead of 2,600 gal. per minute before applying this treatment. 
A  concrete plug 20 feet thick was placed at the bottom of each 
shaft which cut of! completely the water and allowed boring 
(twelve holes in each shaft) for the injection of cement from the 
bottom of the shafts.— M.

TU N G STEN  M A R K ET IN GREAT BRITAIN

According to the Engineer the British-made tungsten powder 
market is being well supplied from various sources. The 
element tungsten is recovered from Wolfram ore, well nigh 
inexhaustible supplies of which are available within the British 
Empire. In order that these ore reserves may be better handled, 
the Government has assumed control of them and now it is 
understood that it has decided to control the tungsten supplies. 
One of the first evidences of this is seen in the regulation of 
values. A fter the outbreak of war the price quoted was about 
four times the price of pre-war days. It  appears that under 
the Governm ent' scheme the market is fixed at $1.24 per lb. 
for tungsten powder and 4 cents less for ferro-tungsten. In 
some quarters, exception is taken to this arrangement, but if 
the scheme gets into working order, high-speed steel makers 
should benefit considerably.— M.

THE NEED FO R  PETR O L SU BSTITU TES

Professor Vivian B. Lewes, lecturing recently at the Royal 
Society of Arts, London, stated that the need of petrol sub
stitutes lay principally in the fact that in the next, say 50 years, 
the natural supplies would be diminished to such an extent that 
the depth from which the oil would have to be obtained would 
render them practically commercially unavailable. The world’s 

1 total output of crude oil, which in 1914 amounted to 97 million 
tons, had, he said, increased at an annual rate of only 6 per 
cent for the past three years and the amount of petrol obtainable 
from the crude oil could be put at only 10 per cent. America 
itself used no less than 1,200,000,000 out of the world’s 1,700,- 
000,000 gallons and England in 1914 imported 120,000,000 
gallons, making a total of 1,320,000,000 gallons, leaving only
380,000,000 gallons for the remainder of the world.— M.

HARDENED FILTER PAPER

Writing in the Pharmaceutical Journal on a process for 
toughening ordinary filter paper, Mr. W. R. Rankin states 
that a substitute for the smooth, hardened filter paper of Ger
man make m ay be prepared by dipping the best English filter 
paper very quickly in nitric acid (sp. gr. 1.4), draining and wash
ing in running water until most of the acid is removed. The 
remainder is neutralized by immersion in 0.5 per cent ammonia 
solution. The paper is afterwards washed thoroughly, pressed 
and dried at 100° C. When dry, the paper is subjected to the 
same treatment. Excessive temperatures should be avoided 
in drying, as the cellulose is nitrated to some extent. A shrinkage 
of about 10 per cent should be allowed for. An inferior sub
stitute may be got in a single operation by dipping filter paper 
in a mixture of 65 parts sulfuric acid (sp. gr. 1.84) and 35 parts 
nitric acid (sp. gr. 1.42).— M.

BO RNEOL FRO M  W ASTE SULFITE LIQUOR

In a note on the distillation .of waste sulfite liquor given in 
Papierfabrikant, the isolation of inactive borneol is described. 
When methyl alcohol is distilled from waste sulfite liquor, a 
heavy oil is recovered towards the end of the distillation. This 
oil contains furfural and, when cooled, deposits small crystals. 
These are washed and crystallized from petroleum ether. They 
form large, flaky, translucent crystals which have a camphor
like odor. The results of elementary analysis, the melting 
point, boiling point and the fact that it forms bornyl chloride 
on treatment with phosphorus pentachloride, confirm the sub
stance as being inactive borneol.— M.

THE W O RLD ’S COAL SU PPLY

A  matter of great interest, though not an acute problem at 
present, is the probable nature and extent of the coal fields yet 
in reserve and of known locality. According to the 12 th In
ternational Congress of Geology held at Toronto, close on 
to 72 billion tons are still available.

C om m on 
A n th ra c i te  coa l L ig n ite
(in m illion  (in  m illion  (in  m illion

ton s) to n s) to n s) T o t a l s

2 2 ,5 4 2  2 ,2 7 1 ,0 8 0  2 ,8 1 1 ,9 0 6  5 . 1 0 5 ,528
4 0 7 ,6 3 7  7 6 0 ,0 9 8  111,851  1 ,2 7 9 ,5 8 6

5 4 ,3 4 6  6 9 3 ,1 6 2  3 6 ,6 8 2  7 8 4 ,1 9 0
659 133,481  3 6 ,2 7 0  1 7 0 ,4 1 0

1 1 ,662  4 5 ,1 2 3  1 ,0 5 4  5 7 ,8 3 9

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

Naturally it is impossible to claim great accuracy for the 
above estimates and for years to come we m ay reasonably 
expect the discovery of further deposits that will compensate 
for current consumption.— M .

A m erica .
A s ia .........
E u ro p e  . . 
A u stra lia  
A fr ic a -----

T o t a l . .
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N O T E S  A N D  C O R R E S P O N D E N C E

NO TE ON “ CH E M IST S’ PR O T ECT IV E  A SSO CIA T IO N ”

Editor of the Journal of Industrial and Engineering Chemistry:
T h e  recent proposal [ T h i s  J o u r n a l , 7  ( 1 9 1 5 ) ,  7 9 8 ]  to form 

a "Chem ists’ Protective Association” seems to call for dis
cussion.

In the first place, as a loyal and interested member of the 
American Chemical Society, the present writer feels that this 
Society is  intensely practical in that membership in it tends to 
increase the efficiency of its members as chemists.

A ny organization which has this effect is bound to react 
favorably upon those responsive to such influences, and this 
reaction will ultim ately find expression in a fatter pay envelope, 
if we wish to look at that aspect of increased efficiency, apart 
from all other considerations.

In the second place, any attem pt to define a "chem ist”  as a 
person having "spent four or more years at an accredited technical 
school or University in the didactic and laboratory study of 
all the regular branches of chemistry, and who has received 
formal statements represented by a  degree or degrees that the 
prescribed courses of study have been satisfactorily completed,” 
will justly be doomed to sure and certain failure. There are 
m any men who have had all the advantages of technical train
ing but who are lacking in the essentials of interest, clear-headed
ness and broad-mindedness. Such men, it is needless to say, 
will never be successful chemists. On the other hand, many 
so-called "quasi chemists” and "laboratory boys,”  in the proper 
surroundings, may develop into very competent and efficient 
workers. Men of this type, with a little encouragement, succeed 
in spite of a lack of technical training.

In the third place, the proposed salary scale based on a classi
fication of chemists as "Assistant Chemists”  and "C hief Chem
ists”  is artificial, academic, and impractical. M ost chemical 
work in a technical laboratory naturally falls into one of the 
following classes: (a) analytical and control; (6) factory de
velopment; (c) fundamental research. A  given piece of work 
m ay overlap the boundaries of two or even all three of the above 
divisions. It  also happens that the aptitude of different men 
for different classes of work is different so that some men make 
good research men, but would be dismal failures in developing 
processes on a commercial scale, or in analytical work. The 
training a man has had, of course, plays a large part in making 
him fit or unfit to do a given class of work, but the native ability 
of the man himself, his enthusiasm, his “ chemical instinct” 
and "optimistic activ ity,”  or lack of these qualities, must surely 
be considered in placing men in laboratories and in their sub
sequent advancement.

Looking a t this same subject from another point of view, 
it so happens that, in different laboratories, the relative impor
tance of the above classes of chemical work may differ. Thus, 
one company m ay require but little research work and a great 
deal of analytical and control work; or a great deal of factory 
development work may be necessary to put into practical 
operation the results of some fundamental research. Now, 
this question of the class of work required in any one instance, 
the native ability of a man and his attitude toward his work 
are all inseparably connected with his advancement. Of these, 
his ability to take on added responsibility; to grow and become 
more efficient; the proper receptive attitude which enables 
him to apperceive new ideas and meet new conditions, are 
of the greatest importance, in determining his salary. If he 
is capable of doing low-grade routine work, and nothing else, 
it is but right that he should receive a  low salary; for, the lower 
the grade of work required, the easier it is to train an ordinary 
boy to do the work. In all laboratories that the writer knows

of, there is considerable routine work which is easily mastered 
by any boy of average intelligence and 110 trained man should 
be foolish enough to waste his time doing such work; if such a 
chemist should be found he could rest assured that the business 
man would pay him no more than he would pay the laboratory 
boy, because he would be worth no more.

On the other hand, some of the so-called "laboratory boys” 
or “ quasi chemists” happen to be above the ordinary in intelli
gence and men of this sort will rise and justly so.

It  seems to the present writer that these questions of the 
definition of “ chemist,”  the classification of chemists, and the 
salaries they are to receive, should be, and arc generally in actual 
experience, answered on the basis of the efficiency of the in
dividual worker: $ 1 2 0 0 .0 0  per year is too much to pay to an 
inefficient chemist who lacks interest and enthusiasm in his 
work and whose growth is at a standstill; $ 5 0 0 0 .0 0  per year is 
too low a limit to place for an active, energetic and growing 
head of a laboratory. In fact, w hy place any limits in either 
direction?

In conclusion, the writer feels that any proposal to form a 
"Chem ists’ Protective Association” should be most emphatically 
opposed by all chemical workers and chemically trained men 
who have the real interests of the chemical profession at heart.

C l e v e l a n d , O h io  W IL L IA M  C. M O O R E

ON G ERM ICID AL EFFICIEN CY OF D EN TAL CEM EN TS

Editor of the Journal of Industrial and Engineering Chemistry:

A  letter written by W. V-B. Ames, representing the W. V-B.
Ames Company, referring to m y paper on " T h e  Germicidal
Efficiency of Dental Cem ents” ( T h i s  J o u r n a l , 7, 1 9 5 ) , appeared
in T h i s  J o u r n a l , 7 ,  7 2 3 .

In the first paragraph Ames misquotes from m y article as
shown by comparing the following excerpts:

F ro m  “ T h e  G erm ic id a l E ffic iency  
o f D e n ta l  C e m e n ts "  b y  P a u l  
P o e ts c h k e , T h is  J o u r n a l , M a rc h , 
1915.

F r o m  I n t r o d u c t i o n :
“ I t  is  p ossib le  to  m e a su re  th e  

g e rm ic id a l efficiency o f m a te r ia l  of 
th is  c h a ra c te r  in  p rec ise ly  th e  sam e  
w ay  a s  i t  is p o ssib le  to  m e asu re  th e  
g e rm ic id a l efficiency  of d is in fe c ta n ts . 
I t  is th e re fo re  o b v io u s , esp ec ia lly  
in  v iew  of th e  v a r ie d  co m p o sitio n  
of th e se  ce m e n ts , t h a t  a  th o ro u g h  
in v e s t ig a t io n  of th is  s u b je c t  is of 
im m e d ia te  in te r e s t  to  th e  d e n ta l  
p ro fess io n , a s  w ell as  to  c h e m is ts  
a n d  b a c te r io lo g is ts  w ho  m a y  be 
ca lled  u p o n  to  r e p o r t  o n  th e  
g e rm ic id a l p o w er of d e n ta l  c e m e n ts . 
T h e  o b je c t o f th is  p a p e r  is to  show  
th e  c o m p a ra tiv e  g e rm ic id a l po w er 
of th e se  ce m e n ts , a n d  a lso  som e 
of th e  c o m p o u n d s  u sed  in  th e ir  
p ro d u c t io n .”

F r o m  C o n c l u s i o n s :
“ T h e  g e rm ic id a l efficiency  of a 

d e n ta l  c e m e n t is m e re ly  o n e  of th e  
p ro p e r t ie s  w h ich  a re  o f im p o r ta n c e . 
M a n y  o th e r  p h y s ic a l p ro p e r t ie s  
su ch  a s  re s is ta n c e  to  s a liv a , h a r d 
ness, c ru s h in g  s tr e n g th ,  co n s ta n c y  
o f v o lu m e , e tc .,  a re  a lso  o f im 
p o r ta n c e . T h e  re la tio n  o f th e  
g e rm ic id a l efficiency to  th e se  o th e r  
p ro p e r t ie s  is b e in g  in v e s t ig a te d  in  
th is  la b o ra to ry , a n d  th e  r e s u lts  w ill 
be  p u b lish e d  in  f u tu r e  p a p e rs .”

' The exact quotations from Ames’ letter and m y article are 
given because of the evident intention of Ames to minimize 
the importance of this investigation to the dental profession. 
As far as the clinical significance of these bacteriological tests 
is concerned, one can hardly fail to appreciate that a copper

F ro m  A m es ' le tte s — T h i s  J o u r 

n a l , A u g u st, 1915:

I n  T h i s  J o u r n a l , M a rc h , 1915, 

a p p e a re d  a n  a r t ic le  b y  P a u l

P o e ts c h k e , e n t i t le d  “ T h e  G e rm ic id a l 

E ffic iency  o f D e n ta l  C e m e n ts .”
T h e  c o n c lu d in g  p a ra g ra p h  p ro m ise d  

re p o r ts  on  th e  c o m p a ra tiv e  s tr e n g th  

a n d  o th e r  p ro p e r t ie s . T h e se  re"

p o r ts  w o u ld  be , a s  M r. P o e ts c h k e  

s ta te s ,  “ o f m o re  im m e d ia te  in te re s t 

to  th e  d e n ta l  p ro fe s s io n ,”  a n d  i t  

w ill b e  b y  c lin ic a l e x p e rien ce  in  th e  

h a n d s  o f th e  d e n t is t  t h a t  th e  s u b je c t  

w ill re ce iv e  i t s  f in a l a n a ly s is  a n d  

p ro b a b ly  b e  re p o r te d  m a in ly  in  th e  

d e n ta l  l i te ra tu re .
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cement is used primarily on account of its germicidal proper
ties. Therefore, such tests must be relied upon to secure first
hand evidence in this direction. In surgical practice the car
bolic coefficient of a disinfectant is accepted as a reliable cri
terion of its efficiency, and likewise the germicidal efficiency 
of a copper cement can be accepted as a reliable indication 
of its clinical efficiency.

In connection with this letter Ames reproduces an illustra
tion which he says is “ the one illustration criticized by Mr. 
Poetschke, the criticism being mostly that only comparative 
inhibition has been shown and that there had been no bacterial 
count.”  Here again, Ames attempts to minimize the criticism 
which I made of his paper. This illustration was the only 
one which appeared in Ames’ paper, and therefore the only one 
which was open for consideration. However, reference to my 
article will show that every statement made by Ames, bearing 
directly on the subject of germicidal properties, was fully, quoted 
and criticized in m y paper.

A  copper cement exerts its germicidal effect in two distinct 
stages, that is, both in "p la stic” and " s e t ” condition. It 
thus exerts an initial sterilizing influence when inserted and a 
permanent germicidal influence after it is set. The initial 
sterilizing influence is not of much importance because the 
local application of a liquid disinfectant would accomplish 
the same purpose. The permanent germicidal action of the 
cement in the set condition is the main desideratum. Ames 
apparently fails to appreciate these facts in referring to " a  cavity 
from which all infected material had not been removed, there 
being, for this reason, a need of a sterilizing filling.”

Ames further states in his letter: " I t  is well known by the 
dental profession that a real copper oxid cement will furnish 
the means of sterilizing of such an infected area, and yet fur
nish a mass, after proper setting, which is so highly insoluble 
that it would show potency only in the hardened state equal 
to the best of the so-called copper cements tested by Mr. 
Poetschke, including that made by the L. D. Caulk Co., the em
ployers of M r. Poetschke.”  In this statement Ames intends to 
create the impression that the dental profession accepts and 
knows these statements to be facts, when as a matter of fact, 
the dental profession does not know or accept these statements. 
Nowhere in the dental literature does any authoritative state
ment or proof appear which substantiates this assertion. Ames 
insinuates that the black copper cement of his manufacture, 
which is referred to in the illustration, is not more highly germi
cidal in the hardened state, because of its "h igh ly insoluble”  
character. M y  experimental data, which I shall shortly pub
lish, shows that this black copper cement, made by Ames and 
referred to as so “ highly insoluble,”  suffers the greatest rela
tive loss in strength in saliva of twelve copper cements which 
are on the market to-day with but one exception, and that is 
also a black copper cement. Ames has attempted to claim 
the authority of the dental profession for a statement which 
has absolutely no basis in fact.

The ambiguous statements made by Ames regarding the 
"cem ent-m aking property of the cuprous and cupric oxids” 
have absolutely no relation to the subject under discussion, 
because a copper cement need not contain cuprous or cupric 
oxides in order to possess the requisite germicidal power, strength, 
resistance to saliva, or any of the properties demanded of a 
copper cement. It  is immaterial whether a copper cement 
contains cuprous or cupric oxide, but it must contain some com
pound of copper which in itself has sufficient germicidal power 
to secure the required germicidal efficiency in the finished cement. 
Of course, it is understood that any copper cement must have, 
in addition to germicidal power, secured by the addition of a 
potent compound of copper, all of the other physical and chem
ical properties demanded of a product of this character. M y  
investigations, which will be published shortly, show that cuprous

and cupric oxides need not be depended upon for any cement- 
making property which they may possess, and their elimination 
from copper cements, as Ames infers, is greatly desired by the 
dental profession, because of the limitation imposed on copper 
cements containing cuprous and cupric oxides on account of 
their color.

Ames refers to a "difference in germicidal efficiency between 
a real copper oxid cement and an oxyphosphate of zinc cement, 
more or less modified by  a copper compound, each in the freshly 
mixed state”  as being "so  great that results may be shown 
which appeal to the naked eye instead of needing microscopical 
count.”  I have referred at length, in my paper, to the fallacy 
of testing a dental cement for its germicidal efficiency in the 
“ freshly mixed state,”  and I wish to emphasize the statement 
contained in m y original article, namely, that the tests employed 
by Ames failed to give any information concerning the germi
cidal efficiency of a dental cement. I fail to understand Ames’ 
reference to "microscopical count”  except to assume that 
Ames does not know that the colonies of bacteria are not counted 
by the aid of the microscope, but by  the naked eye.

In the last paragraph of his letter Ames describes his illus
tration in part by stating, "N o . 2, a zinc oxid cement carrying 
a small percentage of oxid of mercury (yellow),”  whereas his 
original paper read, “ No. 2, oxyphosphate of zinc containing 
a small percentage of mcrcurous iodid.”  This certainly cannot 
be a typographical error and it is needless for me to call atten
tion to the radically different character of these two compounds 
of mercury. This does not inspire confidence in the illustra
tion. Ames states that this illustration shows “ inhibition of 
bacterial growth” and that the "inoculation was overwhelm
ing,”  y et reference to the illustration fails to show a single colony 
of bacteria, notwithstanding the fact that it is supposed to de
pict an inoculated Petri dish. The illustration is plainly not a 
photograph and naturally cannot be accepted as showing " in 
hibition of bacterial growth.”  Even if it did show what is 
intended, the test is of no value as regard establishing germicidal 
efficiency of the material.

In conclusion, I wish to point out that Ames does not pre
sent a single criticism of my article but merely repeats and adds 
to the statements contained in his article which I fully criti
cized as being of pseudo-scientific character. In this letter 
additional erroneous statements and conclusions are presented 
by Ames which have no basis in fact and are unsupported by 
any evidence whatever. The illustration presented is not 
worthy of consideration, because it does not show "inhibition 
of bacterial growth,”  and further, the description does not 
agree with Ames’ original article.

P a u l  P o e t s c h k e , , , .  ,Director
D e p a r t m e n t  o f  C h e m is t r y , T h e  T.. D . C a u l k  C o .

M il f o r d , D e l a w a r e . A u g u st  26, 1915

THE “ PU RE FOOD LAW ”

Editor of the Journal of Industrial and Engineering Chemistry:
For the past nine years it has been of profound interest to 

follow the prosecutions under the “ Pure Food Laws.”  Being 
of an analytical mind I carefully went into the fundamental 
conceptions of the law, its rigid legal and logical interpretation, 
its effect upon commerce, international and interstate, and 
finally I examined the details of the administration of this, and 
attempted to ascertain, as nearly as possible, whether justice or 
injustice had been inflicted on those who had come into contact 
with the law as defendants in criminal prosecutions brought by 
the government.

M y conclusions, after the nine years of investigation, are that 
in many cases the defendants pleaded guilty to the charges 
brought against them, although they were neither legally nor 
morally guilty, merely to escape the annoyance of a trial, always 
distasteful to busy and enterprising men of affairs.
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T o confirm m y conclusions, I shall give a strict legal inter
pretation of the law in such particulars as are of essential im
portance for the views advanced above.

Section 3 of the law does not confer legislative power on the 
three secretaries—

Purely executive powers are conferred, and therefore the rules 
and regulations of the Bureau of Chemistry are of a similar 
nature, as rules and regulations enacted by the district attorney 
of New York County for the purpose of administering the ex
ecutive functions of his office.

The legal reasoning is clear, for Congress cannot delegate 
its legislative powers to any other body. Notwithstanding 
the efforts of certain editorial writers on various trade journals, 
no decision of the Supreme Court exists which contradicts this 
statement: Congress cannot delegate its legislative powers.

The second point I wish to make is the definition of the word, 
Drug.

M any definitions for various purposes may be found but for 
the enforcement of the “ Pure Food Law ” only the definition 
given by that law may be used. It has surprised me how rarely, 
if at all, courts have attempted to dwell on this point. 
Section 6 of the law reads: T hat the term Drug “ as used in
this A ct shall include all medicines and preparations recognized 
in the United States Pharmacopeia or National Formulary for 
internal and external use, and any substance or mixture of 
substances intended to be used for the cure, mitigation, or 
prevention of disease of either man or other animal.”

L et us examine this definition. The phrase, “ all 'medicines 
and preparations recognized b y the United States Pharma
copeia or National Formulary for internal or external use” 
requires that the prosecution must prove

1— T hat it is medicine or preparation.
2— T hat said medicine or preparation is recognized by the 

United States Pharmacopeia.
3— T hat it is so recognized for internal or external use.
W hat a medicine or preparation is the law does not say, and

that question is, therefore, a question of fact for the jury and 
not a question of legal definition.

B ut whatever a medicine or preparation is, it must be such as 
is recognized by the United States Pharmacopeia or National 
Formulary.

Now examining the history of pharmacopeia for the last two 
centuries throughout all parts of the world, it must be agreed 
Upon that no pharmacopeia recognizes any commodity that 
does not comply with its tests or definitions.

Therefore, an article of commerce that does not comply with 
such tests or definitions cannot be defined as a drug under that 
part of the laws, phraseology as stated above.

Furthermore, such medicines and preparations must be recog
nized for internal or external use. There are many substances 
in the U. S. P. not recognized for internal or external use. 
Clearly, then, if an article of commerce does not come under 
the phrase, of the laws’ definition, as stated above, we may 
proceed and examine the definition as it  continues: "And
any substance or mixture of substances intended to be used for 
the cure, mitigation or prevention of disease of either man or 
animal.”

W e note the words "intended to be used,”  and also the words, 
"for the cure, mitigation or prevention of disease.”

A  mere intent to be proven by the circumstances of each 
particular case is all that is necessary, but it must be a direct 
intent; of indirect intent the law takes no notice.

Furthermore, it must be for the cure, mitigation or prevention 
of disease.. Therefore, articles of commerce used or intended 
to be used for manufacturing, even though the products re
sulting from such manufacture are substances intended to be 
used as a cure, mitigation or prevention of disease, do not come 
under the law. I call particular attention to this fact, because

the administration and enforcement of the law has not always 
been conforming to this legal conclusion, especially in cases of 
importations of articles of commerce into United States.

Finally, Section 11 of the law deserves some notice. The 
notice has gone abroad as evidenced by numerous communica
tions on the subject, that executive officers have absolute legis
lative and executive powers to exclude goods offered to be im
ported into this country, that there is no legal remedy for any 
wrongful acts on the part of such executive officers.

Let me say that the writ of injunction still exists, and that it 
is applicable where "there is 110 adequate remedy at law,” a 
statement that should be considered where an executive officer is 
about to usurp legislative functions.

1221 L in c o l n  P l a c e , B r o o k l y n , N . Y . L O U IS  H O G R E F E
S e p te m b e r  3 , 1915

PA P E R  R EAG EN T

Some time ago the writer noticed the following article in a 
drug journal, the name of which he does not at present recall: 
"D etection  of Wood Pulp in Paper:

"T h e  Repertoire de Pharmacie republishes from the Bulletin 
de la Société de Chemie Belge a reagent for the detection of wood 
pulp in paper. It  consists of paranitroaniline, 20 cgm., dis
solved in 80 cm. distilled water and sulfuric acid, sp. gr. 1.767: 
20 milligrams. This has the advantage over the alcoholic 
solution of phloroglucin and hydrochloric acid in that it may 
be kept for years. It  is also preferable to anilin sulfate, which, 
although it is stable, gives with wood pulp a yellow color, which 
is not easily distinguished by artificial light. The paranitro
aniline colors wood pulp orange to brick-red, and it can be seen 
under any mode of illumination. The reagent has the further 
advantage of yielding a color to unbleached cellulose.”

The writer made up this reagent and tested different papers 
and pulps with the following results:

1— M ec h a n ic a l w o o d -p u lp  ------>- d u ll o ra n g e  to  o ran g e .
2— U n b lea ch ed  su lfite  p u lp  ------>- v e ry  s im ila r  to  above .
3— B le ach ed  su lfite  p u lp  ------>■ yellow .

The writer found that the distinction between the mechanical 
wood pulp and the unbleached sulfite pulp was not very marked 
and proved rather troublesome when testing unknown pulps.

The writer has discovered, however, a method whereby the 
detection is made plainer. He used the above reagent in con
junction with ammonium molybdate solution and obtained 
the following results:

1— M ech a n ic a l w o o d -p u lp  ------>- b r ig h t re d d ish  o ran g e .
2— U n b lea ch ed  su lfite  p u lp  ------>- d u ll o ran g e , f a in t ;  o r  f a in t  b row n .
3— B le ach ed  su lfite  p u lp   colorless.

B y  experiment it was found that when the ammonium m olyb
date is applied first and then the paranitroaniline, better results 
are obtained. Also, on waiting for one or two minutes, the re
action is complete and the distinction is then very sharp.

The above certainly seems to be an excellent test for dis
tinguishing paper pulps, and could no doubt be applied to cer
tain other substances as a test for presence of lignin.

N a t i o n a l  C l o a k  &  S u it  C o . W m . J. S c h E P P
N b w  Y o r k  C i t y  Chief Chemist and Textile Expert

S e p te m b e r  28, 1915

T H E  SCH O O L OF C H E M IST R Y OF T H E  U N IVERSITY OF 
PITTSBU R G H

The new professional School of Chemistry of the University 
of Pittsburgh began its work on Spetember 27, 1915, under the 
deanship of Dr. Raymond Foss Bacon, Director of the Mellon 
Institute of Industrial Research. A  prescribed four-year un
dergraduate curriculum leads to the degree of Bachelor of Chem
istry; the staff of instruction includes the regular faculty of 
the University and fellows from the Mellon Institute of Indus
trial Research who are especially qualified in various theoretical



Nov. ,  1915 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 1003

and technical branches. This combination gives the new 
school the opportunity to offer not only the usual undergraduate 
and graduate courses in chemistry and technology, but also 
specialized work under men who are experts in specific American 
industries. In addition, thirty special lectures by prominent 
chemists and technologists in the Pittsburgh district have been 
arranged for the academic year 1915-16. Attendance at these 
lectures is required of the student body but they are also open 
to the public.

The professorate of the new school is constituted as follows: 
Alexander Silverman, M .S., Professor of Chemistry and Head 
of the Department of Inorganic, Analytical and Physical Chem
istry; David S. Pratt, Ph.D., Professor of Chemistry and Head 
of the Department of Organic, Sanitary, and Micro-chemistry; 
Samuel R. Scholes, Ph.D ., E. Ward Tillotson, Jr., Ph.D., and 
Edmund O. Rhodes, M .S., Professors of Applied Chemistry; 
Benjamin T. Brooks, Ph.D ., Professor of Chemical Engineer
ing; William A. Hamor, M .A., Professor of Chemistry; Henry 
A. Koliman, Ph.D ., and Harold Hibbert, Sc.D., Professors of 
Applied Organic Chemistry; Leonard M. Liddle, Ph.D., and 
R. Phillips Rose, M .S., Professors of Organic Chemistry; Lester 
A. Pratt, Ph.D ., Professor of Inorganic Chemistry; and C. C.

Prof. Julius Stieglitz has been made chairman of the de
partment of chemistry of the University of Chicago to succeed 
the late Prof. John Ulric Nef.

The One Hundredth Meeting of the Syracuse Section of the 
A. C. S. was in the form of a banquet held on the evening of 
October 23rd, at "T he Onondaga,”  Syracuse.

The positions left vacant in the chemical department of 
Syracuse University by the resignations of Dr. E. H. Archibald 
and Dr. C. R. Hoover have been filled by Dr. Charles Warren 
Hill and Prof. M erritt R. Grose.

The October Meeting of the St. Louis Section of the A. C. S. 
was held on the n th , with the following program: "The
Industrial Utilization of Peat,”  by Mr. H. E. Wiedemann; 
“ A n Apparatus for the Determination of the Degree of Fineness 
of Paint Pigments,”  by^Mr. E. J. Sheppard, of the National 
Lead Company.

The American Cyanamid Company announces the opening 
of its general offices at 200 Fifth Avenue, New York City, 
on October 1, 1915. The_Nashville_and Buffalo offices were 
discontinued on that date.

W . A. Gibb Maitland, Government Geologist and Director 
of the Geological Survey, Western Australia, has been appointed 
President of the Royal Society of Western Australia for the 
Session 1915-1916.

A  $500,000 electrochemical plant will be built at Niagara Falls 
by  the E. I. du Pont de Nemours Powder Company, of Wilming
ton, Del.

The former students of Prof. C. E. A. Winslow have given a 
dinner in his honor on the occasion of his entrance into his new 
position of professor of public health at Yale University.

Dr. W alter D. Bonner, formerly assistant professor of chem
istry in the School of Mining in Queen’s University, has recently 
been appointed Head of the Department of Chemistry in the 
University of Utah.

The British Association held its annual series of meetings 
at Manchester at the beginning of September. The inaugural 
address entitled “ The Common Aims of Science and H um anity” 
was delivered by the President, Professor Arthur Schuster.

Dr. H. H. McGregor, formerly instructor in chemistry in 
Adelbert College, and recently appointed instructor in biochem

Vogt, Ph.D., Professor of Physical Chemistry. Thirteen as
sistant professors and ten instructors complete the teaching 
staff of the school.

N O TE ON ARTIFICIAL ZEOLITE— PER M U TITE

Editor of the Journal of Industrial and Engineering Chemistry: 

H aving just returned from an extensive tour through Cuba 
and the Eastern States, I find, on looking through the past 
numbers of the Journal, in the March number of this year, 
on page 325, a communication by Mr. Stephen Kocsor: “ Pre
liminary Note on Artificial Zeolite— Permutite.”

This note is interesting to me for the reason that for the last 
two and one-half years I have been, and am still, working along 
identical lines while Research Chemist of the Kieselguhr Com
pany of America, Van N uys Building, Los Angeles, California.

During my travels I have freely d.scussed the results obtained 
with zeolites thus produced, with a great number of sugar and 
other chemists whom I have visited professionally during this 
time.

968 W e s t  4 2 n d  P l a c e  F. R. B achlHR
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istry at the medical school of Western Reserve University, 
has died of typhoid fever in Toronto, Canada.

Charles Hallet Wing died on September 13th in his eightieth 
year. In 1870 he became professor of chemistry in Cornell 
University, from which place he went in 1874 to Boston to 
accept a like position at the Massachusetts Institute of Tech
nology, where he remained for ten years.

Advance notice has been received of the Joint Meeting of 
the New York Sections of the American Electrochemical Society 
and the Illuminating Engineering Society, to be held on Nov. 
11, 1915 at the United Engineering Societies Building. The 
subject for the evening is, "Electrical Phenomena in Vapors 
and Gases.”  The following papers will be read: "Unstable 
States in Arc and Glow,”  by W alter G. Cady, Wesleyan Uni
versity; "Gaseous Conductor Light,”  by D. M cFarlan Moore, 
Edison Lamp Works; "Electric Arc in Complex Vapors,”  by 
W. A. Darrah, Mansfield, Ohio. The papers will be illustrated 
by experiments and lantern slides.

It has been decided that the next meeting of the American 
Electrochemical Society will be in the Spring in Washington, 
D. C., with the subject of Electrochemical Research as a special 
order of discussion.

Mr. Lincoln Burrows spoke 011 “ Glycerine”  before the October 
18th Meeting of the Rochester Section of the A. C. S.

Prof. Albert Victor Bleininger, who has been in charge of the 
Ceramic Section of the U. S. Bureau of Standards at Pitts
burgh since 1912, has been appointed Professor and Head of 
the Department of Ceramic Engineering of the College of Engi
neering of the University of Illinois.

The winter meeting of the American Institute of Chemical 
Engineers will be held in Baltimore, Md., January 12-15, 1916. 
A number of papers on recent and important developments in 
some of the chemical industries of the United States are being 
arranged for. Excursions will be made to a number of the im
portant chemical industries, of which Baltimore is the center. 
The experimental laboratories of the Johns Hopkins University 
and the Naval Academy at Annapolis, Md., will be visited.

The following appointments have been made to the faculty 
of Case School of Applied Science: Melville F. Coolbaugh,
South Dakota School of Mines, assistant professor of chemistry: 
Lawrence G. Wesson, Harvard University, instructor in organic
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chemistry; Carl H. Wilson, Harvard University, instructor in 
chemistry.

M r. William R oy M ott, of the National Carbon Company, 
addressed the Cleveland Section of the A. C. S. on “ The Use of 
the Flam ing Arc in Paint and D ye Testing,”  on October 1 ith.

The October Meeting of the Pittsburgh Sectipn of the A. C. S. 
was held jointly with the American Electrochemical Society 
on October 21st. M r. F . T . Snyder, of the Snyder Electric 
Furnace Company, Chicago, presented a paper on “ Electric 
Furnaces for High Temperature Industrial Chemical W ork.”

Dr. Edward Bartow, University of Illinois, spoke on “ The 
Purification of Sewage b y  Aeration in the Presence of Activated 
Sludge,”  before the Chicago Section of the A. C. S., on October 
15th. The regular November meeting of the Section will be 
held on November 12th.

The Bausch &  Lomb Optical Company received, at the Panama- 
Pacific Exposition, four Grand Prix 011 optical instruments, 
balopticons, engineering instruments and range finders. The 
first division, called optical instruments, is comprised of seven 
classes and covers the company’s ophthalmic lenses, micro
scopes, parabolic and mangin mirrors, field glasses, microtomes

and magnifiers. A  Medal of Honor was awarded Bausch & 
Lomb photomicrographic apparatus. Bausch & Lomb-Zeiss 
photographic lenses received the Gold Medal.

Dr. Frank K . Cameron, of Washington, has severed his con
nection with the United States Bureau of Soils in order to de
vote his time exclusively to consulting practice, especially in 
the field of fertilizers and soil chemistry.

In addition to the regular November Meeting of the Phila
delphia Section of the A. C. S., a special joint meeting with the 
Franklin Institute will be held on November 4th. The program 
will consist of an illustrated lecture on "T he Turpentine Industry 
in the Southern States,”  by Dr. Charles H. Herty, President 
of the American Chcmical Society.

Mr. Phillip J. Krell will manage the new plant of the Inter
national Oxygen Company now being erected at Verona, Pa. 
(Pittsburgh district), for the accommodation of its customers 
in that vicinity.

Dr. Frank K . Cameron gave an illustrated lecture on "T he 
Development of a Dynam ic Theory of Soil F ertility,”  before 
a joint meeting of the Philadelphia Section of the A. C. S. with 
the Franklin Institute on October-28th.

G O V E R N M E N T  P U B L I C A T I O N S
B y  R . S . M c B r id b , B u re a u  o f S ta n d a rd s ,  W a sh in g to n

N O T I C E — Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D . C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Consular Reports are received by all large 
libraries and m ay be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar subscription rate for these Consular Reports mailed daily is 
$ 2 .5 0  per year, payable in advance, to the Superintendent of 
Documents.

G E O L O G IC A L  S U R V E Y  

Contributions to Economic Geology, 1913. Part n . M ineral 
Fuels. M a r i u s  R . C a m p b e l l  a n d  D a v i d  W h i t e . This 
volume is one of the regular series published annually, being 
made up of six distinct papers. "T he papers included are of 
two classes: (1) short papers giving comparatively detailed de
scriptions of occurrences that have economic interest but are 
not of sufficient importance to warrant a more extended de
scription; (2 )  preliminary reports on economic investigations, 
the results of which are to be published later in more detailed 
form. These papers are such only as have a direct economic 
bearing, all topics of purely scientific interest being excluded.”  

The following papers make up the volume:
Oil Shale of Northwestern Colorado and Northeastern Utah. 

E. G. W o o d r u f f  a n d  D .  T . D a y . 2 3  p p .

Oil and Gas in the W estern Part of the Olympic Peninsula, 
Washington. C . T . L u p t o n . 6 0  p p .

The Moorcroft Oil Field, Crook County, Wyoming. V. H. 
B a r n e t t . 2 2  p p .

Possibilities of Oil in the Big M uddy Dome, Converse and 
Natrona Counties, Wyoming. V . H. B a r n e t t . 1 4  pp.

Geology and Oil Prospects in Waltham, Priest, Bitterwater, 
and Peachtree Valleys, California. R. W. P a c k  a n d  W . A. 
E n g l i s h . 4 2  p p .

The Coalville Coal Field, Utah. C . H. W e g e r m a n n . 2 4  pp. 

Analyses of Rocks and M inerals, from the Laboratory of the 
United States Geological Survey, 1880-1914. F. W . C l a r k e . 

3 7 0  pp. This bulletin summarizes and tabulates approximately 
2 8 0 0  analyses of rocks, clays, soils, meteorites, minerals, etc. 
The data are arranged principally under the heading of the 
geographical source of the rock or mineral, thus giving for the

various localities the characteristic analyses which have been 
found by determinations in the Survey’s laboratories.

Nitrate Deposits in Southern Idaho and Eastern Oregon.
G. R. M a n s f i e l d .  Bulletin 620-B. This is an advance 
publication of one of the contributions to Economic Geology, 
1915! Part I.

The article describes the deposits of nitrate which have 
recently been discovered and discusses the origin, extent, volume, 
and utilization of these nitrates. Although the author urges 
further investigation in the hope that a commercially valuable 
deposit may be found, he does not consider the outlook very 
promising at the present time.

Field Apparatus for Determining Ash in Coal. C. E. L e s h e r .  

Bulletin 621-A. 12 pp. An illustrated description with
operating directions are given for a form of portable apparatus 
which has been designed to meet the needs of field parties of the 
Geological Survey and which has been in successful use for three 
years.

Resins in Paleozoic Plants and in Coals of High Rank. D a v i d  

W h i t e .  Professional Paper 85-E. 32 pp. "T his paper pre
sents evidence that anthracite and bituminous coals, as well as 
those of lower rank, originated as peats, and that the plants 
from which the Paleozoic coals were formed were in part resin- 
bearing— in fact, the resin-bearing elements in the coal-forming 
floras of the Carboniferous period, to which the bituminous 
and high-rank coals of most parts of the world belong, are 
perhaps as numerous as in the floras from which the coals of 
later epochs were formed. The author points out the general 
prominence of resins in the Mesozoic and Tertiary coals of low 
bituminous and inferior ranks and contributes observations 
as to the disappearance of these coals in the course of carboniza
tion under regional metamorphism, the resins disappearing at 
about the stage of carbonization at which the coking quality 
of the coals is well developed. After reviewing the evidence 
as to resin and gum secretion in the petrified fragments of 
Paleozoic plants described by several paleobotanists, he de
scribes, with illustrations of both common and unique ma
terials, the presence of abundant resinous matter in Paleozoic 
coals of medium bituminous or lower ranks.”

The Fauna of the Batesville Sandstone of Northern Arkansas.
G. H. G ir ty . Bulletin 593. 170 pp., n  plates..

Geology and M ineral Deposits of the National Mining Dis
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t r i c t ,  Nevada. W a l d e m a r  L i n d g r e n . Bulletin 6 0 1 . 5 8  p p . ,  
8 plates, 8 text figures.

S M IT H S O N IA N  IN S T IT U T IO N

The following reprints from the 1914 Report of the Smith
sonian Institution are now available:

Modern Views on Constitution of the Atom. A. S. E v e . 
Publication 2326. 9 pp.

Examination of Chinese Bronzes. J o h n  C. F e r g u s o n .  
Publication 2347. 6 pp.

Form and Constitution of the Earth. L ouis B. S t e w a r t .  

Publication 2324. 6 pp.

Explosives. E d w a r d  P. O ’H e r n .  Publication 2331. . 26 pp.

Some Aspects of Industrial Chemistry. L .  H .  B a e k f , l a n d .  
Publication 2330. 25 pp.

Recent Developments in the Art of Illumination. P r e s t o n  

S. M i l l a r .  Publication 2350. 18 pp.
D E P A R T M E N T  O F  A G R IC U L T U R E

Prickly-Pears as a Feed for Dairy Cows. T .  E .  W o o d w a r d ,  

W .  F .  T u r n e r  a n d  D a v i d  G r i f f i t h s .  Journal of Agricultural 
Research, 4, 405-50. This includes a considerable number of 
analyses of feeding materials tested.

Phosphorus Metabolism and Lambs Fed a Ration of Alfalfa 
Hay, Corn, and Linseed M eal. E. L. Ross, M . H. K e i t h  a n d

H. S. G r i n d l e y .  Journal of Agricultural Research, 4, 459-74.

C O M M E R C E  R E P O R T S — S E P T E M B E R , 1915

Owing to shortage of the supply of wood pulp, efforts are 
being made to develop its production in New Zealand. (P. 
1090.)

The Australian Government has acquired control of the 
stock of sugar. (P. 1096.)

The British pottery industry is suffering from lack of a supply 
of bone, formerly obtained from Argentine. (P. n  15.)

A  municipal gas works at Akkrum, Holland, is now preparing 
gas from a mixture of two parts coal and one of peat. (P. 1151.)

Australian zinc concentrates are now being shipped to Galves
ton via the Panama Canal. (P. 1151.)

A  large order for zinc for Hongkong has been placed in the 
United States. (P. 1166.)

Bounties are to be paid upon all zinc produced in Canada 
from Canadian ores. (P. 1169.)

The sewage disposal plant of Nottingham, England, is being 
operated with a profit of several thousand dollars per year. 
(P. 1204.)

Experiments are being conducted on the Pacific coast upon 
the use of pulverized coal as fuel on steamships. (P. 1209.)

Recent rulings of the Steamboat Inspection Service regarding 
passenger vessels include:

Loaded shrapnel shells may not be carried.
Hydrochloric acid is subject to the same conditions as sul

furic acid.
Only non-inflammable, non-combustible, non-explosive metal 

polishes may be carried, or used as stores.
Tanners’ oil of high flash point may be carried.

Quicklime, alone or mixed with magnesia, may not be carried.

Sesquisulfide of phosphorus, and red phosphorus may be 
carried in iron drums on deck, while yellow phosphorus may 
not be carried.

M oving picture films may be carried under the same condi
tions as celluloid. (P. 1230.)

Prospecting for petroleum is being carried on in Zulia, 
Venezuela. (P. 1235.)

Efforts to discover a source of mineral phosphates in New 
Zealand have not thus far been successful. (P. 1257.)

The present annual profits of some British dye works are 
nearly 50 per cent of the paid up capital. (P. 1261.)

The Brazilian piassava fiber industry is described. (Pp. 
1262-3.)

The W est Indian lime-juice industry also produces calcium 
citrate and oil of limes. (P. 1291.)

Kapok or "vegetable wool” obtained from a tree of the genus 
Eriodendron in Ecuador and the Dutch East Indies is used 
extensively in the United States for mattresses, etc. (P. 1294.)

Among the various substitutes for absorbent cotton now 
being used in Europe, are “ lignin” (made of pine cellulose), 
“ cellulose wadding” (made from chemical wood pulp), “ bog 
moss”  (Sphagnum cymbifolium). (P. 1306.)

The mineral products of Alberta, Canada, include gold, coal, 
natural gas, cement, clay products, lime, sand-lime brick and 
stone. (P. 1312.)

In New South Wales, Australia, a Patents Investigation 
Committee has been appointed to assist in the development of 
inventions likely to be of general public utility. (P. 1323.)

The output of pig-iron from Penhsihu, China, has increased, 
the demand being large since it is low in phosphorus and sulfur. 
(P. 1325.)

W ith the increased production of lemons in California, it is 
soon expected to produce all the lemon oil and citrate of lime 
required in this country. (P. 1345.)

The nitrate industry of Chili shows marked improvement. 
(P. 1250.)

The Austrian government has taken over entire control of the 
petroleum industry of Galicia. (P. 1353.)

An old porcelain plant in Kiangsi, China, is to be conducted 
as a national model porcelain factory. (P. 1360.)

The mineral resources of Manchuria include gold, silver, lead, 
and tungsten. (P. 1362.)

The flax fiber industry of Canada is being revived. (P. 1366.)

A committee has been appointed to improve the quality of the 
copra produced in the Philippines. (P. 1389.)

A  marked increase is noted in the imports of American drugs 
into Hongkong. (P. 1393.)

The price of Epsom salt in America has increased from $1.10 
to over $5.00 per 100 lbs. (P. 1395.)

A  plant is being established in Russia for the manufacture of 
tanning extracts from oak and chestnut bark. (P. 1405.)

The oil from the coyol palm nut found in Central and tropical 
South America, has the following constants: Sp. gr. 25° =  
0.9136; melting point, 25°; "clouding point,” 17°; free acid,
1.69; saponification number, 246.2; iodine number, 25.2; Reichert- 
Meissl number, 5. The oil would be valuable for food prod
ucts, but its commercial extraction is not profitable, owing to the 
difficulty of cracking the nuts. (P. 1407.)

The Netherlands Government has assumed charge of all 
purchase and import of fertilizers into Holland. (P. 1417-)

The Swedish match industry is suffering from a lack of suit
able asp wood, formerly obtained from Russia. (P. 1423.)

A factory to manufacture paper from an aquatic plant is being 
erected at M aracay, Venezuela. (P. 1435-)

New gold deposits have been discovered in Thunder Bay 
District, Ontario. (P. 1492.)

A  marked shortage of photographic chemicals is noted in 
Nottingham, England. (P. I497-)

The following special supplements, containing statistics and 
other information, were issued during September:

G erm an y , F r a n k fu r t—  S p a in — 15d. T u rk e y — 18c.
B ah a m as— 22b. C h in a , H a n k o w —52*.

EQUmania— 12. M artin iq u e — 28a. S am o a— 62 a.
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B O O K  R E V IE .W S

An Introduction to the Study of Physical, Metallurgy. B y
W a l t e r  R o s e n b a i n ,  B.A., D .Sc., F .R .S. D. Van Nos
trand Co. 6 X 9 .  390 pp., illustrated. Price, $3.50 net.

This book is divided into two parts, the first section dealing 
w ith the structure and constitution of metals and alloys, the 
second with the properties of metals as related to their structure 
and constitution.

T aking up first of all the microscopic examination of metals, 
the author discusses the preparation of specimens, and the 
microscope used, then the microstructure of pure metals and 
alloys. This is followed by the thermal study of metals and 
alloys, the thermal diagram and its relation to the physical 
properties. Typical alloy systems are exemplified by  the lead- 
antimony, lead-tin, zinc-aluminum, zinc-copper, tin-copper and 
certain ternary alloys, followed by the iron-carbon system.

The second part reviews the mechanical testing of metals, 
the effect of strain 011 the structure, heat treatment, mechanical 
treatment and casting, and ends with a discussion of defects 
and failures.

T o review the contents of this book thoroughly would take 
many pages, because the author has covered the broad field of 
metallography so thoroughly and so well. This is particularly 
true of the presentation of the comparatively new ideas 011 the 
structure of metals, the effects of strain and of annealing, de
veloped from Beilby’s Amorphous M etal Theory. The elonga
tion of the crystals when strained, the production of slip-bands 
and their nature, the formation of amorphous layers and the 
hardening of metals by  cold work, twin structure, fracture 
under tensile, shock and alternating stress conditions, and the 
amorphous cement theory are all most clearly set forth. The 
criticisms therefore must be on minor points and not on the 
broad lines of the book.

For example, on page 13, after mentioning the names of the 
earlier workers, Sorby, Martens, Osmond, Werth, Grenet, 
Charpy, LcChatelier, Heyn, Wust, Tammann, Andrews, Arnold, 
Roberts-Austin, Stead, Howe and Sauveur, the author says: 
"T h e fact that the present author was privileged to count 
Roberts-Austen and Osmond among his personal friends and 
that Arnold and Stead are still actively at work in this field, 
serves to show how very recent the whole development has 
been.”  Besides Arnold and Stead, many of those mentioned 
are "still actively at w ork” as current literature in the metallo- 
graphic field amply proves.

On page 21, in describing the preparation of specimens for 
polishing, “ the necessity of gripping the specimen in the vise” 
to file, is mentioned. M ost people grip the file in the vise and 
rub the surface of the specimen on it.

On page 31, the reference to etching reagents is too short 
and might with advantage be expanded.

On page 162, as Ruff’s work is mentioned, reference ought also 
be made to that of W ittorf and of Hanemann.

The photomicrographs are all well chosen and excellently 
executed, but lose somewhat in not having a title beneath each, 
rather than having it  given only in the list of plates.

In conclusion, the only changes that could be suggested is 
in the section on the thermal diagram which should contain 
those diagrams showing partial solubility in the liquid state. 
A  short classification according to solubility in both liquid 
solid states would help.

The author has succeeded in preparing an excellent book, 
interesting to the student, valuable to the metallurgist and 
engineer, and full of ideas for anyone engaged in metallographie 
research. It  is a book that can be recommended to the general

reader also, because the style is simple and the ideas are clearly 
and logically developed and followed. W ith the growing 
interest in metallography as a method of testing it will un
doubtedly prove very popular.

W. C a m p b e l l

The Chemistry and Technology of Printing Inks. B y  N o r m a n  

U n d e r w o o d  a n d  T h o m a s  V. S u l l i v a n .  N ew York: D. 
Van Nostrand Co. 139 pages, 9 illustrations. Price, $3.00 
net. •

Messrs. Underwood and Sullivan have charge of the Ink- 
making Division, Bureau of Engraving and Printing, United 
States Treasury Department, Washington, D. C. This book 
is an attem pt "to  give in a brief and practical but > et scientifi
cally correct manner the many facts concerning the raw ma
terials and finished products, used in this industry which they 
(i. e., the authors) have collected during a number of years of 
laboratory work and manufacturing experience.”

The introduction gives an excellent explanation of the mean
ing of the many technical terms used. The authors venture the 
assertion: " A  general chemical analysis will not, however,
convey any idea of the essential composition of the ink.”  This 
is wholly in accord with the opinions of those connected with 
this industry.

Part I, pp. 15-38, discusses laboratory apparatus, methods 
of analysis of raw materials and the physical testing of pig
ments.

In Part II, the manufacture of the various classes of ink- 
making materials, such as dry colors, oils, etc., is described in 
detail. The properties of each of these substances as ink- 
making materials are given very conveniently in tabular form. 
The constants for raw linseed oil which are given do not agree 
with those adopted by the American Society for Testing M a
terials. In giving the specific gravity 110 temperature is men
tioned and the well-known constants of index of refraction, 
acid number and unsaponifiable matter are not included in the 
table given.

Part III, pp. 104-132, is devoted to the manufacture of 
printing ink. No formulae are given and the subject is taken 
up only very generally. M uch attention is given to the making 
of plate or engraving inks and very little to the manufacture of 
typographical inks.

There are many mistakes of a kind which are not unusual in a 
first edition. On page 74 “ dilutent” occurs four times; the 
same mistake was noticed in several other places. “ Vermillion” 
is used repeatedly for "vermilion.”  On page 97, third para
graph, "there use” should be “ their use.”  On page 44, the 
fineness of ultramarine blue pigment is given as "very  fine im
palpable powder.”

On page 73, under the heading abrasive qualities and re 
ferring to magnetic pigment, it is stated that it is "not abrasive.”  
Since this material is used for sharpening razors one would ex
pect the reverse of this statement. On page 81, third para
graph, "aluminum sulfate” should be “ aluminum hydrate.”

I t  is very unfortunate that references to the literature were 
not put in the book. Only a single reference was found by the 
reviewer.

The authors hope that the book m ay "prove valuable and 
serviceable to the many workers in the art,”  seems justified 
yet it is to be hoped that in another edition more extensive 
material will be included and that the actual manufacture of 
printing inks will be given more detailed attention.

P h i l i p  L .  D a v i s
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N E .W  P U B L I C A T I O N S
B y  I r e n e  D e M a t t y , L ib ra r ia n . M e llo n  I n s t i t u te  of I n d u s tr ia l  R esea rc h . P i t t s b u rg h

A g r i c u l tu r e  : L a b o r a to r y  E x e rc is e s  i n  P r in c i p le s  o f  A g r i c u l tu r e .
B y  E . H o p t  a n d  R . R.- S t a f f o r d . 8v o . 192 p p . P rice , $0.50. W . 
M . W elch  M fg . C o ., C h icago .

A l c o h o l o m e t r i c  T a b le s .  B y  S ir  E d w ard  T h o r p e . 8 vo. P rice , $1.10.
L o n g m an s , G reen  & C o ., N ew  Y ork .

A s p h a l t :  B e i t r a e g e  z u r  C h e m ie  d e r  A s p h a l te  m .  b e s o n d .  B e r u e c k -
s i c h t .  i h r e r  p h o t o c h e m i s c h e n  E i g e n s c h a f t e n .  B y  P a u l  G o e d r ic h .  
8vo. 14 p p . A. H o e ld e r, V ienna .

C h e m ic a l  G e r m a n .  B y  F r a n c i s  C . P h i l l i p s . 2nd  E d . 252 pp .
P rice , $2.00. C hem ica l P u b lish in g  C o., E asto n .

C h e m i s t r y :  C o u r s  e x p e r i m e n t a l e  d e  c h im ie .  B y  H . G ran d-
m o n t a g n e . 8 vo. 248 p p . L a ro u sse , P aris .

C h e m i s t r y :  F i r s t  P r in c i p l e s  o f  C h e m is t r y .  B y  R . H . B r o w n l e e  
a n d  O t h e r s . R ev . E d . 12mo. 526 pp . P rice , $1.25. A llyn  an d
B acon , B osto n .

C h e m i s t r y :  L a b o r a to r y  E x e rc is e s  A r r a n g e d  to  A c c o m p a n y  “ F i r s t
C o u r s e  i n  C h e m i s t r y . "  B y  W . M cP h e r so n  a n d  W . E . H e n d e r s o n . 
12m o. 128 p p . P rice , $0 .60 . G in n  & C o., B oston .

C o l l o id c h e m is t r y  : D ie  W e l t  d e r  v e r n a c h la e s s ig t e n  D im e n s io n e n .
B y  W O L F C A N O  O s t w a l d .  8vo. P rice , $1.50. T h e o d o r SteinkopfF, 
D resd en .

D y n a m o - E le c t r i c  M a c h i n e r y :  S p e c i f ic a t io n  a n d  D e s ig n  o f D y n a m o -
E l e c t r i c  M a c h i n e r y .  B y  M il e s  W a l k e r . 4 to . 648 pp . P rice , 
$10 .00 . L o n g m an s , G reen  & C o ., N ew  Y ork .

E l e c t r i c  L i g h t :  D e  l a  p o r t é e  d e s  p r o j e c t e u r s  d e  l u m iè r e  é l e c t r i q u e .
B y  J e a n  R e y . 8 v o . 150 p p . B e rg e r-L ev rau lt, P aris .

E l e c t r i c  M e a s u r e m e n t s  a n d  M e te r  T e s t in g .  B y D . P . M o r e t o n .
16m o. 328 p p . P rice , $1.50. F . J . D ra k e  & C o ., C hicago.

E n g i n e e r i n g  M a t h e m a t i c s :  A  V e s t - P o c k e t  H a n d b o o k  o f  M a t h e 
m a t i c s  f o r  E n g i n e e r s .  B y  L . A. W a t e r b u r y .  8 v o . 213 pp . P rice . 
$1 .50 . J o h n  W iley  & S ons, N ew  Y o rk .

F ie l d  E n g i n e e r in g .  B y  W . H . S e a r l e s . 17th  E d . 16mo. 630 pp .
P rice , $3 .00 . Jo h n  W iley  & S ons, N ew  Y o rk .

F o o d  P r o d u c t s :  L a b o r a to r y  E x p e r im e n t s  o n  F o o d  P r o d u c t s .  By
E . H . S. B a il e y . 44 pp . P rice , $0.25. P . B la k is to n ’s Son & Co., 
P h ila d e lp h ia .

G a s  E n g i n e e r in g  a n d  G a s  M a n u f a c t u r e .  E d . b y  C . W . H a s t in g s .
J . G . H a m m o n d  & C o ., L o n d o n .

G a s e o u s  C o m b u s t i o n  a t  H ig h  P r e s s u r e s .  B y  W . A . B o n e . 4 to .
65 p p . P rice , $0.65. W m . W esley  & S ons, L o n d o n .

G ly c e r i n e :  I t s  P r o d u c t i o n ,  U se s  a n d  E x a m i n a t i o n  f o r  C h e m is t s .  
B y  S. W . K o p p e . 8 vo. 258 pp . P rice , $2.00. S c o tt , G reenw ood  & 
S on , L o n d o n .

I n d i a - R u b b e r :  D ie  S y n th e s e  d e s  K a u t s c h u k s .  B y  R . D it m a r .
8 vo. 124 p p . P rice , $0.75. T h e o d o r  S te in k o p ff, D resd en .

I n d u s t r i a l  C h e m i s t r y :  M u s p r a t t ’s  e n c y c lo p a e d is c h e s  H a n d b u c h
d e r  t e c h n i s c h e n  C h e m ie .  V o l. 3, P t .  1, C h e m is c h e  T e c h n o lo g ie  
o r g a n i s c h e r  I n d u s t r i e z w e ig e .  E d . b y  A r t h u r  B in z . 8 vo. 515 
p p . P rice , $6 .50 . F . V iew eg & S ohn , B raunschw eig .

I r o n  a n d  S t e e l :  T h e  C a n a d i a n  I r o n  a n d  S te e l  I n d u s t r y .  B y  W .
J .  A. D o n a l d . 8v o . 376  p p . P rice , $2.00. H o u g h to n , M ifflin  C o., 
B oston .

M e c h a n i c s :  C o u r s  d e  m é c a n i q u e  p ro f e s s é  à  l ’E c o le  p o ly t e c h n i q u e .
B y  L é o n  L e c o r n u . 8 vo. 544 p p . P rice , $3.75. G au th ie r-V illa rs , 
P a r is .

M e d ic a l  C h e m i s t r y :  A  C o m p e n d  o f  M e d ic a l  C h e m is t r y .  B y  H .
L e f f m a n n . 6 th  E d . 241 p p . P rice , $1.00. P . B la k is to n 's  S on  & 
C o., P h ila d e lp h ia .

M in e r a l  I n d u s t r y .  V o l. 23 (1914). E d . b y  G . A. R o u s h . 8 v o . 1000 
p p . P rice , $10 .00 . M cG raw -H ill B ook C o., N ew  Y o rk .

M o le c u le s :  S t u d i e n  u e b e r  M o l e k u l a r s t a t i s t i k  v o n  E m u l s i o n e n  u n d
d e r e n  Z u s a m m e n h a n g  m i t  d e r  B r o w n s c h e n  B e w e g u n g . B y  M . 
S m o u l u c h o w o s k i. 8 vo. 25 p p . A. H o e ld e r, V ienna .

O i l :  A ll A b o u t  O il f o r  E n g in e e r s .  B y  A. C r e e . 8 vo. P rice , $ 0 .7 5 .
W . T h a c k e r  & C o ., L on d o n .

O i ls :  S e m i - A n n u a l  R e p o r t  o n  E s s e n t i a l  O ils , S y n t h e t i c  P e r f u m e s ,
E t c .  B y  S c h im m e l  & C o. 110 pp . S ch im m el & C o., M ilt i tz  n e a r  
L e ipzig .

O r g a n ic  C h e m is t r y  f o r  A d v a n c e d  S t u d e n t s .  V ol. 2. B y  J .  B . C o h e n .
8 vo. P rice , $4 .50 . L o n g m an s , G reen  & C o ., N ew  Y ork .

O r g a n ic  C h e m i s t r y :  L a b o r a to r y  E x p e r im e n t s  i n  O r g a n ic  C h e m 
i s t r y .  B y  E . P . C o o k . 52 pp . P rice , $0.35. P . B la k is to n ’s Son & 
C o ., P h ila d e lp h ia ,

R e e d ’s H a n d b o o k  t o  t h e  E x a m i n a t i o n  o f  E n g i n e - R o o m  A r t i f i c e r s .
B y  E . R . C o l l in g s . N ew  a n d  R ev . E d . 8vo. 356 p p . P rice , $1.25. 
T . R eed  & C o ., L o n d o n .

S o il  A n a ly s i s :  E in e  n e u e  M e th o d e  z u r  m e c h a n i s c h e n  B o d e n 
a n a ly s e .  B y  S v é n  O d è n . 8vo. 55 pp . P rice , $0.75. V erlag  fu er 
F a c h l i te ra tu r ,  B erlin .

S t e a m  B o i le r  E c o n o m y . B y  W . K e n t . 2 n d  E d . 8vo. 717 pp .
P rice , $4 .50 . Jo h n  W iley  & S ons, N ew  Y ork .

S t e a m  E n g i n e : D a m p f m a s c h in e  o d e r  E l e k t r o m o to r .  B y  F . B a r t h .
8vo. 64 p p . P rice , $0.50. R . O ldenbou rg , M un ich .

S to r a g e  B a t t e r i e s :  A  L i s t  o f  R e fe re n c e s  1900-1915. B y  G . S. M a y 
n a r d . 8 vo. 37 p p . N ew  Y o rk  P ub lic  L ib ra ry , N ew  Y ork .

T u r b i n e  R e g u l a to r : .  B e i t r a g  z u r  F r a g e  d e r  S t a b i l i t a e t s b e d i n g u n g e n  
d e r  T u r b i n e n r e g l e r .  B y  H . B a u d is c h . 8 v o .  V erlag  fu e r  F a c h 
l i te ra tu r , B erlin .

U l t r a m a r i n e :  U e b e r  n a t u e r l i c h e s  u n d  k u e n s t l i c h e s  U l t r a m a r i n .
B y  C. D o e l t e r . 8vo. A. H o e ld e r, V ienna.

RECENT JOURNAL ARTICLES
A g r ic u l tu r a l  C h e m i s t s :  J o u r n a l  o f  t h e  A s s o c ia t io n  o f  O ff ic ia l  

A g r i c u l tu r a l  C h e m is t s .  N ew  Jo u rn a l. P ub lished  b y  W illiam s & 
W ilk ins C o., B a ltim o re , fo r th e  A ssocia tion .

A ir  a n d  S t e a m  a s  A to m i z in g  A g e n ts .  B y  R . A. B u l l . Iro n  T rade  
Review , Vol. 57 (1915), N o. 14, p p . 626 -629 .

A lc o h o l :  D ie  B e s t i m m u n g  v o n  A lk o h o l  i n  A e th e r .  B y  P.
Sz e b e r 6 n y i . Z eitschrift fu e r  ana ly tische Chem ie, Vol. 45 (1915), N o . 8. 
pp . 409-411 .

A l u m i n i u m - B e s t i m m u n g  i n  S i l i k a t e n .  B y  E m m e r ic h  S e l c h . Z e it
schrift fu e r  analy tische Chem ie, V ol. 45 (1915), N o . 8, pp . 395—403. 

A l u m i n u m  P r e c i p i t a t i o n  a t  t h e  M il l  o f  t h e  B u t t e r s  D iv is a d e r o  
C o m p a n y .  B y  E . M . H am ilto n  a n d  P . H . C r a w fo r d . M in in g  and  
Scien tific  Press. V o l. I l l  (1915), N o . 11, pp . 387-391 .

A m m o n i a  C o m p r e s s o r  E f f ic ie n c y . B y  C h a r l e s  J o h n ss o n . R e
fr igera ting  W orld, Vol. 49 (1915), N o . 8 , pp . 25-26 .

B e n z o l :  U n te r s c h e i d u n g  v o n  B e n z in  u n d  B e n z o l .  B y  H . M ix .
K ollo id -Z eitschrift, V ol. 17 (1915), N o . 1, pp . 7 -9 .

B r o n z e :  U e b e r  e l e k t r o l y t i s c h e  B r o n z e fa e l lu n g .  B y  W . D . T r e a d 
w e l l  a n d  E . B e c k h . Z eitschrift fu e r  Elektrochem ie, Vol. 21 (1915), 
N o. 15 /16 , p p . 374-381 .

C e l lu lo s e :  E x p e r im e n t a l  W o rk  o n  S o d a  C e l lu lo s e .  B y  S id n e y  D .
W e l l s . P aper, V ol. 17 (1915), N o . 4, pp . 14-15.

C o a l T a r :  U se  o f  C o a l T a r  i n  F l o t a t i o n .  B y W . A. M u e l l e r .
E ngineering  a nd  M in in g  Jo u rn a l, Vol. 100 (1915), N o . 15, p p . 591-593 . 

C o r r o s io n :  I n f lu e n c e  o f  D i f f e r e n t  E l e m e n t s  o n  t h e  C o r r o s io n  o f  
I r o n .  B y  L . C . W il s o n . E ngineering  M agazine, Vol. 50 (1915), N o . 
1, pp . 78-86 .

F l o t a t i o n :  W h a t  i s  F l o t a t i o n ?  B y  T . A. R ic k a r d . M in in g  and
Scientific Press, V o. I l l  (1915), N o . I I ,  p p . 383-386 .

G a s  vs. E l e c t r i c a l ly  H e a t e d  O v e n s . B y  G . H . T r o u t . Iro n  T rade
Review. Vol. 57 (1915), N o . 12, p . 526.

G as  P r o d u c e r s :  F a c t o r s  G o v e r n in g  G a s  P r o d u c e r  P r a c t i c e .  B y
F ranz D e n k . Steel and Iro n , Vol. 49 (1915), N o. 26, p p i 911-914 . 

G a s e s :  T h e  K in e t i c  T h e o r y  o f  G a s e s . B y S a u l  D u s iim a n . G eneral
Electric Review, Vol. 18 (1915), N o . 10, p p . 952-958.

G o ld  M il l in g  i n  C a l i f o r n ia .  B y  L . A. P a l m e r . M etallurgical and  
Chemical E ngineering , V ol. 13 (1915), N o . 10, pp . 617-624 .

H y d r o g e n :  B e s t i m m u n g  d e s  W a s s e r s to f f s  i n  G a s g e m e n g e n  d u r c h
k a t a ly t i s c h e  A b s o r p t io n .  B y  E . B o ssha rd  a n d  E . F is c iil i . Z e it
schrift fu e r  angewandte Chem ie, Vol. 28 (1915), N o. 70, pp . 365 -3 6 6 . 

H y d r o q u in o n e : D ie  S u l f u r i e r u n g  d e s  H y d r o c h in o n s .  B y  J o h a n n

P in n o w . Z eitschrift fu e r  E lektrochem ie, Vol. 21 (1915), N o. 15 /16 , pp . 
380-388.

I n d i a  R u b b e r :  A r b e i t e n  u e b e r  K a u t s c h u k  u n d  G u t t a p e r c h a .
B y  G. H . H il l e n . Z eitschrift fu e r  angewandte Chem ie, V ol. 28 (1915), 
N o. 66 , pp . 349—354.

I n s u l a t i n g  M a te r i a l s :  T h e  V o lu m e  R e s i s t i v i ty  a n d  S u r f a c e  R e 
s is t iv i ty  o f  I n s u l a t i n g  M a te r i a l s .  B y  H . L . C u r t is . G eneral 
Electric Review, Vol. 18 (1915), N o . 10, pp . 996-1001.

K i ln s :  S e t t i n g  D o w n  D r a f t  K i ln s .  B y  A. F . G r e a v e s-W a l k e r .
B rick and  C lay Record, Vol. 47 (1915), N o . 7, p p . 501-505 .

L e a th e r :  U e b e r  e i n  N e u t r a l f e t t v e r b o t  i n  d e r  L e d e r in d u s t r i e .  B y
W . F a h r io n . C hem ische Revue ueber d ie  Fett- u n d  H a rz-In d u s tr ie , Vol. 
22 (1915), N o. 9, pp . 77-80.

O il E n g in e  f o r  I c e  P l a n t  S e rv ic e . B y  L. K . D o e l l in o . Ice  a nd  R e 
frigeration, Vol. 49 (1915), N o . 4, pp . 154-162.

P a p e r  F ib e r  A n a ly s is .  B y  M ax  C l in e . P aper, Vol. 17 (1915), N o . 3, 
pp . 19-21.

P e t r o l e u m :  B e i t r a g  z u r  U n t e r s u c h u n g  u n d  B e u r t e i l u n g  d e s  z u
L e u c h tz w e c k e n  d i e n e n d e n  P e t r o l e u m s .  B y  R . J u n g k u n z . 
C hem iker-Zeitung, Vol. 39 (1915), N o . 102, pp . 641-642 .

P o r t l a n d  C e m e n t :  C o n t r o l l i n g  t h e  R a w  M ix  i n  t h e  M a n u f a c t u r e
o f P o r t l a n d  C e m e n t .  B y  S a m u e l  M cA n a l l y . Concrete-Cem ent 
Age, Vol. 7 (1915), N o . 3, p p . 3 0 -33 .

R a r e  E a r t h s :  D ie  s e l t e n e n  E r d e n  i n  d e r  T h e r a p i e .  B y  C . R . B o e h m .
Z eitschrift fu e r  angewandte Chem ie, Vol. 28 (1915), N o. 64, pp . 346 -348 .
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R E C E N T  I N V E N T I O N S

UN ITED ST A TE S PA T E N T S
B y  C .  L .  P a r k e r  

S o lic ito r  of C h em ica l P a te n ts ,  M cG ill B u ild in g , W a sh in g to n , D . C .

Compressing, Drying, and Transferring Chlorin Gas. J. W. 
Aylsworth, April 6, 1915. U. S. Pat. 1,134,432. Alternate 
volumes of chlorin gas and sulfuric acid are caused to con
tinuously enter a helical pipe. The pipe is rotated thus trans
ferring the acid and gas compressed thereby into a receiver. 
The intimate contact between the acid and gas dries the gas 
and the acid is finally separated from the dried gas.

Converting M eadow or Swamp Land into Fertilizer. B. 
Reichelt, April 6, 1915. U. S. Pat. 1,134,760. M eadow or 
swamp land material containing potash is converted into 
fertilizer by  heating the material to a temperature sufficient 
to dry it and to drive oft the potash therefrom. The dried 
material is then ground and finally the potash is re-mixed with 
the ground material.

Nitrogen and Potash M ixture. S. W . Sinsheimer, April 6, 
1915. TT. S. Pat. 1,134,921. The product is a  fertilizing agent 
consisting of the residue of waste liquid after the separation of 
sugar from molasses which has been treated with carbon dioxid 
and evaporated at a low temperature to produce a concentrated 
product.

Preventing Escape of Sulfur Dioxid in Smelting Sulfid Ores. 
W . A. Hall, April 6, 1913. U. S. Pat. 1,134,846. A  reducing 
flame together with steam is introduced into the upper level 
of the furnace at a point near the normal charge level therein 
and under conditions capable of reducing a part at least of the 
S0 2 in the exit gases and separating the sulfur from the gases.

Producing Hydroxids of M etals by M eans of Ammonia.
H . A. Frasch, April 13, 1915. U. S. Pat. 1,135,785. Nickel 
oxid is precipitated from a solution of nickel ammonium chlorid 
by boiling in the presence of a solution of ammonium chlorid 
until the nickel oxid is precipitated, while maintaining the solu
tion alkaline with ammonia.

Treatm ent of Alunite, Etc. C. H. M acDowell, April 20, 
1915. U. S. Pat. 1,136,549. Alunite is calcined for the purpose 
of driving off anhydrid and sulfuric anhydrid. The product is 
heated to a temperature sufficient to volatilize and drive off 
potash and the exit of the volatilized potash from the charge is 
expedited by carrying it off in a gaseous current.

Continuous Distillation and Rectification of Alcoholic Liquids. 
V. Slavicek, April 20, 1915. IT. S. Pat. 1,136,559. The alcoholic 
raw vapor is divided into portions. The lion-cooled phlegm 
of one portion of the head product is purified and immediately 
introduced at the beginning of the rectification into the alcoholic 
raw vapor of the second portion.

Coagulant for W ater Purification. A. Jacobson, April 27, 
1915. U. S. Pat. 1,137,005. The coagulant is produced by 
passing an aqueous solution of sulfate of aluminum over metallic 
iron so that a part of the iron is dissolved to form iron sulfate 
and sulfate of aluminum is reduced to a soluble basic sulfate of 
aluminum.

Rendering Phosphoric Acid Available. W . S. Landis, April 
27, 1915- U. S. Pat. 1,137,065. A  mixture of finely divided 
phosphate rock, an alkali metal salt and carbon is heated to a 
sufficient temperature to eliminate the acid radical of the salt. 
The mixture is then subjected to a higher temperature sufficient 
to cause an incipient fusing or clinkering of the mixture.

Carbonitrids. S. Peacock, April 27, 1915. U. S. Pat.

I iI37>524- The process consists in heating in the presence of 
nitrogen an oxid of an element having metallic properties with 
sufficient carbon and to a temperature sufficient to produce 
carbonitrid while preventing the partial pressures of the gaseous 
products from rising sufficiently to interfere with the reaction.

Alkali-Soluble Alumina. P. R. Hershman, April 27, 1915. 
U. S. Pat. 1,137,617. Alumina in admixture with carbon is 
heated in the presence of a non-nitrifying atmosphere, to a 
temperature sufficient to make it soluble in alkali.

Recovering Soda Content of W aste Liquor. H. K . Moore, 
M ay 4, 1915. U. S. Pat. 1,137,779. The lignin is utilized in 
making steam which m ay be employed in the digestion of the 
raw wood. Multiple-effect evaporators are used in concentra
ting the lignin to approximately 355 Bé. and the residuum is 
mixed with sulfate of soda and a carrier of carbonaceous ma
terial such as sawdust, pulverized bark, peat, coke, or the like. 
The mixture is dried, burned in a smelting furnace and the soda 
recovered.

Acid Mono-Calcium Phosphate. Robert Stewart, M ay 4, 
1915. U. S. Pat. 1,137,806. Phosphate rock is fed by  the 
conveyor 10 into the upper end of the tube furnace 5, heated 
by the burner 14 and subjected to the action of steam and 
smelter smoke introduced through the pipes 12 and 13, re
spectively. The reaction results in the production of acid 
mono-calcium phosphate and a solution of acid calcium sulfite.

Treating Alumínate Solutions. H . Howard, M ay 4, 19x5. 
U. S. Pat. 1,137,860. Silica is removed from alumínate solu
tions by subjecting the hot alumínate solution, at a concentra
tion not exceeding 300 Bé. to the action of the residues from the 
decomposition of bauxite by alkali.

Reducing W aste Sulfite Liquor to a Powder. F. H. Kennard, 
M ay 4, 1915. U. S. Pat. 1,138,1x8. The waste sulfite liquor 
is first concentrated to a viscous state in a vacuum. The 
viscous material is then applied in a vacuum, in a thin sheet, 
onto a heated surface and retained thereon until the viscous 
material is evaporated to dryness.

Treating Hydrocarbon Oils. C. H. Washburn, M ay 4, 1915. 
U. S. Pat. 1,138,266. Petroleum oils of from 260 to 488 Bé. 
are transformed into a product not exceeding 520 Bé. by passing 
the oil and water in liquid form into a retort where they are 
converted into vapor, and leading the vapor to a condenser, the 
terminal of which is closed to create a back pressure, thereby 
condensing the vapor at a  pressure of from three to five atmos
pheres maintained throughout the distillation and condensa
tion.

Drying Sodium-Bisulfite Crystals. H . Howard, M ay 11,
1915. TJ. S. Pat. 1,138,658. W et sulfite crystals are subjected 
to a current of hot sulfur dioxid gas.

Nitroglycerin. R. W eyel, M ay 11, 1915. U. S. Pat. 1,138,917.
The separation of a mixture of liquids, containing nitroglycerin 
and an acid is facilitated by generating silicon fluorid in the 
liquids by  the addition of a fluorid and an insoluble siliceous 
compound.

Explosive. G. Burgschmiet, M ay 11, 1915. U. S. Pat. 
1,139,339. The composition comprises essentially about 80 
per cent of ammonium nitrate, about 18 per cent of dinitro- 
toluene and about 2 per cent charcoal and wood meal.

W ood-Preservative. J. A. DeCew, M ay 18, 1915. U. S. 
Pat. 1,140,127. The composition comprises a  mixture of waste 
sulfite liquor, creosote oil, and chlorid of zinc.
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atmosphere of nitrogen and oxygen. The combustion chamber 
is filled with a granular material coated with substances such as 
oxides of chromium, titanium or vanadium, which facilitate the 
combination of nitrogen and oxygen.— July 8, 1915.

Plastic Compositions. E. Krause and H. Blucher, Jan. 1, 
1914. Brit. Pat. 76. The plastic material is made by treating 
the albuminous and cellulosic residues from the manufacture of 
yeast extracts or preparations, with formaldehyde. The 
residues obtained from yeast in the manufacture of preparations 
of the nature of meat extract are preferably employed.— July 

29 . 1915-

interior and exterior surfaces of the thread being formed. Com
pound threads can also be formed by projecting a solution of 
viscose through the orifice of the jet while a free formed thread 
of suitable textile fiber is introduced into the interior of the 
tabular thread as in Fig. 5.— July 23, 1915.

Rubber. Substitute. J. Baier and A. G. M . Weale, Jan. 15, 
1914. Brit. Pat. 1,171. Animal tissue is dissolved in zinc 
chloride and the thick jelly obtained is mixed with a starchy 
material such as finely ground tapioca. The thick dough so 
prepared is mixed with rubber solution, or with a saturated 
solution of resin in methylated spirit.— July 29, 1915.

Varnish. E. Girzik, Jan. 20, 1914. Brit. Pat. 1,575. Pro
cess relates to the manufacture of varnish from semi-drying oils 
such as train oil. The free fatty acids in the oil are removed 
by adding a suitable quantity of soda lye, and allowing to stand 
in the cold for several days. The soap is separated and the oil 
subjected to a boiling or polymerization process.— July 29, 
I 9 I 5 -

Extracting Sulfurous Acid and Oxides from Sulfates. A. 
Bambach, Feb. 6, 1914- Brit. Pat. 3,174. The sulfates, such as 
calcium and barium sulfates, are introduced into a shaft furnace 
in a fragmentary state and heated with a flame from a gas and 
air mixture. The operation is finished by feeding the flame with 
excess of air.— July 29, 1915.

Coating Articles with Aluminum. W . Krumbhaar, Feb. 12, 
1914. Brit. Pat. 3,713. The article to be treated is first given 
a coat of lacquer, and when this coat is perfectly dry, finely 
divided aluminum powder is rubbed in.— July 1, 1915.

Manufacture of Light Hydrocarbons from Heavy Hydro
carbons. F . Bergius, Feb. 21, 1914. Brit. Pat. 4,574. The
hydrocarbons, previous to distillation, are heated in the presence 
of hydrogen under a pressure of 100 atmospheres. The hydrogen 
reacts and converts all non-saturatcd compounds into saturated 
compounds. The petroleum so treated is then distilled and it is 
found that the proportion of light constituents is very much 
increased.— July 8, 1915.

Manufacture of Sulfate of Ammonia, and the Purification of 
Coal Gas. J. Mackenzie, April 23, 1914. Brit. Pat. 10,059.
The gas, freed from tar, is passed into a moist atmosphere of 
nitrous acid at 2000 F. The sulfur compounds contained in the 
coal gas are oxidized and combine with the ammonia to give 
sulfate of ammonia. The excess of nitrous acid is absorbed in 
sulfuric acid.— July 23, 1915.

Carbon Electrodes for Galvanic Cells. V. Scholz, April 24, 
1914. Brit. Pat. 10,171. Carbon powder in the form of col
loidal graphite is employed in the formation of the electrode. 
The voltage is rendered more constant by using the graphite in 
this form.— July 8, 1915.

Manufacture of Tubular Threads from Solutions of Cellulose. 
Courtnaulds, Ltd., and L. P. Wilson, July 23, 1914. Brit. Pat. 
I7i495- A Jet os shown in Fig. 1 is used, and is immersed in a 
coagulating bath. The liquid of the bath has access to both the

Production of Nitrogen and Oxygen Compounds. C. Krauss 
and P. Staehelin, Nov. 18, 1913. Brit. Pat. 26,499. Liquid or 
gaseous fuel is burned without flame at high pressure in an

BR ITISH  PA TEN TS
B y  D . G e d d e s  A n d e r s o n  

C h e m ic a l E n g in e e r  a n d  P a te n t  C h e m is t, G lasgow . S c o tla n d

The following abstracts are taken direct from the patent
specifications as soon as these are published by the British
Patent Office. The date given at the end of the abstract is the 
date of acceptance.

Manufacture of Hydrogen Peroxide. Henkel and Cie, Nov.
18, 1914. Brit. Pat. 22,714. A  is 
a tube of suitable metal coated 
inside with a thin layer of cathode 
material, such as silver amalgam 
and copper amalgam. The electro
lyte is pumped in at D and escapes 
at E, and oxygen is admitted at F. 
C  is the anode and is covered with 
the diaphragm tube K .— June 17, 
1915-

Production of Esters of the Tertiary 
Alcohols. N e u m a n n  a n d  C o ., 
Chemische Fabrik G. M. B. H and 
J. Zeltner, Nov. 5, 1913. Brit. Pat. 
25,262. Organic acid chlorides, with 
the exception of the chlorides of 
carbonic acid and their derivatives 
are caused to react with non-sub- 
stituted aliphatic tertiary alcohols 
in the presence of tertiary bases, 
e. g., 64 grams of valeric chloride 
are added to 44 grams tertiary amyl 

alcohol in 55 grams pyridine. After standing 24 hours, 100 cc. 
water and 100 cc. hydrochloric acid are added and the tertiary 
amyl valeriate is distilled in vacuo.— July 1, 1915.
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A c e ta te  of L im e, g r a y ......................................... .1 0 0  L bs. 4 .0 0 @ 4 .0 5
A lum , lu m p ............................................................... . 100 L bs. 5 .2 5 @ 5 .5 0
A lu m in u m  S u lfa te , h ig h -g ra d e ........................ .1 0 0  L bs. 2 .2 5 (Ś 2 .7 5
A m m o n iu m  C a rb o n a te , d o m e s t ic .................. ..........Lb . 8>/s @ 91/1

A m m o n iu m  C h lo ride , g r a y ............................... 8 .2 5 @ 8 .5 0
A m m o n iu m  P h o sp h a te , co m m erc ia l, 9 8 -1 0 0 % . .L b . 10 @ 1 0 '/«
A q u a  A m m o n iu m , 16°, d r u m s ........................ ..........L b 2 l/ \ ' 2 ' / .
A rsen ic , w h ite .......................................................... 3V< @ 4
B ariu m  C h lo r id e .................................................... ..........T o n 9 0 .0 0 lo o .o o
B a riu m  N i t r a t e ....................................................... 15 @ 16
B a ry te s , p r im e  w h ite , fo re ig n ......... ................ ..........T o n 19 .00 © 2 3 .0 0
B leach in g  P o w d e r, 35 p e r  c e n t ....................... .1 0 0  L bs. 3 .5 0 (Ś 4 .0 0
B lu e  V itr io l ............................................................... 6V* (Ś 7
B orax , c ry s ta ls , in  b a g s ...................................... 5»/* @ 6
B oric  A cid, p o w dered  c ry s ta ls ...............—  . ..........L b . 10 (Ś îû y »
B rim sto n e , c ru d e , d o m e s t ic .............................. . L ong  T o n 2 2 .0 0 (Ś 2 2 .5 0
B ro m in e , te ch n ica l, b u lk .................................... 1 .5 0 @ 1.75
C a lc iu m  C h lo ride , lu m p ..................................... ..........T o n — @ 11 .7 8
C a lc iu m  C h lo rid e , g r a n u la te d ......................... ..........T o n — 14 .7 8
C a u s tic  S o d a , 70 @ 76 p e r  c e n t .................... . . 100 L bs. 5 .2 5 <0 5 .5 0
C a u s tic  S o d a , p o w d ered  o r  g ra n u la te d , 76 p e r  ce n t, 

..............................................................................100 L bs. 5 .5 0 © 5 .7 5
C h a lk , lig h t p r e c ip i t a te d ................................... ..........L b . 4 */* @ 5 ' / .
C h in a  C la y , im p o r te d ......................................... 2 0 .0 0 ® 2 5 .0 0
F e ld s p a r ...................................................................... ..........T o n 8 .0 0 12 .0 0
F u lle r ’s  E a r th ,  foreign , p o w d e re d ................. .1 0 0  L bs. 80 ® 1 .0 0
G la u b e r’s S a lt , in  b b ls ......................................... .1 0 0  L bs. 60 @ . 75
G reen  V itrio l, b u lk ................................................ .1 0 0  L bs. 70 @ 80
H y d ro ch lo r ic  A cid , com m erc ia l, 1 8 ° ............ .1 0 0  L bs. 1 .75 @ 2 .0 0
H y d ro ch lo ric  A cid, C . P .,  conc ., 2 2 ° .......... .1 0 0  Lbs. 2 .2 5 ® 2 .5 0
Io d in e , re s u b lim e d ................................................. ..........L b . 4 .3 0 © 4 .3 5
L e ad  A ce ta te , w h ite  c ry s ta ls ........................... ..........L b . 11#/» @ 1 2 '/ i
L e ad  N i t r a t e ............................................................ 11V« @ 12
L ith a rg e , A m e ric a n ............................................... 61/4 @ —
L ith iu m  C a r b o n a te ............................................... ..........L b . 97 @ 1 .00
M ag n es iu m  C a rb o n a te .................... .................. ..........L b . 5 i/s @ —
M ag n es ite , " C a lc in e d ” ....................................... ..........T o n 3 4 .0 0 3 6 .0 0
M ercu ric  C h lo rid e , c o m m e rc ia l...................... ........... L b . 1 .5 0 ® ---
N itr ic  A cid. 68 p e r  ce n t, sp . g i .  1 .42 ........... ..........L b . n o m in a l
N itr ic  A cid, fu m in g .............................................. ..........L b . n o m in a l
P h o sp h o ric  A cid , sp . gr. 1 .750......................... ..........L b . 28 @ 31
P h o sp h o ru s ............................................................... 40 ® 1 .00
P la s te r  of P a r is ....................................................... 1 .5 0 @ 1 .70
P o ta s s iu m  B ic h ro m a te , c a s k s .......................... 21 @ 22
P o ta ss iu m  B ro m id e .............................................. ............L b . 2 .5 0 ® 2 .5 1
P o ta s s iu m  C a rb o n a te , ca lc in ed , 80 @ 8 5 % . ..1 0 0  L bs. 27 @ 29
P o ta s s iu m  C h lo ra te , c ry s ta ls , s p o t ............... ..........L b . 38 @ 42
P o ta ss iu m  C y an id e , b u lk , 9 8 -9 9  p e r  ce n t.............L b . 28 @ 32
P o ta ss iu m  H y d ro x id e .......................................... ..........Lb . 37 @ 40
P o ta ss iu m  Io d id e , b u lk ...................................................L b . 3 .7 0 @ 3 .7 5
P o ta s s iu m  N i t r a t e ................................................. 19 @ 20
P o ta s s iu m  P e rm a n g a n a te , b u lk ..................................L b . 1 .25 @ —
Q uicksilver, flask, 75 lb s .................................... 9 3 .0 0 @ 9 5 .0 0
R e d  L ead , A m erican , d r y ................................. ............L b . 6 i / , ® —
S a lt  C ak e , g lass m a k e rs ’ .................................... , .1 0 0  L bs. 55 @ 65
S ilv e r N i t r a t e .......................................................... ............Oz. 31>/« @ 33*A
S o ap s to n e  in  b a g s ................................................ ............T o n 1 0 .0 0 @ 12 .0 0
S o d a  A sh, 48 p e r  c e n t.......................................... 80 © 90
S o d iu m  A c e ta te ...................................................... 5 @ 6
S o d iu m  B ic a rb o n a te , d o m e s t ic ....................... , .1 0 0  L bs. 1 .00 @ 1 .10
S o d iu m  B ic a rb o n a te , E n g l is h ......................................L b . 3V* ® 3V«
S o d iu m  B ic h ro m a te ..........................................................L b . 151/2 @ 16
S o d iu m  C a rb o n a te , d r y ...................................... 1 .1 0 © —
S o d iu m  C h lo ra te ................................................................ L b . 38 @ 40
S o d iu m  F lu o r id e , c o m m e rc ia l........................ ............ L b . 12 ® —
S o d iu m  H y d ro x id e , 60 p e r  c e n t ..................... . .  100 Lbs. 1,75
S o d iu m  H y p o su lf ite ............................................ . .1 0 0  Lbs. 2 .2 5 ® 2 .5 0
S o d iu m  N itr a te ,  95 p e r  c e n t, s p o t ................. .1 0 0  Lbs. 2 .9 5 @ 3 .0 0
S o d iu m  S ilica te , l iq u id ......................................... .1 0 0  Lbs. 85 @ 1 .1 0
S o d iu m  S ulfide , 3 0 % , c ry s ta ls , in  b b l s . . . . ............L b . 2 @ 21/s
S o d iu m  S ulfite , c r y s ta ls ..................................... ............L b. 2»/* @ 2 V «
S tro n tiu m  N i t r a t e .............................................................L b . 18 @ 19
S u lfu r , flow ers, s u b lim e d .................................. . .100  L bs. 2 .2 0 ® 2 .6 0
S u lfu r , r o l l ................................................................ 1 .8 0 ® 2 .1 5
S u lfu ric  A cid , ch a m b er , 6 0 ° ........................... . .1 0 0  L bs. 1 .0 0 @ 1 .25
S u lfu ric  A cid , conc ., sp . g r. 1 .842 ................. . .  100 L bs. 1 .75 ® 2 .5 0
S u lfu ric  A cid , o leu m  (fu m in g ) ...................... . .1 0 0  Lbs. 1 .75 @ 2 .5 0
T a lc , A m e ric a n ..................................................... ............ T o n 9 .0 0 ® 13 .0 0
T e r ra  A lb a , A m erican , N o . 1 .......................... . .1 0 0  Lbs. 75 @ 80
T in  B ich lo ride , 5 0 ° ............................................ ............ L b . 10 ® ioy*
T in  O x id e ................................................................ ............ L b . 38 ® 40
W h ite  L e ad , A m erican , d r y ........................... ............ Lb. 5 i/s ® —
Zinc C a rb o n a te ......... ........................................... ............ L b . 12 @ 13
Z inc C h lo ride , co m m e rc ia l.............................. ............ L b . 8 © 8 l/s
Z inc  O xide, A m erican  p ro c e ss .....................................L b . 8 @ 87<
Z inc  S u lfa te .............................................................. .......... L b . 6 i/s 7

O R G A N IC  CH E M ICA LS

A cetan ilid , C . P ., in  b b ls ................................................L b . 1 .10 ® 1.15
A ce tic  A cid. 28 pel c e n t, in b b ls ................. . .1 0 0  Lbs. 3 .0 0 ® 3 .2 5

m a r k e t  o n  o c t o b e r  2 0 TH . {See this issue, page QQ7)

A cetic  A cid , g lacial, 9 9 V s% , in  c a rb o y s . . ............L b . 21 i/s 25
A cetone, d ru m s .................................................... 28»/s @ 30
A lcohol, d e n a tu re d , 180 p ro o f ......................... ..........G al. 39 @ 40
A lcohol, g ra in , 188 p ro o f ................................... ............G al. 2 .6 0 @ —
A lcohol, w ood, 95 p e r  ce n t, re f in e d .............. ..........G al. 45 @ 47
A m yl A c e ta te ........................................................ .............G al. 3 .0 0 @ 3 .2 5
A niline  O il.............................................................................L b . 1 .0 0 @ 1.35
B enzo ic A cid, ex - to lu o l...................................................L b . 3 .2 5 @ 3 .3 0
B enzol, 90 p e r  c e n t .............................................. 80 @ 90
C am p h o r, re fined  in  b u lk , b b ls ....................... ............L b . 43 @ —
C arb o lic  A cid , U . S. P .,  c ry s ta ls , d r u m s . . ............L b . 1 .7 0 @ 1.75
C arb o n  B isu lfid e ................................................................L b . 6»/s @ 71/s
C arb o n  T e tra c h lo r id e , d ru m s , 100 g a l s . . . . ............L b . 17 @ 18
C h lo ro fo rm ............................................................... ............Lb. 35 @ —
C itr ic  A cid, d o m estic , c ry s ta ls ....................................L b . 55 @ 55 */s
C resol, U . S. P ...................................................... 1 .15 @ 1.25
D ex trin e , co rn  (ca rloads , b a g s ) ......................, .  100 L bs. 2 .8 0 @ —
D ex trin e , im p o rte d  p o ta to ............................................L b . 10 @ 12
E th e r , U . S. P .. 1900........................................... ............L b . 15 @ 20
F o rm a ld eh y d e , 40 p e r  c e n t .............................. ............L b . 9>/s @ 101/s
G lyce rine , d y n a m ite , d ru m s  in c lu d e d ......... ............L b . 57 @ 60
O xalic A cid, in c a sk s ........................................................L b . 45 @ 46
P y ro g a llic  A cid, re su b lim ed  b u lk .................. ............L b . 1 .45 @ 1 .55
S alicy lic  A c id ........................................................... ............Lb. 3 .5 0 3 .7 5
S ta rc h , c a s s a v a ..................................................... .............Lb . 31/s 4 » /.
S ta rc h , co rn  (ca rloads , b a g s ) ............................ . 100 L bs. — @ 2 .2 5
S ta rc h , p o ta to ....................................................... ............L b . 6*/« @ 7
S ta rc h , r ic e ............................................................... ............Lb . 7 8
S ta rc h , s a g o .............................................................. 3 @ 3»/i
S ta rc h , w h e a t ........................................................ .............L b . 5 @ 5»/*
T a n n ic  A cid, co m m e rc ia l...............................................L b . 75 @ 76
T a r ta r ic  A cid, c ry s ta ls ....................................................L b . 47 @ 4 71 /*

O ILS, W A X E S, E TC .

Beesw ax, p u re , w h ite .................................... 45 @ 52
B lack  M in e ra l O il, 29 g r a v i ty ................. ................. G al. 12i/s @ 13
C a s to r  Oil, N o . 3 ............................................ ................. L b . 9 S/4 @ 101/4
C eresin , y e llo w ................................................. ................. L b . 10 @ 14
C o rn  O il.............................................................. 7 .7 5 @ 7 .85
C o tto n se ed  Oil, c ru d e , f. 0 . b . m i ll ......... .................G al. 52 @ 53
C o tto n se ed  Oil, p . s. y ................................. 75/s @ 7 V i
C reoso te , beech  w o o d .................................... ................. L b . 2 .5 0 @ 3,.50
C y lin d e r  Oil, lig h t, f i l te re d ........................ ................. G al. 20 @ 25
F use l Oil, c r u d e ............................................... ................. L b . 2 .6 5 @ 2 .75
J a p a n  W a x ......................................................... ................. L b . 12»/« 13
L a rd  O il, p rim e  w in te r ................................ ................. G al. 86 @ 90
L inseed  O il, raw  (ca r  lo ts ) ......................... ................. G al. 58 —
M e n h a d e n  Oil, c ru d e .................................... ................. G al. n o m in a l
N a p h th a .  68 @ 7 2 ° ....................................... 22 24
N e a t’s-foo t O il, 2 0 ° ........................................ 92 ® 94
P araffin e , c ru d e , 120 & 122 m . p ............. .................L b . 2>/i 3
P a ra ffin e  Oil, h ig h  v is c o s ity ...................... ................. G al. 23 24
R osin , “ F ” G ra d e , 280 lb s ......................... ................. B bl. 4 .1 5 —
R osin  Oil, firs t r u n ......................................... ................. G al. — @ 25
S hellac , T . N ..................................................... 15 @ 15 Vs
S p e rm a ce ti, c a k e ............................................. ................. L b . 25
S p erm  O il, b le ach ed  w in te r, 3 8 ° ............. ................. G al. 70 @ —
S pin d le  Oil, N o . 2 0 0 ..................................... 18 @ 19
S te a r ic  A cid, d o u b le -p re sse d ..................... ................. L b . 13 ® 13»/*
T a llo w , a c id le ss ............................................... ................. G al. 64 @ 65
T a r  Oil. d is ti l le d ............................................. 30 @ 31
T u rp e n tin e , s p ir i ts  o f ................................... ................. G al. 42 44

M ETA LS

A lum inum , N o . 1, in g o ts ................................... ..........L b . 50 @ 55
A n tim o n y , H a lle ts ’ ............................................... ..........L b . nom in a l
B ism u th , N ew  Y o r k ............................................. ..........L b . 3 .0 0
C opper, e le c tro ly tic .............................................. ..........L b . 173/4 @ 18
C opper, la k e ............................................................. ..........L b . 17*/4 @ 18
L ead , N . Y ................................................................ .100  L bs. 4 .5 0
N icke l, e le c tro ly tic ................................................ ..........L b . 50 @ —
N icke l, s h o t a n d  in g o ts ....................................... ..........L b . 45 @ —
P la t in u m , re f in e d ................................................... 4 5 .0 0 @ 5 0 .0C
S ilv e r ............................................................................ 49*/ s
T i n ................................................................................. .1 0 0  L bs. 3 3 .5 0 @ -
Z inc. N . Y .................................................................. ..........L b . 131/s

F E R T IL IZ E R  M A T E R IA L S

A m m o n iu m  S u lf a te ............................................... .100  L bs. 3 .4 0
B lood, d r ie d .............................................................. ..........U n it 2 .8 5
B one, 4V s a n d  50, g ro u n d , r a w ...................... ..........T o n 3 3 .0 0
C alc iu m  C y a n a m id .............................. U n it  of A m m o n ia 2 .3 5
C alc iu m  N itr a te ,  N o rw e g ia n ........................... .1 0 0  Lbs. —
C a s to r  M e a l .............................................................. —
F ish  S crap , d o m estic , d rie d , f. 0 . b . w orks, 3 .2 5 @ 10
P h o sp h a te , a c id ...................................................... 75 @ 80
P h o sp h a te  ro ck ; f. 0 . b . m ine:

F lo r id a  la n d  peb b le , 68 p e r  c e n t .......... ..........T o n 2 .7 5 @ 3 .0 0
T en n essee , 7 0 -8 0  p e r  c e n t ....................... ..........T o n 5 .0 0 @ 5 .5 0

P o ta s s iu m  " m u r ia te .”  basis  80 p e r  c e n t . . . ..........T o n 2 4 5 .0 0 @ 2 5 0 .0 0
P y rite s , fu rn a c e  size, m p o r te d ......................... — @ 13
T a n k a g e , h ig h -g ra d e ; f. 0 . b. C h ic ag o . . .  . 2 .3 0 f r  10
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B. B. SC H N EID ER  L. S. W OLFE
Fo r m er  Ex a m in e r  U . S. Pa t . O r r .  Form er  L ib r a r ia n  u . S. Pa t . O r r .

SCHNEIDER & WOLFE
C H E M IC A L , M E T A L L U R G IC A L  A N D  PRO CESS P A T E N T S

7440-7460 F IN A N C E  S T R E E T  PITTSB U R G , PA.
F O R E IG N  S E A R C H E S  A N D  T E C H N IC A L  T R A N S L A T IO N S

721 LOAN &, T R U S T  BLDG ., W A S H IN G TO N , D. C.

FRED N. ARNOLD
Chem ical Engineer

O IL  M IL L IN G ,  E X T R A C T IN G , R E F IN IN G , E D IB L E  O IL S , F A T T Y  A C ID  
PRO C E SS E S, F A T T Y  A C ID  D IS T IL L A T IO N . S O A P  M A N U F A C 

T U R E , G L Y C E R IN E  P L A N T S , Etc .

210 P E A R L  S T ., R O O M  421 BUFFALO, N. Y .

I. M ILLER
SEARCHES FOR C H E M IC A L PATENTS

TR A N S LA TIO N OF T E C H N IC A L L IT E R A TU R E

4 7  W E S T  4 2 n d  S T R E E T N E W  Y O R K

W. G. ABBOTT, JR.
RESEARCH ENG INEER  

Development of Inventions, Special M achinery and 
Industria l Processes 

L A B O R A T O R Y  W IL T O N , N. H.

SAMUEL P. SADTLER & SON
Consulting and Analytical Chemists

ANALYSES ANO REPORTS MADE IN A L L  BRANCHES 
OF INDUSTRIAL CHEMISTRY 

E X PER T  ASSISTANCE IN TH E  D EVELOPM EN T OF CHEMICAL PROCESSES AND 
PATENTS, AND PREPARATION OF TESTIMONY IN CHEMICAL PA TEN T SUITS 

P H IL A D E L P H IA , PA.

T H E  STILLW ELL LABORATORIES
76*/i P IN E  ST., NEW  Y O R K

Specialists in Analysis of All Com m ercial 
Chemical Products 

PA IN TS, F E R T IL IZE R S , ORES, ETC.
D E V E L O P M E N T  O F  N E W  PRO CESSES. L E G A L  T E S T IM O N Y .

J O H N  S. U N G E R
M E C H A N IC A L AND C H E M IC A L  ENG INEER  

Specialist in Am m onia Recovery 
Builderof Unger Am m onia Stills 
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C o n su ltin g  and  R A H W A Y,
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A N A L Y S IS  O F  P U L P  A N D  P A P E R

W. FAITOUTE M UNN
A N A LY TIC A L AND RESEARCH C H E M IS T

LA B O R A TO R Y , 5 1 8  M A IN  S T .

E AS T O R A N G E , N E W  JE R S E Y

CHAS. PFIZER & COMPANY, INC.
M anufacturing Chemists

CR EA M  T A R T A R  
T A R T A R IC  ACID

R O C H E L L E  SALT
S E ID L IT Z  M IX T U R E  

B O RAX
B O R IC  ACID

NEW YORK

R E F IN E D  C A M PH O R  
C IT R IC  ACID 

TA N NIC ACID 
CH LO RO FO RM

POTASSIUM  IO D ID E
BISM U TH  SU B N ITR A TE

CA LO M EL
CO RRO SIV E SU B L IM A TE 

R E D  P R E C IP IT A T E  
STR Y C H N IN E 

IO D IN E
IO DO FORM

Also a full line of Chemicals for Medicinal and Technical Purposes
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C H E M IST , age 30, with several years’ experience in the 
examination, analysis and manufacture of varnishes, would 
like situation with an up-to-date concern interested in prac
tical research work in the manufacture of varnishes, with the 
object of perfecting such specialties as waterproof, insulating 
and other varnishes. Address "Varnish Research,”  care 
This Journal, Easton, Pa. 1056-11-15

SULPHURIC ACID EXPERT.
Sulphuric acid engineer, plant manager, traveling superin

tendent, many years’ experience, chamber and concentrated 
acids, will be open for proposition after November 15th. 
Address “ Box No. 126,”  care This Journal, Easton, Pa.

1067-11-15

Ph.D . with unusual preparation in physical, inorganic and 
electrochemistry seeks an opening for entrance into in
dustrial Work. Prefers research, but would consider super
visory position in the operating line. References and publica
tions on request. Salary reasonable, but future prospects im
portant. Young, dependable, and possesses initiative. 
Address “ Box 327,”  care This Journal, Easton, Pa.

1058-11-15

C H E M IS T  A N D  M E T A L L U R G IS T , technical graduate 
of sixteen years’ experience in metallurgical work. For past 
ten years chief chemist directing important laboratories of one 
of the leading manufacturers of fine crucible and electric alloy 
and tool steels. Desires change to a position having part in 
the management of the business or directing the technical 
and scientific work where the opportunity is greater than in 
present position. Address "Am erican,”  care This Journal, 
Easton, Pa. 1064—11—25

CH EM ICA L EN G IN EER, having four years’ practical 
factory experience, desires position. Experienced in the 
manufacture of glycerine and the design of apparatus there
for; in the manufacture of toilet preparations and household 
specialties; in the use of perfumes for soaps, etc.; also in 
the manufacture of incandescent electric lamps. For past 
2V2 years in charge of factory making hand soap, toilet and 
household specialties. Can take entire charge of factory and 
get results. Address “ L. R. N .,”  care This Journal, Easton, 
Pa. 1060-11—15

R E SE A R C H  C H E M IS T  at present in charge of the 
research laboratory of large metallurgical concern desires 
position with greater opportunity to effect savings. Graduate 
of Harvard and Mass. Inst. Tech. Three years with present 
concern. Has solved variety of industrial research problems, 
experienced in testing materials and is competent to direct 
testing, research or sales laboratory successfully. Married, 
age 26. Address "P t.,”  care This Journal, Easton, Pa.

1065-11-15

Chemical Engineer, graduate of the Swiss Tech. Univ., in 
Zurich (Polytechnikum), Dr. of Science, Swiss ; ten years’ 
practical experience in managing position in the Swiss dye- 
stuff and chemical textile industry. Since one year acting 
as technical director in an American plant. Seeks a change. 
Salary not less than S5000 - S6000. Best references. 
Address “ S. C. E .,”  care This Journal, Easton, Pa.

1061-11-15

C H E M IS T , university graduate, age 26, seeks position with 
research laboratory in vicinity of New’ Y ork C ity  or other 
opening where a broad knowledge of organic chemistry is 
essential. Two years’ experience in manufacture of nitrocellu
lose, nitroglycerine, etc. W ork has been chiefly along research 
lines in connection with improvement of processes. Address 
“ Organic Chem .,’ ’ care This Journal, Easton, Pa. 1063-11-15

P H Y S IC A L  CH E M IST  and Engineer, Ph:D., age 30, sev
eral years’ experience with efficiency and cost problems, at 
present holding position of responsibility, desires industrial 
research or executive position. Salary not less than $2000. 
Address "S. C .,”  care This Journal, Easton, Pa. 1066-11-15

A N A L Y T IC A L  C H E M IST , young lady, university 
graduate, desires position in laboratory or as teacher of 
chemistry. Five years’ experience in analytical and research 
work. Best of references. Address "L . S. B .,”  care This 
Journal, Easton, Pa. 1068-11-15

C H E M IC A L  E N G IN E E R , university graduate, 34, with 
long experience in starch, glucose and dextrin factories, 
desires position in this line, preferably for working out new 
processes or experimenting work. A t present employed. 
Address "Energy,”  care This Journal, Easton, Pa. 1070-11-15

B a d i s c h e  C o m p a n y
1 2 8  Duane Street, N e w  Y o r k

B R A N C H  OFFICES:
BO STO N  - - - - - 86 Federal Street

P R O V ID E N C E  . . .  52 Exchange Place

P H IL A D E L P H IA  . . .  - 111 Arch Street

C H IC A G O  - - - - 305 W. Randolph Street

M O N T R E A L  - - - - 2 1 4  Lemoine Street

SA N  F R A N C ISC O  - - - 592 Howard Street

G R E E N SB O R O , N . C. Benbow Arcade

Sole importers of the products manufactured by

B AD IS CHE A N I L I N  & SODA F A B R IK
Ludwigshafen a/Rheim, Germany 

Formerly sold in the U. S. by

K U T T R O F F ,  P I C K H A R D T  & CO.
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4905 R

Freas’ Electric Vacuum Oven
T h e  Freas Electric O ven fills th e  lo n g-felt  w a n t  for a v a c u u m  oven to m a in ta in  

a n y  desired tem p er a tu re u p  to 180° C.,  and w h ich  can  be relied u p on  for co n 
tin u ou s, u n a tte n d e d  operation. Its rugged durable con stru ction , accuracy,  
reliability, convenience an d ease of operation, render it a m o st  excellent v a c u u m  
oven to m e e t  th e  m o s t  ex actin g requ irem ents for research purposes an d in 
dustrial operations.

T h e  Freas V a c u u m  Oven is be in g used w ith  satisfa ctio n  in  G o v e rn m e n t  
Laboratories (U. S. an d Foreign), S ta te  Food an d A g ricu ltu ra l E xp erim en t  
S ta tio n  Laboratories, also in n u m e ro u s Industrial Laboratories.

4905R OVEN—V acu um , Freas’, e lec tr ica lly  h eated  and con tro lled . Temperature range up to 
180° C. Consists of a rectangular constant temperature electric oven, inside dimensions, 
12x12x28 inches long, outside, 16x23x32 inches, heated and regulated upon the same 
principles as the regular Freas Oven so widely and favorably known, fitted with cast 
bronze vacuum chamber, chamber dimensions 8x8x18 inches long, properly supported 
inside the oven, and provided with connections for vacuum and passing in a stream of 
hydrogen or other reducing gases. The body of the chamber is square with rounded 
corners. The front, on which fits the door, is cast circular, heavily reinforced, as is the 
door, to give a substantial bearing surface, which produces a perfect vacuum tight 
connection. The door can be rotated in a swivel holder which swings on the hinges; 
this permits of these bearing surfaces being easily and accurately ground in case of 
need. The central part of the door and the back of the chamber is constructed of a 
cast grid, on which rests a mica plate made vacuum tight with its frame— this permits 
inspection of the chamber by means of the electric lamp at the back of the oven 
beyond the vacuum chamber. The vacuum chamber is provided with cast ribs on the 
sides to accommodate up to'ten shelves— six shelves are furnished: with connecting 
cord and p lug................................................................................................................................. n et

A M E N D
(F O U N D E D  1851)

IN D U S T R IA L  a n d  E D U C A TIO N A L LABO RA TO RY APPARATUS  
C H E M IC A L S  a n d  DRUGS

ń  PIT T SB U R G H , PA
y o j
Ły 3006 Jen k in s Arcade

NEW YORK, N. Y
205 T hird  A venue


