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EDITORIALS
TH E IN VEN TIO N  OF CELLU LO ID .1

N ever has th e  P erkin  M edal been b etter aw arded 
th a n  to  John W esley  H y a tt. He created  a d istin ctly  
A m erican  in d u stry , chem ical in its  v e ry  essence, 
a lthough th e  in ven tor n ever claim ed to  be a chem ist. 
H e n ot on ly in ven ted  the fu n dam en tal principle on 
w hich th is im p ortan t in d u stry  is based, b u t he gave his 
fertile  in v en tive  genius and th e b etter p a rt of his life 
to th e  developm ent of the m an y details w hich bu ilt 
up th e tech n ique of celluloid.

T h e tech n ique of celluloid  is str ik in gly  different 
from  th a t of rubber and all other p lastics. T his 
explains w h y rubber techn ologists ord in arily  fa il when 
th e y  a ttem p t ce llu lo id  m anufacturin g. I t  provides 
an excusejW hy the hard  rubb er concerns of th is cou n try  
failed  to  see th e  com ing im portance of celluloid  when 
the new  m aterial was offered to  them .

I believe it  was R u d ya rd  K ip lin g  w ho, in one of his 
w ritings, refers to  a fisherm an who w as sp ecia lly  
successful because “ he could th in k  as a cod-fish w ould 
th in k .”  I h a ve  observed in m eeting celluloid  or ru b 
ber m anufacturers th a t th e form er can n ot th in k  b u t 
“ cellu lo id ,”  and th e la tter  “ ru b b er,”  and are m uch 
a t sea when th e y  are confronted  w ith  th e  techn ique 
of a new  plastic.

T h e h isto ry  of th e d iscovery  and industrial d evelop 
m ent of celluloid  b y  H y a tt  has been described in detail 
b y  E . C . W orden, in “ T h e N itrocellu lose In d u stry ,”  
V an  N ostran d, N ew  Y o rk , 19 11 .
■ I m a y m ention here, from  conversations w ith  the 

in ven tor him self, th a t  celluloid and th e celluloid 
in d u stry  w ith  all th a t it  im plies, a fter all m eant m erely 
a b ig  parenthesis in th e life of H y a tt  in his quest of a 
perfect b illiard  ball which w ould replace th e  expensive 
iv o ry  article. T h is  is so true th a t even  during his 
la ter  years, when he is w ell in th e seventies, he has 
sp ent considerable tim e in th e s tu d y  of other p lastics 
in his effort to  still fu rth er perfect b illiard  balls. C e l
luloid and the celluloid in d u stry  are b y  no m eans the 
o n ly  in ven tion s w hich H y a tt  has to  his credit; the 
fam ous H y a tt  R oller B earin g w hich has developed into 
a large and successful m an ufacturin g enterprise, his 
m ethods of w ater purification  (w ith Isaiah S. H y a tt) , 
his process for crushing sugar cane, and his m any 
other p aten ts te s tify  to  th e abun dan ce as well as 
the d ive rsity  of his in v en tive  achievem ents.

T h e in ven tion  of celluloid is an excellen t exam ple 
of how  som etim es it  is a real a d va n ta ge  for a m an of 
genius n ot “ to kn ow  too m u ch ;”  n ot to  be ham pered 
b y  too  m uch b ook know ledge if the la tter  te n d s ''to  
p e tr ify  th e m ind into  a too one-sided point of view . 
In all his w ork H y a tt ’s keen observin g m ind w as his 
sole guide. He tried  th in gs for him self. H e did not 
rely  overm uch on w h a t others to ld  him  to  be the 
fa cts, or on w h at w as w ritten  in books. He .w anted 
to be his ow n “ a u th o r ity .”  H e had foun d b y  ex-

1 T he  Perkin M edal for valuable researches leading to  the  estab lish 
m ent of industries was aw arded on Ja n u a ry  23rd to  M r. H y a tt. A full 
re p o rt of th e  m eeting is published in th is  issue of T h i s  J o u r n a l .

perience th a t there are m an y th in gs prin ted  in books 
and chem ical treatises “ th a t  a in ’t  so .”

He th us d iscovered th e im p o rta n t fa ct, on which 
th e whole celluloid in d u stry  is based, th a t  a m ixture 
of nitrocellulose, cam phor and a sm all am oun t of 
alcohol, when p rop erly  prepared, becom es th erm o
p lastic. In  other words, it becom es so ft when heated, 
can be m olded in a h yd ra u lic  press, and after cooling 
to  ord in ary  atm ospheric pressure, it becom es again 
hard  and strong.

H is predecessors .all used nitrocellu lose in presence 
of re la tiv e ly  large am ounts of solven ts, and used a 
solution, or a re la tiv e ly  soft m ass, from  w hich the 
solven ts were le ft to  evap orate . T h is n ot on ly  m eant 
a considerable loss of solven ts, b u t restricted  enor
m ously m an y possible tech n ical applications. T h e 
m ass shrunk in th e a ct of d ryin g, and rap id  m olding 
w as im p ractical, if not to ta lly  im possible.

Som e of his predecessors had even  used cam phor in 
their solutions, a lthough H y a tt  kn ew  n othin g abou t 
th is un til it  cam e ou t later in his p a te n t suits. B u t 
his predecessors had used cam phor m erely as an y 
other solven t. T h e y  had fa iled  to  observe or to grasp 
th e great tech n ica l im portan ce of th e fa c t th a t cam 
phor could m ake a solid solution  w ith  n itrocellulose 
and produce a th erm op lastic  mass.

T h is  seem ingly sim ple ob servation  m ight h a ve  le ft 
v e ry  little  im p rin t on a n y  other b u t th e a c t iv e ly  con 
stru ctive  m ind of a H y a tt. H e saw  rig h t a w a y  th a t 
from  th a t m om ent on, he could em p lo y p u rely  m echan 
ical m eans for m olding rap id ly  and effective ly , and 
develop th e techn ique of nitrocellulose p lastics, for 
purposes never dream t of before. T h e  principle w as 
sim ple and th e  a va ila b le  m ethods seem ed sim ple 
enough. B u t as usual, when one tries a process 
com m ercially , it  w as found th a t there were endless details 
w hich conspired to  render the industria l a n d  com 
m ercial developm en t a far m ore difficult problem  th a n  
th e  m ere d iscovery  of the new principle in  the lab o rato ry . 
Here th e  w hole problem  m ight h ave suffered sh ip 
w reck in the hands of a n y  other m an th a n  H y a tt. 
T h e whole techn ique of celluloid w as then developed 
p a in stak in gly  b y  him , in all its  endless details. Special 
m achin ery w as in ven ted , new m ethods were conceived. 
A ll th is is shown b y  th e num erous subsequen t H y a tt  
patents.

It  is an axiom  th a t th e test of a va lu ab le  in ven tion  is 
th a t it  should be infringed, or a tta ck e d  b y  those whose 
th in kin g cells are p assive un til som e in ven tor arouses 
them  ou t of th eir m en tal drowsiness.

H y a tt, in  his p a te n t suits, had p le n ty  of experience 
of the kind. F o rtu n a te ly , his financial b ackers could 
afford to  defend his rights in the absurdedly long and 
exp ensive p aten t litigation , w hich is a proverbial 
ch aracteristic  of the inefficient adm in istration  of the 
p a ten t law s of th is cou n try.

I believe it  w as G eorge W estinghouse who rem inded 
us th a t ev ery  successful in ven tion  passes through three
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stages: T h e first, when it is said: “ Such a th in g is
absurd or im possib le.”  T h e second stage, a fter the 
patent descriptions h a ve  becom e public, and h ave given  
others th e m eans to  im ita te  and tr y  to  f in d , loopholes 
in the p a te n t claim s, begins w hen it  is said : “ T h e 
thing is n ot n ew .”  A n d  finally , a fter th e  usefulness 
of the in ven tion  has becom e so ob vious and the details 
connected th erew ith  h ave p en etrated  th rou gh  th e  hard  
skulls of th e  laggards, then  it  sounds: “ T h ere is no 
invention  a t a ll.”

L aw yers are great in this gam e. H y a tt ’s in ven tion  
w ent th rough  ev e ry  one of these three stages and were 
it not for th e P erkin  M edal, m an y of us m ight have 
forgotten  th a t there ever w as such a m an as H y a tt, 
and th a t there w as a tim e w hen celluloid did n ot exist, 
or in vo lved  v e ry  difficult problem s.

H is p aten ts were assailed on th e  ground th a t  others 
before him  had used solven ts and  cam phor in con
junction  w ith  nitrocellulose, b u t it  w as stu d iou sly  
om itted  th a t  his predecessors h ad  used these in gre
dients under en tire ly  different conditions, for en tirely  
different purposes, and could n ot produce in th a t  w a y, 
H y a tt ’s va lu a b le  tech n ica l effect. T h e v e ry  solven ts 
which p roved  a bar to  a n y  im p ortan t applications for 
m olded plastics, H y a tt  did a w a y  w ith , w hen he con
ceived his th erm op lastic  mass.

Som e of th e ea rly  d raw b acks in th e tech n ica l applica
tions of H y a tt ’s d isco very  were none other th an  chem ical 
experts w ith  w hich his financial b ackers surrounded 
him. H y a tt  knew  no ch em istry, b u t he knew  well 
observed fa cts  in tim a te ly  conn ected  w ith  th e details 
of th e w ork he had u n dertaken . H is know ledge of 
n itrocellulose w as obtained  piece-m eal b y  his own 
experim enting. F a c ts  foun d in books he accep ted  
only a fter he h ad  verified them . I t  so happened th a t 
he freq u en tly  n oticed  th a t  prin ted  statem en ts did 
not agree w ith  his ow n observation s. One of the 
chem ical experts in sisted  th a t  “ cellulose w as cellu lose,”  
regardless of th e source of su p p ly, provided  it  w as 
sufficiently purified, and th a t nitrocellulose m ade from  
any kind  of pure cellulose had th e  sam e properties. 
H y a tt knew  b etter w hen he foun d th a t the article

T H E  CO M PO SITIO N  OF PA IN T VA PO RS
B y H e n r y  A. G a r d n e r 1 

R eceived Decem ber 18, 1913

Fresh ly  p ain ted  surfaces give to  th e surrounding air 
a peculiar odor. In  closed room s, th is  odor is p ro
nounced. Its  n au seatin g effects are w ell know n. 
Painters are in th e h a b it of sta tin g  th a t th e vapors of 
fresh p ain t h ave a “ lea d y  sm ell.”  T h is  is p rob ab ly  
due to  th e fa c t th a t w hite lead  is used as th e base upon 
which th e m a jo rity  of paints are prepared. T h e painter 
has therefore a lw a y s associated  th is p igm en t w ith  the 
characteristic odor of fresh pain t. Som e cases of ill
ness am ong painters h ave been ascribed to  th e effects 
of p ain t vapors. P eop le  o ccu p yin g fresh ly  decorated  
sleeping room s w hich are n ot well ven tila ted , h a ve  at

1 A ssistant D irector, T he  In s titu te  of Industria l Research, W ashington, 
D. C.

m ade from  ram ie, th e stron gest and m ost expensive 
cellulose, w as in co m p arab ly  superior to  th a t  ob tain ed  
from  cheap cotto n  or cheap pulp cellulose.

Som e chem ical experts also m ade th e  positive 
sta tem en t to  his backers, th a t  his process w ould su rely  
lead  to  terrific explosion  because he w as h eatin g in a 
hot press n othin g less th a n  gu n cotto n , w hich was 
know n to  be a v io len t explosive. T h ou gh  H y a tt  
stated  th a t he had been using his process for quite a 
tim e and still w as a live, it  w as ob jected  th a t  th is w as 
sim p ly  due to  sheer good lu ck  w hich w ould cease a t 
som e tim e; if ever it  happened th a t  b y  acciden t or 
carelessness, th e h eat in his presses rose a little  higher, 
a vio len t explosion w as bound to  occur, and th is w ould 
be th e end of th e celluloid in d u stry . T h ese argum en ts 
were not b y  a n y  m eans w ith ou t logic. A t  th a t tim e, it i s ' 
d ou b tfu l w hether a n y  chem ist w ho kn ew  th e chem ical 
properties of nitrocellulose w ould n ot h a ve  th o u gh t it 
the h eigh t of fo lly  to  h eat th is sub stance under pressure.

H y a tt  n ot being a chem ist, preferred  to  tr y  and  see 
for him self w h a t w ould  occur. He too k  a good-sized  
b lo ck  of celluloid and h ea ted  it  in  th e  h y d ra u lic  press 
a t a tem p eratu re fa r  superior to  th e  re la tiv e ly  low  
tem p eratu res he w as using in p ractice. H e te lls  me 
th a t  he w as sufficien tly  im pressed b y  a ll th e th rea ten 
ing ta lk  of th e  chem ical exp erts to screen him self 
from  th e press b y  m eans of several thicknesses of cross 
boards behind w hich he could peep on and see w hat 
w as going to  occur. A fte r  th e  tem peratu re rose to 
the point when th e celluloid began to  be destroyed , 
the b lo ck  sta rted  sizzling on accou n t of th e em ission 
of gaseous products. B u t he continued the experim ent 
u n til he m ade sure th a t  n othin g worse occurred  than  
to  spoil th e  m aterial.

T h e pessim istic chem ical exp erts had fa iled  to  ta k e  
into  consideration  th a t  th e in trod u ction  of such a large 
prop ortion  of cam phor had  p rofou n d ly  m odified th e 
properties of nitrocellu lose. T h e y  had  also o v er
looked  th e  fa c t th a t  soluble n itrocellu lose is n ot ni
tra ted  so m uch as th e  m ore exp losive higher n itrated  
cotton.

L. H. B a e k e l a n d

tim es com plained of illness from  th e  sam e cause. E . C . 
B a ly 1 exam ined sp ectro sco p ically  th e  vap o rs from  basic 
carb o n ate-w h ite  lead  pain t, and found evidences of 
m etallic  lead  therein . T h e vap o rs from  basic su lfate- 
w h ite  lead p a in t or zinc oxide pain t, when exam ined in 
a sim ilar m anner, show ed th e  absence of m etallic con
stitu en ts. Som e cases of lead poisoning am ong painters 
could  be ascribed to  th e vap o rs from  basic carbonate- 
w hite lead pain ts, if lead  com pounds could a ctu a lly  
be foun d present in such vapors. A rm stron g and 
K lein ,2 a fter conductin g an elaborate series of tests, 
concluded th a t  lead  is n ot present in th e vap o rs from  
w h ite  lead  pain t, b u t th a t th e to x ic  effects produced b y  
such vap o rs are due alm ost en tirely  to  th e  vo la tile  su b 
stan ces given  off b y  th e  tu rp en tin e present.

1 The Oil and Colour Trades Journal, M ay  6 , 1911, p  1518
s J . S . C. 32, 320 (1913).

ORIGINAL PAPERS
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T h e w riter has m ade a series of tests w hich confirm  
those of A rm stron g and K lein , insofar as their results 
are concerned w ith  th e non-m etallic con stitu tion  of 
pain t vapors. T h e w riter ’s tests, how ever, show  th a t 
th e  vap o rs from  p ain t a p p a ren tly  contain  carbon 
m onoxide, th e  poisonous n atu re of which is too  well 
know n to  be com m ented upon. T h e am oun t of carbon 
m onoxide evolved  is also shown to  be d ire ctly  influenced 
b y  th e ty p e  of p igm en ts used in th e  pain t. T h e definite 
presence of aldehydes and organic acid  substances in 
p a in t vap o rs has also been established b y  these tests. 
T h e d a ta  presented has b ro u g h t forth  considerable 
inform ation  regardin g th e  phenom enon of oxidation  
as applied to  linseed oil and linseed oil paints. T h e 
results are g iven  w ith  a 'v iew  to aw aken in g fu rth er re
search w ork of a sim ilar n ature. A n  outline of the 
tests m ade is herew ith  presented, togeth er w ith  a sum 
m ary of th e resu lts obtained  and in som e instan ces a 
discussion of th e d ata. M a n y  of th e tests outlined 
were m ade in duplicate.

E X P E R IM E N T  I.— Four cylinders each 30 in. long and 9 in. in 
diameter, were formed of galvanized sheet iron. One end of 
each cylinder was fitted with a removable lid. The other end 
was closed. The scams were all soldered. The tanks were 
numbered from 1 to 4. The interiors of the tanks were brush- 
coated with raw linseed oil, soya bean oil, tung oil, and men
haden oil, respectively. The tanks were weighed previous to 
and subsequent to the application of the oil, in order to determine 
the amount of oil applied. The tanks were individually con
nected up to a train of three Woulff bottles, the first of which 
contained 66° sulfuric acid, the second and third containing a 
saturated solution of barium hydrate. Vacuum was applied

common to each tank. The discolored sulfuric acid from each 
test had an acrid odor. The bottles containing barium car
bonate had an odor suggestive of aldehydes.

r e s u l t s :  These tests indicate that the phenomenon of 
oxygen absorption which takes place when oils are spread in 
thin layers and exposed to the air, is accompanied by the evolution 
of considerable amounts of organic substances. Large quantities 
of carbon dioxide are simultaneously evolved.

E X P E R IM E N T  II.— A  series of paints was prepared from those 
opaque white pigments which are most widely used in the man
ufacture of exterior and interior paints (basic carbonate-white 
lead, basic sulfate-white lead, zinc oxide, and lithopone). The 
oil used was raw linseed oil. No turpentine or drier was added. 
The lead pigments were ground to a thick paste with 10 per cent 
of oil. The zinc pigments were ground to a paste with 15 
per cent of oil. Oil in the proportion of about 7 gals, to the cwt. 
of paste was then added to each paint, the quantity of oil added 
in each instance being sufficient to make paints containing 
approximately 60 per cent pigment and 40 per cent oil. Each 
of the four iron cylinders described in Experiment I was then 
cleaned and painted on the inside with one of the four paints. 
An effort was made to spread the same amount of paint in each 
tank. A fter painting, the tops were placed upon the tanks 
and they were connected up to Woulff bottles containing various 
reagents as shown in Fig. I. Uniform vacuum was applied 
to the end of each apparatus, and a 48-hour run was 
made. The air passing into the apparatus was scrubbed through 
a 10 per cent solution of caustic soda and then passed over soda 
lime in order to remove the carbonic acid present. The glass 
tubes coming from the ends of the cans were bent as shown in 
the illustration, to hold back any particles of paint which might 
be carried over, although such occurrence seemed highly improb
able and such precautions unnecessary. A  part of each exit 
tube was heated with the flame of a Bunsen burner, in order to

F i g .  I — A p p a r a t u s  f o r  D e t e r m i n i n g  C h a r a c t e r  o f  V a p o r s  f r o m  P a i n t e d  S u r f a c e s

1— Solution K O H , 10 per cent
2— Soda Lime
3— M etal Cylinder Pa in ted  on Inside

-to the end bottle. The air entering the tank was scrubbed 
through a 10 per cent solution of caustic soda, and then passed 

.over soda lime to eliminate carbon dioxide.
Soon after the tests were started, the sulfuric acid in the first 

bottle of each train became discolored. Within an hour the 
acid had assumed an amber color. The barium hydrate 
contained in the other bottles became opaque within a  short 
time. A t  the end of a 2-day run, the sulfuric acid was dark 
red, and the barium hydrate solutions contained a dense white 
precipitate which proved to be barium carbonate. Each series 
of apparatus was disconnected and the coatings on the interior 
•of the tanks examined. The amount of air passing through 
the tanks in 2 days was evidently insufficient to' complete the 
oxidation of the oils which under normal conditions would have 
been quite dry in that time. The linseed oil was very soft and 
tacky. The soya bean oil was but slightly oxidized. The fish 
oil was somewhat tacky, but it had dried to a greater extent 
than the other two oils mentioned. The tung oil was very 
hard and dry. The smell emanating from the tanks was most 
unpleasant, being somewhat characteristic in each instance 
of the type of oil used. A  certain nauseous smell, however, was

4— H eated  G lass T ube
5— Sulfuric Acid 6 6 °
6 , 7— B arium  H y d ra te  Solution

break up, if possible, any organic form of lead or zinc, which 
might be present in the vapors, since certain organic compounds 
of lead m ay not respond to tests for lead as made with ordinary 
reagents.

In every test the sulfuric acid contained in the bottle next 
to the tank was turned amber color within 5 minutes after the 
beginning of the test, thus showing that the drying paints were 
giving off considerable organic matter. After a 48-hour run, 
the acid in each bottle was dark red. The amount of carbon 
dioxide evolved in each test was considerable. N o quantitative 
determination of carbon dioxide was made in any case. A t 
the end of the experiment, the cans were re-weighed to determine 
the amount of oxygen absorbed. To the writer’s surprise, there 
was recorded a loss of weight in one test, and but slight, if any, 
gains in the other tests. The basic carbonate-white lead paint 
lost 2 per cent by  weight. The basic sulfate-white lead paint 
and the zinc oxide paint neither gained nor lost, the weight of 
the films remaining constant. The lithopone paint showed 
less than 1 per cent gain.

The bottles containing the sulfuric acid were removed from 
each train and the contents examined. Upon dilution with water.
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the acid in the bottle, through which the fumes from the drying 
basic carbonate-white lead paint had been passed, became 
opaque. It  was at first thought that this cloudiness of the 
diluted acid might be due to the presence of lead sulfate, formed 
by the absorption of volatile lead compounds eliminated by the 
drying paint. Alcohol was added to a portion of the liquid. 
It immediately became clear, thus indicating the absence of 
lead. A  very thorough examination of the liquid was then made, 
and not a trace of lead was found. The sulfuric acid through 
which the vapors from the other paints were passed, was also 
examined. No metallic compounds were found. The exper
iments were repeated, the only refinement being that of intro
ducing in front of the sulfuric acid bottles in the trains con
nected to the lead-painted cylinders, a bottle containing strips 
of filter paper saturated with sodium sulfide solution. The 
papers were not darkened in either case, thus giving further 
indication of the absence of lead compounds. In another 
experiment, one of the cylinders was painted with basic car
bonate-white lead paint and the gases evolved were passed 
through a heated tube, finally being drawn through a 2 per cent 
solution of nitric acid. The test was run for forty-eight hours. 
The acid was evaporated on a steam bath. The residue was 
taken up with dilute acetic acid and a few drops of water. It

lead paints each required about 100 cc. permanganate solution. 
The acids in the trains connected to the cylinders painted with 
zinc paints required from 19 to 39 cc. of permanganate, that 
connected to the lithopone cylinder requiring the least amount. 
The solutions of acid thus oxidized were transferred to separatory 
flasks and shaken with ether. The ether solutions were thor
oughly washed with water and then evaporated. In  each 
instance a dark substance which had the appearance of heavy 
oil was left as a residue. This substance was found to be soluble 
in alcohol, in which solvent very acid reactions were given. 
N o attem pt was made to identify the acids present. Their 
complex nature would make such determination rather difficult, 
especially when working on small quantities.

r e s u l t s :  1 . The above experiments indicate that the
vapors from drying paints contain acids of a water-soluble nature. 
These acids apparently contain formic acid. The amount of 
such acid evolved m ay be influenced by the type of pigment 
present in the paint. The basic pigments are apparently more 
active than the neutral or inert pigments.

2. Organic acids of a fatty  or aromatic nature are apparently 
evolved from drying paints. The amount evolved m ay bear 
some direct relation to the pigment present in the paints. The 
basic pigments apparently are most active in this respect.

was tested microscopically1 for lead after the addition of copper 
acetate and potassium nitrate. No response for lead was shown 
in the test.

r e s u l t s :  The results of these tests indicate that drying 
paints, containing zinc or lead pigments, do not emit volatile 
compounds of a metallic character.

When spread as thin films, oil-pigment paints are capable of 
evolving considerable amounts of organic substances without 
showing any material increase in their respective weights.

E X P E R IM E N T  III,— Experiment II was repeated after 
cleaning the interior of the tanks and applying fresh coats of paint. 
The first Woulff bottle in each train contained distilled water. 
The second bottle contained 66° sulfuric acid. After a 
48-hour run, the contents of the first bottle in each train 
were examined. The water in each instance was acid in reaction. 
There were required for neutralization from 1 cc. to 14 cc. of 
iV/io KO H . The water in the bottle connected to the cylinder 
painted with lithopone showed the lowest amount of acid, while 
the water connected to the cylinder painted with basic carbonate- 
white lead showed the largest percentage of acid. The presence 
of carbon dioxide in the water m ay partially account for the 
acidity of these tests. A  portion of the neutralized acid was 
tested qualitatively for the presence of aldehydes. Small 
amounts of aldehydes were found present. Formates were also 
found present. The sulfuric acid in each of the four bottles was 
diluted with water and titrated with N/10  potassium permangan
ate to determine the amount of reducing substances present. The 
acids in the trains connected to the cylinders painted with white

1 Page 167, "L ead  Poisoning and  Lead A bsorption ,” Legge and  G oadby. 
Longmans, Green & Co.. Publishers.

T h e a ld eh ydic  reducin g substances and th e acids 
w hich are evolved  from  p ain ts are, no d ou b t, respon
sible for th e  odors w hich are coinciden t to  th e  d ryin g 
of paints. 'I n  th e w riter ’s opinion, how ever, there are 
also ev o lve d  substances of a m ore poisonous n ature. 
In asm uch as large percen tages of carbon dioxide are 
form ed, it  is a t least possible th a t  carbon  m onoxide m a y 
also be produced. T h e fo llow ing experim ents were 
designed to  determ ine w hether th is gas is rea lly  form ed

E X P E R IM E N T  IV .— After m any attempts to devise a suitable 
apparatus in w'hich to determine the percentage of carbon 
dioxide or carbon monoxide which might be evolved by drying 
paints, the apparatus shown in Fig. II  was found to be most 
satisfactory for the purpose. The first experiment made with 
this apparatus was conducted upon raw linseed oil. The in
teriors of two carefully weighed glass bottles, each having a 
capacity of one gallon, were coated with linseed oil. The oil 
was poured into each bottle and allowed to flow over the entire 
area of the interior, this being accomplished by revolving the * 
bottle. A fter draining out the superfluous oil, the bottles 
were re-weighed to determine the amount of oil used for the test. 
Cork stoppers carrying glass air-tubes, were then inserted. 
The stoppers were thickly coated with paraffin to make 
them air-tight. The apparatus was connected up as shown 
in Fig. II. Vacuum was applied at one end. A s the purpose of 
the experiment was to determine the presence and amount of 
carbon dioxide or carbon monoxide in the vapors from the oil, 
the air entering the bottles was first freed of its content of carbon 
dioxide and carbon monoxide. This was accomplished by first

F ig . I I —A p p a r a t u s  f o r  D e t e r m i n a t i o n  o f  CO2 a n d  CO i n  V a p o r s  f r o m  P a i n t e d  S u r f a c e s  

1— Solution K O H , 10 per cent 6,7— B ottles P a in ted  on Inside
2, 14— Iodic acid in tu b e ; Soya Oil B ath
3, 4, 15, 16— 1 p e r cen t K I Solution 
5— Soda Lime

8— F um ing Sulfuric Acid
9— D istilled W ater
10—13, 17, 18— B arium  H y d ra te  Solution
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scrubbing it  through a solution of caustic soda in order to remove 
the carbon dioxide. The air was then run through a U-tube 
containing iodine pentoxide heated in a  bath of soya oil to 150° 
C. at which temperature carbon monoxide is oxidized to carbon 
dioxide.1 .The iodine liberated was absorbed in a  1 per cent 
solution of potassium iodide and the carbon dioxide formed was 
taken up by the caustic soda and soda lime in the subsequent 
train of apparatus.

A fter the tests had been running for 15 minutes, the fuming 
sulfuric acid in bottle 8 was turned amber color, showing that 
organic substances evolved by the oil were being absorbed. 
The absorption of these organic vapors by the sulfuric acid pre
vented such vapors from interfering with the subsequent train 
of liquids in which the percentage of carbon dioxide and carbon 
monoxide were to be determined. Bottle 10 containing saturated 
barium hydrate, the strength of which was determined by titra
tion, showed a slight precipitate of barium carbonate at the 

• end of the first 10-minute run. A t  the end of a 5-liour run, 
bottles 10-11 and 12 showed quite a noticeable deposit of barium 
carbonate. Bottle 15, containing potassium iodide, did not 
change color until the tests had been under w ay for over an hour. 
A t that period the reagent became slightly yellow, showing that 
some iodine had been carried over into this bottle, thus indicating 
the presence of carbon monoxide in the vapor. The barium 
hydrate in bottle 17 a t the same time became cloudy, showing 
that traces of carbon monoxide which had been evolved, had been 
oxidized and absorbed as carbon dioxide. The percentage of 
carbon monoxide evolved by the drying oil in five hours was 
determined by titrating the barium hydrate contained in bottles 
10 to 13 with N/10  oxalic acid, using phenolphthalein as an indi
cator. The titration was made direct. The amount of carbon 
dioxide found present was 0.016 per cent. The amount of 
carbon monoxide was not measurable, although it was shown 
to be present in traces.

r e s u l t s :  This experiment indicates that linseed oil in 
drying gives off traces of carbon monoxide.

E X P E R IM E N T  V .— Experiment IV  was repeated, coating the 
interior of the bottles in this case with basic carbonate-white 
lead paint in place of raw linseed oil. The test was run for five 
hours. The amount of carbon dioxide produced in that time 
was 0.0305 per cent. The carbon monoxide evolved amounted 
to 0.006 per cent. The experiment was made with basic sulfate- 
white lead paint in place of basic carbonate-white lead. The 
experiment was accidentally interrupted.

The experiment was again repeated, using zinc oxide paint 
in place of the white lead paint. The amount of carbon dioxide 
evolved was 0.0292 per cent. The amount of carbon monoxide 
evolved was 0.0039 P er cent.

The experiment was again repeated, using lithopone paint 
in place of the zinc oxide paint. The amount of carbon dioxide 
evolved was 0.022 per cent. A  mere trace of carbon monoxide 
was found.

Experiment V  was repeated with a basic carbonate-white lead 
paint. The first bottle leading from the painted bottles con
tained fuming sulfuric acid to intercept and collect the organic 
vapors. The second bottle contained water. The third bottle 
contained alkaline bisulfite solution to collect any traces of 
aldehydes which, if evolved by the paint, might possibly escape 
absorption by the sulfuric acid. The fourth and fifth bottles 
contained water and caustic soda solutions, respectively, the 
latter to collect the carbon dioxide or phenols evolved. The 
vapors passing from the last bottle were passed through a U-tube 
containing small lumps of caustic potash. The U-tube was 
immersed in hot soya oil. A t the end of a 5-hour test, the 
U-tube was removed from the hot oil and the lumps of caustic 
potash removed and examined for the presence of formates which,

1 "M ethod  Used for E xam ination  of T unnel G as,” by  D r. A. Sydell, 
H ygienic L aborato ry , W ashington, D . C.

if present, would indicate that absorption of carbon monoxide 
had occurred. After dissolving the potassium hydrate in water, 
making acid with tartaric acid and distilling over barium car
bonate suspended in water, the filtrate from the barium carbon
ate was treated w ith a  small percentage of bichloride of mercury. 
A fter the solution had stood over night, a very faint precipitate 
of calomel was observed, indicating the presence of carbon 
monoxide.

r e s u l t s : These experiments would tend to show that the 
highly basic pigments stimulate the evolution of organic sub
stances from linseed oil paints, especially influencing the amount 
of carbon dioxide and carbon monoxide evolved.

T h e am ou n t of air en tering th e p ain ted  b o ttle  in a 
5-hour run w as insufficient to  cause a n y  m arked o xid a
tion. T h is explains w h y  such sm all am ounts of carbon 
dioxide and carbon  m onoxide were obtained. T h e 
extrem ely  sm all q u an tities present m ade the a n a lytica l 
determ in ations a m atter of great care. T ests  extendin g 
over a greater period should be m ade, in  order to  su b 
sta n tia te  th e figures presented. T h e w riter is design
ing another ty p e  of ap p aratu s in w hich it  is hoped more 
accu rate  determ in ations m ay be m ade.

E X P E R IM E N T  V I.— In this experiment a portion of lithopone 
paint was reduced with 15 per cent of turpentine and then applied 
to the interior of the bottles. A t the end of three hours, the 
percentage of carbon dioxide evolved was 0.04, while the per
centage of carbon monoxide was 0.003. This result m ay be due 
to the oxidation of the turpentine.

r e s u l t s : Turpentine apparently accelerates the reactions 
which are responsible for the formation of volatile products from 
drying oils. The oxidative properties of the turpentine are 
probably responsible for this result.

G E N E R A L  D ISC U SSIO N  OP R E S U L T S

T h e results ob tain ed  in E xp erim en t I I ,  in w hich the 
p ain t films showed b u t sligh t if a n y  increase of w eight 
a t th e end of th e tests, are interestin g. T h e y  m a y be 
p a rtia lly  accoun ted  for b y  assum ing th a t  th e  am ount 
of air passed th rough  th e ta n k s in 48 hours w as v e ry  
sm all. I t  will be well a t  th is point to  discuss th e ex
perim ents on linseed oil and oil-pigm ent paints, as 
m ade b y  S ab in .1 H e describes a series of te sts  in 
w hich various paints were applied  to  sm all glass plates, 
th e increase in w eigh t shown b y  th e p ain ts being re
corded a t different periods. A t  th e end of 7 d ays, raw  
linseed oil show ed a gain in w eigh t of 18 per cent, 
w hile w hite lead p a in t show ed a gain of ap p roxim ately  
15 per cent.

T h e w riter carried ou t a sim ilar series .of tests w ith 
a set of p a in ts m ade up w ith  60 per cen t of p igm en t and 
40 per cen t of raw  linseed oil. T h e  gain  in w eigh t of 
th e films a t th e end of 7 d ays w as as follow s:

P er cent
Linseed o il.....................................................................  14 .0
Corroded w hite le a d ...................................................... 6 .4
Sublim ed w hite le a d ......................................................  7.1
Zinc oxide.................................................... 1 ................... 5 .4
L ithopone.....................................................    5 .9

These tests in d icate  th a t  oil-pigm ent p ain ts do not 
gain  in w eigh t to  th e  sam e exten t as raw  linseed oil. 
H eretofore, how ever, in v estig a to rs h a v e  n ot g iven  con 
sideration  to th e  p o ssib ility  th a t  pigm en ts m a y stim 
u late  n ot on ly  those processes w hich cause th e oil to 
increase in w eight th rough  the absorption  of oxygen,

1 T h i s  J o u r n a l , 3 ,  S 4 .
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but also those processes and reaction s w hich cause the 
oil to elim inate vo la tile  substances, w hich m ight de
tract m aterially  from  th e w eight of th e  p ain t. In  this 
connection it  is of in terest to  cite th e  tests  of Olsen and 
R atn er1 upon th e  d ryin g of linseed oil. T h e y  record 
a gain in w eight of 18 .per cen t a t th e end of ap p roxi
m ately 10 w eeks. T h e y  also showed th e elim ination  of 
approxim ately  5 per cen t of carbon dioxide and 15 
per cent of w ater.

SU M M A R Y  O F C O N C L U S IO N S

I. W hen linseed oil or sim ilar d ryin g oils are spread 
in thin  layers, th e absorption  of oxygen  w hich takes 
place is accom panied b y  th e evolu tion  of considerable 
am ounts of carbon dioxide and organic substances. 
Carbon m onoxide is also evo lved  in sm all am ount.

II. Oil p a in ts con tain in g lead  or zinc pigm ents do 
not em it vo latile  com pounds of a m etallic  nature.

III . D ry in g  p ain ts evo lve  w ater-soluble acid  sub
stances such as form ic acid, as well as acid  substances 
which are a p p a ren tly  of a fa t ty  n ature. C arbon  d i
oxide and carbon m onoxide are also present in  th e v a 
pors from  th e d ry in g pain t. T h e  ty p e  of p igm en t used 
in the p ain t m a y d irectly  affect th e am ount and ch ar
acter of the vo la tile  substances produced. B asic 
pigm ents a p p a ren tly  stim u late  th e evolu tion  of such 
products.

IV . A ld eh yd ic  substances are present in the vapors 
from dryin g oil pain ts. T h ese substances p ro b ab ly  
have a m arked b actericid al effect upon pathogen ic 
bacteria and w ould th u s accou n t for th e  sa n ita ry  
value ascribed to  oil-pigm ent paints.

The w riter desires to  th a n k  H . C . F u ller, L. G . C ar- 
m ick and th e  staff of T h e  In stitu te  of In d u stria l R e 
search for their assistance in  carry in g  ou t th e ab ove 
experim ents.

I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h  
W a s h i n g t o n

M E TA LLO G R A PH Y A S > P P L IE D  T O  IN SPE CTIO N
B y  W i r t  T a s s i n  

Received D ecem ber 11, 1913

The sudden fa ilure of engineering stru ctu res of m etal, 
the sta tic  p h ysica l tests of w hich, before use, pointed  
to the good q u a lity  of th e  m aterials, is well know n. 
Such failures h ave tisu ally  been a ttr ib u te d  to  a so- 
called d eterioration  know n  as “ fa tig u e .”

W hether or n ot repeated  stresses below  th e elastic  
lim it of th e m etal can set up such a deterioration  m ay 
be questioned. One fa c t has h ow ever been proven  b e
yond all question, and th a t  is th a t  in a n y  m etal th ere are 
alw ays present certain  stru ctu ra l conditions, th e in 
fluence of w hich are eith er fa vo ra b le  or u n favorab le  
to “ fa tig u e .”

T he ch aracter of these stru ctu ra l conditions is in d i
cated in p a rt on ly, and th en  often  b y  chance, b y  the 
static and d yn am ic tests. I t  m a y, how ever, be com 
pletely revealed  b y  m etallograph ic  m ethods, th a t  is, b y  
the stu d y of th e  stru ctu re of th e  m etal as seen on the 
etched surface under th e m icroscope.

T he possibilities of m etallographic m ethods as an 
additional safeguard  to  determ ine q u a lity  h a ve  been

1 J . S . C. / . ,  31, 937 (1912).

recognized, b u t their usefulness has been lim ited  b y  th e 
la ck  of p ro ta b ility  in th e appliances n ecessary for 
their use. T h is has m ade it  difficult, if not im possible, 
to  s tu d y  th e  forgin g, the castin g or th e bar as a whole, 
w ith th e result th a t th e m etallographic field has been 
lim ited  to  th e exam in ation  of m ore or less sm all sp eci
m ens cu t from  th e piece and w hich, like th e b ar used for 
th e m achine tests, m ay or m ay  n ot be represen tative 
of th e whole.

It  is th e purpose of th is paper to  describe a com plete 
m etallographic ou tfit w hich is po rtab le  and m ay be 
used either in th e m ill or th e la b o ra to ry  and is service
able for the s tu d y  of the forging, th e b ar or th e castin g 
as a w hole; to  g iv e  certain  ty p e s  of stru ctu re found 
in th e  ferrous m etals; to  g iv e  a list of certain  p robable 
causes for fa ilure and to  outlin e a schem e for their de
tectio n  and th u s sup plem en t other m ethods of testin g.

T H E  A P P A R A T U S

T h e ap p aratu s1 consists of a m icroscope, illum in ating 
device and a cam era, all self-contained, F ig . i ,  A , B  and 
C.

T h e m icroscope, F ig . 2, consists of a barrel, b, and a 
d raw -tube, d, m ounted on a handle arm  provided  w ith 
a coarse and a fine ad ju stm en t. A tta c h e d  to  the barrel 
is a shoulder, c, w hich holds a rod, r, controlled  b y  a 
set screw . T h e base o'f-this rod rests on th e pinion 
head of th e handle-arm  and when locked w ith  th e  se t
screw  p reven ts th e coarse ad ju stm en t from  overru n 
ning w hen using th e cam era. T h e whole is carried 
on a base w hich is th e stage. T h rough  th e center of 
the sta ge  is a i-in ch  circu lar opening w hich affords 
free space for the o b jective  when exam ining large 
m asses below  it. L eve lin g  screw s are p rovided , one 
in each of th e  four corners of th e stage, w hich perm it 
th e ad ju stm en t of th e m icroscope perpen dicular to 
n early  a n y  surface.

T h e illu m in atin g device consists of an arm , a, in F ig. 
2, w hich locks into  the m icroscope barrel b y  m eans of 
a threaded  collar. T h e  arm  serves to  carry  th e con 
densing arran gem en t m ade up of a telescope tub e, 
tt, w hich carries th e lenses. T h e tu b e  is m ounted in a 
sleeve, y, provided  w ith  a set-screw  to  lock  it  in a n y  
position. A  hanger, h, from  th e arm  is a tta ch ed  
to th is sleeve b y  m eans of a trun n ion  controlled  b y  a 
set-screw  w hich perm its th e tu b e as a w hole to  be 
tilted  a t a n y  angle. A  v ertica l ad ju stm en t is pro
vided  for b y  a set-screw  a t th e  outer ex trem ity  of th e 
arm . T h e  rear of the telescope tu b e carries a shield, 
xx, provided  w ith  clips to  hold th e source of ligh t when 
e lectric ity  is used and is slo tted  to  hold  a rod and a 
m ovab le lam p carrier when gas is used.

T h e source of ligh t m a y be an acetylen e je t or an 
electric  lam p.

W hen acetylen e is used th e gas m a y  be obtained  
from  a generator or from  a prestolite  ta n k . T h e  su p 
port for th e lam p is a rod w hich locks in to  th e  slot in 
th e shield of th e  illum in ator. On th e rod is placed 
th e m ovab le carrier for th e source of ligh t, see B , F ig . 1.

W hen e lectric ity  is used th e lam p is carried in a 
socket fixed in an insulated  m etal hood and held in

1 M anufac tu red  by  B ausch and  Lom b, R ochester, N . Y.
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F i g .  1 — C

of a rea d y  change of o b jectives  w ith ou t an unscrew ing 
m otion and consists of a clam p operated  b y  a spring 
controlled  b y  tw o  handles. P ressing th e handles 
opens th e  clam p and perm its th e insertion  of a ring, 
one of w hich is p rovided  for each o b jectiv e  and to  
w hich it  has been p reviou sly  fastened.

T h e cam era, see F ig . 1, is conn ected  w ith  th e barrel 
of th e  m icroscope b y  a tu b e  w hich slips in and ou t like 
th e  draw  tu b e of the m icroscope and m ay be rem oved  
w ith  th e sam e ease. T h e cam era m oves w ith , and 
becom es p a rt of th e barrel and a n y  degree of focusin g 
is possible. T h e distance betw een  th e eye piece and 
th e  ground glass is a constan t so th a t th e am plification  
is stan dard  for each m agnification. T o  use th e cam era 
th e draw  tu b e of th e m icroscope is rem oved  and th e 
tu b e of th e cam era inserted.

to
Verf/ca/ ///um/ner&r

Z

One 16 and one 4 c. p. carbon  for a 6 vo lt, 4 c. p. 
tun gsten .

A n y  of these candle pow er tu n gsten  lam ps m ay be 
used b u t th e one recom m ended is th e  6 v o lt, 16 c. p. 
lam p know n  as “ H ead ligh t M a zd a , N o. 68, 12 G., 
can d elab ra  b ase .”

T o  get th e ligh t from  th e condensing train  through th e 
o b je c tiv e  use is m ade of a device know n as a “ v ertica l 
illu m in a to r,”  K  in F ig  2. T h is  d evice  screw s into  the 
barrel of th e m icroscope below  th e hanger w hich carries 
th e condensing train . T u rn in g th e  p late  d of the 
illu m in ator to  som e desired angle reflects th e illu m i
n atin g  ra y , w hich enters th e aperture, dow n upon 
the surface of the m etal. T h is  in tu rn  reflects the ligh t 
up th rou gh  th e  barrel to  th e  eye.

A  “ q u ick-actin g  nose p ie c e ”  is fitted  to th e low er 
end of the v ertica l illum in ator. T h is device perm its

T h e ap p aratu s lends itse lf readily  to  all form s of 
m etallographic w ork and is ad ap ted  to  th e needs of 
th e  inspector, th e  engineer of tests and th e  m etal
lu rgist. I t  m a y  be used in th e m ill or th e lab o rato ry  
and is e q u a lly  ad ap ted  for th e  s tu d y  of th e m ass, F igs. 
4, 5 and 6, or the sm all specim en. I t  is used both  for 
v isu al exam ination s and for m akin g ph otograph ic 
records. I t  is portab le, self-con tain ed and com pact.

M E T A L L O G R A P H IC  M E TH O D S  

s a m p l i n g .— B y  sam pling is m eant th e locatio n  and 
num ber of areas to  be polished. It  is n ot n ecessary 
nor p racticab le  to  polish th e  entire surface of th e mass 
provided  th a t  a sufficient num ber of sm all areas be 
ta k en  w hich shall p rop erly  represent it. In  selecting 
these areas it  is desirable to  follow  som e fixed rule and 
a lw a ys prepare th e surface a t definite positions w hich 
shall be th e sam e for the sam e kind of ob jects so as to  
be of valu e for com parison. T h is is esp ecially  de
sirable w hen grain  size is to  be ta k en  into consideration  
as th e grain  m ay v a r y  g re a tly  in  different parts of the 
w ork as from  th e th ick  to  the th in  p arts of a casting.

F ig . 1—  A F i g .  1— B

position w ith  reference to  the lenses of th e condensing 
train  b y  clips fasten ed  to  th e shield of th e illum in ator; 
see A , F ig . 1.

T h e curren t m ay be ob tain ed  from  an accum ulator 
or b y  c u ttin g  dow n th e ligh tin g  current. A  lam p b an k 
to  reduce a n o  v o lt current is wired as in F ig . 3. T h e 
lam p resistance needed for th e various candle pow er 
6 v o lt tu n gsten  m iniature lam ps is:

T w o  32 and one 16 c. p. carbon lam ps for a 6 vo lt, 
16 c. p. tun gsten  m iniature.

One 32 and one 8 c. p. carbon for a 6 v o lt, 8 c. p. 
lam p.

One 32, or tw o  16, and one 4 c. p. carbon  lam ps for 
a 6 vo lt, 6 c. p. tun gsten  m iniature.



Feb., 19x4 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 97

In b illets th e cross section at each end should be 
taken, together w ith  several areas parallel to  the direc
tion of the w ork and p referab ly  on tw o or more sides. 
W ith rounds prepare a cross section  at each end and 
several others parallel to th e  direction  of the w ork. 
W ith flats ta k e  along th e  cen ter lines of th e several 
sides. W ith  hollow  forgings and sim ilar m aterial 
areas along th e outer and inner surfaces in the direction 
of the w ork should be chosen to g eth er w ith  tw o  or more 
cross sections a t each end. W ith  castings both th ick  
and thin  p arts should be selected  and where th e cope 
and drag can be d istinguished, sections along each 
should be ta k en  togeth er w ith  areas in those parts 
which h ave to  ta k e  th e m ajor part of a n y  sudden load, 
as trunnions.

Sections should n ever be prepared too near an y 
distorted part as a sheared edge or punched hole. 
W ith annealed m aterial, esp ecially  w ith  castings where 
the soaking has been prolonged, care should be taken  
to get below  th a t  p a rt decarbonized b y  th e action  of 
the flame»

c l e a n i n g .— A fte r  polishing and before etch in g clean 
th e surface w ith cotto n  m oistened w ith  alcohol or 
gasoline.

e t c h i n g .— A fter  cleaning, th e surface is now  rea d y  
to h ave its stru ctu re developed. T h is is u su ally  done 
b y  m eans of some reagen t which a tta ck s  or colors some 
con stitu en t of th e m etal m ore th an  it  does others. 
F or th e ferrous m etals a 10 per cen t solution  of 
picric acid  in 95 per cen t alcohol will be foun d the 
more useful. Soak som e absorb en t cotto n  in th e so lu 
tion. T a k e  up the cotto n  w ith  a pair of tongs or 
tw eezers and allow  the excess acid  to  drain off. P lace 
the cotto n  on the surface to be etched  and m ove it 
b ack  and forth  till th e desired depth of etch  is ob tained . 
T h e degree of tem peratu re a ffe c ts th e  speed of etchin g, 
the colder it  is th e  longer the tim e; w ith  55 to  70 degrees f 
of tem peratu re abou t 20 seconds is sufficient.

A fter  etchin g w ipe off th e acid  w ith  cotto n  or clean, 
soft w aste, then  clean th o ro u g h ly  w ith  co tto n  m ois
tened w ith  alcohol.

C are m ust be ta k en  th a t the etchin g fluid covers the

F i g . 4  F i g . 5

T he size of th e  sections polished should be abou t 
three inches wide b y  abou t tw e lv e  inches long.

p o l i s h i n g .— T h is is done b y  wheels and buffs driven  
b y  an electric or a pn eum atic grinder, one or the other 
of which is u su ally  to  be foun d in  a n y  mill. W hen 
preparing a surface th e  fo llow ing trea tm en t has been 
found sa tisfa cto ry  for m ost purposes: If th e surface
is very  rough grind dow n w ith  a 24 grain  em ery wheel, 
follow w ith  a cloth  wheel charged w ith  60 em ery, then  
use a sim ilar wheel charged  w ith  120 em ery, follow  
with a buff charged w ith  w ashed flour em ery paste and 
finish w ith a buff charged w ith  rouge.

The ab ove procedure requires abou t 15 m inutes to 
finish an area 3 inches b y  12 inches and w ill g iv e  a sur
face th a t is p e rfe ctly  sa tisfa cto ry  if th e etchin g is done 
with picric acid  or iodine. It  is n ot necessary th a t  th e 
surface should be free from  scratches b u t it  is n ecessary 
that the scratches should all lie in th e sam e direction.

F ig . 6

w hole area and th a t the sa tu rated  co tto n  is m oved 
b ack  and forth  w ith  a ra p id ity  sufficient to  insure the 
even  distribution  of th e acid  over th e surface a t all 
tim es as otherw ise th ere m ay be variation s in  th e ch ar
acter of th e etch  w hich m a y give  rise to  false con clu
sions. T h is va riatio n  in th e etch  is less lik e ly  to  happen 
w ith  picric acid  th a n  w ith  oth er etchin g m edium s.

t h e  v i s u a l  e x a m i n a t i o n .— W ith  th e unaided eye 
look  for streaks or areas w hich are differen tly  colored. 
C arbon-rich  areas w ill u su ally  appear d arker and car- 
bon-lean areas ligh ter th a n  th e  rest of th e  surface. In 
general the segregations of th e a lloy  elem ents w ill also 
be in dicated  b y  a color difference. H eat and forgin g 
cracks are com m on ly rendered visib le as well as pipes, 
seam s, shakes, flow lines, cold shuts, welds, etc.

W hen m aking th e  m icroscopic exam ination  th e in 
stru m en t should be leveled , if necessary, b y  m eans of 
th e  screw s on th e stage.
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T h e field should be clear, d istin ct and free from  an y 
haze, glare or im age of th e lam p. Should  a n y  of these 
appear the illum in ation  is fa u lty  and m ust be corrected. 
T o  a d ju st th e  illum in ation  th e condensing train  as a 
w hole should be raised or low ered so th a t  th e plane 
of its  lenses is cen tra lly  in line w ith th e  opening of the 
v ertica l illum in ator. T h en  sh ift th e angle of the 
m irror in th e illum in ator, or th e source of ligh t.

I t  is recom m ended th a t  b u t three sizes of o b jectives 
and one size eye piece be used, a 32 m m ., a 16 m m ., and 
an 8 mm . B ausch &  L om b o b jective  and a 7.5X eye 
piece. These will g ive  m agnifications of 30, 65 and 
150, resp ective ly . W here higher m agnifications are 
desired eye piece m agnifications are preferable to  the 
use of higher pow ered o b jectives and a m agnification  
of 315 can be ob tain ed  w ith  a 15X eye  piece and the 
8 mm. ob jective .

C are should be ta k en  th a t th e entire area etched 
should be gone over and th a t p a rt selected for the 
ph otograph  should be s tr ic tly  represen tative.

p h o t o g r a p h i n g .— W hen in serting th e  cam era it 
is a d visab le  to rack  th e  tu b e of th e m icroscope well 
up a w a y  from  th e surface of th e m etal before rem ovin g 
th e draw  tub e and a tta ch in g  th e cam era. T h is will 
p reven t th e chance of d am agin g th e  o b jectiv e  b y  
jam m in g it  again st th e  m etal. A fter  a tta ch in g  the 
cam era it  is b rou gh t in focus b y  th e coarse ad ju stm en t. 
T h e rod r, in F ig . 2, is b rou gh t sq u arely  dow n on th e 
pinion head and locked  w ith  the set-screw ; th is pre
ven ts a change of focus when chan gin g p late  holders'. 
F u rth er should th e tu b e  rack  too  easily, tig h ten  it  b y  
settin g  dow n th e screw s holding th e pinion of th e 
coarse ad ju stm en t. T h e final focus is fixed w ith  the 
fine ad ju stm en t, th e sharpness of th e im age as seen on 
th e  clear sp ot of th e  ground glass being determ ined 
w ith  a p o ck et m agnifier.

A ll photographs should be ta k en  w ith  th e eye piece 
in th e  cam era and it  w ill be foun d con ven ien t to  have 
tw o 7 . 5 X eye pieces, one for th e  draw  tu b e of th e m icro
scope and one to be k ep t in th e tu b e of th e  cam era.

T h e p lates used should be fa st and give  good color 
va lu es and to  th is end Seed ’s “ L  O rth o ”  are recom 
m ended. T h e size of th e  p late  is 3 V 2  X  3 V 2  inches 
and the im age is a b ou t 3 V j inches.

T h e tim e of th e exposure depends upon th e ch ar
acter of th e surface and th é p lates used. F or steel, 
using th e  ab o v e  p lates it  w ill n ot average over 10 sec
onds.

A fte r  exposing it is a lw a ys w ell to v e r ify  th e  focus b y  
looking through the ground glass and thus m ake sure 
th a t it has n ot been overrun  as a result of chan gin g 
th e  p late  holder.

d e v e l o p i n g .— T h e plates m ay be developed  in the 
ord in ary  w a y  w ith  a n y  of th e developers on th e m arket. 
I t  is suggested  th a t  “ In gen to  edinol h ydrochin on  
developin g ta b le ts ”  be used because of th eir a d a p ta 
b ility  for dish and ta n k  developin g and for printing.

W here a dark  room  is n ot a va ila b le  an In gen to  
chan gin g b ag w ill be foun d an efficient su b stitu te  while 
loadin g and chan gin g p lates. Such a b ag together 
w ith  tw o  tan ks m akes it  possible to  develop and fix 
th e p lates w ith o u t lea vin g  th e w ork.

F or ta n k  developin g in addition  to th e In gento 
developer referred to  th e  follow ing form ulas m a y be 
used for 20 m inute developin g a t 60 to 70 degrees:

H ydroch inon ..................................................................................  90 grains
Sod. sulfite (anhydrous)........................' ............................... 400 grains
Sod. carbonate  (anhydrous)................................................. 390 grains
W a te r ...............................................................................................  30 ounces

T o  each p a rt of th is sto ck  solution  add three p arts 
of w ater before using.

E dino l.......................................................................................  145 grains
Sod. sulfite (anh y d ro u s)...................................................  300 grains
Sod. carbonate  (anhydrous)............................................  300 grains
W ater........................................................................................  40 ounces

T o each p a rt of th is sto ck  solution  add three parts 
of w ater before using.

T h e plain  fixing b ath  of 4 ounces of “ h y p o ”  to  16 
ounces of w ater m a y be used w ith  a n y  of these form ulas; 
th e follow ing is, how ever, to  be preferred:

f W a te r ...................  96 ounces f Chrom e a lu m .. . 32 ounces
Sol. 1 j  H y p o ..................  2 pounds Sol. 2 |

[ Sod. su lfite .........  2 ounces ( Sulfuric a c id .. . .  */< ounce

D issolve i  and 2 sep a ra te ly , then slow ly  pour 2 into 
1 w ith  con stan t stirring.

I t  should be rem em bered th a t for the perm anency 
of th e  n ega tive , a com plete fixing follow ed b y  a thorough 
w ashing and a slow  d ryin g is an essential. O ccasion
a lly  prints are desired as soon as possible. T h en  the
p late  a fter fixing m ay be q u ick ly  rinsed w ith  w ater, 
soaked in alcohol and dried in 15 m inutes. A fte r  the
prints are m ade th e  p la te  should be w ashed th o rou gh ly  
in w ater to  rem ove a n y  traces of the fixing b ath  which 
m ay rem ain  and again  dried.

c a r e  o f  n e g a t i v e s . — T h e n egatives should be kep t 
in en velopes p la in ly  m arked w ith  sufficient d a ta  to 
id en tify  them  a t a n y  tim e.

M o st m icrographic n egatives con tain  areas th a t are 
n ot needed or are o u t of focus.. I t  w ill be foun d con
ven ien t to use a m ask to cu t o u t such p arts when 
p rin tin g from  them . T im e w ill be saved  if each n eg
a tiv e  is m atted  ou t p erm an en tly . T o  th is end it  will 
be foun d con ven ien t to prepare a tem p late  ou t of I/u "  
sheet steel or brass w hich shall be a 3 inch square w ith  a 
27/i6 inch circu lar cen tral opening. L a y in g  th e  tem p late  
and a su itab le  piece of paper on a sheet of glass a n y  
num ber of m asks m ay be" q u ick ly  and easily  cu t w ith  
a sharp knife. One of these m asks is th en  pasted  on 
th e film  side of th e n ega tiv e  th u s a lw ays ensuring the 
sam e field.

p r i n t i n g .— A n y  of th e  gasligh t papers m a y  be used. 
T h e glossy papers g ive  b etter detail b u t th e y  are liab le 
to- be scratch ed  during m anipulation  and require 
squeegeeing to  get th e best results and are to  this degree 
n ot so desirable as th e v e lv e t or satin  finishes.

In prin tin g, w here electric ligh t is a va ila b le , a p rin t
ing or developin g lan tern  as shown in F ig . 7 will be 
foun d con ven ien t. T h row in g th e sw itch  one w a y  
gives th e exposure, th e other w a y  gives th e developin g 
ligh t. W ith  tw o  100 c. p. M azd a lam ps th e  tim e of 
exposure w ill rare ly  exceed 12 seconds.

T h e prints a fter d evelopin g should be th o ro u g h ly  
fixed and w ashed and p referab ly  dried betw een  b lo t
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ters. If th e y  are needed q u ick ly  th e y  m ay be soaked 
in alcohol and dried w ith in  15 m inutes.

r e c o r d s .— It is a lw a ys w ell to  m ake notes a t the 
tim e of the exam ination  as th e  eye  is b etter th a n  th e 
best of ph otographs.

T he records should include rem arks as to  appearance, 
opinion as to  w h a t th e area in d icates and other details. 
N ote th e num ber and description  of th e  piece, location  
of the area exam ined, th e etch in g m edium  and th e tim e 
of etching, th e  num ber of th e  o b jectiv e  and eye piece 
and the m agnification.

T Y P E S  o r  S T R U C T U R E  

T he structure of steel m ay be profou n d ly  m odified 
by th e rate of cooling from  a high tem peratu re , the 
degree of re-heating and th e am ount and kind  of w ork 
to which it has been su b jected . T h e several structures 
so obtained m ay each be referred to a typ e .

In a steel ob tain ed  b y  th e sim ple solid ification  of 
the liquid  m etal fo llow ed b y  a slow  and undisturbed

cooling the grain  size w ill be large; F ig. 8. If  now  the 
metal be re-heated  to som e tem p eratu re below  its 
melting point and cooled slow ly  w ith o u t m echanical 
work being applied, there w ill be a corresponding 
change in th e grain ; F ig . 9.

In an y steel, oth er th in gs being equal, th e sm aller 
and more uniform  th e  grain  th e b etter th e ph ysical 
properties an d  the size and u n ifo rm ity  of the grain  is 
influenced b y  h eat and b y  w ork.

Steel is heated  to  g ive  th e p la stic ity  required for 
rolling or forging. I t  is h eated  to  relieve internal 
stress b u t an im proper h eatin g  or an in terru p ted  cool
ing m ay set up such stresses and even  cause rupture. 
It is heated to  g ive  hardness or to ta k e  it  aw ay . T h e 
higher the tem peratu re from  w hich it  cools th e larger 
will be th e grain. H eatin g to som e certain  tem p era
ture will g ive  th e  finest grain  possible and all p reviou sly  
existing structures, how ever coarse, w ill be ob literated . 
Heating for a longer period or a shorter tim e a t too 
high a tem perature, or a long heatin g  a t too  low  a 
tem perature w ill coarsen th e stru ctu re . T oo  rapid  
heating or too rap id  cooling or an unequal rate  of cool
ing m ay set up internal stresses and cause rupture.

W ith steel castings th e effect of these conditions 
is shown b y F ig . 10, th e stru ctu re of th e m etal as

cast; F ig. 11, the stru ctu re as p rop erly  annealed; F ig . 12, 
th e effect of annealing a t too low  a tem perature.

W ith  rolled or forged m aterial th e y  are show n b y  
Figs. 13, 14 and 15 w hich show  th e norm al grain  as 
p rop erly  annealed and the effect of higher tem p eratu res 
upon it.

T h e size of th e grain  and its  u n ifo rm ity  is also a f
fected  b y  th e am ount and kind  of w ork to  w hich the 
m etal has been su b jected . W ork  m ay be applied in 
tw o w ays, hot or cold. H ot w orkin g when finished 
a t som e certain  tem peratu re g ives a sm all grain  and 
th e m ost tou gh  and ductile  m etal. If th e finishing 
tem peratu re be too low  th e grain  w ill be m ore or less 
d istorted  and if the w ork be carried fa r enough th e  m etal 
will h ave a ten d en cy  to  becom e b rittle  or to  sp lit along 
th e direction  of th e w ork. T h e higher th e  finishing 
tem peratu re the coarser th e grain  and th e w eaker and 
more b rittle  th e  m etal. C old  w orkin g distorts the 
grain  and renders it fibrous.

T h e effect of w ork  can be seen best on th e cross 
section. T h u s in a ham m er-forged piece if th e w ork 
be applied during th e  proper tem p eratu re and is v ig 
orous enough, each b lo w  w ill p en etrate  th e  center and 
th e grain  w ill be p ra ctic a lly  uniform  th rou gh ou t. If 
th e  w ork  is n ot vigorous enough, or th e  m etal hotter 
in one portion  th a n  in another th ere w ill be m ore or 
less m arked differences in grain  and there m ay be 
a ltern ate  layers of hard and soft m etal if th e h eatin g 
be fo llow ed b y  w ork w ith  portions of th e interior colder 
th an  th e  exterior or if th e w ork  be applied lo ca lly  when 
th e exterior is m uch colder th a n  th e interior. F ig . 16 
shows th e fractu re of a ham m ered piece h a vin g  the 
interior m uch h o tter th an  th e  exterior.

T h e ten d en cy  of th e several con stitu en ts of steel 
to  segregate is know n and in general th e y  are to be 
regarded as elem ents of w eakness. F igs. 17 and 18 
show th e appearance of such segregation s to  th e un
aided eye a fter etch in g; F igs. 19 and 20 th eir ap 
pearance under th e m icroscope. T hese areas are in 
general re la tiv e ly  large and th e y  can' be seen best w ith 
th e low est pow ers; in fa ct the higher pow ers, because 
of th e  sm allness of th e field, often  fa il to  show  the 
stru ctu ral differences betw een  th e segregated  and non
segregated  areas.

S lag is liable to  be found in a n y  steel and when sp ar
in g ly  d istributed  in isolated  particles m ay  be disre
garded, b u t when occurring in a n y  am ount it is a lw ays 
a source of w eakness. F ig . 21 is an illu stration  of 
its  occurrence under conditions where it  is an elem ent 
of danger.

Sulfides, Figs. 22 to 24, like  slag, m ay be foun d in 
an y  steel and when sp arin gly  d istrib u ted  in isolated  
or m inute particles m ay be disregarded, b u t as the 
am ount increases th e ,elem ent of w eakness increases.

s t r u c t u r e  o f  s o u n d  s t e e l .— Steel of norm al com 
position and trea tm en t w ill show  after etch in g a surface 
free from  segregations and lam in ations. T h e stru ctu re 
w ill be regular and uniform  an d  th e grain  will 
show  a gradual increase in size from  the outside to  th e 
center as th e result of w ork. T h e boundaries of the 
grain  w ill be quite regular in outlin e w ith  little  or no 
signs of ingotism , or incom plete grain  refining. Slag
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and sulfides are absent or on ly sp arin gly  present and 
in isolated  particles.

W hen cold rolled or d raw n  th e grain  will be d is
torted  in those p arts a ffected  b y  th e w ork b u t there 
w ill be no cracks or fissures eith er in or betw een  the 
grain  nor a n y  “ loosenin g.”

s t r u c t u r e  o f  u n s o u n d  s t e e l .— T h e causes w hich 
m ay give  rise to  unsoundness and failure are sand 
splits, seam s, pipes, b low holes, cav ities  and h o n ey
com b, all of w hich during w ork are extended as cracks. 
E tch in g  develops these defects and u su a lly  renders 
them  p la in ly  visib le to  the un aided eye.

In gotism , incom plete grain  refining and fa ilure to

d estroy an existin g coarse stru ctu re— these con d ition s 
if present to  a n y  exten t im p ly  internal stress, la ck  of 
cohesion, lia b ility  to  c leavag e and brittleness.

L a c k  of u n ifo rm ity  of th e grain  in w hich those nearer 
the center are sm aller th a n  those fu rth er a w a y  from  it—  
such a stru ctu re is com m on to  m aterial w hich has been 
h eated  either too high or too long. T oo high heatin g 
coarsens th e grain ; F igs. 13, 14 and 15. In  general any 
m arked  la ck  of u n ifo rm ity  of th e grain  im plies a lowered 
resistance to  a repeated  or a sudden ly  applied load.

Segregations of certain  essential com pon en ts of the 
steel as th e carbon  or th e  a llo y in g  elem ents— Figs. 17 
and iS — give  rise to  areas each of w hich have
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different ph ysical properties. T h e presence of such 
areas im plies a la ck  of co n tin u ity  in th e m etal, since 
the junction  lines betw een  them  are more or less sharp; 
Figs. 19 and 20. Such areas when under a load  h ave 
a tendency to slip one upon th e other, th us settin g  up 
a rupture. T h eir presence is revealed  m icroscop ically  
and m acroscopically  b y  etchin g. W hen stu d yin g  
them under th e m icroscope the use of the low est pow ers 
is advised.

Layers, streaks or patches of various im purities as 
slag, sulfide, etc.— all of these are less d u ctile  and m ore 
brittle th an  th e steel.

M ETH O D  O F E X A M IN A T IO N

Sam ple, polish and etch . E xam in e m acroscopically  
for pipes, cracks, seam , laps, blow -holes, honeycom b 
or sponginess, welds, segregation s and lam in ation s 
(especially on th e  cross section), flow lines, excessive 
slag and sulfide areas, cinder, e tc., E xam in e m icro
scopically for la c k  of u n ifo rm ity  of grain, coarseness, 
ingotism or incom p lete refining. L ook  for slag and 
sulfide areas w ith  reference to  th eir abun dan ce and 
distribution.

c o n c l u s i o n

It can be show n th a t a large piece of w ork can be 
spot polished in e igh t or m ore different places w ith  but 
little, if an y, m ore expense and tim e th a n  it  ta k es  to 
prepare a stan dard  te st bar; th a t  th ere is a 
relation betw een  stru ctu re  and p h ysica l properties. 
It follows th a t g iven  sufficient experience and a set 
of standards, m etallographic m ethods w ill g iv e  in for
mation th a t  can not be ob tain ed  co n ven ien tly  b y  an y 
other m ethod of inspection.

It should be sta te d  th a t m etallograp h y is n ot in 
tended to  replace other m ethods of test and inspection  
but to supplem en t th em  and th u s afford an- additional 
safeguard again st failure.

1423 R . St ., W a s h i n g t o n ,  D. C.

M AH O N E PETR O LEU M

Its Recent Origin, and the Origin of Petroleum in General
B y C h a r l e s  F . M a b e r y  

Received Decem ber 22, 1913

Six years ago I w as in v ited  to  v is it a  section  of the 
V alley of th e  M ahon ing R iv er in M ahon ing C o u n ty , 
Ohio, where a deposit of petroleum  had  been know n 
in M ilton T ow n sh ip  for several years, and w here an 
open well w as still to  be seen from  w hich oozed a sm all 
stream of th ick  oil. A t  th e  tim e of th is visit, several 
wells had recen tly  been drilled over an extended  area, 
and were producing a considerable su p p ly  of oil. 
But on a ccou n t of fa u lty  operation  and m ism anage
ment, these w ells soon a fterw ard  becam e in o p erative 
and the en tire field w as closed u n til som e years later. 
Several w ells were then  to  be seen on a farm  bordering 
on the river v a lley , the p ro p erty  of M r. R . W iesener, 
from w hich som e years earlier oil had been pum ped 
freely and sold as a lu b rican t w ith o u t refining.

On learning of th e shallow  depths a t w hich this 
petroleum  w as reached, m y interest w as n atu ra lly  
aroused w ith  reference to  its  origin, and I m ade several 
subsequent visits  to  becom e b etter acq u ain ted  w ith its

occurrence, in connection w ith a lab o rato ry  stu d y  
of th e oil w hich seem ed esp ecially  in v itin g , for it 
ev id en tly  differed ve ry  m ateria lly  in its com position 
from  th e  other well know n varieties of petroleum . 
I t  had th e fu rth er a ttractio n  th a t, associated  w ith  
th e petroleum  in or near th e riv er v a lley , there were 
exten sive beds of h igh-grade b itum inous coal, sections 
of w hich in th e  adjoin ing T ow n sh ip  of P alm y ra , 
were m ined on an extensive scale. In  a narrow  section  
of th e  v a lley , a p p roxim ately  one hundred feet in w id th , 
w here th e river had cu t its  w ay  dow n from  a consider
able height, exposing an a b ru p t ve rtica l section  of 
th e geological form ations, a vein w as exposed, three 
or four feet in thickness, of p a rtia lly  w eathered ca r
boniferous deposits w ith  th e  acco m p an yin g shales 
so friab le  th a t th e y  were easily  crushed in th e hands. 
A n alysis  showed th a t these deposits contain ed n early  
fifty  per cent of pure carboniferous m aterial. It, 
therefore, seem ed probable th a t th e coal and th e oil 
were of a com m on origin, w hich, in connection  w ith 
th e shallow  depths of the oil s tra ta , less th a n  150 ft., 
presented an in v itin g  o p p o rtu n ity  to  s tu d y  th e origin 
of petroleum  a t close range.

G E O L O G IC A L  O C C U R R E N C E  O F M A H O N E  P E T R O L E U M

T h e M ahoning R iv er  rises in  C olu m bian a C o u n ty , 
and  flow ing sin uously th rou gh  P ortage, T ru m b u ll, 
and M ahon ing C oun ties, fin ally  enters th e  Ohio 
R iv er. In M ahon ing C o u n ty  th e v a lle y  is a few  m iles 
in len gth , and its  greatest w idth is 2800 ft. T h e ' 
w ells drilled for oil v a ry  in depth from  135 to  150 ft.;  
in one w ell th e oil sand  w as reached a t a depth of 
115  ft. A ccordin g to  th e report of th e driller, the 
surface lay e r  extends in a depth of 20 ft. to  a bed rock  
of shales th a t  are continuous to  th e oil-bearing sand. 
T hese shales are p a rtly  ligh t and p a rtly  dark  in  color, 
and ju st ab ove th e upper layer, below  th e  surface 
silt is a bed of sand and below  th a t a bed of shale im 
pregnated  w ith  b itum inous carbon. T h e oil sand 
com posed of rath er coarse granules of v e ry  pure q u artz 
is overlaid  b y  a soapstone shale 14 ft . th ick , and it  
extends to a depth of 105 ft ., of w hich th e upper coarser 
layer, 16 -18  ft. th ick , carries th e oil ab ove a large 
vo lu m e of w ater. B elow  th is sand is a brow n shale 
s ix ty  feet th ick , and below  th is a ligh ter shale extendin g 
to th e B erea  G rit.

So fa r as it  appears from  th e 25 or m ore w ells th a t 
h a ve  been drilled b y  th e M ahon c Oil and G as C om p an y, 
there are no restricted  pockets in th e  oil s tra ta , b u t 
a som ew hat regular an ticlin al and syn clin al form ation , 
th e  an ticlin als a p p roxim ately  20 ft. in h eigh t and 
200-300 ft. in diam eter. On a ccou n t of th e inertness 
of th e  crude oil, special care is n ecessary in drilling, 
and p a rticu la rly  in pum ping: it  is raised w ith som e 
w ater into  large settlin g  ta n k s and th e w ater draw n 
off. T h e d a ily  y ield  from  a single well is sm all; th e 
largest d a ily  o u tp u t from  an y one w ell has been 8 
barrels. T here is e v id e n tly  n othin g esp ecially  strik in g 
in th e form ation s connected w ith  the occurrence of 
th is petroleum , excep t th e  shallow  depths a t w hich 
th e oil is found, and th e absence of a n y  com plicated  
conditions connected w ith  its origin.

A s m entioned ab ove, th e B erea G rit appearing in
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th is section as an un derlyin g form ation  suggested  
the p ro b a b ility  th a t th e abun dan ce of oil and gas 
elsewhere in this oil s tra ta  should likew ise prom ise 
sim ilar yields in th is field. A cco rd in gly  a w ell w as 
sta rted  w ith  th e in ten tion  of drilling to  a sufficient 
dep th  to  reach a n y  possible deposits in th is section  
of th e B erea G rit. T h is w ell has been carried to  a 
dep th  of 1S00 ft. and w ill be con tin ued  w ith  th e ex
p ectatio n  of reachin g an abu n d an t flow of gas and 
th e  ligh ter B erea G rit  oil.

P H Y S IC A L  C H A R A C T E R IS T IC S  A ND C O M P O S IT IO N  OP 

M A H O N E  P E T R O L E U M

Soon after th e first w ells were drilled, specim ens 
of the oil p laced  in  m y hands for exam in ation  ap 
peared to  be so unlike a n y  th a t  h ad  been b rought 
to  m y a tten tion , th a t I un dertook a th o rou gh  stu d y  
of th e crude oil and th e products to  be ob tain ed  from  
it, both  on accou n t of its  in terest from  a scien tific point 
of v iew  and th e  p o ssib ility  of th e p rep aration  from  it  
of com m ercial products. A fter  th ree years w ith  the 
a id  of tw o  assistants, although m uch has y e t to  be 
don e on th e com position  of its  con stitu en ts it  seems 
a d visab le  to  place on record th e accu m u lated  o b serva 
tion s on th e n ature of th e crude oil.

T h is petroleum  is q uite d ark , approaching b la ck  
in  color and it  has scarcely  a n y  odor. In  consisten cy 
it  is v e ry  th ick  and viscous; its  specific g r a v ity  ta k en  
from  sam ples pum ped a t different tim es durin g three 
years ga v e, at 20o C ., in four sam ples:

1  I I  I I I  IV
9057 9036 9040 9036

sh o w in g p ra ctica lly  no va ria tio n  in different sections 
o f th e  field during th is period. Its  ex trem ely  high 
v isco sity— 928— -explains its  form er use as a lu b rican t 
w ith o u t refining. Its  re fra ctive  index as determ ined 
b y  the A b b é refractom eter is 1.4878, a v a lu e  un usually  
high as com pared w ith  oth er varieties of petroleum . 
So m uch a tten tion  has recen tly  been given  to  th e  op tical 
a c t iv ity  of petroleum , and rotation  has been observed 
in so m an y varieties of crude oil and products of re
fining, th a t  it  becam e n ecessary to  ascertain  w hether 
th is petroleum  w as also o p tica lly  a ctiv e ; b u t in n either 
the crude oil nor in a n y  p roducts sep arated  fro m  it 
could th e sligh test effect on th e polarized  ra y  be de
tected . P erhaps th is is w h a t should be exp ected  in 
view  of its  com position  w hich is m uch less com plex 
th a n  th a t of other varieties of petroleum , in fa ct 
consisting (as w ill be show n later) of a co m p a ra tiv e ly  
few  h yd ro carb o n s, so fa r as exam ined on ly  of the 
series C„H 2„-2 and C „H 2„-4 .

In  testin g  th e crude oil for sulfur b y  decom position  
w ith  sodium  and com parin g th e color g iv en  b y  p o ta s
sium  n itroferrocyan ide w ith  colors ob ta in ed  from  
oils con tain in g know n  percen tages of sulfur, it  ga v e  
a  color corresponding to  less th an  0.01 per c e n t.1 
In asm uch as petroleum  dissolves su lfur to  th e  ex
te n t of 3 per cent there are p ro b a b ly  few  crude oils

1 T h is  is an  extrem ely delicate te st for su lfur in petro leum  oils, and  ex
trem ely  accurate  qu an tita tiv e ly  based on th e  com parative  dep th s  of color 
given by  oils w ith 0 . 1 , 0 .0 1 , and  0. 001  percentages as s tandards.

th a t  do not contain  th is elem ent or its  h yd ro carb on  
d eriva tives. A  w ide range of crude oils te sted  by 
th is m ethod all g a v e  colors for sulfur excep t such light 
varieties as those from  P en n sylva n ia , W est V irgin ia  
and th e B erea G rit oils of southern  Ohio, all of which 
consists v e ry  large ly  of th e series C„H 2„ + 2, including 
th e solid paraffine h yd rocarb on s, none of w hich showed 
a trace  of sulfur.

N itrogen  is a sign ifican t elem ent relatin g  to  the 
form ation  of petroleum , since it  has been assum ed 
th a t n itrogen  com pounds' in petroleum  could h ave had 
th eir source on ly  in organic m a tter of anim al origin. 
In  m ost varieties of A m erican  petroleum  nitrogen 
has been iden tified— to  th e largest ex te n t in  C aliforn ia  
oils. I t  therefore seem ed in terestin g to  ascertain  
w hether M ahon e petroleum  con tain s n itrogen : 5
gram s of th e  oil were su b jected  to  th e K je ld a h l m ethod 
w ith  th e precaution  n ecessary to  co n vert all th e nitrogen 
of the possible p yridin e or chinolinę com pounds into 
am m onia, arid th e resu ltin g solution  d istilled , and 
N esslerized. N o tra ce  of color appeared, th us ex
cludin g nitrogen  as a con stitu en t. A specim en of 
P e n n sy lva n ia  petroleum  tested  in  th e sam e w a y  gave 
n ot a trace  of n itrogen  as am m onia. T h e question  
as to  th e presence of n itrogen  in other v a rie ties  of 
A m erican  petroleum  w ill be determ in ed in  this 
m anner.

M ahon e petroleum  is unique in com position  in 
th a t it  contain s no h yd ro carb on  of th e series C„H 2„ + 7, 
gasoline or kerosene, and none of th e  series C«H2„ th a t 
con stitu tes so large a proportion  of P en n sy lva n ia  
lu brican ts. So fa r  as it can be d istilled  in  
vacuo th is  oil consists v e ry  larg e ly  if n ot en
tire ly  of th e  series C„H 2„-2> and th e  series C „H 2 „-4 . 
A s to  th e  com position  of th e  residue of d istillation  
ab o v e  350° under 30 mm . pressure n oth in g can be 
said , for a t th is point or perhaps som ew hat low er in 
tem p eratu re th e  h yd rocarb on s sim p ly  fa ll asunder, 
h a v in g  reached th e  lim it of th e ir  c a p a c ity  to  m ain tain  
m olecular com position, and th e d istillates com e over 
as th in n er oils. T hese changes are rea d ily  and ac
cu ra te ly  d etected  b y  th e v isco sity  and cold tests  of 
th e  d istillates w hich w ith o u t w arn ing m a y change 
in  v isco sity  from  250 to  less th a n  100, and th e cold 
te st from  — 20 to  + i o ° .  U nder atm osp heric pressure 
th e crude oil begins to  d istil a t 230°, and a t 250° 
it  begins to  decom pose, b reakin g dow n into  thinner 
oils. I t  w ill be in terestin g to ascertain  th e com posi
tion  of these prod u cts of decom position. If th e  dis
tilla tio n  be continued  b eyon d  th is po in t, th e residue 
consists of a th in  ta r  w hich, in  vacuo, m ay be run down 
to  w ith in  tw o  per cen t of residue w ith o u t coking. 
T h e general d istin ction  of th e varieties of petroleum , 
those w ith  a paraffine base and those w ith  an asphaltic  
base, does not a p p ly  to  M ahon e petroleum , w hich con
ta in s n either paraffine nor th e so-called asph altic  
h yd ro carb on s. W hile th e  crude oil con tain s no c ry s
ta llin e hyd ro carb on s (at least none were observed at 
a  tem p eratu re of — 20°) when decom position  is caused 
b y  d istillatio n , crysta llin e hyd ro carb on s appear in 
th e residue, and in th e higher d istillates. T h ere  is 
a close conn ection  betw een  th e form ation  of these
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crystalline bodies and changes in th e  cold test. These 
changes are d ire ctly  th e opposite of those w hich occur 
under sim ilar conditions in  other petroleum s where 
the tenden cy is to w a rd  a b reakin g dow n of th e cry s
talline h yd rocarb on s into  th in  oils. N evertheless 
the hydrocarbon s in M ahon e petroleum  are rem ark ab ly  
stable in distillation  w hen air is excluded  and under 
diminished pressure. D istilla tes prepared in the course 
of this w ork were carried  a p p a ren tly  un chan ged as 
shown b y  an alysis th rou gh  fou rteen  repetition s, and 
as it seem ed, th e d istillation s could h a ve  been co n 
tinued indefin itely  w ith o u t decom position.

D eterm inations of carbon  and h yd ro gen  in the crude 
oil gave percen tages corresponding to th e series 
C n'H.2„-2- C , 86.42; H, 13 .31. A ssum in g a m ean com 
position represented b y  th e  form ula  C20H38, th e pro
portions of carbon and hydrogen  are: C , 86.33; H, 13.67. 
To separate the con stitu en ts of th e crude oil, so far 
as it can be done b y  d istillatio n  in  vacuo w ith o u t de
com position, th e lig h t and h e a v y  fraction s from  five 
gallons, sep arated  first in iron stills, were carried 
through a prolonged series of d istillation s and finally  
collected w ithin  lim its of single degrees under 30 mm. 
The low est fraction  cam e over in th e v ic in ity  of 900 
and in q u a n tity  on ly  15 gram s. Its  odor resem bled th a t 
of the terpenes— q uite unlike th e odors of th e p etro
leum hydrocarbon s. A  som ew hat larger am ount, 35 
grams, collected  a fter th e  tw e lfth  d istillatio n  a t 9 7 °-9 8 °. 
Fractions also collected  in  m uch larger am ounts at 
quite regular in terva ls  of 10 0 as th e  d istillation  
proceeded, as follow s: 1090—n o ° ,  40 gram s; 120 0-  
I 2 I °> 79 gram s; i 3 o ° - i 3 i ° ,  143 gram s; 13 S 0-
1390, 207 gram s; 15 1°—152 °, 300 gram s; i 6 i ° - i 62°, 
425 gram s; I 7 i ° - i 7 2 ° ,  500 gram s. A t  higher tem p era
tures there w as still a ten d en cy  for q u an tities to  a c
cum ulate b u t a t som ew hat longer lim its, 1 5 0. H itherto, 
good evidence of th e series C „H 2„ - 2, and C „H 2„ - 4  
in petroleum  has been ob ta in ed  in th is lab o rato ry , 
but the results herew ith  presented  are conclusive and 
more com prehensive. T h e series in M ahone pe
troleum  is defined b y  an alysis, and th e in d iv id u a l h y d ro 
carbons b y  determ in ations of their m olecular w eights, 
which ga v e  v e ry  sa tisfa cto ry  results b y  reason of 
the prolonged d istillatio n s on w hich an assistan t w as 
engaged n early  a ll his tim e during tw e lv e  m onths. 
All m olecular w eights were determ in ed b y  th e B e c k 
mann freezin g-point m ethod.

The fraction  9 7 °-9 S °  was exam ined  w ith  considerable 
interest, for if an y h yd ro carb on  of th e series C „ H 2rl 
were present in the crude oil it  should ap p ear a t  this 
point- B u t its  m olecular w eight w as found to  be 153; 
calculated for th e form ula C ,,H 2o, 152; specific g r a v ity  
at 20 , 0.S549. A  com bustion  gave percen tages re
quired for th e sam e form u la: C arb on , 86-76; H ydrogen , 
13-26; required  for C„H 2o: C arb o n , 86-84; H ydrogen , 
13-26- It  is, therefore , safe to conclude th a t  the series 
C„H 2„ is n ot present in th is  petroleum - T h e fraction  
collected a t  109 ° - 1 100 g a v e  as its specific g r a v ity  a t 
2° , 0.8576, and  as its m olecular w eigh t, 166; required  
for the form ula C ,2H22, 166. A  com bustion  g a v e :

C arb on , 86.49; H yd rogen , 13.44; required  for th e  
form ula C ,2H 22: C arb o n ,.86.74; H ydrogen, 1 3 .26-

H ydrocarbon s of th is  series w ith  such low m olecular 
w eigh ts h a ve  not h ith erto  been sep arated  from  p e tro 
leum . A  hydrocarbon  I C I3 H24, w as identified  in this 
lab o rato ry  as a co n stitu en t of San ta  B a rb a ra , C al., 
p etroleum , and several of th e  same series w ith  m uch 
higher m olecular w eights from  O hio and P en n sy lva n ia  
oils as con stituen ts of lubrican ts prep ared  from  these 
oils.

T h e com position  of th e  fractio n  i 2 0 ° - i 2 i °  was 
show n  by its m olecular w eig h t, 180.4; required  for th e 
form ula C13H24, 180, an d  b y  com bustion : C arb on , 86.72; 
H ydrogen , 13.33; requ ired : C arb on , 86.66; H ydrogen, 
13.34; specific g r a v ity , 0.8614. Since th e h y d ro ca r
bon sep arated  from  S an ta  B arb a ra  oil w as collected  
under 60 mm. and none of th a t  product is s till on hand, 
it  can n ot be com pared w ith  th e  one now  under exam in a
tion-

T h e m olecular w eight of th e fraction  1300—1 3 1 0 w as 
foun d to be 194; required  for C hH !5, 194. B y  co m 
bustion it g a v e : C arb o n , 86.48; H ydrogen, 13.64; re
q uired: C arb on , 86.60; H yd rogen , 13.40; specific g r a v ity  
at 20°, 0.8654.

A  m olecular w eigh t determ in ation  of the fraction  
1380—139° gave 206.7; required for C15H28, 208. It  
ga v e  b y  com bustion : C arbon, 86.38; H ydrogen, 13.64; 
required for C 16H 2s: C arbon, 86.54; H ydrogen , 13.46; 
specific g r a v ity  at 20°, 0.8662. T he fractio n  1 5 1 0—15 2 0 
g a v e  as its  m olecular w eigh t, 218.7; required for th e  
form ula  C16H28, 218. I t  ga v e  b y  com bustion  the fo llo w 
ing percen tages of carbon and h yd ro gen : C arbon, 87.07; 
H ydrogen , 12.88; required: C arb on , 87.28; H ydrogen, 
12.72; specific g r a v ity  a t 20°, 0.8692.

F or th e  fraction  i 7 i ° - i 7 2 °  was foun d the m olecular 
w eight 235; required for th e  form ula C17H30, 234. A  
com bustion  ga v e  the fo llow in g percen tages of carbon 
an d  h ydrogen : C arb on , 87.02; H ydrogen , 12.90; re
quired for C17H30: C arb on , 87.18; H ydrogen , 12.82; 
specific g r a v ity  a t  20 °, 0.8716. Of th e h igher fr a c 
tions' to be m ore fu lly  exam ined la ter, th a t collected  
a t  2 12 0— 214 0 ga v e  as its  m olecular w eigh t 263; 
corresponding to  th e form ula  C19H34, m olecular 
w eight 262. I t  ga v e, b y  com bustion , percen tages of 
carbon and h yd rogen  required b y  th is form u la: C arb on , 
87.12; H yd rogen , 13.01; required for C19H34: C arbon, 
87.03; H ydrogen, 12.97; specific g r a v ity  at 20°,
0.8790. T h e series C „H 2„ -4  is, therefore,' established 
as con stitu tin g  m uch th e larger p a rt o f M ahone 
petroleum  so far as th is exam in ation  extended. It  
appears also th a t as com m ercial p rod u cts lu b rican ts 
m a y  be prepared from  th is crude oil th a t  shall contain  
four h yd ro carb on s, and even  o n ly  tw o , of this 
single series. T h is applies likew ise to  T exa s petroleum  
since i t  has been foun d in th is lab o rato ry  th a t th e  m ost 
va lu ab le  lu b rican ts sep arated  fro m th a tcru d e  oilare com 
posed of hydrocarbon s of th is  series, C „H 2n _ 4 , as has 
also been shown for lu b rican ts prepared from  C aliforn ia  
petroleum .

These results are sum m arized in the fo llow ing ta b le :
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D is
tilla tion

tem p era 
tures

Sp. gr.
a t 

20° C.

A ctual determ inations R equired

Mol.
wt. C H for

Mol.
wt. C H

97°-98° 0 .8549 153 86.76 13.26 C ioH jo 152 86.84 13.16
109° - l 10° 0 .8576 166 86.49 13.44 C12I I 22 166 86.74 13.26
120  1 21  ° 0 .8614 180.4 86.72 13.33 CuHl4 180 8 6 . 6 6 13.34
130°-131° 0 .8654 194 86.48 13.64 CmH m 194 86.60 13.40
138°-139° 0.8662 206.7 86.38 13.64 CisHss 208 86.54 13.46
151°-152° 0.8692 218.7 87.07 1 2 . 8 8 Ci«Hs8 218 87 .28 12.72
171°-172° 0.8716 233 87.02 12.90 C itII jq 234 87 .18 1 2 . 0 2
2 I2 °-2 1 4 ° 0.8790 263 87. 12 13.01 C19ÏÎ34 262 87.03 12.97

T h e higher fraction s w ill be m ore fu lly  exam ined 
later.

IN D E X  O F R E F R A C T IO N

T hree specim ens of th e crude oil collected  in differ
en t yea rs and from  different w ells g a v e  th e fo llow ing 
indices of refraction  in an A b b é refractom eter a t 26 o:

1  11  i n

1.4878 1.4878 1.4882

F raction s ob tain ed  b y  prolonged distillation  as
described above ga v e  th e fo llow ing indices:

80 °-8 1 °  .....................  1.4499 .
97°—98° .....................  1.4570

120c—121°..................... 1.4625
1 3 8°-139°..................... 1.4645
15 l° -1 5 2 ° .....................  1.4688
230°—2 6 5 ° .....................  1.4820
26 5 °-3 1 5 ° ..................... 1.4879

T hese results were ob tain ed  a fter trea tm en t w ith  su l
furic acid; the indices were th e sam e before and after 
this treatm en t.

O R IG IN  O F M A H O N E  P E T R O L E U M

T h e question  of th e origin  of petroleum  has received  
profound a tten tio n  both from  geologists and chem ists, 
b u t it  is y e t elusive on accou n t of th e d ifficu lty  of 
securing reliable d ata  th a t should explain  th e conditions 
under w hich it  w as form ed, and of accou n tin g for th e 
several series of hyd ro carb on s of w hich it  is com posed. 
T h en , fu rth er, th e absence of organic m aterial as 
a possible source, and th e geological d isturbances 
associated  w ith  its present situ ation  afford too 
m eager inform ation  for its com plete elucidation . 
In th e petroleum  under consideration  several of these 
un certain  featu res were elim inated. In th e first place, 
the shallow  dep ths of th e oil stra ta  and its  apparent 
com m on origin from  vegetatio n  w ith th e exten sive 
beds of coal close a t h an d  in d icate  a m ore recent fo rm a 
tion  of these oil deposits th a n  can  be assigned to other 
well know n varieties th a t  occur a t greater- depths. 
In th e M ahone field, th e oil sand has ev id en tly  not 
been d isturbed since th e oil w as therein  accum ulated . 
T h e neighboring coal stra ta  suggested  a coinciden t 
form ation  of the oil as an in term ed iary  p roduct betw een  
v egetatio n  and coal and  th a t subsequen t geological 
conditions of h eat and pressure forced out the liquid 
h ydrocarb on s form ing th e oil deposits as th e y  now 
appear. T h is view  of its  origin is sup ported  b y  recent 
exp erim en tal evidence. P ic te t and B o u v ie r1 dis
tilled  M o n tram b ert (Loire) coal under 1 5 -1 7  mm. 
pressure, and fractio n ated  th e tar. T h e y  iso lated  tw o  
hydrocarbon s, C10H20 and C UH 22, w hich th e y  foun d to 
be id en tical w ith  h ydrocarb on s sep arated  from  C an a-

• Ber. d. chem. Gts., N ov.. 1913, 3342.

dian petroleum . A fter  g iv in g  th e closely  agreeing 
values as to specific g ra v ity , m olecular w eights, and 
refra ctive  indices, th e y  sum m arized the com parison 
as follow s:

“ V ergleich t man nun die von  M a b ery  engegebenen 
E igen sch aften  dieser beiden F rak tion en  m it dienen 
unserer K ohlenw asserstoffe C10H20 und C21H22 aus 
dem  V aku u m teer, so sieht m an ; dass sie sich ebenfalls 
fa st genau decken. D ie U eberein stim m ung ist eine 
so gu te, dass m an daran n ich t zw eifeln  kan n, dass 
es sich n ich t m ehr um  isom ere, sondern um  identische 
K örp er handelt, und dass im  can adischen  P etroleum  
un d im  V ak u u m teer der Stein kohle vo n  M o n tram b ert 
dieselben K ohlenw asserstoffe C10H20 und C21II22 v o r
handen sind. M it andren W orten  w erden durch 
V ak u u m d istilla tio n  gew isser Stein kohlen  K örp er ge
wonnen, die sich andersw o als B estan d teile  gew isser 
E rdöle vorfinden. Som it ist zum  ersten M al ein 
chem ischer Z usam m enhang zw ischen den beiden N a tu r
p rod u kten  auf experim entellen  W ege d a rg eta n .”

T h e last im p o rta n t sta tem en t m a y be tran slated  
as follow s:

T h erew ith  for th e first tim e is a chem ical connection 
b etw een  b oth  these n atural p roducts (coal and petro
leum ) established b y  experim ent.

T h e com plete absence of the series C„H 2„ + 2 is 
n ot unusual; those h yd rocarb on s are w an tin g in m ost 
h e a v y  varieties, b u t th e series C„H 2„ is m ore fre
q u en tly  present. In com position, M ahon e petroleum  
e v id e n tly  stan ds b etw een  varieties w ith  th e so-called 
paraffine base, such as P en n sy lva n ia  and  Ohio on the 
one hand, and those w ith  an a sp h altic  base such as 
th e  T exa s and C aliforn ia  varieties on th e  other. T he 
absence of paraffine is significan t since it  shows th a t 
th e oil as orig in ally  form ed has all been con verted  into 
series w ith  less hydrogen . L ikew ise th e absence of 
asp h a ltic  con stitu en ts is significan t as in d icatin g  th a t 
th e changes in  form ation  h a ve  n ot been such as to 
include these bodies poorer in hydrogen , eith er through 
th e a gen cy  of h eat or pressure, or b y  th e prolonged 
action  of sulfur on the atm osphere, w hich no doubt 
are concerned w ith  th e  form ation  of n atural asphalts.

T h e determ ining influence of sulfur and oxygen  in 
the p rim ary  form ation  of th e  principal con stituen ts 
of petroleum  e v id e n tly  can n ot be d isregarded in a t
tem p tin g to  accou n t for their origin. A s m entioned 
above, th e h e a v y  varieties of petroleum  dissolve 
sulfur to  th e  exten t of three per cen t of th eir w eight. 
I foun d th a t  one v a r ie ty  of T exa s oil, th e “ H um ble 
C rude, ”  contain ed th ree per cen t of sulfur, th e greater 
p a rt as th e  elem ent in m echanical solution. M uch 
th e  larger proportion  of th e w orld ’s su p p ly  of petroleum  
contain s sulfur in considerable q u an tities, in part, 
in th e  form  of h yd ro carb on  d eriva tive s, such, for ex
am ple, as com pounds of th e  series C „H 2„S w hich were 
iden tified  in th is la b o ra to ry  as con stitu en ts of Ohio, 
In d ian a, and C an ad ian  petroleum .

In  a paper published  several yea rs ago I expressed 
th e opinion w hich w as q uoted b y  E n gler in “ D as 
E rd ö l,”  th a t petroleum  con tain in g sulfur p ro b a b ly  had 
its  source in organic rem ains of anim al origin. B u t 
m ore recent s tu d y  of th e relations of sulfur and p etro
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leum hydrocarbons esp ecially  in connection  w ith  crude 
oils from  th e T exas fields m akes it  plain  th a t  a n y  pe
troleum m ay con tain  sulfur w h atever its  origin, pro
vided it com es in co n tact w ith  n ativ e  sulfur which is 
widely distributed.

As is well know n  a n y  h yd ro carb on  h eated  w ith  su l
fur loses hydrogen  and evo lves H2S; if the hydrocarb on  
be of the series C „H 2„ + 2 it  is p re tty  certain  under 
carefully regulated  conditions th a t the h yd ro carb on  
nucleus w ill com bine w ith  m ore of th e sulfur b u t 
this feature of its  action  has n ot been fu lly  verified. 
In the stu d y  of th e h yd rocarb on s distilled  from  coal 
b y  P icte t and B ou vier it  w as foun d th a t H»S w as 
evolved when th e h yd rocarb on s were heated  w ith  su l
fur and th a t sulfur d eriva tive s  were form ed. On 
account of th e in sta b ility  of th e  sulfur d eriva tive s  of 
the hydrocarbons, unless special care is exercised, 
it is probable th a t  th e prin cipal products should be 
hydrocarbons poorer in  hydrogen , such as th e series 
C„ H2„, C k H2„ — 2, C „H 2 „-4 , th a t  con stitu te  the 
main body of petroleum . T h e  form ation  of the great 
.quantities of hydrogen  sulfide th a t escape from  m any 
oil wells takes place freely  under th e  influence of heat 
and pressure; it  m ay  be b y  sim ple co n tact under pres
sure in long geological periods. E xp erim e n tally  b y  
prolonged h eatin g w ith  sulfur th e ligh ter h ydrocarb on s 
m ay be con verted  in to  solid  asphalts.

All n atural asphalts con tain  sulfur to  a greater or 
less extent, and in v iew  of its  rea d y  action  on th e h y d ro 
carbons it  is safe to  conclude th a t it  has had m uch to 
do with th eir form ation . W h a t m ost im presses a 
visitor to  th e great asp h alt lak e  on th e  Islan d  of T rin i
dad, is th e question as to  its  form ation . On observing 
close a t hand, how ever, num erous petroleum  wells 
with a large o u tp u t, and bearin g in m ind th e large 
am ounts of sulfur contain ed  in  these im m ense beds 
of semi-solid b itum en , th e answ er is n ot fa r to  seek.

The in stab ility  of th e  petroleum  h ydrocarb on s in 
presence of air is a m a tter of com m on ob servation  
in the m anipulation  of crude oil and its  products. 
In lighter refined oils on stan din g color reappears. 
During distillation  th e h eavier con stitu en ts increase 
in gra vity , fin ally  form ing asp h altic  residuum  and coke. 
The difficulties arising from  th is influence of oxygen  
are the m ost perplexin g of all th a t beset th e arduous 
duties of the refiner. T h is action  of oxygen  on the 
hydrocarbons is ta k en  a d v a n ta g e  of in th e B ye rley  
process for th e  conversion  of residuum  in to  hard  as
phalts b y  passing air th rou gh  th e residuum  a t care
fully regulated  tem peratures. E v id e n tly  all changes 
of this n ature w ith  oxygen  as w ith  sulfur depend on 
the abstraction  of h yd ro gen ; it  is d ou b tfu l w hether 
under these conditions oxygen  enters a t all into  com bi
nation w ith the h yd ro carb on  nucleus.

While a fu ll exp lan ation  of the origin of petroleum  
should include a plausible source of all its constituen ts, 
sulfur and nitrogen d eriva tives, phenols, acids, and 
arom atic hydrocarbon s, th e fu n dam en tal dem and is 
for a clear statem en t based on exp erim ental d a ta  con
cerning the principal series of hydrocarb on s. T h e 
unquestionable source of th e petroleum  h ydrocarb on s 
is organic rem ains eith er of vegetab le  or anim al origin,

it  m atters little  w hich, for eith er is exp erim en tally  
know n to  y ield  h ydrocarb on s b y  decom position. 
In  one section  of oil te rrito ry  it  m ay h a ve  been th e 
enorm ous grow th  of th e  carboniferous age th a t ga v e  
th e coal; in other sections it  m ay h a ve  been th e ex
ten sive beds of sea weeds, and in still another th e or
ganic rem ains of the great masses of shells th a t  h a ve  
form ed th e lim estones and dolom ites.

R eichen b ach  w as the first to recognize th e presence 
of paraffine in the p roducts of decom position  of organic 
m atter, and it  has since been freq u e n tly  ob ta in ed  w ith  
its  low er congeners from  various anim al and v egetab le  
sources. B reakin g dow n of paraffine in to  low er m em 
bers of th e sam e series under th e influence of heat 
and pressure w as ob served  b y  T h orp e, and no d ou b t 
th is experim ental form ation  is a close du plicate of 
sim ilar changes produced in long periods of tim e under 
n atu ra l agencies. E v e n  when h eated  w ith  exposure 
to  air, paraffine gra d u ally  breaks dow n to  low er h y d ro 
carbons. I t  is certain  th a t  these changes arc not 
possible in the reverse order, th a t  is, th e  production  
of paraffine from  low er hydrocarb on s. In such m olecu
lar decom positions b y  a sim ple b reak  in th e h yd ro carb on  
chain, a paraffine h yd ro carb on , for exam ple, C25H52, 
should g iv e  one C12H26, and one C13H28, or b y  sim ple 
loss of h yd rogen  it  should g iv e  C25HM of th e series 
C„H 2„_ 4. E v id e n tly  in  such decom positions oth er 
bodies are form ed even proceeding as fa r as m arsh 
gas. A  great v a r ie ty  of such changes are exp erim entally  
possible esp ecially  w ith  th e  aid of sulfur or atm osp heric 
o xygen , and in th e earth  w ith  the a id  of n atural heat 
and pressure, y ield in g as final products th e  asphalts, 
or proceeding d irectly  from  ve g e tatio n  to  th e beds of 
coal. T hese changes togeth er w ith  possible e v a p o ra 
tion  doubtless explain  w h y  th e  series C„H 2„ + 2 is 
not foun d in th e  heavier varieties of petroleum .

In stu d y in g  th e ch aracteristics of these series as 
th e y  appear in extended d istillatio n  up to th e b reakin g 
p oint, togeth er w ith  th e ir  b eh avior to w a rd  oxygen  
and sulfur, one can h a rd ly  escape th e con victio n  th a t 
th e  h ydrocarb on s w hich con stitu te  th e m ain b o d y  of 
all varieties of petroleum  h a ve  been form ed from  organic 
m atter in n a tu re ’s la b o ra to ry  b y  these progressive 
changes. C erta in ly  a n y  a ttem p t to  accou n t for the 
origin of petroleum  m ust be based on its  com position 
w hich includes p rin cip ally  th e  series of h ydrocarb on s 
ab o v e  m entioned, and th e  fa c t th a t  changes in cornpo- . 
sition are a lw ays in th e direction of th e low er series 
and low er m em bers, w ith  loss of hydrogen .

In  th e origin of M a'none petroleum  th e  influence of 
sulfur w as precluded, for th e oil is p ra ctica lly  free from  
th is elem ent. B y  reason of th e shallow  depths of the 
porous s tra ta , co n tact w ith  air w as possible w ith  its 

''influence in rem ovin g hydrogen , b u t th is action  did 
n ot continue b eyon d  th e  form ation  of th e  few  series 
of h ydrocarb on s w hich th e crude oil contains, since 
th e oil is free from  th e  asp h altic  h ydrocarb on s. T h ese * 
porous conditions were likew ise fa vo ra b le  for th e es
cape of th e h ydrocarb on s C „H 2„ 4 - 2 and C „H 2„. Its  
p ro x im ity  to  th e  coal, its  shallow  occurrence, and th e 
experim ental results of P ic te t and B o u vier are p re tty  
conclusive evidence th a t th e  oil w as exuded  from  th e
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coal doubtless lon g subsequent to  its  form ation , and 
perhaps w ith  la ter  changes in com position. T h is 
connection  betw een M ahon e petroleum  and the n eigh
b oring coal w ill receive fu rth er a tten tio n  in this lab o ra 
to ry , togeth er w ith  the p roducts of d istillation  of the 
n atu ra l asphalts.

On a ccou n t of th e sim ple com position  of M ahone 
petroleum  and its freedom  from  deterioratin g  bodies 
it  is esp ecially  ad ap ted  for the prep aration  of superior 
lu brican ts. In th e absence of gasoline and kerosene 
hydrocarbon s, paraffine or other crysta llin e bodies, 
w ith  due precaution s, d istillates m ay be ob tain ed  w ith 
extrem ely  low  cold tests. So long as th e h ydrocarb on s 
C „H 2 h- 4 rem ain  in ta c t th e y  co n stitu te  th e m ost 
durable b o d y  in lu brication  th a t it  is possible to  pre
pare from  petroleum . , T h e ligh ter h yd rocarb on s of 
th e series C „ H 2 „ _ 2 w ith low er v isco sity , io o °  to  1 2 5 0, 
h a ve  sim ilar qualities. T h is  petroleum , therefore, 
y ield s a ran ge of lu b rican ts esp ecially  a d ap ted  for deli
cate  m echanism  from  a chronom eter to  a sew ing m a
chine, and th e y  are w id ely  in use as prepared b y  the 
E ag le  L u b rica n t M a n u factu rin g  C om p an y.

W ith  reference to  th e form ation  of petroleum  in 
general, no addition al evid en ce concerning its geological 
occurrence has been forth com in g w ith in  recent years. 
M ore extended  know ledge as to  its  com position  and 
th e relations of its con stitu en ts h a v e  an im p o rtan t 
b earin g on its origin. A ll published results and opinions 
bearin g on th e chem ical aspects of its  origin were recen tly  
th o ro u g h ly  review ed  b y  E n g le r ( “ D as E rd o l” , L eipsic, 
1912). T h e th e o ry  of its  form ation  from  carbides, 
suggested  b y  M endel^eff and m ore fo rcib ly  presented 
b y  M oissan and accep ted  ten  years ago as a plausible 
th eo ry, is n ow  gen erally  considered as in v o lv in g  too 
m any hypo th eses and subsequen t changes. E arlier 
view s of th e  tran sp o rtatio n  or m igration  of petroleum  
from  the place of its  origin to  other stra ta  are no longer 
gen era lly  accep ted . F iltra tio n  w as possible of the 
th in ner varieties. T h a t Ohio and In d ian a  petroleum  
w as form ed from  th e rem ains of shell fish coinciden t 
w ith  th e form ation  of its  T ren ton  lim estone h a b ita t 
as a b ly  m ain tained b y  O rton adm its of no other ex
p lan ation . T h e sam e m ay be said of H u n t’s view s 
as to  th e form ation  of petroleum  in th e C orniferous 
lim estone.

U nder th e term  bitum en  is included  n atu ral gas, 
p etroleu m , n atural asp h alts, and coal— th e “ organ oids”  
(E n g ler)— w ith  a closer s im ilarity  betw een  th e m em bers 
of the group th a n  has been h ith erto  a d m itted , esp ecially  
in th eir prim al evolu tion . I t  seem s ev id en t th a t the 
form ation  from  ve g e tatio n  of P en n sy lva n ia  petroleum  
as well as of other sim ilar oils w hich consist m ain ly  
of th e  hyd ro carb on s C „H 2n + 2, w as accom pan ied  b y  
less chem ical change th an  th a t  of other varieties. 
T h e  v egetab le  m a tter first ga v e  paraffine as the princi
pal prod u ct, w hich b y  n atu ral agencies b roke dow n 
in to  low er hydrocarbon s. T h en  P en n sy lva n ia  pe
troleum  w as not su b ject to  th e  actio n  of sulfur w hich 
has been e v id e n tly  an a ctiv e  agen t in the form ation  
of the h eavier varieties.

B etw een  the P en n sy lva n ia  ty p e  of petroleum  and 
th e  asphalts and coals there are all stages of va riatio n

in com position  resu lting from  th e greater or less chem 
ical changes in th e p rim ary series of hydrocarbon s. Since 
sulfur is associated  w ith all th e heavier varieties of 
oil, asphalts, and coal, as well as a p a rt of th eir com 
position, from  w h at is know n concerning its action 
on th e hydrocarb on s, it  is difficult to escape th e  con
viction  th a t th is elem ent w as larg e ly  in stru m en tal in 
form ing the series of h yd rocarb on s poorer in  hydrogen 
th a t  con stitu te  th e prin cipal b o d y  of all these natural 
products. O n ly a m oderate increase in  tem perature 
is necessary for its action, and such tem peratures 
are q uite sufficient to  accou n t for th e loss of hydrogen 
even  to  carbon ization  as in th e  form ation  of coal. 
B u t since in th e coals are still to  be foun d petroleum  
h yd ro carb on s, th e  sim ilar origin of coal and a t least 
som e varieties of petroleum  is ev id en t. U n questionaby 
th e  v a st deposits of oil in T exa s were form ed in a m anner 
analogous to  those in P en n sy lva n ia , p ro b ab ly  from 
v egetab le  m atter and  th a t  th rough  th eir association 
w ith  exten sive beds of sulfur, th e  series C„H 2„ + 2 
disappeared com p letely  b y  conversion  into  th e  series 
w ith  less h yd ro gen  in cludin g th e a sp h altic  h yd ro
carbons.

In  th e im m ense fields of C aliforn ia  of m ore recent 
origin where th e oil con tain s large proportions of n itro 
gen and su lfur com pounds, arom atic  hydrocarbon s, 
and an excep tio n ally  large proportion  of asphaltic  
bodies, there is good evidence of th e action  of sulfur. 
W ith  reference to  th e large am ou n t of n itrogen  com 
pounds contain ed  in C aliforn ia  petroleum , th e y  could 
e v id e n tly  h ave been form ed from  ve g e ta tio n  and their 
presence m a y be exp lained  b y  th eir recent origin of 
w hich there is u n do u b ted  evidence in som e of th e C ali
forn ia  fields. T h a t  th e  older oil deposits in P en n syl
va n ia  and T exa s contain  on ly  v e ry  sm all proportions 
of n itrogen  com pounds, m a y h a v e  resulted  from  the 
b reakin g up of these com pounds and th eir disappearance 
in th e  longer periods of tim e. T h e sw arm in g m aggots 
th a t h a ve  been observed in som e C aliforn ia  petroleum  
are doubtless th e result of b acteria l action  on th e prod
ucts of d ecayed  v egetatio n . It, therefore, seems 
ev id en t th a t th e origin of C aliforn ia  petroleum  must 
also be looked for ch iefly, if n ot en tire ly , in the decay 
of ve g e tatio n  and th a t  th e hyd ro carb on s of which 
C aliforn ia  oil now  consists were form ed prim arily 
from  th e series C „H 2„ + 2 b y  loss of hydrogen .

A t  a n y  rate, w h atever conclusion  is reached as to 
th e source of th e bitum ens, it  m ust be in accordance 
w ith  th e  p red om in atin g ch aracteristic  of th e h yd ro
carbons to lose hydrogen  and to  b reak  dow n from  those 
m ost h ig h ly  h ydrogen ized  th rough  low er series to 
th e asph alts and even  to coal. I t  should  also account 
for a closer relationship  in origin b etw een  th e deposits 
of coal, asph alts and petroleum  th a n  has h ith erto  been 
recognized.

W hile these view s are e v id e n tly  in som e respects 
a t va rian ce  w ith  those form erly  expressed, if as it 
seem s plain, th e  origin  of petroleum  as w ell as of the 
other b itum en s, is to  be exp lained  m ore d ire ctly  on the 
basis of its  com position, and th e chem ical changes to 
w hich it has been su b jected  in, and since, its  evolution  
from  organic m atter, th e question  as to  its  h isto ry  is
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divested of m any com p licatin g  assum ptions, and g rea tly  
simplified.

I should ackn ow ledge m y ob ligation s to  M r. Jam es 
Graham  for assistance in the exp erim ental w ork of 
this paper.

C a s k  S c h o o l  o f  A p p l i e d  S c i e n c e  
C l e v e l a n d . O h i o  .

THE PR EPARATIO N  OF M ETA LLIC CO BALT B Y  RED U C
TIO N  OF TH E OXIDE1

B y  H e r b e r t  T . K a l m u s

In connection w ith  th e  w ork on co b alt it has been 
necessary to prepare considerable q u an tities of th e 
metal in as pure a sta te  as possible. N ea rly  1000 
pounds of com m ercial b la ck  co b alt oxide h ave been 
given to  this lab o rato ry  for these researches b y  the 
Deloro M ining and R edu ctio n  C o. of D cloro, O ntario, 
to whom  we ta k e  th is o p p o rtu n ity  of expressing our 
thanks.

The w riter wishes to  ackn ow ledge th e w ork of M essrs. 
C. H arper, W . L. S aveli, C . W . D a y  and R . W ilcox, 
who, in th e c a p a city  of research assistants a t these 
laboratories, h a ve  done m ost of th e a ctu al exp erim ent
ing. T o  Professor S. F . K irk p a tr ic k  of th e D ep a rt
ment of M e ta llu rgy , Q ueen’s U n iv ersity , th a n ks are 
due for m any va lu a b le  suggestions.

The process for th e p rep aration  of fa ir ly  pure cob alt 
oxide has been v e ry  com p letely  w orked out, and has 
been practised  on a large scale a t several C an adian  
smelters. F or th is reason th e  oxide w as chosen as a 
raw m aterial from  w hich to  prepare th e m etal. A s 
the w ork progressed, it  becam e m ore and m ore ap 
parent th a t som e' of th e  uses for co b alt w hich were 
being dem on strated  a t th ese lab oratories and else
where, w ould lead to  th e  p rep aration  of th e m etal in 
large quantities. H ence, it  becam e of increasing im 
portance th a t  th e m eta llu rg y  of th e p rep aration  of 
the m etal from  the oxide be studied, and th is has been 
done w ith greater care th a n  w as n ecessary m erely 
for the production  of th e q u an tities required for ex
perim ental purposes. T h ere are four im p ortan t re
ducing agents for ob tainin g m etallic  co b alt in reason
ably pure form  from  com m ercial co b alt oxide. T h e y  
are: I, C arb on; II , H yd rogen ; I I I ,  C arb on  M onoxide; 
IV , Alum inum .

The C03O1 used2 for these experim ents w as m ade 
from cobalt h yd ra te , p recip itated  b y  b leach  from  a 
cobalt chloride solution. T h is h yd ra te , in con tact 
with the atm osphere, is greenish b la ck  in color. It  
was calcined a t 750° C., y ie ld in g a b la ck  oxide 
of approxim ately  th e  com position  C03O4. T h is is 
shown b y th e follow ing an alyses, m ade at w id ely  
different tim es, w hich are ty p ic a l of a large num ber:

1 A uthor’s ab strac t of repo rt under the  above title  to  the  C anadian  
D epartm ent of M ines. Published by  perm ission of the  D irector of M ines, 
O ttawa, C anada. T he general investigation  of th e  m etal cobalt and Sts 
alloys, with reference to  finding increased com m ercial usages for them  is 
being conducted a t  the  School of M ining, Q ueen 's U niversity , K ingston, 
Ontario, for the M ines Branch, C anada D epartm en t of M ines.

a or a consideration of the  various oxides of cobalt, including the  proof 
that the black oxide used for these reductions was largely C03O 1, sec the 
following article, page 115.

A n a l y s e s  o p  P u r i i ' i e d  C o b a l t  O x i d e  ( P e r c e n t a g e s )

June, 1912 N ovem ber, 1912 A pril, 1913
C o .........................................  71 .99  71.52 72.3
F e .......................................... 0 .11 0 .27  0 .1 0
N i .......................................... 0 .040  0 .020  T race
S ............................................  0 .020  T race  0 .052  •
C a .........................................  0 .030  . . .  0 .15
SiO i......................................  0 .1 9  0 .1 8  0 .39

T h e oxides corresponding w ith  th e th eoretical fo r
m ulas w ould h a ve  co b alt con ten t as fo llow s:

F orm ula  Percentage, cobalt
C02O3...................  71.1
CojO<  .........................  73 .4
C o g O t ................... 7 6 .0
C oO ............ .........................  78 .8

I t  is ob vious then, when we ta k e  in to  a ccou n t the 
portion of th e sam ple w hich is n ot co b alt oxide, th a t  
th e oxide itse lf is large ly  C03O4. I t  is jnot n ecessary
for th e purpose of our calcu latio n s to assum e th a t  this
oxide alone is present, for we shall base our com pu
tation s upon th e  a ctu al an alyses as we h a v e  found 
them . H ow ever, in w ritin g  th e  reactions th rou gh ou t 
th is paper, we shall, for sim p lic ity , consider th e oxide 
to  be C03O4.

. P U R IF IC A T IO N  O F C O B A L T  O X ID E

C o b alt oxide as we ob tain ed  it  from  th e  sm elters, 
and as sold on th e m arket, an a lyzed  ap p roxim ately
as follow s:

B arrel 1 Percentages B arrels 3 and  4 Percentages
C o ....................... . . .  70 .36 C o .................. ......... 69 .2
N i....................... . . .  1 . 1 2 N i.................. .........  1.4
F e ....................... F e .................. .........  0 .5 0
S .......................... . . .  0 .45 C aO .............. .........  0 .37
A s....................... . . .  0 . 1 0 S ..................... .........  0 .5 4
S iO ..................... . . .  0 . 2 0 In so lu b le .. . .........  1.46
C a ....................... . . .  0 .50 A g ..................

A n alyses, of - course, v a r y  considerably from  one 
shipm ent to  another; th e ab ove sam ples are high in 
Fe, S and C a, and w ould  be considered b y  m ost sm elters 
as N o. 2 grade.

M eta l produced from  oxide a n a lyzin g  as above, b y  
th e m ethod to be described, is of sufficient p u rity  for 
m ost purposes. T h is  is esp ecially  true if lim e be 
added to  th e  m elt to  slag off th e sulfur. H ow ever, 
for other purposes m etal is required in w hich th e  im 
purities, n ickel, iron, sulfur, arsenic and silica, are 
reduced to  v e ry  sm all percentages. In  th is case it  is 
best to  rem ove these im purities from  th e  oxide before 
reduction. S ta rtin g  w ith  a crude co b alt oxide, these 
im purities m ay be reduced as fa r as is desired b y  th e 
follow ing procedure:

s i l i c a — D issolve th e  crude oxide in  h yd ro ch loric  
acid  according to  th e reaction:

C03O4 8H C 1 — 3C0CI2 -f- 4H2O -f- CI2 

T h is  m a y be done best b y  h eatin g  and a g ita tin g  w ith  
steam . If silica is present, it  w ill n ot d issolve, and m ay 
be rem oved  b y  filtration  or decan tation . T h e  sam e is 
tru e of silicates w hich are n ot decom posed b y  th is 
treatm en t. D ecom posable silicates w ould  send a 
certain  am ount of silica in to  solution, w hich w ould be 
throw n  out during th e n ext step.

i r o n  a n d  a r s e n i c — T o  th e co b alt chloride solution  
form ed b y  d issolvin g th e oxide in h yd ro ch loric  acid,
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gra d u ally  add finely  d ivid ed  C a C 0 3 or pure m arble, 
until no fu rth er p recip itate  is form ed. T h e  h e a v y  
brow n m ud p recip itated  contain s the iron and arsenic 
con ten t of th e  original oxide.

n i c k e l — F or m ost purposes it  w ill n ot be n ecessary 
to sep arate  th e  sm all am ount of n ickel from  th e cob alt, 
b u t it  m ay  be done as follow s: T h e  co b alt chloride
solution, con tain in g a certain  am oun t of n ick el chloride, 
is of an intense red or claret color. A d d  a solution 
of b leach to  th e solution  un til it  has a lm ost com p letely  
lost its  color. T h e  bleach solution  d ifferen tially  pre
cip ita tes h yd rates of n ickel and cob alt, so th a t  the 
n ickel is not ap p reciab ly  b rou gh t dow n until the 
co b alt has been alm ost en tire ly  precip itated.

T h e bleach will p recip ita te  a b lack  h y d ra te d  
oxide of cob alt, and the dim inishing redness of the 
solution  w ill in d icate the end point. If  all of the 
steps above outlin ed  h a ve  been applied  to  th e original 
oxide, th is final b la ck  p recip itate  m ay be calcined  at 
a b ou t 750° C ., to  y ie ld  b la ck  C03O4.

s u l f u r — A n y  sulfur present in  th e original oxide 
and carried th rough  to  the final p roduct, or introduced  
w ith  the b leach, m ay be rem oved b y  boiling th e  final 
dried oxide w ith  sodium  carbon ate and dilute h y d ro 
chloric acid. T h e  reaction  is:

C aS O j +  N a 2C 0 3 = N a 2S 0 4 +  C a C 0 3

T h e soluble sodium  sulfate form ed is w ashed ou t w ith  
w ater. A  fu rth er w ashing is g iven  w ith  d ilute h y d ro 
chloric acid, w hich decom poses th e calcium  carbon ate 
in to  soluble calcium  chloride and C 0 2 gas. T h e C a C l2 
is w ashed ou t w ith  w ater. T h is m ethod is, of course, 
applicab le on ly  for th e rem oval of th e sm all per
cen tages of C a  and S foun d in th e oxides in question.

A  shipm ent of oxide from  th e  sm elter w as an alyzed  
before and a fter trea tm en t b y  th e ab o v e m ethod, w ith 
th e  fo llow ing results:

Percentages Before A fter
C o .................. . . .  70 .36 71.99
N i ................... . . .  1 . 1 2 0.041
F e ................... . . .  0 .82 0 . 1 1
S ...................... . . .  0 .45 0 . 0 2 0
C a .................. . . .  0 .50 0 . 0 2 1
A s................... . . .  0 . 1 0 N one
SiOs................ . . .  0 . 2 0 N one

T h ere are other ob viou s m ethods of p u rify in g  the 
C03O4. F or exam ple, th e bleach solution  m ay be freed 
of its  SO4 con ten t w ith  B a C l2, and th e  C a  and excess 
B a  p recip itated  w ith  N a 2C03, th us y ield in g a fa ir ly  
pure solution  of soda bleach. T h e  SO4 con ten t of the 
C0CI2 solution m ay be p recip itated  w ith  B a C l2 and the 
differen tial precip itation  of co b alt and nickel accom 
plished w ith  th e purified solution  of soda bleach.

I — R E D U C T IO N  O F C O BA L T O X ID E  W IT H  C A R B O N

m e t h o d  o f  e x p e r i m e n t — T hese experim ents all 
consisted in in tim a te ly  m ixing defin ite am ounts 
of finely  d ivid ed  carbon in variou s form s w ith  C03O4, 
and h eatin g  th e m ixture to  con stan t tem p eratu re for 
a m easured tim e. T h e  charges em p loyed  varied  in 
size from  a few  gram s to  10 lbs., and  were h eated  in 
lined and unlined grap h ite  crucibles, and in porcelain  
crucibles.

f u r n a c e s — T h e reduction  to o k  place eith er in an

oil-fired “ S te e le -H a rv e y ”  fu rn ace of 60 pounds, metal 
ca p a c ity . N o. 20 crucible, w hich could be controlled 
a t a n y  tem p eratu re up to  1550° C ., or in  a modified 
H oskins electric resistor furnace. T h is  la tte r  has a 
h eatin g cham ber, 8 inches cube, w hich can be main
ta in ed  con stan t to  w ith in  a b ou t 10-20° C ., at any 
tem p eratu re up to 1650° C . Som e of th e sm all charges 
were run in porcelain  crucibles h eated  w ith in  an electric 
resistor furnace.

T h e  reactions for the reduction  of co b alt oxide with 
. carbon are:

(1) C ojO j +  4 C  =  3 C o +  4C O , 
and (2) C03O4 +  4C O  =  3C0 +  4 C 0 2; 

or, com bin ing (3) 2C03O4 +  4 C  =  6C0 +  4 C 0 2.

If all th e oxygen  for th e  oxidation  of th e carbon be 
supplied  b y  th e  co b alt oxide, and if all the carbon  be 
burned to  CO2 then  the reaction  goes accordin g to  the 
last equation.

In  practice, n either of these conditions is strictly- 
ob tained , b u t w ith  proper design of fu rn ace th e y  m ay 
b e closely  approxim ated .

t h e  r u n — In  each case the charge w as m ade up by 
in tim a te ly  m ixing a w eighed am ount o f fin ely  divided 
oxide w ith  a w eighed am oun t of finely groun d carbon. 
T h is m ixture w as p laced  in  th e crucible, w hich, w ith its 
charge, w as placed eith er in th e S tee le -H a rv ey  oil 
fu rn ace or in th e electric furnace. T h e m ixture was 
freq u e n tly  stirred  w ith  an iron rod durin g th e reduction.

t h e  c a r b o n — T h e form  of carbon  chosen for the 
reduction, w hether pow dered charcoal, coke, coal, etc., 
depends som ew hat upon th e im pu rities from  w hich it 
is desirable to  keep th e resu ltin g m etal free, b u t also 
th is choice g re a tly  influences th e speed of th e  reduction.

T h ree sets of experim ents were m ade w ith  pow dered 
an th ra cite  coal, w hile fu rth er runs were m ade with 
lam p b la ck  or w ith  pow dered charcoal. T h e  carbon 
w as in  all cases pow dered to  an extrem ely  fine flour.

t e m p e r a t u r e  M E A S U R E M E N T S — T em p eratu re  read
ings were m ade a t frequ en t in terva ls  w ith  a p latinum  
platinum -rhodium  therm o-elem ent, w ith  a W anner 
op tica l p yrom eter, or w ith  a F 6 ry  rad iation  pyrom eter, 
and th e furnace ad ju sted  to keep th e tem perature 
con stan t to  w ith in  a b ou t 20°.

T h e  charge w as p u t into  th e crucible w hich was 
w ith in  th e furn ace, both  crucible and fu rn ace being 
at a tem p eratu re som ew hat higher th a n  th e intended 
tem p eratu re of th e  run. Som e of th e sm allest charges 
were inserted  w ith  con tain in g crucible. I t  w as learned, 
b y  experience, for the different sizes of charge and 
qualities of crucible, a t ab ou t w h a t tem p eratu re to 
m ain tain  th e  furnace prior to inserting th e charge, 
in order th a t  th e charge m ight com e to  th e desired equi
librium  tem p eratu re, w ith  proper furnace ad justm ent, 
in a b o u t ten  m inutes. T h ere is, therefore, a period 
of abou t ten  m inutes, at th e beginning of each run, 
during w hich th e average tem p eratu re of th e charge 
is not as high as th a t  noted  w ith  th e  W ann er optical 
pyrom eter, w hich observes the surface of th e charge. 
W e satisfied ourselves th a t the cen ter of th e  charge 
w as a t th e sam e tem p eratu re as th e surface, w ithin 
20 or 30° C ., a fter the first ten  m inutes, b y  explorin g 
the cen ter w ith  a therm o-elem en t, and n oting sim ul
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taneously its readings and those of another th erm o 
element near th e surface, and  of the W anner op tical 
pyrometer.

In the follow ing runs we h a ve  n ot a ttem p ted  to 
make a correction for th e lag  in  com ing to  tem peratu re 
during these first ten  m inutes. T h is lag  w ould be 
considerably less th a n  ten  m inutes for th e  sm allest 
crucibles used, ab ou t ten  m inutes for th e  four-pound 
charges, and po ssib ly  as long as tw e n ty  m inutes in 
the worst cases, w ith  th e  ten -poun d charges.

The oxides used for the runs reported  in T ables 
I and II an alyzed  as follow s:

Pcrccntagcs

Runs A-H R I-R V III
C o ........................... ..................  71 .36 69 .2
N i............................ ..................  1.12 1.4
F e ............................ ..................  0 .82 0 .50
S .............................. ..................  0 .45 0 .54
C a ........................... ....................  0 .5 0 C aO .......... . . .  0 .37
A s................................................  0 .1 0 Insoluble. . . .  1.46
SiO j........................ ....................  0 .20 A g .............

The an th racite coal used w as v e ry  finely  pow dered. 
In the ty p ica l runs A—H, N o. 12 unlined carbon  cru
cibles were used, and th e charge w as stirred  ev ery  
ten m inutes during reduction. In  these runs no

T a b l e  I — R e d u c t i o n  o f  C o a O j  w i t h  P o w d e r e d  A n t h r a c i t e  C o a l  (A )
R u n s  A, C ,  H — H a r v e y - S t e e l  O i l  F u r n a c e  
G, B , D ,  E, F — E l e c t r i c  C r u c i b l e  F u r n a c e  

Yield of c o b a l t  
Charge Average Tim e .-------------- *--------------s

No. ,---------------- tem pera of reduc P er cent Per cent
of C 03O 4 Coal tu re tion of theo carbon in

run I/bs. Oz. 0 C. M in. Lb. Oz. retical m etal
A . . 5 8 .3 1200 90 3 1.5 87
C, . 4 6 .9 1200 30 2 12.5 98 0 .18
H . . 10 16.0 1200 105 6 9 92 0.086
G. 4 6 .6 900 150 2 13 99 . 0.21
B 4 6 .54 1200 60 2 13 99 0 .29
D . . 4 6 .9 1200 120 2 13.5 100 0 .20
E 4 6 .9 1500 60 2 11.75 96 0 .22
F . ..  . . . 4 6 .6 1500 90 2 12.7 98 0.23

A— Considerable unreduced oxide slag. C arbon used is approxi
mately the theoretical am oun t according to  reaction (3).

C— M elt free from  unreduciblc oxide slag. C arbon 10 per cent in 
excess of theoretical requirem ent.

H— 3 oz. lime added shortly  before pouring. C arbon, theoretical 
amount.

G— A t end of 2.5 hours, charge n o t com pletely reduced, b u t com pleted 
during subsequent raising to  m elting point.

T a b l e  II — R e d u c t i o n  o e  CoiO. w i t h  P o w d e r e d  A n t h r a c i t e  C o a l  (B) 
H a r v e y - S t e e l e  O i l  F u r n a c e  

R eduction 
Charge tim e to

No. . Average rem oval P er cent
of C0304 Coal tem p. of sam ple Co in R eduction

run Lbs. Oz. 0 C. M inutes sam ple(a) com plete =  100
I . . . . 10 17.5 601 R 2 82 73 .6 Very slight

I I . . . .  10 16.5 750 R36 91 74.1 Very slight
I I I . . . .  10 16.5 888 R 4b 90 73 .8 Very slight
I V . . . .  10 16.5 1057 R 5b 95 80 .8 28
V I . . . .  10 16.5 1203 R 6a 30 81 .3 30

R6& 49 9 3 .0 74
V II .. . .  10 16.5 1283 R 7a 31 91.1 70

R76 47 93 .9 77
V III.. . .  10 17.4 1502 1 11 76.7 12

2 16 81 .8 32
3 21 9 1 .0 66
4 26 93 .9 77
5 31 93 .9 A pparen tly  som<
6 36 9 1 .8 oxidation

(a ) l  hesc analyses are for cobalt, nickcl and  iron com bined, of which 
about 97 per cent was cobalt, as m ay be seen from the analysis of the  original 
oxide. Carbon analyses were of course m ade, and  the percentage of cobalt 
given in th is  colum n takes in to  account the residual carbon.

a ttem p t w as m ade to  show  the progress of the re
duction, b u t a t th e close of th e run th e  charge w as 
raised as rap id ly  as possible to  the m eltin g point and 
the m elt poured into  an iron m ould to be w eighed. 
C on siderable reduction  m ust ta k e  place during the 
in terval of m elting the charge a fter th e close of th e run. 
T h e purpose of these p articu lar runs w as to  s tu d y  
the yields under som ew hat th e sam e conditions which 
m ust necessarily ob tain  in p ractice. In  th e runs
I—V I I I , N o. 20 unlined carbon  crucibles were used; 
no a ttem p t w as m ade to o b ta in  a yield . T h e y  are 
intended to show  the progress of th e reduction.

It  w ill be n oticed  in th e ab o v e runs w ith  pow dered 
a n th racite  coal th a t th e  reductions are extrem ely  low . 
I t  was, therefore, th o u gh t ad visab le  to  check  these 
runs w ith  experim ents on a v e ry  sm all scale in porcelain  
crucibles, in such a m anner th a t there could be no doubt 
as to  the tim e during w hich the charge w as m aintained 
at th e tem p eratu re in  question.

A  num ber of such runs w as m ade w ith  a th e rm o 
elem ent near th e cen ter and a t th e outside of the charge. 
In  th e sm all furnace used, the crucible w ith  its  charge 
cam e to tem peratu re in a v e ry  few  m inutes, so th a t the 
outside and inside therm o-elem en t agreed to  w ithin  
20° C. A p p ro xim ate ly  th is condition  was m ain
tained  th rou gh ou t the run.

T h e results of th e previous runs w ith  pow dered 
an th racite  coal were confirm ed b y  these sm all scale 
runs, and a sa tisfa cto ry  com plete reduction  could 
n ot be obtained  a t tem peratures m uch below  1200° C.

R E D U C T IO N  OF CO 3O 4 W IT H  P O W D E R E D  C H A R C O A L

F u rth er experim ents were tried  on th e reduction  of 
C03O4 w ith v e ry  finely pow dered charcoal. A  large 
num ber of these ga v e  fa irly  concordan t results, w hich 
showed a greater reduction  a t all tem p eratu res th an  
th e  corresponding pow dered a n th racite  coal runs.

W ith o u t g iv in g th e  d etails of ab ou t tw e n ty -five  
runs, it  m ay be said th a t com plete reduction  w as 
obtained  w ith  from  20 to  30 per cen t excess of pow dered 
charcoal, at 900° C . or over, in , less th a n  an hour. 
A t  1000-1100° C ., the reduction  w ith  pow dered ch ar
coal w as v e ry  m uch more rap id  th a n  a t 900° C ., 
often  com pletin g itse lf in less th an  10 m inutes. Of 
course, th e tim e required depends, to  som e extent, 
upon th e  size of th e  furnace and charge.

R E D U C T IO N  OF CO 3O 4 W IT H  L A M PB L A C K

E xp erim en ts on the reduction  of C03O4 w ith la m p 
b la ck  were tried  w ith  results id en tica l w ith  those on 
the reduction  of C03O4 w ith pow dered charcoal.

b r i q u e t s — E xp erim en ts on th e  reduction  of C o304 
w ith  pow dered charcoal were tried , form ing th e charge 
into  briquets. A  sm all1 p ercen tage of m olasses w as 
used as a binder. These experim ents were m ade 
under th e sam e furnace and tem p eratu re conditions 
as those on th e  reduction  of C03O4 w ith pow dered 
charcoal in b u lk . Seven such runs showed, throughout, 
th a t  th e reduction  w as n ot v e ry  different in its v e lo city  
from  th e corresponding runs w ith  pow dered charcoal, 
a lthough th e difference was u n ifo rm ly in fa v o r  of 
th e b riq u etted  charges. A  sa tisfa cto ry  reduction

1 T he  molasses would correspond to the  add ition  of abou t 1 per cent 
carbon.
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could p ro b ab ly  n ot be m ade a t tem peratures below  
800-850° C ., even  b riq u ettin g  th e charges, as com 
pared w ith  900° C . for the charges in b u lk .,

T h e p rep aration  of m etallic  co b alt b y  reduction  
in b riq uets or rondelles offers d istin ct com m ercial 
a d va n ta ges in th a t  th e resulting m etal is in a salable 
form  w ith ou t fu rth er m elting and casting.

t h e  m e t a l — T h e m etal produced b y  reduction  of 
cob alt oxide w ith  carbon is sufficien tly  pure for m ost 
purposes; it  need n ot contain  more th a n  a few  ten ths 
of a per cent of carbon. T h e  fo llow ing ch aracteristic  
analyses are ta k en  a t random  from  a large num ber 
to  show  the n ature of the ipetal:

A n a l y s e s  o f  M e t a l l i c  C o b a l t  P r o d u c e d  b y  R e d u c t i o n  o f  C o m m e r c i a l  
C o b a l t  O x i d e  w i t h  C a r b o n  ( P e r c e n t a g e s )

7------ 12 8-15-12  10-10-12 10-11^12 6-11-13
C o .............................................  97 .05  98 .50  98 .84  98 .62  98 .30
N i ..............................................  1 .50 0 .65  0.61 0 .5 0  Trace
F e ..............................................  1.00 0 .5 8  0 .5 6  0 .15  1.39
S ................................................. 0 .22  0 .47  0.21 0 .2 2  0 .4 6
C ................................................... 0 .2 0  0 .22  0 .2 4  0 .13
C a ................................................  0 .25  0 .6 0  0 .2 4  0 .27  0 .58
M n .......................................................  . . .  0 .0 6
A s.........................................................  . . .  . . .  . . .  0.11
S iO j.............................................  0 .1 2  0 .1 3  0 .1 4  0 .11  0 .1 2

I t  is ob vious th a t th e oxides tak en  for reduction  
w ith  carbon were those d irectly  from  th e  sm elter, 
w hich had not been trea ted  b y  th e m ethod outlined 
ab ove to  rem ove th e im purities. T h e iron, n ickel, 
sulfur and silica  conten t could h ave been reduced 
to  mere traces b y  p u rify in g  the oxide before reduction  
in accordan ce w ith  th e m ethod given . W e h ave done 
this rep eated ly, where a pure meital w as required 
for exp erim ental purposes. I t  is, how ever, of im p ort
ance to note th a t m etal w ith  v e ry  low  carbon content 
m ay be m ade b y  d irect reduction  of th e oxide w ith  
carbon.

C O N C L U S IO N S

I. R edu ction  of C03O4 w ith  pow dered an th racite  
coal does n ot' ta k e  place rap id ly  enough to  m ake it  
com m ercially  in terestin g, either in th e oil-fired crucible 
ty p e  of furnace or in the electric crucible ty p e  of 
furnace, un til a tem peratu re in th e neighborhood of 
120 0 ° C . is reached.

II . In  eith er the oil-fired crucible ty p e  of furnace 
or in th e electric crucible ty p e  of furnace, su b sta n tia lly  
com plete y ield s of m etallic  co b alt m ay be obtained  
b y  reduction  of C03O4 w ith  pow dered a n th racite  coal, 
in th e  neighborhood of 1200° C ., for not m ore th an  
1 hour, w ith  subsequent rapid m eltin g and pouring.

I I I .  W ith  th e  oil-fired crucible furnace, using un
lin ed  grap h ite  crucibles, com plete y ield s are obtained 
w ith  pow dered a n th racite  coal o n ly  when there is 
an excess of ap p roxim ately  10 per cen t of th is latter.

IV . W ith  the electric crucible ty p e  of furnace 
used b y  us, com plete reduction  m ay b e obtained, 
using on ly th e th eoretical q u a n tity  of pow dered an 
th ra cite  coal. In  th is fu rn ace th ere is a considerable 
reduction  due to  th e  carbon m onoxide atm osphere 
caused b y  th e carbon  resistor plates.

V. B o th  in th e oil-fired and in  th e electric  crucible 
ty p e  of furnace, greater reductions of C03O4 are o b 
tain ed  using pow dered charcoal th an  w ith  pow dered 
an th racite  coal, a t corresponding tem peratures.

V I . W ith  th e oil-fired or electric crucible ty p e  of 
furnace, com plete reduction  m ay be obtained  with 
pow dered charcoal a t 900° C . or higher. For this 
reduction  a considerable excess of charcoal w as re
quired: under our conditions from  20 to 30 per cent.

V II . Pow dered lam p black  shows results in accordance 
w ith  those for pow dered charcoal.

V I I I . B riq u ettin g  th e charges w ith  an organic 
binder tends to increase the rate of reduction  a t all 
tem peratures. A  m inim um  of abou t 800° C . m ay be 
em ployed for the reduction  of C03O4 w ith  charcoal 
in th e form  of briquets as again st 900° C . for the 
sam e charge in bulk.

I X . W ith  sufficient carbon to  get a com plete yield  
of m etal, the final product need contain  on ly  about
0.2 per cent of carbon.

X . A t  th is lab o rato ry , in  an electric fu rn ace not 
esp ecially  designed for th is w ork, we reduce enough 
oxide to  m ake 56 pounds of the m etal in an eight- 
hour d ay, w ith  th e furnace absorbing 12 kw . Thus., 
on a com m ercial basis, the pow er charge for this 
reduction  w ould be sm all.

I I  P R E P A R A T IO N  OF M E T A L L IC  C O BA LT BY R E D U C T IO N

O F T H E  O X ID E  W IT H  H Y D R O G E N

m e t h o d  a n d  a p p a r a t u s .— These experim ents con
sisted in p lacin g an alundum  b oat, contain ing a weighed 
am oun t of dried cob alt oxide, in a horizon tal tube 
electric resistor furnace, m ain tainin g its  tem perature 
therein  constan t for a definite len gth  of tim e, during 
w hich a stream  of hydrogen  gas w as passed through 
th e furnace. A  schem atic sketch of th e apparatu s 
is  shown in F ig. 1.

A fter  purification , th e  hydrogen  entered  th e furnace

F ig  1— A r r a n g e m e n t  o f  A p p a r a t u s  f o r  R e d u c t i o n  o f  CotO* 
b y  H y d r o g e n

H=* H ydrogen T an k  0 « = K 0 H  Tow er Y *»Stop Cock
Ci and  Ci =  H o t Copper S ^ H jSO i W asher L  =  Leads to  Amm eter
K  =  K 2C n07 Tow er J  =  C arbon R ings and  Bus Bars

at F  and th e excess w as burned at B . D urin g th e run 
th e  exit for th e gas w as through the by-p ass P B , 
th e end Q being sealed.

T h e  h eatin g elem ent of th e fu rn ace itse lf w as a 
series of co-axial carbon  ring p lates, w hich could  be 
pressed togeth er more or less t ig h tly  b y  su itable 
screws. T h e furnace w as supplied w ith  a ltern atin g 
curren t a t 25 vo lts  from  a transform er, and could 
be controlled  a t a n y  tem peratu re up to 1350° C.

T h e details of the fu rn ace are show n in F ig . 2.
T h e tem peratu re m easurem ents were m ade b y  a
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platinum -rhodium  therm o-elem ent T h , and readings 
were taken  a t frequ en t in terva ls  on a v e ry  sen sitive 
m illivoltm eter. In  th is w ay, th e  tem peratu re was 
m aintained su b sta n tia lly  con stan t b y  hand .reg u la
tion of the screw s I. A ll tem p eratu re m easurem ents 
were m ade w ith  therm o-elem ents calib rated  at frequent 
intervals, in the usual w a y, again st know n  m eltin g 
points.

c o n d u c t i n g  a  r u n — A fte r  h a vin g  h eated  the fu r
nace to the desired tem peratu re , b y  a su itab le current 
through the carbon rings, runs were m ade as follow s:

(a) A fter closing th e cock  X , w hich separates 
the pu rify in g system  from  th e furnace, th e  air w as 
exhausted from  th e hydrogen  system  b y  opening 
cock Y ,  and op eratin g a pum p.

(b) G as burners were ligh ted  to heat copper filings 
in tubes C j and C 2.

(c) Solutions of potassium  b ichrom ate, p o ta s
sium h yd rate  and su lfuric acid  were sta rted  flow ing 
through the p u rify in g  tow ers K , 0  and S, which were 
partially filled w ith  glass beads.
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F i g . 2 — D e t a i l s  o f  E l e c t r i c  F u r n a c e  f o r  R e d u c t i o n  o f  C o sO< w i t h  
H y d r o g e n

(d) C o ck  Y  w as closed and cock  a t ou tlet of hydrogen  
tank H w as p a rtia lly  opened to  a llow  a flow of hydrogen  
into the p u rify in g  system , un til the pressure inside 
the system  w as a little  greater th a n  atm ospheric 
pressure.

(c) C o ck  X  w as now opened to allow  h yd rogen  to 
flow into th e hot furnace.

(/) F low  of h yd rogen  w as a d ju sted  b y  cock  a t o u t
let of hydrogen  ta n k  H , un til h yd rogen  burned freely  
at outlet end of fu rn ace B. D urin g th e run th e end 
Q was closed, and th e gas escaped through th e by-p ass 
P-B.

(g) W hen ad ju stm en t (/) w as sa tisfa cto ry , assuring 
an excess of h yd rogen  w ith in  the furnace, th e w eighed 
dried alundum  b oat, con tain in g th e charge of cob alt 
oxide, w as p laced  in th e  hot furnace a t th e  position  A , 
and the tim e noted.

(/j) T h e run proper had now  begun, durin g which 
observations of tim e, tem p eratu re , and pow er were 
made, and th e fu rn ace a d ju sted  to  keep th e tem p era
ture constan t.

(i ) A fter a definite tim e, th e boat, w ith  its  contents, 
was w ithdraw n  from  th e centre of th e fu rn ace to  the 
overhanging cool end of th e  fu rn ace core N , in w hich 
it was allow ed to  cool, b u t through w hich, during the 
cooling, h yd rogen  w as passed.

O') W hen cool, th e b o a t w as rem oved  to  a desiccator 
and weighed.

I I  C O BA LT O X ID E  R E D U C T IO N  W IT H  H Y D R O G E N  CO OL

IN G  IN  AN  A T M O S P H E R E  OP H Y D R O G E N

T h e co b alt oxide used for th e follow ing runs, I to 
I X , an a lyzed  as follow s in percen tages:

C o .....................  72 .3  C a .................. 0.15
N i . . . . .............  T race  S ........................  0 .052
F c ........................  0 .1 0  SiO i....................  0 .39

It  w ill be n oticed  th a t th is oxide contain ed 72.4
T a b l e  I I I — R e d u c t i o n  o f  C o b a l t  O x i d e  w i t h  H y d r o g e n  

T em pera tu re  ° C .

„ N um ber ^ s T im e of Loss in R eduction
Average reduction weight 100  »

R un  B oat M ean deviation M inutes P e r cent com plete

I  I 585 1.3 5 25.5 94 .2
15 25 .4 94 .0

1 1 (a) 5 25 .8 95 .6
11(6) I 584 1 . 0 15 26 .0 96 .2

30 26 .6 98.3
60 26.2* 9 7 .0

I I 15 26.1 96 .8
30 26 .2 9 7 .0
60 26.1 96 .8

I I I 609 4 .2 7 16.8 62.2
15 2 2 . 1 81 .8
30 22 .4 83 .0
60 25.2 93 .0

IV  I 597 2 . 0 7 25.3 9 4 .0
15 25 .4 94.2
30

I I 7 25.4 94 .2
15 25.2 94.1
70

V IV(c) 598 1.7 15 25.5 94 .3
60 25.5 94 .3

1 (d) 60 25 .8 95 .7
1 20 25.7 95 .3

V I I 727 1.5 5 26.5 98.1
10 26.5 98.1
30 26 .6 98 .5
60 26 .6 98 .5

I I 5 26 .6 98 .5  .
10 26.5 98.1
30 26 .6 98 .5

V II (c) I 824 4 .3 2 .5 26 .6 98 .5
5 26 .6 98 .5

15 26.7 9 8 .9
30 26.75 98 .8
60 26.75 98 .8

150 26 .8 9 9 .0
I I 2 .5 26.61 98 .4

5 26.71 98.7
15 26.75 98 .8
30 26.75 98 .8
60 26.80 9 9 .0

V III  I 965 1 . 0 1 25 .6 94 .8
5 26 .9 99 .7

30 27.1 1 0 0 . 0
60 27.1 1 0 0 . 0

I I 1 26 .8 99.1
5 26.9 99 .4

30 26.9 99 .4
60 27 .0 99 .7

IX  I 1073 2 . 1 2 26.28 96 .8
5 26.90 9 9 .4

30 27.00 99.7
60 27.05 99 .9

I I 1 24.38 9 0 .0
5 26 .90 99 .7

30 27.00 99 .8
60 27.10 1 0 0 . 0

(а) I t  was noted  a t  th e  close of th is run  th a t  there  was a slight oxidation 
a t  one po in t in th e  boat.

(б) All th e  reduced sam ples were steel-gray.
(c) B oat showed slight reoxidation a t  one end when rem oved from furnace.
(d) T h is  final m ateria l analyzed 97.25 and 97.30 per c en t cobalt on dup li

cates. T he  m ateria l resu lting  from  th is  run  contained 0.75 per cent 
of unreducible CaSOi, CaO and SiOs, and  1.4 per cent of oxygen presum ably  
in th e  form o( CoaO* (the stab le  oxide a t  598° C., see following article, 
page 115), and  0.10 per cen t of nickel and  iron. I t  should, therefore, contain  
100 —  2.3 =  97.7 per cen t of cobalt. T h is  checks w ith  the  value de te r
mined by analyses, 97.3, to  w ithin th e  accum ulative  e rror in th e  analyses.

(«) T h e  p ro d u c t from  th is run  seemed to  be of a  slightly lighter gray 
shade th a n  th a t  from th e  runs a t  lower tem peratures.
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per cen t of th e m etals cob alt, n ickel and iron, in the 
form  of oxides which m ay be com puted  w ith ou t error 
to  be co b alt oxide. A n y  sam ple contains, therefore,
0.75 per cent of unreducible calcium  sulfate, calcium  
oxide and silica, 99.2 per cen t of cob alt oxide running 
72.4/99.2 =  72.9 per cen t in cob alt. T h is oxide,
therefore, corresponds v e ry  closely  to  C03O4. T h e 
oxygen  con ten t of th e substance w hich could be re
duced b y  hydrogen , is equal to  27.x per cen t of 99.2 
per cen t =  27.0 per cent. T h is figure is accurate 
to  w ith in  th e exp erim ental error of th e runs, and is 
used as th e basis of the follow ing com putation s; th a t  
is to  say, in th e  colum n headed “ P ercen tage loss in 
w eig h t,”  27 per cen t w ould represent com plete reduc
tion, and the last colum n headed “ R edu ctio n  where 
100 per cen t is com plete red u ction ”  is com puted 
in term s of 27 per cen t actu al reduction  as total. 
T h e b oats used ranged in w eight from  5 to  6.5 gram s 
and the charges of cob alt oxide from  2.0 to  2.1 gram s.

T h e check  betw een  th e  com position of th e  oxide 
used for these hydrogen  reduction  experim ents, as 
determ ined b y  analysis and as determ ined b y  
th e reduction  experim ents, is en tirely  sa tisfa cto ry  
(see fo llow ing article, p. 115).

A  num ber of th e  early  experim ents to  reduce C03O4 
w ith hydrogen  were m ade allow ing th e  reduced product 
to  cool in th e atm osphere. In  ev e ry  case reoxidation  
too k  place. These runs were m ade a t various te m 
peratures from  500° C . to  io o o °  C ., and curiously  
enough th e reoxidation  a t th e  higher tem peratures 
was progressively  less th an  a t the low er tem peratures.

C O N C L U S IO N S

I. T h e reduction  of C03O4 to  m etallic co b alt b y  
hyd rogen  gas ta k es  place v e ry  rap id ly  at all te m 
peratures ab ove 500° C.

II. A t  tem peratures b etw een  500° C . and 700° C ., 
over 90 per cent of th e reduction  of C03O4 to  C o takes 
place in a few  m inutes, b u t a fu rth er reduction  tak es 
p lace v e ry  slow ly, if at all.

III . B etw een  700° C . and 1100° C ., th e  am ount of 
reduction  of C03O4 to  C o  w hich takes p lace during 
th e first few  m inutes increases v e ry  ra p id ly  w ith  rising 
tem p eratu re , and at th e higher tem peratures it  is 
com plete.

IV . T h e hydrogen  reduction  m ethod is to  be 
esp ecially  recom m ended for th e  production  of m oderate 
q u an tities of v e ry  pure carbon-free co b alt for special 
purposes, ju s t as it  has been used for the production  
of m etallic  tungsten.

V. F or the production  of co b alt from  C03O4 b y  
h yd ro gen , th e charge m ust be com p letely  cooled in an 
atm osp here of h ydrogen .

I l l  P R E P A R A T IO N  OR M E T A L L IC  C O BA L T BY R E D U C T IO N

D r  T H E  O X ID E  W IT H  C A R B O N  M O N O X ID E

m e t h o d  a n d  a p p a r a t u s — T hese experim ents were 
perform ed b y  placin g an alun dum  b o at, con tain in g a 
w eighed am oun t of dried co b alt oxide, in a horizon tal 
tu b e electric resistor furnace, m ain tain in g its tem 
perature therein  con stan t for a definite len gth  of 
tim e, during w hich a stream  of carbon m onoxide was 
passed through th e furnace (see F igs. 3 and 4).

c a r b o n  m o n o x i d e  g e n e r a t o r — T h e carbon  m on

oxide was supplied b y  passing carbon dioxide over hot 
wTood charcoal, w hich reduced it  according to the re
action, CO2 +  C =  2CO.

C arb on  dioxide, after purification, entered the lower 
end of the carbon m onoxide generating furnace at G.

T h is  furnace w as of th e electric resistance ty p e , made 
b y  w inding nichrom e wire over an alundum  cylinder, 
th e tw o being em bedded in m agnesite cem ent, and 
in sulated  w ithin  a cylin drical iron contain er. The 
wire is shown in section at H and th e iron container 
a t I. T h e  entire core of th e  furnace w as filled with 
w ood charcoal, m ain tained a t abou t io o o °  C . b y  an 
approp riate current through the heatin g elem ent. 
A s a result, carbon m onoxide gas le ft the generator at 
J, w ith  a certain  am ount of m oisture which w as ab
sorbed b y  passing through calcium  chloride a t K. 
Th u s, su b stan tia lly  pure carbon m onoxide entered  the 
reaction  furnace proper a t L, passed over th e  alundum  
b oat M , w ith  its cob alt conten t, and th e excess burned 
off a t N.

t h e  r e a c t i o n  f u r n a c e — T h e reaction  furnace 
proper is shown in F ig . 3. I t  consisted of a central 
silica tu b e L N , 2 ft. in len gth , and 1 in. in  internal

F i g . 4

diam eter. T h is  w as wound w ith  calorite or nichrome 
wire, of such resistance th a t it  could be controlled  b y  a 
su itab le  rh eostat R h  on 110  v o lt d irect curren t mains, 
to m ain tain  a tem peratu re con stan t to  w ith in  less 
th a n  10° during a run, at an y tem peratu re up to 
1000° C .
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t e m p e r a t u r e  m e a s u r e m e n t s — T h e tem peratu re 
measurements were m ade b y  a p latin u m  platinum - 
rhodium therm o-elem ent T h , and readings were taken  
at frequent in tervals  on a v e ry  sen sitive m illivolt- 
meter M v . T h e  therm o-elem ents used for th e te m 
perature m easurem ents were calib rated  a t frequen t 
intervals.

C O OLIN G  C H A R G E  IN  C A R B O N  M O N O X ID E  A T M O S P H E R E

— T he silica tu b e N L  extended  b eyon d  the end of the 
furnace proper from  0  to  N . T h e portion  0 —N' w as 
1 ft. in length  and w as k ep t cool b y  a circu lation  of 
water, so th a t at th e  close of a run th e b o at w as re
moved from  th e centre of th e furnace to  O—N , where 
it cooled to room  tem peratu re in  th e stream  of CO  
gas.

c o n d u c t i n g  a  r u n — A fte r  h a vin g  h eated  th e  re
action furnace, and th e C O  producer furnace, b y  
suitable currents, to  th e desired tem peratu re , runs 
were m ade as follow s:

(a) T h e cock C  w as opened to  allow  C 0 2 gas to 
pass through th e p u rify in g  system  D E F  into th e 
producer furnace a t G.

(b) T h e  C O  gas generated  in th e producer furnace 
GJ passed th rough  the reaction  fu rn ace L N  and w as 
lighted at N .

(c) T h e w eighed dried b o at w ith  its charge was 
introduced into the exterior O N  of th e reaction  fu r
nace.

(d) T em p eratu re and tim e ob servation s were b e
gun, and when th e desired tem p eratu re h ad  been 
reached, th e b o at w as m oved to  M .

(e) T h e run proper had now  begun, during w hich 
observations of tim e and tem p eratu re were m ade and 
the rheostat R h  a d ju sted  to  keep th e  tem p eratu re 
constant.

(/) A fter  a definite tim e th e  boat, w ith  its con
tents, was w ith d raw n  from  M  to  O N , where it  w as 
allowed to  cool in  a current of carbon m onoxide gas.

(g) W hen th e b oat w as cool, th e curren t of carbon 
monoxide w as gra d u ally  dim inished b y  closing th e 
cock C , until it was fin a lly  en tirely  cu t off.

(/i) W hen the b o at w as cooled to room  tem p era 
ture, it w as rem oved  to  a desiccator and weighed.

COBALT O X ID E  TO R  C A R B O N  M O N O X ID E  R E D U C T IO N  

E X P E R IM E N T S

The cob alt oxide for th e C O  reduction  experim ents 
was iden tical w ith th a t  used for th e hydrogen  re
duction experim ents so th a t  th e  colum n headed 
“ R eduction where 100 per cen t is com plete re d u ctio n ”  
is com puted in  term s of 27.0 per cent actu al reduction  
as total.

A num ber of the first runs were m ade, reducing 
C03O4 w ith  C O  and allow in g th e  reduced p roduct to 
cool in th e atm osphere before w eighing. U nder these 
conditions, reoxidation  to o k  place rap id ly , so th a t b u t 
a single pair of ty p ic a l runs are given. T h e  boats 
used w eighed 10 .5 +  and 13.3 gram s and the charges 
of cobalt oxide, 2—  gram s.

The reoxidation  of cob alt oxide a fter reduction

w ith  carbon m onoxide takes place w ith  great vigor. 
If  th e b o at be w ithdraw n  from  th e h o t fu rn ace d irectly  
into  th e atm osphere, it  m ay be seen to  glow  w ith 
great b rillian cy. If th e con ten t of the b oat, while 
still w arm , be snapped ou t on th e floor, it  will re- 
oxidize w ith  such vig o r th a t a crackin g sound, as of a 
m ild explosion, atten d s the reaction, i .  e., th e re
oxidation  ta k in g  place according to  th e reaction  
6C0O +  02 =  2C03O4 is extrem ely  exotherm ic.

In th e runs of T a b le  IV , during th e  first p a rt of the 
run, and up to  th e tim e th a t it  began to gain  in w eigh t,

T a b l e  I V — R e d u c t i o n  o f  C o 3 0 <  w i t h  C O — C o o l i n g  i n  A i k  

T em pera tu re
N um ber Tim e of P er cent R eduction

Average reduction loss in 1 00  =
R un  B oat M ean deviation M inutes weight com plete

I  I 602° 9 15 1 0 . 6 39 .3
30 1 1 . 1 41.1
45 1 0 . 8 3 9 .9
60 12.9 4 7 .8
75 12.9 47 .8
82 1 1 . 8 4 3 .6
92 11.3 4 1 .8

107 7 .8 3 9 .6
I I 594 12 30 12.4 4 6 .0

45 11.7 43 .3
75 13.2 4 8 .8
97 12.3 4 5 .5

1 1 2 11.9 4 4 .0
142 10.3 3 8 .2

the C03O4 in both b oats gra d u ally  becam e a gra y  color. 
T h is g ra y  m aterial is C oO . A t  the end of th e run it 
w as b lack  again.

On a ccou n t of the irregularities of reoxidation, the 
furnace reaction  cham ber w as len gth ened b y  su b 
stitu tin g  a silica  tu b e of len gth  L N  for th e one of 
len gth  L O  as shown in F ig. 3. T h e overhan gin g 
tu b e O N , ab ou t 1 ft. in len gth , w as cooled b y  w ater, 
and served as a cooling cham ber for th e b o at while 
C O  gas w as still passed th rough  it.

T h e  fo llow ing runs, rep resen tative of a large num ber, 
show  th e  rate of th e reduction  of co b alt oxide b y  CO  
gas when th e cooling w as controlled  so th a t no re- 
oxidation  could ta k e  place. T h e boats used w eighed 
ab ou t 8 gram s and th e charges of oxide a b ou t 2 
gram s.

In  R u n  I I I ,  T a b le  V , the oxide becam e a greenish 
g ra y  color a t th e  end of the first five m inutes, and a 
uniform  steel-gray  color a t th e end of fifteen m inutes. 
F ro m  then  on it  began  to  gain  in w eight, due to  a de
posit of carbon. A t  th e close of m an y runs a t th is 
tem peratu re, th ere w as an extrem ely  h ea v y  deposit 
of carbon  in the b oat.

T h is  run w as ty p ic a l of a num ber, w hich showed a 
reduction  from  th e original b la ck  oxide to the green, 
follow ed b y  a chan ge from  th e  green to  the gray, 
and then a gain  in w eight, due to  a deposit of carbon. 
T h e on ly possible source of carbon w as from  the 
carbon  m onoxide gas, so th a t  th e finely divided m etallic  
cob alt, w hich w as form ed during th e first stage of the 
reduction  of th e g ra y  oxide, p ro b ab ly  acted  c a ta ly ti-  
c a lly  to  decom pose carbon m onoxide gas at th is te m 
perature. T h is  is an extrem ely  in terestin g decom 
position w hich m ight well be studied  w ith considerable 
care.



i i 4 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 2

T a b l e  V — R e d u c t i o n  o p  C o b a l t  O x i d e  b y  C a r b o n  M o n o x i d e  G a s —  
C o o l i n g  i n  C O  G a s  

T em pera tu re  °  C .
N um ber '---------- T im e of Loss in R eduction

Average reduction weight 100 -
R u n  B oat M eaii deviation M inutes Per cent com plete
I I I 347 3 5 18.2 67.3

15 25 .2 93 .2
45 D eposit of
60 carbon

IV  I 451 3 5 2 2 . 1 81 .8
15 13.4 49 .5

V I . 453 3— 5 21 .4 79 .2
15 13.2 48 .4
45 G ain
60 Gain

V I I 583 5 5 16.2 60 .0
15 26 .4 9 7 .8
35 26.8 9 8 .0
50 26.9 9 9 .6
65 2 7 .0 1 0 0 . 0

V II I I 596 3 20 26.5 98.1
30 26.6 98 .4

V II I  I 600 5 10 2 1 . 0 77 .9
IX  I I 597 6 5 2 1 . 2 78.3

15 24 .7 91.1)
X 611 6 49 . 26 .3 97 .7

69 26.7 9 8 .8
86 27 .2 1 0 0 . 0

146 27.1 1 0 0 . 0
X I I 594 6 5 25 .7 9 5 .0

15 26 .3 97 .2
45 26 .7 9 9 .0
60 26 .7 99 .0

X I I  I I 601 1 5 25 .6 94.9
15 26 .5 9 8 .0
45 26 .5 98 .0
60 2 6 .6 9 8 .4

X I I I 754 3 5 26.7 9 9 .0
15 26 .8 99 .3
45 26.9 99 .8
60 26 .9 99 .8

X IV 752 4 5 26 .8 9 9 .6
15 26.8 9 9 .6
45 26 .9 99 .8
60 26 .9 99 .8

XV 749 3 5 2 4 .9 92 .3
15 26 .7 99.1
45 26 .8 99 .6
60 26 .8 9 9 .6

150 26 .8 99 .6
X V I 751 3 5 2 6 .0 96 .2

15 2 6 .6 98 .8
45 26 .7 99.1
60 26 .7 99.1

X V II 900 4 5 26 .5 98 .3
15 26 .9 99 .8
45 2 7 .0 1 0 0 . 0
60 2 7 .0 1 0 0 . 0

X V III 900 4 5 26 .6 9 8 .8
15 26 .8 99 .7
45 26 .9 99 .8
60 26 .9  ' 99 .8

A  stron g odor of h yd ro cya n ic  acid  was noticed 
th ro u g h o u t run IV . A fter  five m inutes or so, a de
posit of carbon began to  form  in th e  b oat, due to  the 
d ecom position  of carbon  m onoxide b y  finely d ivided  
co b a lt, as in the runs a t 350° C .

T h ro u gh o u t run V  a stron g odor of H C N  w as 
noticed. T h is is true of all th e reductions of cob alt 
oxide w ith  carbon m onoxide in the neighborhood of 
450° C .

These tw o runs are ty p ic a l of a large num ber of 
sim ilar ones. Our ob servation s seem  to show  th a t the 
decom position  of C O  b y  co b alt ta k es  place only 
through a tem perature in terv a l in th e neighborhood of 
from  300-450° C.

T h e check betw een com position  of the oxide used for

these C O  reduction  experim ents, as determ ined by 
analysis and as determ ined b y  th e reduction  experi
m ents them selves, is en tirely  satisfa cto ry . (See fol
low ing article, p. 115 .)

C O N C L U S IO N S

I. T h e reduction  of C o30 .i to  m etallic  co b alt by 
carbon m onoxide gas ta k es  place v e ry  ra p id ly  at all 
tem peratures above 6000 C.

II. B etw een  350° C . and 450° C ., carbon m onoxide 
a t first reduces C03O4 to  cob alt, b u t a fter a tim e the 
finely d ivided  cob alt decom poses th e C O  gas, de
positing carbon.

III. A t  tem peratures betw een  500° C . and 750° C., 
over 90 per cent of the reduction  of C03O4 to  C o takes 
place in  a few  m inutes, b u t a fu rth er reduction  to  com 
pletion  ta k es  place v e ry  slowdy.

IV . B etw een  75 o °.C . and 9000 C ., th e  am oun t of 
reduction  of C03O4 to Co, w hich takes place during 
th e first few  m inutes increases v e ry  rap id ly , and a t the 
higher tem peratures it  is com plete.

V. W here producer gas is a vailab le  it  should offer 
a cheap and efficient m eans of producing large quan 
tities of pure m etallic cob alt from  the oxide.

V I. F or th e production  of cob alt from  C03O4 by 
C O , the charge m ust be com pletely  cooled in an atm os
phere of C O .

IV — R E D U C T IO N  OF C O BA LT O X ID E  W IT H  A L U M IN U M

T h e heat of form ation  of a m olecular w eigh t in 
kilogram s of alum inum  oxide (AI2O3) is 392,600 kilo- 
gram -calories, and is greater th an  th a t of a n y  other 
m etallic  oxide. T h e m olecular heat of form ation  of 
ferric oxide (Fe»0 3) is correspondingly 195,600 kilo- 
gram -calories. I t  is therefore obvious th a t  if finely 
d ivided  alum inum  be in tim a te ly  m ixed w ith  ferric
oxide (F e20 3), th e  la tter , possibly in th e  form  of 
rolling m ill scale, th a t the reaction  F e20 3 +  2AI = 
AI2O3 +  2Fe will ta k e  place, provided  th e  tem p era
ture be raised a t some point in th e  m ixture sufficient 
to  sta rt th e reaction. T h is principle has been used 
b y  th e G oldschm idt T h erm it Co. to  produce m olten 
iron for w elding purposes.

I t  is obvious th a t for ev ery  160 kilogram s of ferric 
oxide and 54 kilogram s of m etallic alum inum  th a t are 
m ixed together and fired in th is w a y, there are de
veloped  392,600 —  195,600 = 197,000 kilogram -
calories of heat. T h is is sufficient to  raise th e entire 
m ass to  a w hite heat, so th a t th e m olten iron readily  
settles to  th e b otto m  from  where it  m ay  be tapped.

In  a sim ilar m anner, m etallic cob alt m ay be prepared 
b y  reduction  of cob alt oxide w ith alum inum  according 
to  the reaction:

3C03O4 +  8A1 =  4AI2O3 -f- 9 Co

T h e m olecular h eat of form ation  of C03O4 is 193,400 
calories.1

It  is therefore obvious th a t for ev e ry  723 k ilo 
gram s C03O4 and 216 kilogram s of alum inum  th a t are 
m ixed togeth er and fired, there are developed
4 X  392,600 —  3 X  193,400 = 990,200 kilogram -
calories of heat. W e would, therefore, exp ect a reaction

1 Tables Antiuelles Internationales des Consldntes, 1, 428 (1910).
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quite as vigorous, if not m ore vigorous, th a n  th e corre
sponding one w ith  ferric  oxide.

E xperim ents were tried , O ctober, 1912, using a 
standard G oldschm idt T h erm it conical w elding fu r
nace. In to  th is w as charged  5 -10  lbs. of finely d ivid ed  
C03O4 w ith the th eoretical am oun t of alum inum , 
according to th e eq uation  3 C o 3Ot +  8A1 =  4AI2O3 +  
9C0. T he reaction  w as sta rted  b y  ligh tin g  a fuse of 
finely divided alum inum  and potassium  chlorate, 
rolled in a piece of tissue paper. T h e  fu rn ace fired 
with extrem e vio lence, in ev e ry  case becom ing an in 
tense w hite heat. T h e  vigor of th e reaction  w as so 
great th a t the lining of the furnace, a lthough th e b est 
alundum -m agnesite-cem ent m ixture, w ould  stan d  .up 
for only tw o or three charges.

t h e  m e t a l — T h e m etal produced in th is m anner 
was readily  ta p p ed  from  the b otto m  of the furnace 
into iron or sand m oulds. I t  freq u e n tly  contain ed less 
than 0.1 per cent of alum inum , and, of course, w as 
carbon-free.

T he various m etals, chrom ium , m olybdenum , etc., 
made by the G oldschm idt Co. b y  th is m ethod, as th e y  
have com e to us, run a b ou t 0.5 per cen t in alum inum  
and are carbon-free.

C O N C L U S IO N S

T his alum inum  reduction  m ethod can  ob viou sly  
be used w ith considerable sa tisfactio n  w here a b 
solutely carbon-free m etal is required, and w here a 
som ewhat increased cost is not p roh ib itive . M o re
over. it affords a m ethod of preparing cobalt-alum in um  
alloys a t once b y  addin g an excess of m etallic  
alum inum .

The price of crude alum inum , such as m ight be used 
for this purpose, is in th e neighborhood of 17 cts. per 
lb. One pound of alum inum  will reduce and m elt 
in this w ay a little  over tw o pounds of m etallic cob alt. 
Therefore, there is a charge of 17 cts. in  th e form  of 
1 lb. of m etallic alum inum , for the pow er for re
ducing and m eltin g tw o  pounds of m etallic  cob alt. 
There m ight, of course, be som e retu rn  for the fused 
alum inum  oxide w hich resu lted  from  the process, b u t 
even allow ing lib era lly  for th is, th e costs are high as 
com pared w ith th e carbon and carbon  m onoxide 
m ethods of reduction  described elsew here in th is paper.

It is ob vious th a t th e h eatin g  costs m ust be high b y  
the alum inum  m ethod, for heat is being-supp lied  at a 
tem perature greater th a n  2100° C ., th a t  is, at a te m 
perature fa r in excess of w h a t is required  for th e 
reduction of th e oxide and the m eltin g of th e  m etal, 
and w ith  consequent a tten d a n t increased losses, due 
to conduction and radiation.

E l e c t r o c h e m i c a l  a n d  M e t a l l u r g i c a l  R e s e a r c h  L a b o r a t o r i e s  
S c h o o l  o f  M i n i n g , Q u e e n ’s  U n i v e r s i t y  

K i n g s t o n , O n t a r i o

OXIDES OF C O BA LT1
B y  H e r b e r t  T .  K a l m u s

T he fo llow ing oxides of co b alt h ave been described 
in various places th rou gh ou t th e  literatu re : C o 20 , 
CoO, CosOg, C06O7, C04O5, C03O4, C07 0  j 0, C02O3J

1 Published by  perm ission of th e  D irector of M ines, O ttaw a, C anada. 
See footnote to  previous article, page 107.

C012O19, C03O5, C0O2, and considerable d isagreem ent 
is to be found am ong the statem en ts concerning them .

T h e  existence of m any of these com pounds is d o u b t
fu l, and there are b u t three of them  w hich p a rticu la rly  
concern the com m ercial m anufacturer of co b alt oxide: 
C03O4, Co«07 and C o O . T h ese concern us in the 
production  of m etallic  cob alt. W e shall, therefore, 
describe these th ree oxides as we h ave observed th em  
in th e course of th e experim ents reported  in our pre
vious article, p. 107 of th is issue of T h i s  J o u r n a l .

C O B A L T O -C O B A L T IC  O X ID E , CO 3O 4

T h e ord in ary  b la ck  com m ercial co b alt oxide w hich 
has been prepared from  th e  h yd ra te , b y  calcining in 
the neighborhood of 750° C ., is a m ixture of CosO* 
and C o 60 7, b u t large ly  th e form er.

T h ere is an abun dan ce of proof th rou gh ou t th e 
p revious paper th a t  th is b la ck  oxide is large ly  C03O4, 
of w hich th e follow ing m a y be p a rticu la rly  noted:

(a) T h e  purified co b alt oxide used for h ydrogen , 
reduction  experim ents, m akin g a llow an ce for th e  im 
purities according to  th e an alyses, w as com puted  to  
con tain  72.9 per cen t cob alt. T h e  hydrogen  reduction  
experim ents, using th is sam e oxide, showed, w herever 
th e reduction  w as com plete, a loss of oxygen  am ountin g 
to  27.0 per cent. A s w as shown on p. m ,  th is checks 
w ith  th e 72.9 per cen t of cob alt, w ith  allow ance m ade 
for th e  slight im purities. H ence, th is b la ck  oxide 
m ust be large ly  C03O4, as m ay be seen from  th e fo l
low ing th eoretical percentages:

P e r cen t cobalt
C02O3.................................... 71.1
C o jO j ............................................   7 3 . 4
C ot07...................................  75 .9
C oO ..............................   78 .8

(b) T h e purified co b alt oxide used for th e carbon 
m onoxide experim ents, m akin g a llow an ce for th e  im 
purities accordin g to  th e an alysis, w as com puted  to 
con tain  72.9 per cen t cob alt. T h e  C O  reduction  
experim ents, using th is sam e oxide, w herever re
duction  w as com plete, showed a loss of oxygen  am ou n t
ing to  27.0 per cen t. A s w as shown on pp. n o  and i n ,  
th is checks w ith  72.9 per cen t cob alt, w ith  a llow an ce 
m ade for th e  sligh t im purities. H ence, th is b lack  
oxide m ust be larg e ly  C03O4 accordin g to  th e  ta b le  
under (a).

(c) A s a fu rth er proof th a t th e b lack  oxide calcined 
a t a good red h eat is C03O4, th e fo llow in g experim ent 
w as tried:

A  pure b la ck  h y d ra te  of co b alt w as m ade from  
e lectro ly tic  co b alt b y  th e  potassiu m -cob alti-n itrite  
m ethod. T h is w as calcined to  con stan t w eigh t a t 
105° C ., y ield in g a chocolate-brow n  pow der, w hich w as 
un iform  under th e m icroscope. Several sam ples of 
th is brow n pow der were calcined to  con stan t w eigh t 
a t 640° C ., and in each instan ce show ed a loss of 
w ater b etw een  11.5  per cen t and 11.8  per cent. T h e re 
fore, th e brow n pow der corresponds v e ry  closely  to  
C02O3.H2O.

T h e m aterial resu ltin g from  these calcin ation s w as 
a b la ck  pow der id en tical in appearance under th e 
m icroscope w ith  th e  b la ck  co b alt oxide of com m erce.
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A  sam ple of this p reviou sly  calcined b lack  oxide was 
calcined a t a red heat to  a con stan t w eight of 0.8300 
gram . T h e sam e sam ple w as then  com pletely  re
duced w ith  a m ixture of hydrogen  and carbon m on
oxide gas a t 9000 C ., w hich b rough t it  to a constan t 
w eigh t of 0.6063 gram . T h u s, th e loss in  w eight w as
27.2 per cent. E xcep t for traces, th is m aterial was 
free from  non-reducible substances, so th a t the oxide 
contain ed  72.8 per cen t cob alt, again st 73.4 per cent 
corresponding th eo retica lly  w ith  C03O4. T h is was 
checked  several tim es, w hich su b stan tiates the sta te 
m ent th a t b la ck  co b alt oxide is C03O4.

(d) A  fu rth er experim ent w as as follow s: B lack  
oxide w as b rought to  con stan t w eight at 640° C ., and 
im m ed iately  th ereafter b rough t to  con stan t w eight 
b y  heatin g to  1020° C . T h is experim ent was tried 
several tim es and in ev ery  instan ce th e percentage 
loss in w eight was found to  be v e ry  close to  7.1 per 
cent. T h e resulting g ra y  oxide a t 1020° C . an alyzed
79.3 per cen t Co, corresponding v e ry  well w ith  CoO  
(78.8 per cent C o).

T h e th eoretical loss in passing from  C03O4 to  C oO  
is 6.6 per cent. A s again st this, the th eoretical loss 
passing from  C03O4 to C o60 7 w ould be 3.3 per cent, 
and  correspondingly, passing from  C o 60 7 to  CoO  the 
loss w ould be 3.3 per cent. T h u s, there is v e ry  little  
d ou b t b u t th a t our reduction  of th e b lack  oxide form ed 
a t red heat, to  the g ra y  a t 1020° C ., corresponds w ith 
the tran sition  from  C03O4 to C oO .

(c) T w o  indepen den t sam ples of brow n  C02O3.H2O, 
calcined to  con stan t w eight a t 640° C ., an alyzed  for 
c o b a lt ,1 resp ectively , 74.7 per cen t and 73.8 per cent. 
T h is  a n alysis is betw een  C03O4 =  73.4 per cen t C o  and 
C o 60 7 =  75.9 per cen t Co. T h is b lack  oxide is th ere
fore large ly  C03O4 w ith  som e Coe0 7.

T h e b la ck  h y d ra te d  cob alt oxide, as form ed com 
m ercially  b y  p recip itation  of a chloride or sulfate 
solution  w ith  b leach ,2 or th e  brow n C02O3.H2O, m ay 
be calcined a t a n y  tem perature betw een  385° C . and 
910 ° C ., to y ield  su b sta n tia lly  the sam e product, 
b u t in  p ractice it  is b etter to calcine a t a good red 
tem peratu re , in order th a t  th e calcin ation  m a y ta k e  
place w ith reasonable speed.

T h a t there is a range betw een  385° C . and 9 10 ° C ., 
th rough  w hich v e ry  little  oxidation  or reduction  of the 
b la ck  C03O4 takes place, is show n b y  th e follow ing 
figures:

S ta rtin g  w ith  C03O4, heated  to con stan t w eight at 
385° C . th e loss in w eight heatin g it  to constan t 
w eig h t is

a t  640° C ................... 0 .7  per cen t a t  860° C ................  2 .4  per cent
a t  770° C ................... 1 .2  per cen t a t  910° C   2 .5  per cent

J u st above 910° C ., how ever, th e reduction  begins to 
ta k e  place v e ry  rap id ly , and the b la ck  C03O4 reacts 
to becom e g ra y  C oO . C on tin u in g th e experim ent 
for w hich th e figures ab ove are given , we h ave loss in 
w eigh t heatin g it  to  con stan t w eight

a t  980° C ................7.0 per cent

T h is  oxide, C o304', shows no trace  of being m agnetic.

1 Including very  sriiali am ounts of N i and Fe.
2 SeC page 107.

T H E  O X ID E  C o 60 7

C o60 7 is not to  be distinguished from  C o30 4 either 
in appearance or in m ethod of prep aration ; in fact, 
we h ave not succeeded in form ing a pure oxide of 
co b alt w hich an alyzed  v e ry  close to  75.9 per cent. 
On th e other hand, as w ill be noticed in m an y places 
th rou gh ou t this paper, the analyses of th e m aterial 
obtained  b y  calcining at a red heat are frequently  
som ething in excess of 73.4 per cen t a fter m aking 
allow ance for im purities. W e, therefore, assum e th at 
a certain  am ount of Cos0 7 accom panies the C03O1.

CO BA LT M O N O X ID E , CoO

. C o b alt m onoxide is th e stab le  oxide of co b alt when 
calcination  tak es place a t a high tem perature, th a t is, 
in th e neighborhood of io o o °  C . It  is a g ra y  powder 
and reacts to  form  the m etal b y  heatin g w ith  carbon 
m onoxide gas a t a n y  tem perature ab ove 450° C ., or 
w ith  hydrogen  gas at a n y  tem peratu re a b o ve  250° 
C .

C o b alt m onoxide also exists in an allotrop ic  form 
w hich is a yellow -green pow der. E ith er  th e yellow - 
green or th e gra y  cob alt m onoxide oxidizes to  C03O4, 
or to  a m ixture of C03O4 and C o607 when heated in the 
air to  an y tem perature betw een 385° C . and 9 10 ° C. 
T h e yellow -green v a r ie ty  is readily  form ed b y  heating 
C03O4 w ith  2 to  3 %  b y  w eigh t of C  a t tem peratures 
in th e neighborhood of 9000 C.

N um erous analyses of th e purified g ra y  oxide have 
been m ade, which range around th e th eoretical value 
7S.8 per cent. T h e follow ing experim ent was tried 
to prove th a t yellow -green  oxide is an allotrop ic  form 
of the g ra y  CoO : B la ck  C o30 4 calcined a t 640° C.
to  con stan t w eight was then calcined to  constan t 
w eight a t 1020° C . I t  lost, th ereby, 7.1 per 
cent in w eight, and the product w as g ra y  CoO. 
Y ellow -green  C oO , produced b y  th e reduction  of 
b lack  C03O4 w ith  hydrogen  a t 300° C ., was
calcined to con stan t w eight in air a t 640° C., 
gaining, thereby, 6.5 per cent in w eight and becom ing 
b lack. T h is experim ent, like the others, indicates 
th a t the gra y  and th e yellow -green oxides are identical 
to w ithin  such lim its th a t  if th e yellow -green be CoO , 
the g ra y  can not depart from  it  b y  m ore th a n  the 
form ula  C010O20. Such differences as there are, how 
ever, seem  to show  un iform ly th a t the g ra y  has sligh tly  
the greater oxygen  con ten t of the tw o.

A  fu rth er experim ent was perform ed w ith  th e yellow - 
green oxide as follow s: Fresh ly  prepared yellow -
green oxide was reduced to  m etal w ith h yd rogen  and 
carbon m onoxide gas, and brought to con stan t w eight. 
D urin g the reduction, the loss in w eight w as 21.5  per 
cent in one case and 21.3 per cent in another, corre
sponding v e ry  well w ith  th e reduction  of C oO  to 
m etallic cob alt w hich would be 21.3 per cent.

B oth  the g ra y  and the green CoO  are n onm agnetic, 
and the sam ples of gra y  prepared b y  us, as well as those 
obtained  from  com m ercial sources, are hom ogeneous 
powders under 100 diam eters m agnification.

E l e c t r o c h e m i c a l  a n d  M e t a l l u r g i c a l  R e s e a r c h  L a b o r a t o r i e s  
S c h o o l  o f  M i n i n g , Q u e e n ’s  U n i v e r s i t y  

K i n g s t o n , O n t a r i o
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THE ANALYTICAL CO N STA N TS OF H YD R O G EN ATED  
OILS

By Carlbton  E i.u s  

R eceived Jan u a ry  5, 1913

The hydrogen ation  of oils has to such an exten t 
changed certain  o f the con stan ts b y  w hich oils and fa ts  
are at least in p a rt identified, n am ely, th e iodine n u m 
ber and the specific g ra v ity , th a t  th e id en tification  of 
a fat or fa t ty  m ixtures, often heretofore a tro u b le
some m atter a t best, now prom ises to becom e even 
more difficult.

The reduction  of th e iodine num ber th rou gh  the 
introduction of hydrogen  into  th e  oil, in a sense is a rb i
trary; there is no d ifficu lty  in red u cin g th e iodine n u m 
ber alm ost to zero th rough  the h yd ro gen ation  process, 
or at an y m om ent to  in terru p t th e  op eration  and from  
one and the sam e in itia l m aterial to  produce products 
having the m ost varied  iodine num bers.

The specific g r a v ity  and m eltin g point ad van ce hand 
in hand as satu ratio n  progresses, th e specific g ra v ity  
approaching th a t of tristearin e, w hile th e resu ltan t 
melting point in  considerable m easure depends upon 
the m olecular w eigh t and th e  h y d ro xy l con ten t of the 
fatty  acid com ponents of th e oil. T h e  specific g r a v ity  
of a hardened cottonseed oil whose iodine num ber had 
been reduced to  zero w as foun d b y  N orm ann and H ugel1 
to be 0.9999 a t 1 5 0 C ., w hile th e y  note th a t  tristearin e 
has a specific g r a v ity  of i . o i o i  a t  th e sam e tem p era
ture.2

The index of refraction  also is stro n gly  m odified. 
A  sample of fish oil a t 56° C ., according to  N orm ann 
and Hugel, showed a figure of 53.8; w hile a fter h ard 
ening to an iodine num ber of 22.5 th e index w as 36° C. 
at the sam e tem perature. (Scale of th e Zeiss b u tter 
refractom eter.)

O bservations m ade in th e w riter’s lab o rato ry  on 
the index of refraction  of a n um ber of hyd ro gen ated  
oils gave the results n oted b elow :

I n d e x  o f  R e f r a c t i o n  a t  5 5 °  C .

(Abbe R efractom eter) 3
Original Oil H ydrogenated  Oil

Corn............................................   1.4615 1.4514 (M . P . 55.7° C.)
Whale (No. 1) ...................................... 1.4603 1.455Q (M . P. 41.5° C.)
Soya bean ..............................................  1.4617 1.4538 (M . P . 50.3° C.)
Coeoanut oil C 'olein”) .......................  1.4429 1.4425 (M . P . 24.7° C.)
Linseed...................................................  1.4730 1.4610 (M. P . 42.3° C.)
Palm........................................................  1.4523 1.4517 (M . P . 38.7° C.)
Pa'>n........................................................  1 .4523 1.4494 (M . P. 44.8° C.)
Peanut (edible)....................................  1.4567 1.4547 (M . P. 34.7° C.)

The gradual reduction  of th e  in dex of refraction  b y  
progressive h yd ro gen ation  is shown in th e  fo llow ing 
table com piled from  determ in ations m ade in the 
writer’s lab oratory .

Cottonseed oil w as h y d ro gen ated  for a period of ten 
hours and sam ples were draw n a t one hour in tervals.

1 Chem. Ztg.. 1913, 815.
: The specific g rav ity  of tristeariuc  is given b y  the  “ C heraiker K alender" 

as 1.0101 a t  15° C., while Lewkowitsch reports  th e  specific g rav ity  of 
a specimen of no t qu ite  pure  stearine in th e  m elted s ta te  as 0.9235 a t 
65.5° C.

1 Refraction values are given in term s of tru e  refractive  index and  also 
according to  the a rb itra ry  scale of the butyro-refractom eter, in order to  fol
low the da ta  available, as rendered.

I t  is of interest to  n ote th a t w hile the addition  of 
hydrogen to  fa t t y  oils reduces th e index of refraction , 
the addition  of oxygen increases th e index as is shown 
in th e case of b low n or ozonized oils.

M elting  Index of refraction 
po in t 55° C.

Original O il...................................................................  • . I .4588
1 h o u r ..............................................................  2 8 .2 °  C. 1.4577
2 h o u rs ............................................................. 31 .3  1.4568
3 “  ............................................................  34 .3  1.4557
4 “  ............................................................. 3 7 .9  1.4549
5 "  ............................................................. 4 0 .8  1.4540
6  "  ............................................................. 4 3 .8  1.4527
7 “  ............... .............................................  4 5 .6  1.4518
8 “  ............... ............................................. 47 .3  1.4510

10 "  .............................................................  5 5 .9  1.4496
T h e sapon ification  num ber p ra c tic a lly  does not 

change. T h e con ten t of free fa t ty  acids changes b u t 
little . A  sam ple of cottonseed  oil con tain in g 1.8 
per cent fa t ty  acid  w as found, a fter hardening to  v a 
rious degrees, to h a ve  a fa t t y  acid  con ten t ran gin g 
from  1.4 per cen t to  1.9 per cent. W ith  sesam e oil co n 
ta in in g 2.44 per cen t fa t ty  acid th e resulting hardened 
oil contain ed 2.55 per cen t o f acid . T h e  con ten t of un- 
saponifiable bodies does not essen tially  change. C o t
tonseed oil h avin g 0.55 per cen t unsaponifiable m atter, 
a fter hardening, sh o w e d -a con ten t of unsaponifiable 
bodies ran gin g from  0.45 per cen t to 0.55 per cen t; 
sesam e oil w ith  an unsaponifiable con ten t of 0 .70 percen t, 
a fter hardening contain ed 0.85 per cent unsaponifiable.

C holesterol and p h ytostero l, accordin g to  B om er, 
are n ot changed b y  trea tin g  oils w ith  hydrogen , although 
this is som ew hat co n tra ry  to  th e sta tem en t of W in- 
d a u s,1 accordin g to  whom  cholesterol m ay be easily  
reduced b y  th e c a ta ly tic  process. W illsta tter  and 
M a y e r2 h yd ro gen ated  cholesterol in ether solution  
w ith a p latin um  cata lyzer.

In the case of th e a ce ty l num ber m ore noticeable 
changes ta k e  place accordin g to  N orm ann and  H ugel. 
W hen hardening castor oil, for exam ple, the h y d ro xy l 
num ber in one sam ple dropped from  156 to  102; in 
an oth er sam ple th e num ber fell to  131. T h e  h yd ro xy l 
group is thus more or less broken dow n b y  th e h y d ro 
genation  process,' a t least under som e conditions of 

• trea tm en t.
Acid n u m b er........................................................................................  3 .5
Saponification n u m b e r...................................................................... 183.5
Iodine n u m b e r.....................................................................................  4 .8
A cety l n u m b er..................................................................................... 153.5
A cety l num ber of th e  fa tty  a c id s ................................................  143.1
Acid num ber of the  fa tty  a cid s ....................................................  184.5
Saponification num ber of the  fa tty  a cid s ....................................  187.9
M elting  po in t of th e  f a t ......................................................................  6 8 ° C.
M elting po in t of the  fa tty  a cid s ......................................................  70° C.
M elting  po in t of th e  acety la ted  ac id s ............................................ 47° C.

T h e properties of hardened castor oil h a ve  been 
noted b y  G a rth ,3 whose o b servation s differ som ew hat 
from  those of N orm an n  and H ugel. A s is gen erally  
know n, castor oil differs m a teria lly  from  m an y other 
com m on oils in  such respects as its high v isco sity , solu
b ility  in alcohol and d ifficu lty  of sa ltin g  ou t its  soaps 
b y  e lectro lytes. H ardened castor oil d issolves in 
alcohol on ly  b y  h eatin g and  separates on cooling, b u t 
is soluble a t o rd in ary  tem p eratu re in chloroform . T h e 
constan ts o f one sam ple of hardened castor oil exam 
ined b y  G a rth  are g iv en  in the ab o v e  table.

1 Ber. d. chem. Ges., 1912, 3051.
* Ib id ., 1908, 41, 2199.
» Seifen Z tg., 1912, 1309.
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T h ese results obtained  b y  G arth  w ould in d icate th a t 
th e  sapon ification  and a ce ty l num ber do not change. 
T h e iodine num ber has fa llen  g re a tly  and the m elting 
point is m uch increased. T h e difference betw een the 
acid  num ber of the fa t ty  acids and their saponification 
num ber points to  th e form ation  of lactones. A s is 
know n castor oil has th e p ro p erty  a t high tem peratures 
of form ing anhydrides, accom panied b y  p o lym eriza
tion.

T h e effect of h yd ro gen ation  on color tests of oils 
is va riab le . T h u s the B oudouin  sesam e oil te st is not 
influenced; in fa ct th e reaction  seem ingly is sharper 
a fter trea tm en t of th e oil w ith  hydrogen, while the 
H alphen te st is not lik e ly  to g iv e  positive results even  
w ith  oils w hich h ave been on ly  sligh tly  hardened.

T h e B ecci te st is op erative w ith  s ligh tly  hardened 
cottonseed  oil, b u t is in d istin ct w ith  h igh ly  hardened 
o il so th a t th is test is significant on ly in even t o f a posi
tiv e  coloration.

H ardened fish oil loses all its essential characteristics 
such as. th e  form ation  of well defined brom ine com 
pounds of the higher u n satu rated  fa t ty  acids. T hus 
there are ob tain ed  after hardening, new fa t ty  acids 
corresponding to  th e sa tu rated  bodies, arachidic 
(C20H40O2) and behenic acids (C22H44O2), w hich in 
va riab le  am ounts up to  a proportion  of 20 per cen t and 
m ore h ave been ob served  in certain  hyd ro gen ated  oils. 
In  th e hardening of rape oil behenic acid  is form ed from  
th e erucic acid  present. O ther oils or fa ts  w ith  a 
n oticeable proportion  of acids w ith  more th an  18 car
bon atom s in th e m olecule a p p a ren tly  scarcely  ever 
com e in to  th e trade.

A s a test for h yd ro gen ated  pean u t oil, K reiss and 
R o th 1 h a v e  given  a m ethod w hich consists in sapon i
fy in g  20 gram s of the oil w ith  40 cc. of alcoholic 
potash; then addin g 60 cc. of alcohol and a cid ify in g  b y  
th e addition  of 50 per cen t acetic  acid  of w hich a p 
p ro x im ately  15 cc. are required. One and one-half 
gram s of lead  a ce tate  are added and th e m ixture a l
low ed to stan d  over n ight. T h e lead  salts which 
sep arate are decom posed b y  boiling w ith  5 per cent 
h yd roch loric  acid , th e fa t ty  acids are dissolved in 50 cc." 
of 90 per cen t alcohol w ith  slight w arm ing and the 
solution  is p laced  in w ater a t 15 °  for ab ou t one-half 
hour. T h e crysta ls  w hich sep arate are recrysta llized  
from  25 cc., then 12V2 cc. of 90 per cen t alcohol and 
th e m elting poin t determ ined. T h e presence of at 
least 5 per cent arach id ic  acid  causes th e m elting 
point of th e  th ird  crysta lliza tio n  to  be over 70° C .

N orm an n  and H ugel2 sta te  th a t th is test is applicable 
likew ise to  hardened fish and rap e oil. T h e y  tested  a 
num ber of sam ples of fish oil from  several sources and 
found in each case th a t th e m eltin g point of the^re- 
crysta llize d  f a t t y  acids w as a t least 70°. N orm ann 
and H ugel sta te  th a t  it  is un necessary w ith  hardened 
fish oil to allow  the lead a ce tate  to react for several 
hours, it  sufficing sim p ly  to  let th e m ixture stan d  until 
cooled to  room  tem p eratu re; th is  can be hasten ed  b y 
cooling w ith  w ater. So large a proportion  of fa t ty  
acids is ob tain ed  accordin g to  th is  procedure th a t  the

» Chem. Ztg., 1913, 58 and  369.
'I b id . ,  1913, 815.

specified am ount of alcohol is not sufficient to  dissolve 
them . I t  is b etter to  use 100-150 cc. of alcohol and 
h eat on th e w ater-bath  until solution is affected. The 
application  of heat should  n ot be continued for any 
great len gth  of tim e as arach id ic acid  readily  forms 
esters. T h e m ixture is th en  placed in cold water, 
cooled to  room  tem perature and the sep arated  material 
collected  and crysta llized  several tim es from  alcohol 
used in p rogressively  dim inishing proportions. Three 
crysta llization s suffice for on ly  s lig h tly  hardened fats. 
W ith  fa ts  of higher consistency one m ust recrystallize 
several tim es more un til th e m elting point is constant.

In  one case using hardened fish oil h avin g a melting 
point of 44, three recrysta llization s from  alcohol gave 
a C o n stan t m e ltin g  p o in t of o n ly  63 °, while further re
crysta lliza tio n  using acetone caused th e m eltin g point 
to  ad van ce to 76°. In  doub tfu l cases one should try 
several solven t m edium s. If th e m elting point is 
foun d to  be ab ove 700 C . N orm an n  and H ugel think 
it proof th a t either hardened fish, rape or peanut oil 
is present. I f  one is certain  of the u n itary  character 
of the oil then pean ut and rape oil can be distinguished 
from  fish oil b y  the cholesterol test, provided  th e state
m ent of Bom er in regard to  the u n ch an geab ility  of 
cholesterol and p h ytostero l under ord in ary  conditions 
of oil hydrogen ation  is confirm ed.

D a ta  on hardened oils b y  D av id so h n 1 are tabulated 
below :

Saponification 
M . P . Acid No. num ber M oisture Ash

T algo l................................ 39 .3  3 .4  191.0 0 .1 0  0.07
T al gol e x tra .................... 46 .5  3 .5  191.3 0 .1 3  0.05
C ande lite .........................  4 9 .0  3 .2  191.0 0 .2 0  0.08
C andelite  e x tra .............. 5 1 .9  3 .9  190.8 0 .15  0.04
C oryphol..........................  79 .3  3 .3  189.9 0 .18  0.05

T hese hardened fish oils or other hardened oils put 
ou t under th e trad e nam es in dicated  are m anufactured 
b y  th e G erm an ia Oil W orks of E m m erich.

K n a p p 2 states th a t  th e a tten tion  of a n a lysts  should 
be directed  to  the fa ct th a t in the im m ediate future 
th e y  will be called  upon to an alyze certain  new  artificial 
fa ts  prepared b y  hydrogen ation  and, n ot im probably, 
to  d etect their presence as ad u lteran ts. Thus, for 
exam ple, sta rtin g  w ith  olive oil, as th e absorption of 
hydrogen  proceeds, a tu rb id  oil, then  a liquid  magma, 
then  a soft fa t, and finally  a hard fa t, is obtained. 
K n ap p  observes “ A  sim ilar change occurs w ith  all oils 
contain ing glycerides of u n satu rated  acids. T his rise 
in the m eltin g point is n a tu ra lly  accom pan ied b a 
decrease in th e iodine valu e and refra ctive  index. 
F a ts  h ave been prepared in th is w a y  from  cottonseed 
oil w ith  iodine values as low  as 5, and if  desired the 
iodine va lu e could doubtless be reduced to  o, and the 
m elting poin t raised to 60°— 700 C . W hile it  is too 
co stly  for com m ercial purposes to  carry  th e  saturation 
of the un satu rated  glycerides to  com pletion, it  might 
be of va lu e  in th e lab o rato ry  as an aid to determining 
the com ponent glycerides in a pure oil. N o t only the 
oils con tain in g glycerides of oleic acid  can be hardened, 
b u t also those contain ing glycerides of linolic acid and 
linoleic acid  (the d ry in g oils), and even  of such highly

1 Org. f .  d. Ol- und Fetthdl., 1913, No. 14 and 15, and S t i f f  n. Ztg., 1913,

» The A nalyst. 1913, 102.
52?.
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unsaturated acids as clupanodonic (in w hale oils). 
Anyone who has seen ,a m alodorous oil con verted  into  
a bland odorless ta llo w  realizes the com m ercial possi
bilities of th e process. A n d  when it  is rem em bered 
that the process can be stopped  when th e iodine valu e 
reaches a desired num ber, th e p o ssib ility  becom es e v i
dent of the prep aration  of a fa t. w ith  a n y  required 
analytical figures.”  In sup port of th e foregoing, 
Knapp furnishes th e fo llow ing d ata:

Original H ardened oils

Appearance............................ C lear Solid particles Soft greasy B rittle
liquid floating in oil solid solid

B utyro-refractom eter 
(corrected to  40° C .) . . . 57.7 47 .7

Fatty  acids
Iodine v a lu e ..................... . 1 1 0 94 55 22

T iter........................................ . 3 4 .7 ° C. 3 7 .0 °  C. 4 2 .5 °  C. 5 2 .2 °C .
Neutralization value

(mg. K O II)....................... 196 196 192

The a n a lyst is ch iefly  in terested  in th e question  of 
how these fa ts  are to  be d etected . I t  is d ou b tfu l if 
their m ost ch aracteristic  feature, th e re la tiv e ly  high 
percentage of stearic glycerides w hich th e y  contain , 
will be of m uch service. K n ap p  states th a t  un til th e 
m anufacturer accom plishes th e difficult step of com 
pletely rem ovin g th e n ickel, th e  detection  of traces of 
this m etal will be th e sim plest and  m ost reliable test 
for hardened o ils .1 A lth o u gh  th e c a ta ly st is v e ry  finely 
divided, th e m anufacturer can ob tain  a p e rfe ctly  clear 
fat by careful filtration , and hence it  is th e n ickel con
tained in the nickel soaps form ed b y  th e  free fa t ty  acids 
present th a t one has to  d etect. T h e fo llow in g m ethod 
is suggested: 50 gram s of th e fa t are h eated  in a flask
with 20 cc. h ydroch loric acid, w ith  continued  vigorous 
shaking. T h e m ixture is allow ed to  sep arate while 
hot, and p a rt of th e acid  solution  is ev ap o rated  to 
dryness, dissolved in a drop of w ater, and p laced on a 
white t i le . . One drop of am m onium  sulfide is added to 
this and also to  a drop of w ater for com parison.. K n ap p  
however, tried  th is test on ly  on a few  hardened oils, 
and in some cases w ith  n ega tiv e  results. D im eth yl- 
glyoxime is a m uch m ore delicate test, b u t u n fo rtu n a tely  
Prall has foun d2 th a t certain  pure u n treated  oils g iv e  
a red coloration. H ence fu rth er in vestig atio n  is needed.

One of the m ost ch aracteristic  tests for fish oils— the 
bromide estim ation— is q u a n tita tiv e ly  useless for these 
oils after hardening, as the percen tage of ether-in sol
uble brom inated glycerides is g re a tly  reduced th ereb y. 
Not only are the a n a lytica l figures for th e  oils altered  
by this absorption of h ydrogen , b u t also th e  traces of 
substances w hich often  serve as a useful te st for th e 
particular oil in w hich th e y  occur— e. g., H alph en ’s 
reaction. K n ap p  believes B om er’s ob servation  th a t 
phytosterol and cholesterol are n ot chan ged in th is 
process is of great a n a lytica l value.

Three fa ts  ob tain ed  b y  K n ap p  from  a clear co tto n 
seed oil, hardened b y  hydrogen  w ith  the help of d if
ferent catalysts, g a v e  th e fo llow ing figures:

1 Too much reliance should no t be placed b n  the  nickel te s t as evi
dencing the presence or absence of hydrogenated  oils. I t  is know n to  the  
writer th a t hardened oils which are free from nickel are on the  m arket, these 
la cases presum ably having been prepared  w ith  the  aid of pallad ium  as
a catalyzer.

* Bomer, Zeitsch. Untersuch. Nahr. Genussm., 1912, 24, 104; and  
Analyst, 1912, 37, 452.

B utyro-refrac- M elting
Percentage of C harac te r tiou  (Cor po in t

C ataly s t ca ta ly s t in oil of p roduct rec ted  to  40° C.) °C.
N ickel............. ............ 1 . 0 0 H ard 45 .7 49
P la tin u m ........ ...........  1 . 1 0 H ard 47 .8 46
P a llad iu m ___ ............ 0 .0 6 B rittle 45.5 52

T h e keep ing properties of these hardened oils were 
foun d to  be rem ark ab ly  good. A lth o u gh  prepared n early  
a y ea r and a half p rev iou sly  and h a vin g  often  been ex 
posed to  dam p air, y e t  th e y  show ed no signs of ran cid ity . 
T h e free a c id ity  (0.70 per cen t as oleic acid) did not 
a p p reciab ly  change during th e  period of observation .

B o m er1 is in su b stan tia l agreem ent w ith  th e fore
going, for he states th a t  (1) th e hardened oils, as a 
resu lt of the m ore or less com plete tran sform ation  of 
u n satu rated  fa t t y  acids (oleic, linoleic, linolenic) into  
stearic acid, show  an increase in the m eltin g and solid i
fy in g  points as well as a low ering of the refractom eter 
num ber and iodine num ber 'while th e saponification  
num ber is b u t little  altered.

(2) Judgin g b y  th e iodine num bers of th e liquid  fa t ty  
acids, these acids ¿ppear to  be n ot u n ifo rm ly tra n s
form ed into  stearic acid , b u t th e tran sform ation  of 
oleic acid  appears to  progress more slo w ly  th an  th e less 
sa tu rated  linoleic and linolenic acids, etc.

(3) A m ong th e hardened oils, th e  so ft and m edium  
hard products, in color, con sisten cy and in p a rt also 
in odor and ta ste , show a greater or less s im ilarity  to 
beef or m utton  ta llo w , so th a t  b y  extern al appearance 
one can n ot distinguish these hardened oils from  such 
anim al fa ts; for exam ple m edium  hard  pean ut oil is so 
com p letely  like n eutral lard, and hardened w hale oil 
is so like m utton  ta llo w , th a t  one is n ot able to  dis
tin guish  betw een  these fa ts  b y  appearance, consisten cy, 
odor nor taste .

(4) N o t on ly  in their outw ard  properties are these 
hardened oils like hog fa t and  m utton  ta llo w , b u t also 
th e usual a n a lytica l con stan ts are so sim ilar th a t  one 
can n ot d istinguish som e sam ples of hardened pean ut 
oils and hardened sesam e oil from  hog fa t, nor whale 
oil, in som e cases, from  m utton  or beef ta llo w . In  th e  
la tte r  case even th e P olenskc num bers agree w hile in the 
case of sesam e oil th e y  are som ew hat low er th a n  hog fa t.

Yellow
liq u id .........................................  5 6 .8  1.1 191.1 8 4 .4
W hite
ta llo w y ...............  5 1 .2  3 6 .5  50 .1  1 .0  188.7 4 7 .4
W hite
ta l lo w y .............  62 .1  45 .3  38 .4(6) 4 .7  188.9 25 .4
Yellowish

oil hardened i[ la rd  lik e ......... . .  38 .5  2 5 .4 5 3 .8 0 . 6 195.7 69 .7
C ocoanut oil j W hite
' u n trea ted ( so ft.................. . . 2 5 .6  20 .4 37 .4 0 .3 255.6 1 1 . 8

C ocoanut oil f W hite
hardened ( lard  lik e ......... . . 4 4 .5  27 .7 35 .9 0 .4 254.1 1 . 0

W hale oil f Yellowish
hardened ( ta llow y ........... . . 4 5 .4  33 .7 49.1 1 . 1 193.0 46 .8

(a) M illigram s potassium  hydroxide for 1 gram  fat.
(&) D eterm ined a t  50° C.

B om er exam ined a num ber of h yd ro gen ated  oils and 
ta b u la ted  th e  results of his in vestig ation s and from  
these th e ab ove condensed ta b le  has been com piled.

1 Chem._Rcv. u. d Fett und Ilarz In d .% 1912, 220.
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T h e solid and liquid  fa t t y  acids sep arated  from  the 
h yd ro gen ated  fa t b y  th e  m ethod of Farn stein er 
showed th e fo llow ing properties:

L iquid fa tty  acids
Solid fa tty  acids *------------ *------------ '

------------- *------------ ' R efraction Iodine
Oil M . P . Acid No. a t  40° C. No.

P ean u t oil. u n tre a te d   . .  . .  4 7 .6  91 .8
P ean u t oil h a rd e n ed   . .  199.7 42 .9  82 .9
Sesam e oil h a rd en ed   5 6 .4  199.5 44 .7  88 .9
C ottonseed oil hardenfed.. 4 5 .0  206 .8  48 .3  115.6
W hale oil h a rd en ed   . .  199.5 4 4 .4  9 6 .0

Sam ples of these hardened oils were exam ined for 
cholesterol and p h ytostero l. H ardened pean ut oil 
w as found to  contain  0.4 per cent, sesam e oil 1.9 per 
cent, cottonseed  oil 1.6 per cent, and whale oil 0.2 per 
cen t of sterol, of w hich th e three first hardened prod
ucts m entioned exhib ited  th e ty p ic a l crystallin e form  
of p h ytostero l. T h e m eltin g point of these sterols 
ran ged from  132 to  13 9 0 C ., y ield in g acetates m elting 
betw een  abou t 126 and 12 9 0 C . T h e hardened whale 
oil ga v e  a sterol m elting a t 149 .7° C.

Bom er m ade a series of fraction al crysta llization s 
of hardened oil and from  a sam ple of h yd rogen ated  
pean ut oil obtained  tristearin e (am ou n t'n g  to about
2-3 per cen t). B om er has called  a tten tion  to the 
rath er strik in g beh avior of cocoan ut oil. H e calcu
lated  from  th e iodine num ber th a t  th e  n atural oil con
ta in ed  13 per cen t of oleic acid  and a fter hydrogen ation  
ap p ro x im ately  ab ou t 1 per cen t of th is acid  w as present. 
A s a resu lt of th e tran sform ation  of 12 per cen t of oleic 
a,cid in to  stearic acid , th e m elting point increased from  
25.6° C. to  44.5° C ., or th u s 18.9° C ., while th e solid i
fy in g  poin t ad van ced  from  20.4 0 C . to  2 7 .7 0 C ., or 
on ly  7 .3 0 C.

A  species of hardened fish or w hale oil know n as 
“ T a lg it ”  has been exam ined b y  M ü ller,1 who found 
the product to have an acid  valu e of 12.S, an iodine 
num ber of 49 and a tite r  (fa tty  acids) of 39 .4 0 C . The 
fa t  w as saponified and pressed to obtain  stearic acid. 
I t  w as foun d th a t th e operation  of pressing could be 
carried out e ffe ctive ly  to y ield  a p roduct tech n ica lly  
free from  liquid  fa t ty  acids: 35 per cen t of solid fa t ty  
acid  h a vin g  a tite r  of 48.7° C . w as thus obtained. 
M üller states th a t  since m ixtures of stearic and palm itic 
acids possess a so lid ify in g  point ab ove 5 3 .5 0 C . the 
low  tite r  of the solid acids of T a lg it  points to  th e pres
ence of solid acids other th an  stearic and palm itic. 
D u b o v itz2 th in ks th e low m eltin g point to  be due to 
the presence in th e origin al fish or w hale oil o f 
h yp o gaeic  and p h yseto leic  acid  or sim ilar acids w ith 
p ossibly  un satu rated  fa tty  acids o f a still lower num ber 
o f carbon atom s.

L eim dorfer3 regards t h e  Stearine p r o d u c e d  b y  t h e  

h y d r o g e n a t i o n  o f  som e o i l s  to  be p e r h a p s  a n  a l l o t r o p i ’c  

f o r m  of n a t u r a l  S t e a r i n e .

A n  a ttem p t is m ade b y  G rim m e4 to  id e n tify  fish oils 
a fter th e y  h ave been hardened. A s stated , the ordi
n ary  constan ts g iv e  no clue to  the original source of a 
hardened oil and hence G rim m e resorts to  color re-

‘ Seifen Ztg., 1913, 1376.
= Ibid., 191«, 1445.
> Ib id .. 1913, 1317.
* Chem. Rev. u. d. Fell u n d jla r z  Ind ., 1913, 129’and]l55 .

actions. A  list of tests is given  for each of th e four 
classes of fish oils: ( i)  Seal oils; (2) W hale oils; (3)
L iv er oils; (4) F ish oils; and also ch aracteristic  tests for 
in d ivid u al oils. These tests  were also applied  to two 
hardened oils of unknow n origin and G rim m e believes 
from  his results th a t  the color reactions are character
istic  enough to establish th e presence of fish oils. 
N ickel was found in th e sam ples, F o rtin i’s test (as 
detailed  below) g iv in g th e stron gest coloration. 
C olor reactions were applied  to  six a u th en tic  whale oils 
from  tw o different sources, and hardened to  different 
degrees. T hese tests were carried  ou t b y  dissolving 
5 parts of the sam ple in 95 parts of benzine-xylene 
(1 :1)  and a g ita tin g  5 cc. of th e solution w ith  the rea
gen t; a fter 5 m inutes and 60 m inutes th e color was 
noted. G rim m e finds th e iodine-sulfuric acid  reaction 
(1 cc. concen trated  su lfuric acid  and 1 drop tincture 
of iodine) to g ive  a characteristic  vio let-red  color for 
w hale oil though th e in ten sity  of coloration  decreases 
w ith  increasing hardness. T h e con stan ts of the six 
sam ples of h yd rogen ated  fish and w hale oils employed 
and th e coloration  produced b y  different reagen ts are 
ta b u la ted  b y  Grim m e.

A  draft of th e  C odex alim entarius A u striacu s, which 
has been prepared b y  a board of prom inent chemists 
and officials including H efter, W olfbauer, Fischer, 
H artl and P ellisch ek ,1 em braces the su b ject of hydro
genated  oils and it  is stated  th a t  considered as a food 
product these oils will require fu rth er carefu l investi
gation  before it  is determ ined w ith  c e rta in ty  ju st what 
ran k  th e y  w ill ta k e  as edible products. I t  is noted that 
the fa ts  now  offered for edible purposes are w hite to 
yellow ish  in  color, alm ost odorless and tasteless. 
U su ally  the consisten cy lies betw een th a t  of ordinary 
b u tter  and hard tallow . N ow  and then  sam ples are 
foun d w hich m elt a t abou t 60 ° C . and are as brittle 
as carn au b a w ax. These hard products, .o f course, 
are n ot intended b y  them selves to  be used for edible 
purposes, b u t are em ployed to raise the m eltin g point 
of soft fa ts. Sam ples of hardened pean u t and sesame 
oil w ith  iodine num bers reduced to  50 or low er, some
tim es dow n to  20, have been exam ined. Cocoanut 
oil w ith  an iodine num ber of 2 or even low er has been 
m et w ith. T h e cholesterol of anim al fa ts  and the 
p h ytostero l of vegetab le  o ils is  not a ltered  b y  th e hydro
genation  process. T h e hardened fa ts, it  is stated, 
scarcely  ever appear on the m arket in th eir true light 
b u t u su a lly  are put ou t under som e trad e  nam e such 
as “  P ean u t-o leo ,”  “  Sesam e-oleo,”  “  Peanut-m argar- 
in e ,”  “ Sesam e-m argarine,”  “ C risco ,”  and  th e like.

H ardened oils exam ined b y  A u frech t2 in outward 
appearances resem bled palm  kernel oil. T h e y  were 
v e ry  hard  and of granular fractu re, were eith er pure- 
w hite or yellow ish in color. A d istin ct odor was per
ceptib le on m elting or heating. T h e ta ste  recalled 
th a t of ta llo w y  fats. T h e products were readily  soluble 
in the usual fa t solven t m edium s, b u t th e  solubility 
in m eth yl and e th yl alcohol was v e ry  slight. T h e fats, 
were easily  saponifiable. T h e con ten t of free fatty  
acid  flu ctu ated  betw een 0.51-0.83 per cent. T h e ash.

> Seifen. Z lg.. 1913, 1087.
1 Pkarm . Zlg., 1912, 876.
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reacted alkalin e and consisted  of alkali carbon ate and 
traces of iron oxide, b u t no nickel or other con stitu en t 
could be detected . T h e follow ing a n a ly tica l results 
are given:

l. 2 . 3.
D urotol D urotol H ydrogen
(yellow) (white) a ted  T ran .

Color.......................................................... yellowish white white
Specific grav ity  a t  15° C .................... . 0.9252 0.9257 0.9268
Melting poin t °C ................................... 46 .5 46. 48.
Solidification poin t °C ......................... 43 .5 43.5 45.5
Viscosity a t  50° C ................................. 5 .4 5 .4 5 .6
Acid No. (calculated as oleic acid ).. 0.51 0.57 0 .83
Saponification N o .................................. . 162.2 161. 173.5
Unsaponifiable m a tte r (per c e n t) . . . 1.92 2 . 1 2 .4
Acetyl N o ................................................. 1 . 2 1 . 2 0.95
Iodine N o................................................. 3 .9 4 .2 7 .8
Hehner N o............................................... 95 .8 95 .8 9 6 .4
Reichert-Meissl N o ............................... 0 .38 0 .36 0 .52
W ater........................................................ 0. 0. 0.
Ash............................................................. 0.037 0 .03 0 .05

The detection  of traces of n ickel b y  the usual a n a lyt-
ical m ethods is often  difficult. D im eth ylglyoxim e, 
proposed b y  T ch u gaeff, is a reagen t of great sen sitive
ness. Its application  has been in v estig a ted  b y  a num 
ber of chem ists, and am ong these B ian ch i and D iN o la 1 
report th a t th e presence of copper and iron interferes 
with the test. T h e y  w orked w ith  an acid  reagen t and 
used the fo llow ing procedure:

To th e substance supposed to  contain  n ickel one or 
two drops of con cen trated  hyd roch loric  or n itric  acid  
are added and th e  acid solution  so obtained  is placed 
in a porcelain dish, or p referab ly  on a strip of filter 
paper. A  few  drops of am m onia are added, or in case 
the strip of filter paper is used, th is m ay sim p ly  be 
exposed to  th e vapors of am m onia. T h e liq u id  is 
acidified w ith  acetic  acid  and a drop of concen trated  
alcoholic solution of d im eth ylglyoxim e is added. T h e 
presence of n ickel is show n b y  a red coloration  w hich 
grows more pronounced in th e  course of tim e. T his 
reaction is a v e ry  sim ple one and does n ot require an y 
particular techn ical know ledge for carry in g  out.

Fortini2 has sim plified th is reaction  and uses an a lk a 
line instead of an acid  reagen t w hich a p p a ren tly  gives 
more sa tisfa cto ry  results th a n  th e ab ove procedure. 
Fortini mixes one-half gram  of d im eth ylglyoxim e, 5 cc. 
98 per cent alcohol, and 5 cc. con cen trated  am m onium  
hydroxide in th e order as g iven , y ield in g a clear, fa in tly  
yellowish liquid  w hich in glass-stoppered b ottles m ay 
be kept for a long tim e unchanged. T h e test is carried 
out as follow s:

The sam ple to  be exam ined is freed from  fa t  b y  ex
traction w ith  ether and to  th e residue a drop of th e  rea 
gent is added. W hen nickel is present th ere w ill a p 
pear in a few  seconds a rose colored flock caused b y  
reaction w ith  the n ickel oxide present on th e  surface 
of the m etallic n ickel. Of course, if n ickel is present 
in the form  of a soap, th e fa t should be extracted  w ith , 
for exam ple, aqueous h ydroch loric acid  in th e m anner 
prescribed b y  K n ap p  in th e foregoing. In  order to 
make the reaction  even  more sen sitive, th e residue m ay 
be heated for a few  m om ents in an oxidizing flam e to  
produce nickel oxide.

The detection  and determ ination  of sm all q uan tities
1 Boll. Chim. Farm., 1910, 517.
s Chem. Zlg., 1912, 1461.

of n ickel b y  a-ben zild ioxim e is described b y  A ta c k 1 as 
follow s:

A n  alcoholic solution of a-ben zild ioxim e gives w ith  
nickel com pounds a b u lk y  red p recip itate  which is 
insoluble in w ater, alcohol, acetone, io  per cen t acetic 
acid, and am m onia; th e p recip itate  becom es reddish 
yellow  on boiling. T h e reagen t is m uch m ore sen sitive 
th an  d im eth ylglyoxim e, show ing i p a rt of n ickel in 
5 m illion of w ater, and th e p recip itate  is readily  filtered.2 
Sm all q u an tities of n ickel are determ ined as follow s:
1 50 cc. of a hot sa tu rated  alcoholic solution  of th e oxim e 
are added for ev e ry  o .o i gram  of n ickel, the m ixture 
is h eated  for a few  m inutes on th e w ater-bath , filtered, 
th e  p recip itate  w ashed w ith  hot alcohol, and dried a t 
11 o °  112 °  C .; it  has the form ula C2sH22N.1O.1Ni an d  
contain s 1 0 . 9 3  P e r  cen t Ni. N ickel m a y be sep arated  
from  cob alt in am m oniacal solution. a-B en zild io xim e 
is prepared b y  boiling 10 gram s of benzil, d issolved in 
50 cc. of m eth yl alcohol, w ith  a con cen trated  aqueous 
solution  of 8 gram s of h yd ro xylam in e hydrochloride, 
for 6 hours, w ashing th e p recip ita te  w ith  hot w ater and 
th en  w ith  a sm all q u a n tity  of e th yl alcohol, in w hich 
it  is on ly  sligh tly  soluble. I t  m ay be crysta llized  from  
acetone.

T h e hydrogen  va lu e  is proposed b y  F ok in 3 as a 
m eans of determ ining un satu rated  organic com pounds 
in a m anner sim ilar to the iodine va lu es of H ubl and 
W ijs.

T h e “ hydrogen  v a lu e ”  of an organic com pound is 
defined as th e  num ber of cubic cen tim eters of hydrogen  
(at o° and 760 m m .), w hich are absorbed b y  1 gram  of 
th e com pound. F or th e test, an ap p aratu s is devised 
consisting of a d istillation  flask (50-150 cc.) h a vin g  a 
sm all beaker fused inside on th e b otto m , and conn ected  
b y  m eans of th e side-tube to  a gas b u rette  and a gaso
m eter co n ta in in g .h yd ro g en . In th e sm all beaker are 
p laced ab ou t 0.1 gram  of c a ta ly tic  p latin um , m oistened 
w ith V s cc. of w ater, and in th e flask th e substance to  
be exam ined and 20—30 cc. of alcohol free from  dissolved 
oxygen. H ydrogen  is ad m itted  and  the flask is shaken 
b y  a sh akin g m achine un til absorption  is com plete. 
T h e fo llow ing hydrogen  va lu es were obtained  b y  F okin , 
th e figures in parentheses being eith er the hydrogen  v a l
ues corresponding w ith W ijs ’ iodine va lu e, or, where 
indicated , th e th eoretical hydrogen  values. E la id ic  
acid , 78 .6-81.4 (78.8); oleic acid , 86.2-87.2 (86.2); fa t ty  
acids from  sunflow er oil, 119 .6 -12 0 .8  (122.9); fa t ty  acids 
from  linseed oil, 164.9-166.3 (166.0); castor oil, 73.7 
(75.5); C roton  oil, 260.9 (theoretical, 258.4); undecoic 
acid , 115.6  (1 1 4 .1 ) ; erucic acid, 39.4 (65.6). C olo
ph on y does not absorb hydrogen  under th e conditions 
of th e test. T h e “ hydrogen  v a lu e ” - of course is not 
a determ in ation  as y e t of use in th e iden tification  of 
hardened oils, b u t is n oted  here because of its in ciden tal 
interest.

T h e foregoing em braces m ost of th e inform ation  
ava ila b le  from  published sources on th e a n a lytica l side 
of hyd ro gen ated  or hardened oils and it  is hoped th a t 
th e  v e ry  m eagreness of the d a ta  m ay serve as a stim ulus

‘ Chem. Zlg., 1913, 37, 773.
» C om pare Ibbo tson ; J . S . C. I .. 1911, 1317.
3 J . Russ. Phys. Chem. Soc.. 40 (1908), 700; J . Chem. Soc. Abstr., 94 

(1908), I I .  637.
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for abu n d an t in vestig a tio n s tending to  c la rify  th e su b 
ject and en abling fa ir ly  definite procedures to  be 
ad op ted  for th e q u a lita tiv e  and q u a n tita tiv e  exam ina
tion of these products.

9 2  G r e e n w o o d  A v e .
M o n t c l a i r ,  N . J.

,CH,OH

TH E  C H E M IST R Y AND PR O PE R T IE S OF G LYCERO 
P H O SP H A T E S ( G LY CERIN OPH  O SPH  ATES )

B y  G a s t o n  D u B o i s  

R eceived O ctober 16, 1913

In  an article  on “ C alciu m  G lycerop h osp h ate,”  
w hich appeared in tw o num bers of th e Journal de 
Pharm acie et de Chim ie of M a y  i and 16, 1913, 
th e  authors, E . F ran çois and E . Boism enu, sta rt their 
critical review  of th e  literatu re on glycerophosphates 
b y  po in tin g to  th e great num ber of pu b lication s on the 
su b ject.

T h e y  believe th a t  in sp ite of the co m p a ra tiv ely  
vo lu m in ous literatu re few  of those interested  in th is 
su b ject can draw  exa ct conclusions from  those p u b li
cations as to the n ature or com position of syn th etic  
g lyceroph osph ates and of th e products foun d on the 
m arket.

In th e  literatu re in cludin g the leading a u th o rita tive  
pub lication s on organic ch em istry  we find such con
tra d ic to ry  statem en ts as to  m ake it  im possible for 
a n y  one un fam iliar w ith  the su b ject to  recognize w hich 
are correct.

T h e w riter h a vin g  had som e experience in th e m anu
fa ctu re  . of g lycerophosphates, and h avin g, therefore, 
spent som e tim e stu d yin g  th e ch em istry  of these 
p roducts, deem ed it  a d visab le  to. collect th e  m ost im 
p o rta n t know n fa cts  on th e su b ject and to  en deavor 
to  draw  conclusions b y  adding his experience to  th a t 
gath ered  from  the research w ork of others, and also 
to  point ou t a few  of th e erroneous statem en ts and in 
consistencies found in som e publication s.

B efore going into the details of th e  ch em istry  and 
properties of g lycerophosphates, and th e findings 
of the various chem ists w ho h a ve  developed  th is field, 
le t us b riefly  exam ine w hat com pounds are th e o retica lly  
possible as a resu lt of th e action  of phosphoric acid  
or its  salts, on glycerine.

B y  the in teraction  of 1 m olecule phosphoric acid  
w ith  one m olecule glycerin e, tw o  isom eric m onoglycero- 
phosphoric acids are possible.

,C H ,O H

/ O .C H 2C H O H .C H 2OH
O P ^ O H

X )H

1. a  m onoglycerophos- 
phoric acid

/
y O .C H

O P ^ O H \
X )H

C H ,O H

2. /3 m onoglycero- 
phosphoric acid

These acids can form  mono- and d ibasic salts. 
T h e dibasic calcium  salts of ab ove acids are th e m ain 
com ponents of calcium  g lycerop h o sp h ate of the 
m arket.

If one m olecule phosphoric acid  in teracts  w ith  tw o 
m olecules glycerin e, again  tw o  isom eric diglycero- 
phosphoric acids are possible:

/O .C H a .C H O H .C H a O H
O P ^ -O .C H ,.C H O H .C H ,O H

N d h

3. a  d iglycerophosphoric acid

-O .C H

/
OP— O .C H

C H 2OH
C H 2OH

x CH ,OH

- O H

4. P diglycerophos
phoric acid

Som e authors claim  d iglycerophosphoric acids to 
h ave th e follow ing co n stitu tion :1

,0  —  C H ,

I
0 P<-- O H  C H O H

^ O - C H ,

5. oi d ig lycero p h os
phoric acid

O P i

CH aOH

I
,0  — C H

I
0 —  C H :

'O H

6. /3 d iglyceroph os
phoric acid

T h e d iglycerophosphoric acids, w h a tever th eir con
stitu tio n  m ay be, can form  on ly  m onobasic salts. 
T h e salts of these acids are rea d ily  p a rtly  saponified 
b y  th e action  of alkali hydroxides y ield in g mainly 
m onoglycerophosphates.

D iglycerophosp horic acids are form ed w hen phos
phoric acid  is mi£ed w ith glycerin e, p referab ly  an ex
cess of th e la tter, and the m ixture h eated  to  above n o 0 
under reduced or atm ospheric pressure. T h e formation 
of d iglycerides a t tem peratures above n o °  w as demon
strated  ve ry  con clu sively  b y  A drian  and Trillat,2 
b y  P ow er and T u tin ,3 and also b y  C a rré .4

T h e question, which are th e correct form ulas for 
th e a  and /3 d iglycerophosphoric acids, formulas 
3 and 4 or s and 6 is not settled  y e t. A d rian  and Trillat 
an alyzed  diglycerophosphoric acid  and ob tain ed  figures 
for C  and H corresponding abou t w ith  the amount 
contain ed  in  form ulas 3 and 4.

I t  is possible th a t both  are correct as it  is reasonable 
to exp ect th a t m onoglycerophosphoric acid  when 
heated  could, b y  the' elim ination  of w ater, form  di
glycerophosphoric acid:

, 0 H

O Pc—OH

'O .C H 2.C H O H .C H 2OH
/OH , 0 — C H ,

0 P (  O .C H .C H ,O H  +  H20  or O P ^  O H  C H O H

1 \  1 o . c h 2 x o — c h 2
W e now  com e to  th e  last class of esters formed

1 C arré, C. r. de VAcad, des Sciences, 137, 1070-73, also 138, 47-49.
* J . Phar. et Ch., [6 ] 7, 226-30.
* Pow er and  T u tin , J . Chem. Soc., 87, 240-57.
4 C arré, C. r. de I'Acad, des Sciences. 137, 1070-73.
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by the action of phosphoric acid  on glycerin e, th e tri- 
glycerophosphoric ester. T h is com pound has th e 
following form ula:

,O C H 2 

O P ^ — O C H

\ dC H 2

It is, according to  Carrd, insoluble in w ater, alcohol 
and acetone, and form s a hard, sp on gy mass w hich 
can be powdered.

•It' is interestin g to  note from  th e fo llow ing ex
ample the re la tiv e  am ounts of m ono, di and tri esters 
formed under various conditions, w hich is shown in 
the follow ing ta b le  ta k en  from  G. P ru n ier’s in v esti
gations.

E qual am ounts of 60 per cen t phosphoric acid  and 
glycerine 28° B. were h eated  togeth er under atm os
pheric pressure.

Tem p. Hours heated  M onoether D iether T rie th er T o tal
1 1 0 ° 72 39 .3 3 7 .4 0 . 6 77.3
1 1 0 ° 84 43 .9 33 .5 0 . 6 78.0

130° 12 3 6 .8 2 9 .0 0 . 6 66 .4
130° 24 36.1 27.1 1.9 65.1

E qu ally  interestin g is th e  resu lt of in vestig ation s 
by G. P run ier1 on th e ra te  and lim it of esterification  
of phosphoric acid  b y  g lycerin e under v a ry in g  condi
tions of concen tration, tem p eratu re and pressure.

The in v estigation  shows th a t th e  b est results are 
obtained if th e w ater form ed during th e reaction  is 
eliminated, w hich can b est be atta in ed , either b y  h e a t
ing the reaction  m ixture under reduced pressure 
or b y  exposing a co m p a ra tiv e ly  large evap o ratin g  
surface. T h e lim it of esterification  under reduced 
pressure appears to  be reached w hen 80 per cen t of 
the acid is esterified and th is  point is a rrived  a t more 
quickly a t higher tem peratures, 24 hours being re
quired a t 1 1 0 ° , 12 hours a t 13 0 ° and 8 hours at 15 0 °. 
Under atm ospheric pressure th e  speed of esterification  
also increases w ith  higher tem peratures, b u t th e lim it 
of esterification decreases. F or exam ple w ith  - 85 per 
cent acid and glycerin e 30° B. a t 1 1 0 °  th e lim it 
of esterification is 75.8 per cen t b u t drops to  60.9 
per cent at 13 0 ° and to  49.4 per cen t a t 15 0 ° . U nder 
atmospheric pressure th e  b est results for th e .esterifi
cation are ob tain ed  at i i o °  and b y  using 60 per cent 
phosphoric acid  and glycerin e 3 0 0 B . w h ereb y 78 
per cent of th e  acid  is esterified.

A t higher tem p eratu res and under reduced pressure 
the chief p rod u ct is th e diester, th is being replaced, 
ln part b y  th e  m onoester w hen esterification  is slow 
(namely, at h igher pressures and low er tem peratures) 
and b y th e triester when th e  operation  is conducted  
at a still higher tem perature.

R egarding th e  s ta b ility  of glycerop h o sp h o ric  acid  
or in other words its  v e lo c ity  of h yd ro lysis, F . M alen- 
greau and G . P rigen t2 foun d th a t  th e decom position 
of glycerophosphoric acid  is a case of au to cata ly sis, 
caused b y  th e action  of th e un com bined acid  groups

1 Bull, de la Soc. Chim. de France, 1907, [4] 1, 1046-48.
1 Z. physiol. Chem., 1911, 73, 68-84.

of th e  phosphoric acid, as when these are n eutralized  
th e decom position  a t io o °  is p ra ctica lly  reduced to  
zero. W ith  rising tem peratu re th e h yd ro lysis  is 
n o ta b ly  accelerated. T h ere is a certain  a c id ity  or 
concen tration  of H  ions ab ove and below  which th e 
s ta b ility  of the com pound increases. T h is  exp lain s 
w h y strorig acids, such as H C 1, H 2SO*, acetic  acid, 
e tc., retard  th e  decom position  ow ing to the increase 
in th e concen tration  of th e  H ions in th e solution. 
On the other hand w eak acids such as oxalic and citric  
acids and th eir sa lts accelerate th e h yd ro lysis  o f 
g lycerophosphoric acid. T h e degree of a c id ity  at 
w hich th e h yd ro lysis  is the greatest is represented b y  
acid  salts of glycerophosphoric acid.

T h e potassium  sa lt decom poses m ore ra p id ly  th an  
th e  calcium  and sodium  salts. T h e salts of stron g acids 
h a v e  m ostly  b u t a s lig h tly  acceleratin g effect b u t the 
salts of w eak acids accelerate th e h yd ro lysis  reaction  
considerably.

B efore lea v in g  th e  su b ject of th e  possible com pounds 
resulting from  th e esterification  of phosphoric acid  
b y  glycerin e, th e in vestig a tio n s b y  A . C on tard i, 
recen tly  published should be briefly  m en tion ed.1

B y  heatin g  at 12 0 -130 ° th ree m olecules crysta llized  
phosphoric acid  under reduced pressure w ith  one m ole
cule glycerin e, glycerotripliosphoric acid  is ob tain ed :

C H , —  O —  P O (O H ),

C H  —  0  —  P O (O H ),

I
C H , —  0  — P O (O H ),

T h is triphosphoric ester heated w ith  one m olecule 
g lycerin e y ield s diglycerotriphosphoric ester:

CH,.0  C H , —
1 I

0 - -P O ( O H )
1 I 1

c  H . o  CH —
i i

0 - — PO(OH)
I I 1 I

C H , .0  C H , — 0  — P O (O H )

w hich com pound yield s when again  h eated  w ith  one 
m ore m olecule glycerin e th e  n eutral tr ig ly ce ro tri-  
phosphoric ester:

I----------------------- 1
C H , .0  C H , -  0  —  P O —  C H , -  O 
| 1 t 1 I •

C H . O C H — 0 — P O  — C H —  O
I I I 1 I
C H , .0  C H 2 —  0  —  P O  —  C  H, —  O

I T h is com pound is id en tical w ith  C a rry ’s tr ig ly ce ro - 
S C H , —  0

I V
phosphoric ester C H  —  O -^ P O , th e la tter  bein g ]ust

I /
C H , —  O

one-third of th e  form ula  proposed b y  C on tard i.
T h e correctness of C o n ta rd i’s form ula  for tr ig ly cero - 

phosphoric ester has n ot y e t  been p roved  ow ing to

1 Gazz. Chim. Ila l., 42, I I , 270-82.
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th e in so lu b ility  of this com pound, w hich m akes it 
im possible to  determ ine the m olecular w eight.

P. C arré  does n ot agree w ith  C o n ta rd i’s findin gs;1 
th e question  of th e existence of above com pounds 
is, therefore, n ot defin itely  settled.

In  con trast to  th e m ethods used b y  all of th e  above 
m entioned au th ors for syn th esizin g glycerophosphoric 
esters, I find th a t  th e present m an ufacturin g m ethods, 
ju d gin g  from  th e p a te n t literature, sta rt not from  phos
phoric acid , b u t m ostly  from  m ono- and dibasic 
sa lts  of ortho- or m etaphosphoric acids. One p aten t 
describes th e  use of a m ixture of m etaphosphoric 
acid , disodium  ph osphate and glycerin e; another 
p a te n t covers th e use of m onosodium  phosphate 
and  glycerin e, etc.

T h e purpose of d ev iatin g  from  th e original m ethod 
o f P elouze (phosphoric acid  and glycerine) is p a rtly  
in order to  p reven t th e form ation  of triglyceroesters, 
b y  p rotectin g one • of th e acid  groups b y  a base, and 
p a rtly  for other p ra ctica l reasons w hich do n ot enter 
in to  th e su b ject of th is paper.

W e now  com e to  th e  exam ination  of th e  principal 
salts o f glycerophosphoric acid  found on th e m arket, 
th e calcium , sodium  and potassium  glycerophosphates.

c a l c i u m  g l y c e r o p h o s p h a t e .— An exam ination  of 
variou s m arket products w hich I carried ou t in  our 
lab oratories showed how  w id ely  these p roducts differ 
in  com position.

HsO of Added org.
crysts. Based on anhydrous p ro d u c t acid fig.

and  /---------------------- '   as citric
Sam ple m oisture Ash CaO P 2OJ T itra tio n  acid

1........................ 10.03 55 .32  19.23 32 .03  56 .1 %
2 ..    9 .43  50 .93  22 .70  28.15 8 0 .7 %  7%
 3 ........................  8 .7 9  54 .66  24 .45  29 .58  3 5 .3 %  5%
 4 ........................  10.39 56 .35  22 .2  33 .68  71 .0 %
 5 ........................  12.73 59 .02  26 .56  3 1 .9  _

L. P. 6 ........................ 1.25 60 .32  26 .96  33 .77  99 .29
T h eo ry ...........................  7 .89  60 .47  26 .68  33 .8 0  100.0%

Sam ple N o. 6 w as a lab o rato ry  prep aration  alm ost free 
of w ater.

Prom  the ab ove figures we find the m oisture in the 
p roducts v a ry in g  from  8.79-12 .73  per cent, th e ash 
from  50.93-59.02 per cent, C aO  from  19.23-26.56 
per cen t, P2O5 from  28.15-33.68 per cent. A ll of the 
figures for ash, C aO , P2O5 being based on d ry  substance.

If we com pare their solubilities we find still greater 
differences and it  is, therefore, ev id en t th a t these 
products m ust differ w idely  from  one another.

G. P run ier exam ined sam ples w hich show ed solu
b ilities in w ater ran gin g from  1 : 11 up to  1 : 60 parts 
of w ater.

T h e causes for these d ivergences are m ain ly:
1. T h e presence of organic acids (citric  acid, etc.) 

w hich increase the solu b ility.
2. T h e presence of d iglycero ph osp h ates w hich also 

increase the so lu b ility.
3. D ifferen t m ixtures of a  and fi g lycerophosphates 

the /3 glycerop h o sp h ate being less soluble th a n  the 
a  isom eride.

T h e tw o first causes w ill n ot be discussed in this 
paper as organic acids or d iglycerid es are im purities 
added for th e purpose of a p p a ren tly  increasing the

‘ Compt. rend,, 1912, 155, 1520-21.

so lu b ility . T h a t  th e  so lu b ility  is m ostly  on ly  appar
en tly  increased is explained b y  th e fa c t th a t  although 
such products w ill a t first readily  dissolve in 25-40 
parts of w ater, on longer stan din g, how ever, calcium 
c itra te  will gra d u ally  be form ed and p recip itate  out of 
th e  solution and in  th e case of d iglycerides being 
present, th e y  w ill slow ly  h yd ro lyze  form ing mono- 
g lyceroph o sph ates and also som e free phosphoric acid. 
F urtherm ore, as is show n in th is paper, th e presence of 
organic acids (w eak acids) or th eir salts will increase the 
h yd ro lysis of m onoglycerophosphates, th e re b y  causing 
CaH PO< to  be form ed.

T h e m istake has been rep eated ly  m ade b y  various 
authors in  determ ining th e so lu b ility  of pure calcium 
glycerophosphate, n ot to  ta k e  into consideration  the 
fa ct th a t th e products exam ined m ay h a ve  contained- 
one or th e other of th e tw o possible isom erides or 
even a m ixture of both of these, and the result, n aturally, 
has been th a t v e ry  w idely differing statem en ts were 
m ade concerning th e so lu b ility  of these products.

T u tin  and H ann in an en deavor to  fin ally  ascertain 
th e n ature of th e n atural and sy n th e tic a l1 glycero
phosphoric acids, h ave prepared these p roducts and 
their barium  salts and also th e a  and /3 m onoglycero- 
phosphoric acids sep arately  and their b arium  salts 
under such conditions as th e y  hoped w ould exclude 
th e form ation  of other products.

A s th e determ in ation  of th e properties of the a 
and /3 isom erides is of the u tm ost im portance as a basis 
for a thorough know ledge of th e com position  of com
m ercial products and of th e requirem ents to be es
tablish ed  for such products, th e w riter w ill briefly 
discuss a p a rt of T u tin  and H an n ’s w ork and results. 
T h is  appears all the more n ecessary in v iew  of the 
im portan ce of th eir researches and because their 
findings regarding the solu b ility  of a  barium  glycero
ph osphate as well as th a t  of the syn th etica l product 
do n ot coincide w ith  th e results of m ore recent in
vestigations.

T u tin  and H ann prepared a  barium  glycerophos
phate b y  ch lorin ating d ry  a lly l alcohol and thereby 
producing 0 d ich lorhydrin , w hich w as h eated  with 
one and a half m olecules of crysta llized  phosphoric 
acid  a t a tem peratue of 15 0 -15 5 °. T h e p roduct ob
tained  w as boiled w ith  m ilk of lim e and the a-calcium  
glyceroph osph ate thereby- obtained, con verted  into 
the barium  salt.

It  should be noted th a t th e y ield  in th e esterifica- 
tion  of (3 d ich lorhydrin  w ith  phosphoric acid  is small 
and th a t  furtherm ore, th e  heatin g of th e m ixture at 
1 550 for several hours does not exclude the possibility 
of HC1 being driven  off, w hereb y phosphoric acid 
would com bine w ith  glycerin e a llow in g th e form ation 
of /3 g lycero- or d iglycerophosp hates, or even  glycero- 
diphosphoric esters.

In  connection w ith  the above m ethod of preparing 
a  calcium  glycerophosphate, it  is interestin g to  com
pare th e E ng. P a t. 2883, w hereby m onochlorhydrin 
or m onoacetin  is heated  w ith sy ru p y  phosphoric acid 
un til no more hydrochloric acid or acetic acid is evolved.

1 B y syn thetica l glycerophosphoric acid is m ean t th e  p ro d u c t obtained 
by  heating  glycerine and  phosphoric acid for 24 hours a t  105-110° C.
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We find here an a ttem p t to  produce th e esterification  
by introducing phosphoric acid  in  th e position occupied 
by the chlorine in m onochlorhydrin  w hereas T u tin  
and Hann did ju st th e  opposite; th e y  inten ded  to 
introduce phosphoric acid  in th e o n ly  rem aining h y 
droxyl group of 0 d ich lorhydrin  leavin g th e chlorine 
groups in tact.

CHU.Cl

T u lin  and Hann

C H 2.C I

CH . C l +  f i 3PO., =  C H . Cl +  H 20

CH o.OH

dichlorhydrin

C H 2.C 1

C H 2.O P (O H )2

0

Eng. Pat. 2883

O

C H 2.O P (O H )2

C H .O H  +  H3P 0 4 =  C H . O H +  H C 1

C H 2.O H  
a m onochlorhydrin

C H ,.O H

In view  of th e  ab ove, I am  of th e opinion th a t the 
figure obtained b y  T u tin  and H ann for a  barium  g ly cero 
phosphate, soluble 1 : 26 .6 /17°, can n ot be accep ted  
as final. T h is figure does n ot correspond w ith  the 
solubility determ ined quite recen tly  b y  L an gheld, 
Oppmann and M e y e r,1 w hich th e y  foun d to  be 1 : 11.9.

The so lu b ility  x : 53.7, foun d b y  T u tin  and H ann 
for the syn th etica l b arium  glycerop h o sp h ate, o b 
tained b y  heatin g glycerin e and phosphoric acid  for 
24 hours at 10 5 -110 ° , is also so far oil from  the solu
bility of a  barium  glycerop h o sp h ate th a t their result 
would ap p aren tly  require confirm ation.

I com pare in th e preceding paragraph the syn th etica l 
barium glycerophosphate, ob tain ed  b y  T u tin  and H ann, 
with the a  barium  glycerop h o sp h ate ob tain ed  b y  
Langheld, O ppm ann and M eyer. T h is com parison 
is justifiable as th e tw o p roducts should be alm ost 
identical. T h e m ain p rod u ct of esterification  of g ly c e r
ine by phosphoric acid  under th e  conditions as carried 
out b y  T u tin  and H ann, is th e a-isom eride. T his 
corresponds to  the fa c t  th a t  when glycerin e is treated  
with an eq u iva len t am ount of hyd roch loric  acid, 
a chlorhydrin is th e chief p roduct obtained, on ly  
a small am ount of /3 ch lorhydrin  being form ed.

We find th a t in all cases in w hich m ono esters of 
glycerine are form ed a t low  tem peratures, b y  th e in ter
action of acids or th eir salts on glycerin e, th e a  
isomeride is th e chief p roduct of th e reaction.

If the so lu b ility  of syn th etica l b arium  g ly cero 
phosphate of 1 : 53.7 foun d b y  T u tin  and H ann 
were correct, th is barium  com pound would then  be 
less soluble th an  th e corresponding syn th etica l calcium  
glycerophosphate, the so lu b ility  of w hich w as de
termined b y  P ow er and T u tin  and also b y  A d rian  and 
Trillat.

1 Ber. d. chcm. Ces., 45, 3757 (1912).

S ynthetic
C a g lycerophosphate................ 1 : 2 2 .4 /1 6 °  Power and T u t in 1
Ca glycerophosphate   1 : 2 2 .0 /2 5 °  Adrian and T r illa t

I find, how ever, th a t  th e b arium  glycerophosphates 
are m ore soluble th a n  their corresponding calcium  salts. 
L e t us for instan ce com pare th e solubilities of th e b a r
ium  and calcium  salts prepared from  crysta llize d  so
dium  glyceroph osph ate, which la tte r  p rod u ct w as pre
pared for th e first tim e a b ou t seven years ago and has 
since been exam ined v e ry  carefu lly  b y  various authors 
and recognized as pure /3 sodium  m on oglycerophos
phate.

/3 C a g lycerophosphate   1 : 5 9 .5 /1 8 °  R ogier and  F iore
/3 C a g lycerophosphate  1 : 77 /1 5° Paolini
/3 Ba g lycerophosphate   1 : 2 2 .2 /2 1 °  R ogier and  Fiore
0 Ba g lycerophosphate  1 : 3 6 .8 /1 7 °  T u tin  and  H ann

If we ad m it th a t th e syn th etica l calcium  g ly cero 
ph osphate prepared as ab ove described, contain s m ostly  
th e  a  isom eride, we can conclude th a t th e so lu b ility  
of a  calcium  glycerop h o sp h ate in w ater m ust be abou t 
i : 22/16°, and th a t  th e so lu b ility  of th e a  barium  
glycerop h o sp h ate is greater th an  th a t  of th e calcium  
sa lt or as found b y  L an gheld , O ppm ann and M eyer, 
r : 11 .9 /2 2 °, w hich, as these authors rem ark, corresponds 
v e ry  closely  to th e figure obtained  b y  T u tin  and H ann 
for b arium  glycerop h o sp h ate produced from  lecith in , 
th e  so lu b ility  of w hich th e y  foun d to  be i  : 13.9.

T h e foregoing leads fo rcib ly  to  th e conclusion th a t 
th e syn th etica l glyceroph osph ates produced a t low  
tem peratures (10 0 -110 °), and th e n atu ra l g lycero 
phosphates obtained  from  lecith in  are alm ost id en tica l, 
and in all p ro b ab ility , a m ixture of th e a  and j3 
isom erides, in w hich th e a  isom eride predom inates.

B y  elim inatin g the statem en ts, w hich b y  their co n 
tra d ic to ry  n ature and incon sistency h ave ten ded  so 
fa r to  obscure th e tru e know ledge of th e ch em istry  
and properties of glycerophosphates, and b y  condens
ing from  th e foregoing th e a ctu al fa cts, we com e to  
th e fo llow ing description  o f th e principal salts of 
glycerophosphoric acid:

C A L C IU M  M O N O G L Y C E R O P H O S P H A T E .  B oth  th e  a
and |3 isom erides are know n.

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

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

/ ° \C H 2 —  0 P< / C a
I II X o /

C H O H  0  ( +  H 20 )

C H 2O H

W hen p recip itated  from  a cold, sa tu rated , aqueous
solution, b y  prolonged heatin g on th e w ater b ath , it
sep arates as a fine crystalline* pow der, w hich a fter 
d ry in g at 70° C . is p ra ctica lly  anhydrous.

W hen p recip itated  ou t of a cold aqueous solution 
b y  th e addition  of alcohol, it  form s an a p p a ren tly  
am orphous p recip itate  which on d ryin g below  70° C. 
retains one m olecule of w ater; w hen, how ever, it  is 
p recip itated  from  th e solution of its  corresponding 
sodium  salt, b y  th e addition  of C a C h , it  form s a crys-

1 J . Chetn. Soc. Transactions, 89, 249-57.
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ta llin e  p recip itate , contain ing one m olecule of w ater 
o f crysta lliza tio n , w hich is not driven  off when the 
prod u ct is dried below  70° C . B oth  products are 
hygroscop ic.

A n h yd ro u s a  calcium  glycerophosphate is soluble 
in abou t 22 p arts of w ater a t 20° C ., and precipitates 
o u t on heatin g, being soluble on ly  in 108 parts of w ater 
a t  io o ° .

I t  is insoluble in alcohol.
I t  is n eutral or v e ry  sligh tly  a lkalin e tow ards phenol- 

p h th ale in ; on addition  of one eq u ivalen t of acid, the 
acid  sa lt is obtained  w hich is n eutral tow ards m eth yl 
orange.

T h e d ry  sa lt contains 26.68 per cen t C aO  and 33.80 
per cen t P2O5 and yields on incineration  60.47 per cent 
ash.

/3 c a l c i u m  g l y c e r o p h o s p h a t e  is m uch less soluble 
th an  th e a  isom eride; it dissolves in ab ou t 60 parts 
of w ater a t 20° C . I t  is o b tain able  as a crystallin e 
or am orphous p recip itate  under th e  sam e conditions 
as were enum erated for the a  isom eride. It  has the 
fo llow ing form ula:

C H ,O H  O

II / ° \
C H  —  O P f  / C a  ( +  HoO)
| ' X 0 /

C H 2O H

c o m m e r c i a l  c a l c i u m  g l y c e r o p h o s p h a t e  is a m ix
tu re of the tw o  ab ove described isom erides; therefore, 
no specific so lu b ility  can be given  for th is m ixture. 
I t  is ev id en t th a t v e ry  different results will be ob
ta in ed  if th e  so lu b ility  of such a m ixture is determ ined 
b y  sh akin g an excess of th e  p rod u ct w ith  w ater and 
determ ining th e am ount of substance_ dissolved in 
a w eighed am ount of w ater, or w hether th e so lu b ility  
is determ ined b y  addin g to  a w eighed am ount of the 
p rod u ct b arely  as m uch w ater as is required  to  produce 
a clear solution. T h e  first m ethod is n a tu ra lly  w orth 
less in th is case, w hereas th e second m ethod gives us 
th e actu al so lu b ility.

C om m ercial prod u cts should dissolve in  40 to  50 
p arts of w ater a t 20° C . F or th e rap id  estim ation  
and com parison of m arket p roducts I w ould recom m end 
th e fo llow ing tests:

M oisture Determ ination.— D ry  th e p rod u ct a t 120 - 
130° C . or b etter still a t io o °  C ., b u t under reduced 
pressure, to  con stan t w eight.

Titration .— If th e p roduct is acid  tow ard s phenol- 
ph th ale in , 2 gram s of th e  dried sub stance in 100 cc. 
of w ater are titra te d  w ith  N / 2 N aO H  (determ ination  
of organic acids).

If th e p ro d u ct is n eutral or v e ry  s lig h tly  a lkalin e 
tow ard s ph enolp hthalein , 2 gram s in 100 cc. of w ater 
are titra te d  w ith  N / 2 H C 1 using m eth yl orange as 
in d icator; 1 cc. N /2  H C 1 equals 0.105 gram  calcium  
glyceroph osph ate. A lth o u gh  th e  titra tio n  is n ot an 
exa ct determ in ation, still i t  is a con ven ien t m ethod 
for th e rough estim ation  of calcium  m on oglycerophos
ph ate.

I f  d iglycerides are present, th e titra tio n  w ill y ield

low  results indicating, in som e cases, th e presence of 
10 per.cen t or more diglycerides.

Ash Determination is m ade b y v e ry  slow  and careful 
incineration  of 0.5 gram  dried substance, until a white 
ash is obtained.

A  low  ash percentage indicates th e presence of or
gan ic acids and other organic im purities including 
diglycerides. A  high ash percen tage indicates the 
presence of inorganic salts, such as chlorides, sulfates, 
phosphates.

F u rth er q u alita tive  and, if necessary, quantitative 
determ inations of such im purities as chlorides, sulfates 
and phosphates com plete th e prelim in ary examination 
of th e product.

s o d i u m  m o n o g l y c e r o p h o s p h a t e .— U p to  a few 
years ago, sodium  glyceroph osph ate w as know n only 
in form  of a sy ru p y  liquid, or as a v e ry  hygroscopic 
w hite powder. T h e crystallin e sodium  glycerophos
ph ate  w as discovered b y  a chem ist of th e  Soc. Anon, 
des E ta b l. Poulenc Frères, and th e form ation  of this 
p roduct w as ev id en tly  due to a change m ade at the 
tim e in their m ethod of m anufacture.

V . Paolin i, who w as the first to publish  results of 
in vestigation s of th is crysta llin e p ro d u c t,1 found 
th a t it  w as pure disodium  m onoglycerophosphate 
and concluded th a t it w as th e j3 isom eride. This 
explains w h y it  could be obtained  in  a crysta llin e form, 
w hereas th e  products obtained b y  th e  interaction  of 
glycerin e and phosphoric acid  a t tem p eratu res below 
110 ° C ., a fter conversion into  th e sodium  salt, had 
never been know n to  crysta llize , w hich  can be ex
plained by* th e fa c t  th a t in th is case, p rin cip ally  the 
a  isom eride is form ed.

In  th e ea rly  part of 1912, I an alyzed  sodium  glycero
ph osphate, w hich, for purposes of purification , I re
crysta llized  several tim es, and found

Per cent 
31 .2
6 8 .9  by  titra tio n
68 .5  by  gravim etric  P»0* 

determ ination

C on flictin g statem en ts áre foun d th ro u g h o u t the 
literatu re concerning th e  w ater of cry sta lliza tio n  in 
sodium  glyceroph osph ate; som e authors g iv e  it as 
i ,  some as 3, and again  others as 7 m olecules.

I foun d th a t th e crystallin e p rod u ct contained 
5V2 m olecules of w ater, for w hich th e fo llow ing the
oretical figures w ould correspond:

H 2 0 ......................................................................................  31 .41%
Sod. g lycerophosphate .................................................. 68 .59%

these correspond very_ closely  to our an alysis figures 
(given  above).

M y  view s in th is m atter were confirm ed b y  a pub
lication  b y  V . P aolin i,2 w hich appeared a few  m onths 
later, in w hich th e author h avin g exam ined sam ples 
of four different sources, foun d them  also to contain 
5V2 m olecules of w ater of crysta llization .

a  s o d i u m  m o n o g l y c e r o p h o s p h a t e  is o b ta in ab le  as 
a colorless or s lig h tly  yellow  sy ru p y  liquid  which,

1 V. Paolini, A lti R . Accad. d ti  Lincei, Roma, 1911, 20, I ,  807-12 and 
also from  sam e publication, 1912, 21, I I ,  330-52.

* A tli R . Accad. dei L incei, Roma, 1912, 21, I I ,  350-52.

W a te r .........................................
Sod. m onoglycerophosphate. 
Sod. m onoglyccrophosphate.
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when dried com pletely  under reduced pressure, form s 
a white porous mass w hich can  be pow dered b u t is 
very hygroscopic.

It has the follow ing form ula:

0

II / O N a  
C H 2 0 — PC 
| X O N a
C H O H

I ■
C H 2OH

It mixes w ith w ater in all proportions b u t is p rac
tically insoluble in alcohol.

It is slightly  a lkalin e to  ph enolp hthalein  and on 
addition of one eq u ivalen t am ou n t of acid  to  its aqueous 
solution, the acid  ia lt  is ob tain ed  w hich is n eutral 
to methyl orange.

Its solution can be. h eated  up to  120° w ith ou t 
decomposing.

j3 s o d iu m  m o n o g l y c e r o p h o s p h a t e  is ob tain able 
in form of colorless or w h ite  m onoclinic crysta ls, 
containing 5V2 m olecules of w ater of crysta lliza tio n .

It has the fo llow ing form u la:

C H 2OH
| / O N a

C H —  O—  P \  +  5V2 aq.
I || O N a

CHoOH O

It is easily soluble in w ater; a sa tu rated  w ater solu
tion at 20° C . contain s ab ou t 40 per cen t of th e salt.

In the form  of large crysta ls, th is sa lt is, a t 15 °, stable 
when exposed to  th e air, w hereas when finely pow dered 
and exposed to th e air it  effloresces. T h is explains w hy 
the fine sodium  glycerop h o sp h ate crysta ls  found on the 
market contain u su ally  m ore an hydrous sodium  glycero 
phosphate th an  corresponds to  a sa lt contain ing 
5V2 m olecules of w ater.

COM M ERCIAL SO D IU M  G L Y C E R O P H O S P H A T E . T h e  prod
ucts th a t h ave been sold under th e  nam e of “ sodium  
glycerophosphate 50 per c e n t”  or “ 75 per c e n t”  and 
also “ about 100 per c e n t”  which I h a ve  had th e op 
portunity to  exam ine, show ed a surprising la c k  of 
uniformity in stren gth  as w ell as p u rity .

Most of these products were in form  of a sy ru p y  
liquid. It  is of course im possible to  produce a 75 
per cent or even 50 per cen t solution  of jS sodium  g ly 
cerophosphate, as we h ave ju st seen th a t a satu rated  
solution contains o n ly  a b ou t 40 per cen t /3 sodium  
glycerophosphate crystals.

The liquid m arket p roducts are com posed of m ix
tures in w hich therefore m ostly  th e a  sodium  g ly cero 
phosphate predom inates.

Some m anufacturers in  determ in ing the stren gth  
of their products h a ve  been guided m erely b y  th e specific 
gravity, others ev id en tly  h a ve  determ ined th e stren gth  
on the basis of a va riab le  am ount of w ater of c ry sta lliza 
tion which, of course, accoun ts p a rtly  for the la ck  
of uniform ity in stren gth .

A 75 per cen t solution, contain ing 75 per cen t sodium  
glycerophosphate +  5V2 aq. is a sy ru p y  liquid , w hich

m ixes rea d ily  w ith  w ater and is, therefore, q uite con
ven ien t for use.

A  p rep aration  contain ing 75 per cen t anhydrous 
sodium  glycerop h o sp h ate, how ever, a lthough it m ixes 
in all proportions w ith  w ater, has th e great in co n ve
n ience of d issolving v e ry  slow ly  in cold w ater, and re
quiring m an y hours’ stirrin g before com plete solution 
is obtained. E ven  when h eated  th e p rod u ct does not 
d issolve readily.

I" am , therefore, of the opinion th a t, for the sake of 
u n ifo rm ity  and conven ien ce in handling, it  should 
be required th a t the stren gth  of th e p ro d u ct be figured 
on th e  basis of its  conten ts in sodium  g lycerop h o s
p h ate +  5V2 aq. and th is basis being a d m itted , a 
75 per cen t solution  w ould u n q u estion ab ly  be th e m ost 
desirable form  for th e consum er, if he m ust h a v e  a 
liquid  preparation.

T h e last b u t not least in terestin g  form  in w hich 
sodium  glycerop h o sp h ate is foun d on th e m arket is 
th e  cry sta l form , which in itse lf is th e b est gu aran tee 
of its  p u rity  and, therefore, is preferable to all Other 
form s w herever p u rity  is of p aram ou n t im portance.

T h e stren gth  of th e  various sodium  glycerop h o s
ph ates can rea d ily  be determ ined b y  titra tio n . T h is 
m ethod yields for pure products checkin g results w ith 
th e  gra vim etric  m ethod (P 20 s d eterm in ation). It  
is carried out as follow s:

Titration.— 2-4 gram s of th e  p roduct a ccu rate ly  
w eighed are dissolved in 100 cc. of w ater and titra te d  
w ith  N / 2 H C 1, using m eth yl orange as indicator.

One cc. N / 2 H C 1 equals 0.1576 gram  m onosodium  
glyceroph osph ate +  5V2 aq.

T h e p ro d u ct should also be tested  for sulfates, 
chlorides and carbonates, w hich are a lm ost in v a ria b ly  
present in the liquid  prep arations b u t should n ot be 
present in th e crysta ls.

T h e p roducts should n ot contain  a n y  phosphates.

p o t a s s i u m  g l y c e r o p h o s p h a t e . — B oth  « and j3 
isom erides are o b tain able  as a colorless or s lig h tly  
yellow  sy ru p y  liquid. W hen dried com p letely  under 
reduced pressure a, porous and v e ry  hygroscop ic  m ass 
is obtained.

P otassium  glycerop h o sp h ate m ixes rea d ily  in all 
proportions w ith  w ater. T h e p rod u ct has n ever been 
obtained in cry sta l form  in  eith er of its m odifications 
(a  and /3).

C O M M E R C IA L  P O T A S S IU M  G L Y C E R O P H O S P H A T E . T h is
p rod u ct is know n  m ostly  in form  of 50 per cen t and 
75 per cen t solutions.

Som e m anufacturers figure th e conten ts on th e basis 
of potassium  glycerop h o sp h ate plus a certain  am ount 
of w ater of cry sta lliza tio n . I can see no reason for 
doing th is as th e  p rod u ct has n ever been obtained  
in crysta l form . T h e o n ly  logical w a y  of figuring 
th e  conten ts is on th e basis of anhydrous potassium  
glyceroph osph ate.

T hese m arket p roducts are best te sted  ex a ctly  as 
described for th e sodium  salts, w hereby in th e  t itr a 
tion, 1 ce. N / 2 H C 1 equals 0.124 gram  potassium  
glycerophosphate.

C on cludin g, I wish to  em phasize th a t  w hile I b e
lieve  th e  a b o ve d ata  em bodies th e m ost im p o rtan t
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in vestig a tio n s on th e chem istry of glycerophosphates, 
and resu ltin g conclusions, y e t I fu lly  realize th a t m uch 
rem ain s to  be done in order to  define, w ith ou t a doubt, 
th e ch aracteristics of th e various isom eric glycero- 
phosphoric esters, w hich n a tu ra lly  can be achieved  only 
a fter th e variou s com pounds shall h ave been syn th e
sized in such a w a y  as to  exclude th e possib ility  of 
oth er com pounds being form ed.

U n til such tim e th e figures g iven  for the solubilities, 
for instan ce, m ust be regarded o n ly  as te n ta tiv e .

L a b o r a t o r i e s  o k  t h e  M o n s a n t o  C h e m i c a l  W o r k s  
S t . L o u i s , M i s s o u r i

TO X IC IT Y OF VARIOUS W O O D  PR ESER VA TIVE S1
B y C. J . H u m p h r e y  a n d  R u t h  M . F l e m i n g  

R e c e i v e d  Jan u a ry  8 ,  1914

D u rin g th e p a st three years the w riters have been 
con d u ctin g  to x ic ity  tests  a t th e Forest P roducts 
L ab o rato ry , M adison, W isconsin, on various wood 
p reservatives. These tests  h ave been lim ited  to 
substances in actu al use in th e in d u stry  or to  those 
com pounds su b m itted  b y  cooperators as h avin g a 
possible p reservative  value.

T h e to x ic ity  of a g iven  substance is n ot necessarily 
an u ltim ate criterion  of its  service value, b u t when 
correlated  w ith  oth er su itab le properties, such as 
cost, ease of in jection , perm anence, non-corrosive 
actio n  on m etals and wood, fir.e resistance, and ease 
and  sa fe ty  in  handling it  assum es high im portance in 
influencing our ju d gm en t as to  w h at m ay norm ally 
be exp ected  from  th e substance.

T h e w riters h a ve  confined their a tten tion  to to x ic ity  
on ly, and w ith th e  v iew  of bringing th e essential data  
to  th e a tten tion  of th e in d u stry  th e m ore im p ortan t 
results of our in vestig ation s to  d ate are here presented.

W hile we are a tta ck in g  th e problem  from  tw o angles, 
n am ely, b y  th e q u ick  m ethod of m ixing th e p reserva
t iv e  w ith  agar culture m edia and in ocu latin g w ith 
fungi, and b y  th e slower and p rob ab ly  more conclusive 
m ethod of testin g sm all in jected  w ood blocks, the 
present paper will consider only the form er, as the 
la tter  w ork is n ot y e t fa r enough along to  report upon.

Our m ethod is essen tially  th is: A g ar cu lture m edia
of the fo llow ing form ula is prepared:

E x tra c t of 1 lb. lean beef in 1000 cc. distilled water.
25 gram s Lflfllund’s m alt ex tract.
20  gram s agar-agar.
(Carefully filtered b u t reaction no t ad ju sted ; slightly  acid.)

Seventeen  cc. of th is m edium  are m easured out 
into  so cc. glass-stoppered b ottles, using a sp ecially  
grad u ated  1 7 cc. p ip ette, th e b ottles th en  being placed 
in clam p-fram es and sterilized  w ith  steam  a t io o °  C . 
for 25, 20 and 20 m inutes, resp ectively , on three suc
cessive days.

T h e h andling of th e p reservatives in v o lved  slight 
m odifications for in d iv id u al cases, b u t in all instances 
the concen trations reported  are based on the actu al 
w eight of p reservative  in 20 cc. a gar-p reservative 
m ixture. T h e ch aracter of th e substance determ ined 
the m ethod of introducing it  into  th e agar m edium .

W ith  inorganic salts soluble in w ater, from  3 to 
10 per cent solutions (gram s per 100 cc. solution) 
were prepared and measured o u t into  50 cc. glass-

* Published by  perm ission of the  Secretary  of A griculture.

stoppered b ottles from  either a .10 or 25 cc. standardized 
b u rette  grad u ated  in V20 or V10 cc., respectively. 
T o  each b ottle  sufficient d istilled  w ater was added to 
m ake 3 cc.

A ll other preservatives were weighed out into  similar 
bottles on an a n a lytica l balance, and  distilled  water 
likew ise added  to m ake 3 cc. In th e case of certain 
th ick  viscous oils, nam ely, w ood ta r, wood creosote, 
coal ta r  creosote and its fifth  fraction , w hich do not 
rea d ily  em ulsify  w ith w ater, 5 to  331/3 per cen t stock 
em ulsions were prepared, using equal am ounts of 
gum  arabic and p reservative  and d ilu tin g  w ith  water 
to th e desired concen tration; these em ulsions were 
then  used in place of th e crude p reservative.

In a few  instances where the p reservatives were 
v e ry  low  in toxic properties, more th a n  the specified 
3 cc. were necessary in order to secure th e higher con
cen tration s, and in these cases it  becam e necessary 
to  ta k e  into consideration  the excess of preservative 
and to reduce th e am ount of agar b y  ju st th is amount 
in order th a t th e com bined volum e m ight not exceed 
20 cc.

A fter th e p reservative  had been in troduced  into 
the bottles as in dicated , the stoppers were sealed in 
w ith  a rubber-glycerin e b u rette  cock grease and the 
bottles were then sterilized along w ith th e  agar con
tainers.

A fter  sterilization  both agar and p reservative were 
h eated  on th e w ater b ath  and the form er w as poured 
into  th e p reservative b ottle  in a sterile cu lture box, 
th o rou gh ly  shaken, and then  poured into  sterile petri 
dishes xoo mm. in diam eter and 10 mm. deep. After 
cooling, th e surface of th e  m edium  w as in oculated  at 
th e center w ith  a w eft of fun gus m ycelium  5 to  6 mm. 
square cu t from  a petri dish culture 2 to  3 w eeks old. 
T h e  test dishes thus prepared were then placed in 
an in cu b ator and held a t ap p roxim ately  250 C . for 
from  4 to 10 w eeks, u su ally  4 to 6. For each set of 
concen trations a check  culture, using 17 cc. agar media 
plus 3 cc. of distilled w ater, w as prepared.

T h e m ethod as above outlined is not, b y  a n y  means, 
inten ded to  furnish th e last w ord on th e to x ic ity  of 
a p reservative, b u t it has the ad va n ta ge  of being quickly 
and easily  applied and gives us a t least va lu a b le  indi
cations. T h e principal objection  is th e possibility 
in som e instances th a t th e p reservative m ay combine 
w ith  certain  constituen ts of th e cu lture m edia, thus 
rendering p a rt of it  inert. T h is is know n to  be the 
case w ith  such com pounds as zinc chloride, copper 
su lfate and m ercuric chloride. W ith  th e oils this 
ob jection  p rob ab ly  does n ot enter so seriously, but 
even here it w ould be ■ difficult to sa y  w h a t m ight 
occur in such heterogeneous com pounds as the various 
ta r  d istillates and sim ilar substances of h igh ly  com plex 
constitution .

A n oth er variab le w hich on ly a large num ber of 
tests can correlate is the difference in suscep tib ility  
am ong different fungi. Since m olds are, as a rule, 
m uch more resistant to to x ic  agen ts th a n  true wood- 
destroyers, the w riters h a ve  avoided  their use, as well 
as th a t  of b acteria  and yeasts. E ven  am ong th e true 
w ood-destroyin g fun gi considerable va riatio n  exists,
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as w ill be seen in th e tables follow ing, b u t this is usually  
w ithin  n arrow er lim its.

B o th  th e fun gi used b y  th e  w riters grow  w ell on the 
m edia em p loyed, Fomes annosus Fr. covering th e sur
face of th e petri dish in ab ou t 20 d a ys and Fomes 
pinícola  (Sw.) Fr. in ab ou t 15.

T a b le  I shows a list of th e p reservatives tested , 
togeth er w ith  salien t properties, and th e concen tration  
n ecessary to  p reven t grow th  of th e organism s. In 
th is ta b le  th e p reservatives h ave been grouped accord
in g to  th eir n ature, such as coal ta r, w ater gas tar, 
and  w ood ta r  d istillation  products, petroleum  oils 
and w ater-soluble inorgan ic salts, in order to  g ive 
an easy  d irect com parison.

In  general th e ta b le  shows th a t  the tw o fungi react, 
in  m ost cases, q uite d ifferen tly  to th e sam e substance, 
Fomes pinícola , as a rule, being a far less resistant 
organism  th a n  Fomes annosus. W ith  Fomes annosus 
th e first th ree fraction s of coal ta r  creosote are consider-

properties and th e 0.995 ° il proving a t least, or more, 
to x ic  th a n  coal ta r  creosote.

P etroleum  oils, according to  th e three samples 
tested , h ave low  an tiseptic value.

Cresol-calcium  in these tests shows a high toxicity 
and th e poor results reported again st it  in practice 
are ap p aren tly  due to a change in chem ical constitu
tion  which did not ta k e  place under our m ethod of 
testing.

Zinc chloride, in  th e com m ercial form , is slightly 
m ore to x ic  to Fomes annosus, and fa r less to x ic  to  Fomes 
pinícola, th an  coal ta r  creosote.

Sodium  fluoride is over tw ice as to x ic  to  Fomes 
annosus, and abou t one and one-half tim es as toxic 
to  Fomes pinícola, as coal ta r  creosote.

W hile th e w ork has n ot progressed fa r enough with 
zinc su lfate  to g iv e  conclusive results, th e indications 
are th a t it  com pares v e ry  fa v o ra b ly  w ith  both zinc 
chloride and coal ta r  creosote.

T a b l e  I I — P r e s e r v a t i v e s  A r r a n g e d  i n  O r d e r  off T o x i c i t y  a n d  S h o w i n g  R a t i o  t o  C o a l  T a r  C r e o s o t e

Killing point

Fomes annosus Fomes pinícola

Preservative
Coal ta r  creosote. F rac tion  I I , No. 1 1 0 6 ...................
Sodium  fluoride, No. 1 9 2 9 .....................................................
Cresol-calcium , No. 2 0 9 8 ........................................................
Coal ta r  creosote, F rac tion  I, No. 1 0 9 4 ...............
Coal ta r  creosote, F rac tion  I I I ,  No. 1 1 0 7 ..............
W ater gas ta r  creosote, sp. gr. 0 .9 9 5 ,  No. 2 2 3 5 .
Zinc chloride. No. 2 2 3 9 ............................................................
Zinc sulfate. No. 1 7 1 1 ................................................................
Coal ta r  creosote. No. 1 0 7 4 ..................................................
W ood creosote, No. 1 0 9 9 . . . ...................................................
Wood ta r. N o. 1 5 6 1 .....................................................................
C. A. W ood preserver, No. 1 9 3 1 .....................................
Spirittine  wood preserver, N o. 1 9 3 2 .......................
S. P . F . C arbolineum , No. 1 8 4 4  ......................................
Holzhelfer, No. 2 0 9 7 ...................................................................
Coal ta r  creosote, F rac tion  IV , No. 1 1 0 8 ...............
W ater gas ta r  creosote, sp. gr. 1 .0 4 2 ,  No. 2 2 3 3 . .
A venarius Carbolineum , No. 1 8 4 3 ................................
F uel oil, No. 1 1 0 3 ..........................................................................
Kerosene, No. 1 8 4 7 ......................................................................
Coal ta r  creosote, F rac tion  V, No. 1 1 0 9 ..................
Copperizcd oil, No. 1 0 9 5 .........................................................
N . S. Special, No. 2 6 9 6 ............................................................
W ater gas ta r  creosote, sp. gr. 1 .0 5 8 ,  No. 1 1 0 1 .  
Sapwood antiseptic , No. 1 6 1 1 ............................................

a b ly  m ore toxic, and the last tw o  fraction s m uçh less 
toxic, th an  th e oil itse lf; w ith  Fomes pinícola  on ly 
th e last fraction  is less toxic. T h is  indicates th e ad 
va n tag e, from  a to x ic ity  stan dp oin t, of rem ovin g at 
least a part of th e heavier ta r oils.

T h e carbolineum s and sim ilar p roducts w hich con
sist, in the m ain, of th e  higher boiling constituen ts 
of creosote in all cases p roved  m uch less to x ic  than  
coal ta r creosote.

W ood creosote from  D ouglas fir appears to  com pare 
v e ry  fa v o ra b ly  w ith  coal ta r  creosote, b u t th e softw ood 
creosote, under th e trad e nam e of S p irittin e W ood 
P reserver, w hich has a m uch low er specific g ra v ity , 
appears to be m uch less effective.

In th e case of w ater gas ta r  creosotes th e to x ic ity  
increased ra p id ly  w ith  decreasing specific g ra v ity , 
th e heavier 1.058 oil possessing v e ry  low  an tiseptic

R atio  to  coal ta r
creosote No. 1074

P er cent Lbs. cu. ft. Lbs. cu. ft. Per cent
0.225 0.140 2 .5 1.5 0 .094 0 .15
0 .25 0.156 2 . 2 1.5 0.094 0 .15

0 .1 4 -0 .2 8 0 .0 8 7 -0 .1 7 4 3 .9 -2 .0
0 .3 0 0.187 1 . 8 1 . 0 0.140 0.225
0.325* 0.203 1.7 1 . 8 0.078 0.125

A round 0 .45
0 .5 0 0.312 1 . 1 0 .3 0.468 0.75

A round 0.50
0.55 0.343 0.140 0.225
0.65* 0.405 0 .84 1 . 1 2 0.125 0 . 2 0  *
1.25 0.78 0 .44 0 .3 0 .468 0 .75

1-1 .5 0 . 6 - 0 .9 0 .5 5 -0 .3 7
1 - 2 0 . 6 - 1 . 2 0 .5 5 -0 .2 7

2.25 1.404 0 .2 4
Above 2 .5

3 .3 * 2.059 0 .16 1 . 8 0.078 0 .125*
3-4 1 .9 -2 .5 0 .1 8 -0 .1 4

5 .25 3 .27 0.104 0.75 0.187 0 .3 0
Above 6
Above 34

33* 20.59 0.017 0.029 4.867 7.80*
40 24.96 0.015 0.0056 25 + A bove 40

Above 45 28 + 0.014— 0.0045 31 .2  + A bove 50
Above 40 25 + 0 .016— 0.0056 25 + A bove 40
Above 75 4 6 .8  + 0.007—

N one Such Special, which is claim ed b y  th e manu
facturers to  w ater-proof and give a hard  finish to 
tim ber, as well as to preven t or stop d ecay, proved  very 
low  in  to x ic  properties, and even stim u lated  grow th in 
high concen trations; how ever, th e p h ysica l properties, 
when in jected  into  wood, m a yb e  such as to  exclude fungus 
grow th  and thus su b stan tiate  th e claim s m ade for it.

In  T a b le  II th e  preservatives are arranged in the 
order of their to x ic ity  to  Fomes annosus, th e concen
tration s are reduced to pounds per cubic foo t and the 
ratios of their efficiency as com pared w ith coal tar 
creosote are presented. H ad th e p reservatives been 
listed  in th eir order o f to x ic ity  to  Fomes pinicola 
th e arran gem en t w ould h ave been som ew hat different 
and A ven ariu s C arbolin eum  and creosote F raction  IV 
would h ave appeared higher in th e scale, and creosote 
F raction  I and zinc chloride considerably lower.
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It is seen th a t ten  of th e  tw e n ty-five  p reservatives 
tested fall below  1 per cent, or m ore a ccu ra te ly  0.65 
per cent, for their k illin g poin t for Fomes annosus; 
Fomes pinicola w as used w ith  on ly fourteen  of them  
but of these ten fell below  1 per cent, or m ore accu rate ly ,
0.75 per cent.

It is interesting to  note th a t sodium  fluoride and 
Fraction II of coal ta r  creosote head th e list w ith  
nearly equal toxicities. Just w h at con stituen ts of 
the naphthalene fraction  are the effective  ones is not 
known at present, b u t th e w ork of other in vestigators 
indicates th a t pure n ap hthalene has low  to x ic  properties. 
The very favorab le  results from  sodium  fluoride w ould 
place this in the first ran k  of w ater-soluble p reservatives. 
This, together w ith  several other fluorine com pounds, 
has come into considerable use abroad, p a rticu la rly  in 
Austria, and it is th e opinion of the w riters th a t  we have 
in these substances v e ry  efficient w ood p reservatives 
which can be ad ap ted  to  use in m an y situation s. T h e 
industry p articu larly  needs som e sub stance which 
can safely be recom m ended for building tim bers.

In com paring th e tw o  carbolineum s w ith  coal ta r 
creosote it is seen th a t  ap p ro x im ately  30 per cent of 
the former distils below  320° C ., w hile 74 per cent 
of the creosote com es over. T h is in dicates th e greater 
toxicity of th e low er boiling con stituen ts. A s to  w h at 
causes the greater to x ic ity  of S. P. F . C arbolin eum  
over Avenarius C arbolin eum  we are n ot prepared 
to say, but the fa ct th a t th e form er is h igher in tar 
acids, is v e ry  suggestive.

The poor show ing m ade b y  copperized oil again st both 
fungi indicates th a t addin g copper in th is fo rm to  low -toxic 
petroleum or vegetab le  oils is o f v e ry  dou b tfu l value.

In conclusion, th e w riters are prone to  ta k e  a v e ry  
conservative position when it com es to analysis of th e 
data presented and generalizations draw n therefrom . 
We wish to stro n gly  em phasize again  th e  fa c t th a t 
toxicity alone does not necessarily  g iv e  a d irect com 
parison of the service va lu e  of p reservatives, and th a t 
all the statem ents m ade com paring different substances 
refer to the toxic  properties on ly. H ojvever, we do 
feel that the results here set forth  w ill p rove of consider
able value in outlin ing fu rth er tests which w ill serve 
to bring out a ctu al service values.

We wish to  record our ackn ow ledgm en ts to  Dr. 
Haven M etcalf, P ath o lo gist in C harge, L ab o rato ry  
of Forest P ath o lo gy, B ureau  of P la n t In d u stry , W ash 
ington, D. C .; to  M r. H ow ard F . W eiss, D irector 
of the Forest P roducts L ab o rato ry , U. S. F orest Service, 
Madison, W isconsin, for facilities and m aterial p laced  
at our disposal; also to  M r. E rn est B atem an , C h em ist 
in Forest P roducts, F orest P rod u cts L ab o rato ry , 
who has supplied all th e d a ta  on th e  p h ysica l and chem - 
lcal properties of th e p reservatives exam ined.

L a b o r a t o r y  o f  F o r e s t  P a t h o l o g y  
B u r e a u  o p  P l a n t  I n d u s t r y  

M a d i s o n , W i s c o n s i n

A RAPID M ETH O D  F O R  D ETERM IN IN G  TH E PE R CE N T 
AG E OF CASEIN IN M ILK

By W .  O .  W a l k e r  

Received F eb ru a ry  14, 1913

During th e past few  years dairym en  h a ve  been

giv in g  a good deal of a tten tion  to  th e a d v isa b ility  of 
ta k in g  into  acco u n t th e percen tage of casein when 
p a y in g  patron s for m ilk to be used in cheese-m aking. 
Som e a d vo cate  p a y in g  on a fa t basis on ly, others on 
th e fa t and casein basis. I t  is n ot the o b ject of this 
article  to  discuss the m erits of eith er of these m ethods, 
b u t to  outlin e a process w hich has been tried  ou t in 
the a u th o r’s la b o ra to ry  for q u ick ly  and sim p ly  a r
riv in g  a t th e am ount of casein in m ilk.

I t  is well know n th a t several m ethods h a ve  been 
suggested  of late , the m ost prom ising p ro b ab ly  being 
th e  cen trifu gal m ethod of H art. T h is  has, ap p a ren tly , 
y ield ed  sa tisfa cto ry  results in m any cases, b u t has 
been foun d to  give v a ry in g  results w ith  preserved 
sam ples, and w ith  fresh  m ilk, under different condi
tion s of tem peratu re , etc.

R esearch  into  the con stitution  of th e protein  m olecule 
has revealed  th e p ro b ab ility  of its  consisting of a com 
plex lin kage of a large num ber of am ino acids'. T o  
illu strate  th is lin kin g up of am ino acids we m ay use 
th e fo llow ing eq uation, w hich shows how  one m olecule 
of a sim ple am ino acid, such as am ino-propionic acid, 
m ay becom e bound to  a m olecule of another am ino 
acid  such as am in o-acetic acid:

H H

H— C -
0

+  H—  0
0 — H

H

\  f ^ C —  C —  H

H— N — H
H H —  N -  

H H

-H

H

B o th  th e  m olecules of am ino-propionic acid  and 
am in o-acetic acid , as in d icated  ab ove, possess an

alkalin e (am ino) group, H— N— H , as w ell as an acidic 

/ / °group, — C T  , and when th e y  com bine we m ay 
X 0 H

h a v e  th e  union ta k in g  place in  th e  m anner in d icated , 
in w hich th e  a lkalin e (am ino) group of one m olecule 
in teracts  w ith  th e acidic group of th e  other m olecule, 
th u s leavin g an alkalin e group and an acidic group 
still existin g in th e  product, w hich m ay be looked upon, 
for our purpose, as a v e ry  sim ple rep resen tative  of the 
proteins.

I t  has fu rth er been ob served  th a t when form ald e
h yd e is added to proteins, the n eu tral ch aracter of 
th e  m olecule disappears, w ith  th e  resu lt th a t  the 
acid ic p ro p erty  predom inates stron gly . I t  is th o u g h t 
th a t  th e form ald eh yd e reacts w ith  th e a lkalin e groups 
form ing m eth ylen e d eriva tives, th u s lea v in g  th e 
acid ic groups free to  a ct. T hese acid ic groups m ay 
now  be n eu tralized  w ith  stan dard  alkali, and  if the 
va lu e  of th e a lka li in term s of protein  be know n, the 
p ercen tage of protein  present m a y be estim ated .
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H ugo S ch iff1 w as th e first to  point out th e im portance 
of th e reaction  betw een  form ald eh yd e and am ino 
acids. S. P . L. Sorensen w orked ou t m ost of th e de
ta ils for th e q u a n tita tiv e  application  of the reaction 
for estim atin g am ino acids. H. D roop R ichm on d 
a d ap ted  th e  reaction  to  the estim ation  of to ta l pro
teins in m ilk.

T h e au th or decided to  a p p ly  the reaction  to the 
estim ation  of casein in m ilk, w ith  th e use of th e alkali 
com m on ly  used for th e ‘acid  te s t ’ now  in general use 
in cheese factories in O ntario.

In hoping to ap p ly  th e reaction  to  estim ate casein 
o n ly , th e  problem  is, of course, to  ob tain  the proper 
factor, w hich, when m ultiplied  b y  the q u a n tity  of 
a lk a li necessary to  n eutralize th e a cid ity  developed 
a fter trea tm en t w ith  form aldeh yde, will give the 
q u a n tity  of casein in th e sam ple. Since the form ald e
h yde reacts w ith  both  casein and album in, and, since 
th e am ounts of these tw o in m ilk do not bear a con
stan t ratio  to  one another, it  w as not to  be expected  
th a t a fa cto r holding good in all cases could be ob
tained. H ow ever, a fa cto r has been obtained  th a t  is 
g iv in g  un exp ected ly  good results.

T h e alkali solution w as ninth norm al sodium  h y 
droxide, and th e form aldeh yde was th e com m ercial 
article  (40 per cent) m ade neutral to phenolphthalein.

T h e m ethod for arrivin g a t the fa cto r was th e  fo l
low ing: 10 cc. of m ilk were tran sferred  b y  m eans of
a p ip ette  to  a porcelain  casserole. A  fa irly  large q u an 
t ity  of phenolphthklein  solution (abou t 1 cc. of a 1 
per cen t solution) w as added n ext. T h e alkali was 
then  run in w ith con stan t stirrin g w ith  a glass rod until 
a fa irly  deep pink color developed. So far th e test 
is e x a c tly  th e sam e as the ord in ary  “ acid  te s t .”  No 
accou n t w as kep t of th e  alkali used to  bring the sam ple 
o f m ilk to the neutral point. A b o u t 2 cc. of th e 
n eutral form aldeh yde solution were n ext added, w ith 
th e resu lt th a t th e pink color a t once disappeared. 
T h e  readin g of th e b u rette  w as then  ta k en , and a lk a li 
a gain  added w ith  stirrin g un til the sam e degree of 
color developed. T h e readin g of the b u rette  was 
again  taken , th e differen ce betw een  th e tw o readings 
being th e am ount of alkali used in th e second titra tio n .

Sam ple K jeldah l m ethod N ew  m ethod Difference
 1............................................  2 .45  2 .53  + 0 .0 8
 2 ............................................. 2 .45  2 .45  0 .0 0
 3 ............................................. 2.61 2 .63  + 0 .0 2
 4 ............................................. 2 .51  2 .52  + 0 .0 1
 5 ............................................  2 .77  2 .69  — 0.08
 6............................................. 2 .53  2.61 + 0 .0 8
 7 ............................................. 2 .32  2 .3 6  + 0 .0 4
 8............................................. 2 .9 6  2 .96  0 .0 0
 9 ............................................. 2 .6 9  2 .6 6  — 0.03

1 0 ............................................. 2 .45  2 .3 6  — 0 .0 9
1 1............................................. 2 .3 2  2 .3 0  — 0.02
1 2 ............................................. 2 .5 2  2 .5 6  + 0 .0 4
1 3 ............................................. 2.31 2 .27  — 0 .0 4

A n oth er 10 cc. of m ilk w as n ext treated  b y  the 
official K je ld a h l m ethod for casein, and from  th is 
result th e value of i cc. of N /g  a lkali in term s of casein 
w as determ ined. P rom  a large num ber of sam ples 
the va lu e: i cc. N /g  a lkali =  1.63 per cen t casein 
was arrived  at. A b o v e  is a com parison of som e 
results obtained  b y  the official K je ld a h l m ethod and 
the new m ethod, using th e fa cto r  1.63.

1 Annalen, 3 1 0 ,  25 (1900); 3 1 9 ,  59 (1901); 3 2 5 ,  348 (1902).

In  determ ining th e percen tage of casein in a given 
sam ple of m ilk th e  procedure is e x a ctly  as outlined for 
determ ining th e factor, om ittin g  th e  K je ld ah l de
term ination . T h e test occupies on ly  a few  moments. 
I t  has, of course, th e d isadvan tage th a t  on ly  one sample 
can be handled a t a tim e, b u t as a num ber of samples 
can be run in a few  m inutes, this m ay  n ot prove to be 
of v e ry  great consequence.

Prom  th e  fa c t th a t  th e chem icals and apparatus 
required are ex a ctly  the sam e as are in com m on use 
in cheese factories, w ith  th e exception  of th e  formalde
hyd e w hich is v e ry  inexpen sive, it  is th o u g h t th a t the 
m ethod should  com m end itself to  th e  serious con
sideration  of dairym en. I t  is, of course, important 
th a t th e form aldeh yde solution be k ep t neutral. 
T h is m ay be accom plished b y  addin g a few' drops of 
the in d icator solution  (phenolphthalein) to  th e  form
aldehyde in the b ottle , and then  adding th e alkali 
un til a p in k  color develops. T h is  fades i'n th e course 
of tim e, and th e form aldeh yde m ust th en  be treated 
again  writh  th e alkali.

T h e proper am ounts of in d icator ( i  per cen t solution) 
and form aldeh yde solutions to  be used h a v e  been found 
to be abou t i cc. of the form er and 2 cc. of the latter. 
A n excess 'of either, how ever, occasions no error. 
In  the m anipulation  of th e test it  is w ell to  add suffi
cient of th e alkali during th e first titra tio n  to  bring 
the color to  a decidedly deep pink, and a t th e second 
titra tio n  to  bring th e  color to  th e sam e shade. The 
titration s are b est carried out in a w hite cup or porce
lain casserole.

I f  it is desired to estim ate the a c id ity  also, the read
in g of th e b urette m ay be taken  after th e first titration.

T h e casein is then estim ated  from  th e difference 
betw een the first and second titration s. T h u s both 
the a c id ity  and the casein are estim ated  in the one 
operation. Those dairym en  who use N  / 1 0  alkali 
and 9 cc. of m ilk as th e sam ple will, of course, employ 
th e sam e factor. T h e test is a t present recommended 
for un preserved m ilk only, a lth ou gh  th e author ex
pects to  be able to  announce a su itab le preservative 
a t an early  date.

T h e fo llow ing ta b le  is given  for th e use of those 
not wishing to  ta k e  th e tim e to m u ltip ly  the amount 
of alkali used b y  th e factor 1.63.

Cc. N /9  alkali used P er cen t casein
1 .0  0 ........................................................................ 1.63
1 .0 5   1.71
1 . 1 0 ........................................................................ 1 . 7 9
1 1 5 ........................................................................ 1.87
1 .2 0 ..............................   1.95
1 .2 5 ........................................................................ 2 .04
1 .3 0 ........................................................................ 2 .12
1 .3 5 ........................................................................ 2 .2 0
1 .4 0 ........................................................................ 2 .28
1 .4 5 .....................    2 .36
1 .5 0 ........................................................................  2 .44
1 .5 5 ........................................................................ 2 .53
1 .6 0    2.61
1 .6 5 ........................................................................ 2 .69
1 .7 0 ........................................................................ 2 .77
1 .7 5 ........................................................................ 2 .85
1 .8 0 ........................    2 .93
1 .8 5 ........................................................................ 3.01
1 .9 0 ........................................................................ 3 .1 0
1 .9 5 ........................................................................ 3 .1 8
2 .0  0 .......................................................................  3 .2 6

Instead of using a 10 cc. p ip ette  for ta k in g  the
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samples and con sequ en tly  h a vin g  to  m u ltip ly  the 
amount of a lka li used b y  1.63, it  is ad visab le  to  use a
16.3 cc. p ip ette, in w hich case, th e readin g on th e 
burette denotes d irectly  th e percen tage of casein.

A very  conven ien t and sim ple form  of acidim eter 
has been la te ly  p u t on th e m arket b y  th e author 
which m ay be used for both th e “ acid  te s t”  and the 
“ casein te st.”

A series of com p arative  tests, using both th e new 
method and th e cen trifu gal m ethod, has been carried 
on at th e E astern  D a iry  School, K in gsto n . T h e 
tests were m ade ind ep en d en tly  on th e sam e m ilks b y  
Messrs. E chlin  and C am eron. M r. E ch lin  did  th e 
work w ith th e new test, and M r. C am eron th a t w ith  
the cen trifugal m ethod. T h e resu ltin g figures, as 
can be seen from  th e  fo llow ing tab le , are in  surprisingly 
close agreem ent.

Centrifugal New C entrifugal New C entrifugal New
method m ethod m ethod m ethod m ethod m ethod

2 . 6 2.64 2.25 2.35 2 . 2 2 .27
2.7 2.69 2 .3 2.35 2 .4 2 .43
2.5 2 .44 2.35 2.43 2 .4 2 .43
2.55 2.61 2 . 6 2 .59 2 .4 2 .43
2.55 2.61 2.5 2.51 2 .5 2 .59
2.55 2.61 2 .5 2.51 2.45 2.51
2.3 2 .36 2 .25 2.27 2 .4 2 .43
2.3 2 .36 2 .25 2 .27 2 .4 2 .43
2 . 6 2.61 2 . 2 2 .19 2.45 2 .49
2.5 2 .53 2 .35 2 .35 2.5 2 .55
2.5 2 .53 2.35 2 .35 2 .3 2 .27
2.25 2.28 2.35 2.35 2 35 2 .35
2.25 2 .28 2 4 2 .43 2 .4 2 .43
2 . 2 2 . 2 0 2 .4 2 .43
2.5 2 .5  6 2 .35 2 .35
2 . 6 2.63 2 35 2 .35
2.7 2.67 2 .35 2 .35
2.3 2 .43 2 .3 2 .27
2.3 2 .43 2 .3 2 .27
2.5 2 .43 2 .4 2 .43

2.45 2.35 2 .4 2 .43
2.56 2.67 2 .4 2 .43
2.56 2.67 • .3 2 .27
2.55 2 .59 2.25 2.27
2.55 2 .59
2.55 2.59

The average difference for th e  above s ix ty -th ree  de term inations is 
0.03+.
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i

Success in th e  la y in g  of asp h alt p avem en ts is p rob 
ably more dependent on th e  proper consisten cy of th e 
asphalt cem ent used to  bind th e  m ineral aggregate 
than on a n y  other feature. T h e varied  origins of 
modern bitum inous cem ents h a ve  m ade th e  determ i
nation of th eir consisten cy th e m ost im p o rtan t test 
applied to  these m aterials. F orm erly  a few  varieties 
of standard solid bitum ens, quite uniform  in ch ar
acter, fluxed w ith  definite proportions of petroleum  
residuums of stan dard  and specified com position, 
yielding cem ents of a desired consisten cy, form ed the 
bulk of th e asph altic  cem ents; b u t recen tly  m any 
paving bitum ens obtained b y  d istillin g asphaltic

petroleum s to  th e consisten cy of cem ents h ave come 
on th e m arket. P roxim ate chem ical analysis is of 
little  valu e in fixing their origin, and th e h igh w ay 
chem ist is obliged  to  rely  alm ost solely  on d eterm in a
tions of consisten cy to ascertain  their su ita b ility .

T h ere are several rough m ethods for determ ining 
th e consisten cy of asp h altic  cem ents, b u t th e m ost 
gen erally  used scientific determ in ation  is b y  m eans 
of penetrom eters. T h e first of these instrum ents was 
devised b y  B ow en, and has been follow ed b y  m achines 
w orkin g on th e sam e principle b y  K en yo n , D ow  and 
th e N ew  Y o rk  T estin g  L ab o rato ry . T h e tw o latter  
are those gen erally  used a t present. T h e penetrom eter 
has m ade it  possible to  control th e consisten cy or as 
u su ally  expressed, th e penetration , w ithin  narrow  
lim its.

T h e penetrom eters consist essen tially  of a needle 
of specified size (R oberts, N o. 2) fixed in a rod, th e 
rod and needle being of, or loaded to, definite w eights. 
A  clam p of som e n ature holds th e rod w ith  th e needle, 
allow ing th e la tte r  to pen etrate as n early  as possible 
w ith ou t friction . A  device for m easuring the am ount 
th e needle has p en etrated  a fter it  has been released 
for a specified tim e and again  grasped b y  th e clutch , 
is also necessary. T h e penetration  is expressed in 
hundredths of a centim eter.

P en etration s are m ost com m on ly m ade a t 25 0 C . 
(77 ° F .)  w ith  th e needle loaded to  100 gram s p en etra
tin g  for five seconds. In  order to  ascertain  th e exten t 
an asph altic  cem ent w ill harden when chilled to  o '  C . 
(3 2 0 F-), penetration s are freq u en tly  m ade a t this 
tem peratu re w ith  the needle loaded to  200 gram s pene
tra tin g  for one m inute. O ccasion ally  it  is specified 
th a t cem ents shall not show more th a n  a stated  pen e
tratio n  a t 37 . 7 0 C. ( io o °  F). or 46° C . ( 1 1 5 °  F .) , the 
needle being under a w eight of 50 gram s and. released 
for five seconds.

T h e D ow  penetrom eter fram e consists of a base to 
w hich is fasten ed a broad u p righ t sup port w ith  tw o 
shelves a t different d istances from  the base. T h e 
needle is held in an alum inum  rod w eighted  b y  a recta n g 
ular fram e of th e  sam e m etal. T h e la tter  is fixed to  
th e rod a t ab ou t one-third th e d istance from  its low er 
end. W eigh ts are p laced on th e low er p a rt of the 
fram e to  load th e needle. T h e above-m entioned 
fram ew ork encloses th e low er shelf on w hich is placed 
th e sam ple. T h e rod passes th rough  a hole in the 
upper shelf and is here grasped b y  th e  clam p which is 
closed on the rod b y  a spring when n ot penetratin g. 
T h e rod and needle are released from  th e clam p b y 
pressing th e  spring togeth er w ith a b utton -en ded  rod.

T h e device for m easuring th e am ount pen etrated  is 
fixed above th e  end of th e rod. T h is consists of a 
rack , set ve rtica lly , th e end of w hich can be b rough t 
dow n to  m eet th e  top of th e  rod. T h is  rack  is in gear 
w ith  a pinion on a horizon tal shaft. T h e la tter  passes 
through a grad u ated  dial and an ad ju stab le  hand is 
fasten ed  to  it  there. A  coun terw eigh t w hich hangs 
from  a cord w inding up on a sm all p u lley  on the pinion 
sh a ft allow s th e rack  to  be raised or low ered. T h e 
divisions on th e dial correspond to  a m ovem en t of 
1/100 cm . b y  th e rack.
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T h e  D ow  in stru m en t has m an y features which m ake 
its use tim e-con supiin g. I t  also requires considerable 
skill and a tten tio n  to  obtain  results checkin g w ithin  
three or four degrees. T h e shelf, on which rests the 
w ater b ath  con tain in g th e sam ple, is fixed in position. 
T h is  lim its th e  h eigh t of th e sam ple contain er and the 
b ath . T h e w eighted fram e lim its th e w idth  of the 
vessel used for a w ater b ath , and is an inconvenience 
in  placin g the sam ple on the shelf and settin g the needle. 
W hen th e clam p is opened th e  space w ithin is quite 
large. T h is allow s th e  rod to  d eviate  from  a vertica l 
position  w hile p enetratin g. T h e w eight of th e large 
fram e also tends to  brin g th e needle out of th e vertical. 
T o  a vo id  th is action  requires extrem e care in setting, 
and even then  it  takes place to a sm all exten t. W hen 
th e rod is again  clasped b y  the clam p, it  is m oved 
h orizon tally , thus b rin ging a force on th e needle other 
th an  its w eight. On b rin gin g th e rack  down on the 
rod, a fter th e  needle has b een  set or pen etrated, its 
w eight is liab le  to drive the rod and needle dow n into 
the asphalt. T h e op erator is inclined to  a void  this 
b y  stoppin g th e rack  ju st ab ove th e top  of th e rod, 
th u s introducing in accuracies in th e determ in ation. 
T h e coun terw eigh t and its  cord often  becom e tangled 
in th e sh aft and shelves and are in th e w a y.

T hese ob jection ab le  features of th e D ow  penetrom 
eter led th e  N ew  Y o rk  T estin g L ab o rato ry  to m odify 
it. T h is  in strum ent is described b y  C lifford  R ich a rd 
son in his w ork on asphalt p a v in g .1 T h e fixed shelf of 
the D ow  m achine is replaced b y  one on a screw. T h is 
allow s th e sam ple to be b rough t up to th e  needle ve ry  
slow ly, and th e settin g  can be m ade w ith  greater ac
cu ra cy. T h e w eighted  fram e is dispensed w ith  and 
replaced b y  a w eight on th e low er part of th e rod ju st 
ab ove th e  needle. T h e rod slides in a collar of con
siderable height and is th us m ain tained in a v ertica l 
position'. T h e clam p holding th e rod is fixed in this 
collar and grasps it  more firm ly th an  th a t of the D ow  
penetrom eter. In stead  of a counterw eight, th e rack 
is kept in position b y  a spring pressing again st it.

T h e wide collar, form ing p a rt of th e  clam p of the 
N ew  Y o rk  T estin g  L ab o rato ry  instrum ent, gives rise 
to considerable friction  on th e rod. T h is v io lates the 
basic requirem ent of th e ideal penetrom eter. T h e 
clam p requires th e exertion  of considerable force to  
release th e  rod. T h is tends to  cause th e operator to 
allow  th e clam p to  sh ut before th e expiration  of the 
stan dard  pen etratin g  period. T h e force required to 
open th e clasp is also liab le to  d isturb th e settin g  of 
the in strum ent and th u s introduce inaccuracies.

T h e errors due to  the construction  of the present 
m achines and to  th e personal equation  of the operator 
often  require a long series of determ in ations in order to 
ob tain  three results w hich lie w ithin  a lim it of three or 
four degrees. Som e specifications for a sp h altic  cem ent 
require its  consisten cy to  lie w ithin  lim its ten degrees 
a p art on th e penetrom eter. I t  is therefore difficult 
to in terpret the specifications s tr ic tly  w ith the results 
obtained  on th e present penetrom eters. T h is has given  
rise to  a' dem and for an instrum ent which elim inates 
som e of th e  construction al errors of th e  present ones, 
and also som e of th e  personal errors.

> “ T he M odern  A sphalt P avem en t,"  Jo h n  W iley & Sons,

T h e errors in p enetratin g, a p art from  those of the 
instrum ent, are quite num erous. T h e sam ple, usually 
contain ed in a sm all tin  box, m ust be firm ly set in the 
w ater b ath . T h is can be v e ry  sa tisfa cto rily  accom
plished b y  m eans of a glass vessel w ith a deep layer of 
fa irly  hard asphaltic  cem en t.1 T h e sam ple m ust have 
been a t th e  stan dard  tem peratu re lon g enough to  have 
atta in ed  it  throughout. In th is connection, labora
tories w orking w ith a large num ber of asph altic  cements 
w ill find a good th erm ostat a great convenience. After 
a sam ple has been m aintained th ir ty  m inutes a t con
sta n t tem perature it  can be placed in th e penetrom eter 
w ater b ath , filled w ith w ater from  th e  therm ostat at 
the sam e tim e.

A  personal error of considerable m agn itude has 
a lread y  been in d icated , th a t of settin g the rack  on the 
rod before and after penetratin g. In th e tim ing of 
the penetration  period lies p ro b ab ly  th e  greatest error 
of th e determ ination. T h e tim ing is done b y  either a 
stop-w atch  or a m etronom e. T h e use of th e  former 
is more open to  inaccuracies th an  th e  latter.

T h e variation  in th e size of th e stan dard  needles has 
often  been pointed out as a source of va riatio n  in re
su lts obtained  b y  different chem ists or b y  th e same 
operator from  tim e to tim e. T h e personal errors have 
been so large th a t  no definite conclusions could be 
d raw n  as to  th e exten t of th is source of difference.

T h e im portance of elim inatin g the tim e error and 
shock, due to  th e m anual control of penetrom eters, 
has long been recognized. W ith  th is o b ject in view, 
D o w  and G riffith devised and p a ten ted 2 an electrical 
lim itin g-tim e-in terval clam p, to  be applied to  th e then 
gen erally  used B ow en penetrom eter. T h is clamp 
clasped th e th rea d  supporting th e w eighted b ar which 
held the needle, and released it  for th e desired intervals. 
T h is electrical lim itin g-tim e-in terval clam p w as cum
bersom e and com plicated  in its  w orkin g and regulation. 
W hen D ow  devised the penetrom eter which bears his 
nam e, and which superseded the B ow en instrum ent, 
he om itted  from  it  his tim e-in terval clam p.

T h e a d ven t of the sim ple, com pact, S iem an ’s inter
m ediate relay  w ith tim e lim its has m ade it  possible 
to electrica lly  tim e and control penetrom eters of the 
present typ e . T h e penetratin g device of the instru
m ent can be d irectly  controlled b y  the electrically 
tim ed m agnet, instead of through th e  in term ediary of 
a clam p, as in th e B ow en -D ow -G riffiths electrical pene
trom eter. T h is sim plifies the op eratin g mechanism 
and reduces th e chances of trouble from  its derangement.

A  new form  of penetrom eter, e lectrica lly  con trolled  
and tim ed, used for over a year in th is Laboratory, 
is shown in F igure x. F igu re 2 is a sketch  of the elec
trom agn etic clu tch  for holding th e rod w ith  its  needle. 
T h e clutch  is on a b racket sliding on the upright rod 
of th e instrum ent, to  which it  m ay be secured b y  means 
of a set screw. T h e w eighted  rod A, w hich holds the 
needle, is of steel, brass-clad. I t  slides through the 
openings in  th e th in  G erm an silver plates, C  C, and is 
p a rtly  enclosed b y  the concave poles, B, B 3,o f the electro
m agnet. T h e p lates are set so th e rod does not oome 
into  co n tact w ith  the poles of th e m agn et, and

1 Bull. 38, Office of Public Ro^ds, U. S. D ept, of Agriculture,
* U. S. P a te n t 512,687 (1894),
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rounded where th e y  tou ch  th e rod, th u s elim inatin g 
all friction. T h e rod and needle weigh 50 gram s and 
are weighted to to o  and 200 gram s b y  w eights of 50 
and 150 gram s, resp ectively , slipped over th e rod above 
the needle, and there fasten ed  b y  set screws.

The penetration  is m easured, as in other m achines, 
by means of a rack  and pinion, the la tter  being fasten ed  
to an adjustable hand on a dial. T h e counterw eight 
and spring, used in  th e previous ty p e s  of instrum ents 
for holding the rack  in place, are dispensed w ith. T h e 
pinion shaft has an additional gear wheel. T h is gear 
is in mesh w ith a w orm  on a sh a ft at right angles to 
the first, the w orm  sh aft being driven  b y  m eans of a 
milled head at one side of th e dial. B y  tu rn in g the 
milled head th e rack  m ay be raised or low ered and 
accurately set on top of th e rod. In settin g  th e needle 
on the surface of th e sam ple, th e la tter  is first raised 
to within less th an  a m illim eter of th e form er. T h e 
rod is then forced dow n b y  th e rack  un til th e needle 
touches the surface of th e asp h altic  cem ent. D urin g 
the setting th e rod is held b y  th e  m agnet, th e electro
magnetic force being overcom e b y  th a t exerted  b y  the

F i g . 1

rack. T his device and m ethod of procedure enable 
very accurate settings of the needle and rack  to be 
made.

The sam ple is placed on a m ovab le shelf w hich can 
be rapidly low ered to  allow  clean ing of th e needle. In 
order to set th e m achine in a v ertica l position, a plum b 
bob and ad ju stin g  screw s are a ttach ed  to  the pen etro m 
eter. A  sm all electric lam p, fasten ed  to th e top of 
the standard and in series w ith  the electro-m agn et, 
indicates when the curren t is on. T h e in strum en t is 
wound to  be connected to a n o  v o lt  d irect current 
circuit.

The use of th e electro-m agn et clu tch  precludes the 
shock or displacem ent of the m achine, due to  a clam p

P e n e t r a t i o n  o f  A s p h a l t i c  C e m e n t s .  ( 7 7 °  F .. 1 0 0  g . ,  5  s e e .)

Oil asphalt Oil asphalt T rin idad
cem ent cem ent asphalt

No. 1 No. 2 cem ent
D eterm ination  No. 1.. . .  . 55 53 85
D eterm ination  No. 2.. . . .  55 53 84
D eterm ination  No. 3.. . . .  55 53 84

R ich ard son 1 has stated  th a t variation s in th e size 
of th e needles g ive  rise to  u n co n tro llab le .v ariatio n s in 
penetration s determ ined w ith  them .

Since all errors are elim inated in the m achine de
scribed, it  w as possible to  ascertain  th e exten t of this 
va riatio n . T hree needles were selected from  each of 
three p ackages of stan dard  needles. Oil asphalt 
cem ent N o. 1 w as then  pen etrated, using these needles, 
ta k in g  th e  precaution s outlin ed above.

P e n e t r a t i o n  o f  O i l  A s p h a l t  C e m e n t  N o .  1 , b y  D i f f e r e n t  N e e d l e s  
(770 I*'., 100 g., 5 sec.)

Needle Package P enetra tion  N eedle Package Penetra tion
1 1 55 6  2 55
2 1 55 7 3 55
3 1 54 8  3 54
4 2 54 9 3 54
5 2 54 -------

Average, 54 .6

T he  g rea test deviation from the  mean is 0.6 of a  unit.

c o n c l u s i o n s .— A  new form  of penetrom eter, w hich 
elim inates th e errors due to  the construction  of pre
vious instrum ents and perm its rapid accu rate  determ i
nations, has been described.

T h e personal error in tim in g penetration s has been 
elim inated through th e use of th is penetrom eter in 
connection  w ith  an in term ediate relay  w ith  tim e-lim it. 

T h e variation s in determ inations of pen etration  du?

* I.OC. cit,

operated  b y  hand. T h e circuit is broken b y  pressing 
a b u tton . T o  elim inate th e  tim e error|of th e observer, 
a S iem an ’s in term ediate re lay  
w ith tim e-lim it is used. T h e 
penetrom eter is placed in the 
circu it w ith one side of this 
device, and th e ligh tin g circu it 
passed through a sw itch  and 
the relay  electro-m agn et. On 
b reakin g th e current through 
th e la tter , the penetrom eter 
circu it is broken and a u to 
m a tica lly  m ade a t the end of 
five seconds.

T h e a ccu racy  of th e pen etro
m eter w as tested  b y deter
m ining th e penetration  of 
three asphaltic  cem ents, using 
th e sam e needle. T h e pene
tration s were m ade a t 7 7 0 P ., w ith the needle loaded 
w ith  100 gram s, pen etratin g  for 5 seconds. A fter each 
ob servation  th e needle w as cleaned w ith chloroform , 
dried, and b rought to 77 0 F.

T h e  results are g iven  in the follow ing table:
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to variation s in th e  stan dard  needles has been in ves
tig ated  and foun d to  be negligible.

T h e w riter wishes to express his appreciation  of th e 
help rendered b y  M r. W a lter E rlen ko tter and M r. A . 
D. St. John, of th is L ab o rato ry , in connection w ith 
th is paper.
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B o a r d  o f  E s t i m a t e  a n d  A p p o r t i o n m e n t  

C i t y  o f  N e w  Y o r k

AN APPARATU S AND M ETH O D  F O R  DETERM IN IN G  
TH E H A R D N E SS OF BU TTERFAT

B y A . E. P e r k i n s  

Received Septem ber 22, 1913

T h e d esirab ility  of h a vin g  an accu rate  m ethod for 
determ in ing the hardness or consisten cy of bu tter- 
fa t  and other fa ts  has been fe lt for a num ber of years. 
Several m ethods and ap p aratu s h avin g a greater or 
less degree of efficiency have been devised from  tim e 
to  tim e.

T h e first m ethods were proposed for th e exam ina
tion  of olive oil. Of these earlier m ethods the m ost 
p ractical w as devised b y  Serra C a rp i.1 His m ethod 
w as to cool th e olive oil dow n to 20° C ., for three hours, 
and b y  m eans of a su itab le arrangem ent, he placed 
on the solidified fa t a cylin drical iron rod, 2 mm. in 
diam eter and 1 cm . long and conical a t th e bottom . 
W eights were then  p u t on to  the rod until it  sank 
com p letely  into  th e fa t. T h u s, for pure olive oil 
1700 gram s and for cottonseed oil 25 gram s were re
quired.

W oods and P arson s2 report sa tisfa cto ry  results in 
determ ining the hardness of b u tter  b y  th e use of 
a  m ethod w hich consists essen tially  of dropping a 
w eighted glass rod through a glass tu b e 1 m eter long, 
held v e rtic a lly  ab ove the surface of th e b u tter  to  be 
tested , and n oting th e depth of penetration  on a scale 
a tta ch ed  to  the glass tubing. T h e determ inations 
were perform ed a t 15 .5° C . a fter th e b u tter  had stood 
in a cool room  for several days. T h e results were 
expressed in mm . of penetration.

R . B ru lle3 m easured th e hardness of b u tter with 
an ap p aratu s w hich he called an “ oleogram m eter.”  
T h is is an in strum ent consisting of a vertica l rod on 
th e top of w hich is fixed a large p late. T h e rod is 
allow ed to slide in a ring fasten ed  to  a stan d. T he 
end of th e rod is placed  on th e surface of th e solidified 
fa t, and then  w eights are p u t on the dish until th e rod 
sinks b risk ly  into  th e fa t. T h e w eights required 
represent th e resistance of th e b u tter to th e “ oleo
gram m eter.”  T h e b u tter  sam ples were k ep t a t 21° C. 
for an hour before testin g. T h is m ethod is essen tially  
th e sam e as th a t  used b y  Serra C arp i4 for olive oil.

Sohn5 proposes three form s of ap p aratu s and lays 
dow n the follow ing rules, str ict adherence to which 
are n ecessary:

1. T h e rod m ust descend in an ab so lu tely  perpen dicu
lar direction.

1 Serra  C arpi, Z . anal. Chern., 1884, 23, 566.
5 W oods and  Parsons, Bull. 13, New H am pshire Exp. S ta.
* R. Brulle, Compt. rend., 1893, 116, 1255.
4 Loc. cit.
• Sohn, A nalyst, 1893, p. 218.

2. It  m ust slide in its bearing w ith  th e lea st possible 
friction.

3. C on ditions of tem peratu re m ust be constant.
4. Vessels of one diam eter m ust be used for the 

m aterial under exam ination.
5. T h e rod m ust enter th e center of th e vessel or 

a t a fixed distance from  th e circum ference.
6. T h e sam e depth of m aterial m ust a lw ays be used.
7. T h e m aterial m ust be allow ed to  rest a certain 

fixed tim e before testing.
J. B . L in d sey 1 and his associates determ ined the 

hardness of b u tter  w ith an apparatu s analogous to 
th a t used b y  W oods and P arson s,2 th e on ly  real differ
ence being th a t th e y  dispensed w ith  th e large glass 
tub e and th e depth of penetration  w as m easured on 
th e plunger. T heir determ inations were performed 
on b u tter w hich had been in cold storage for some time 
and then allow ed to  stan d  a t room  tem perature for 
several hours.

H unziger, M ills and S p itzer3 report results in meas
uring the hardness or “ m echanical firm n ess”  of butter 
w ith  an ap p aratu s w hich m easured th e crushing effect 
of a plunger, size and w eigh t n ot sta ted , on briquettes 
of m anufactured  b u tter. No m ention is m ade of the 
conditions of tem perature under w hich th e tests were 
conducted.

In  som e of our experim ental w ork here, we considered 
it desirable to  m easure th e hardness of b u tter fa t with 
a reasonable degree of accu racy , and in  such a w ay that 
results obtained  th rou gh ou t experim ents extending 
over long periods of tim e w ould be en tire ly  compar
able. A fter  try in g  several of th e above-mentioned 
m ethods, none of w hich proved  -delicate enough for 
our purpose, the follow ing ap p aratu s and method 
w ere devised.

T h e ap p aratu s used, as shown in th e accompanying 
cu t, com prises a firm sup port (A) and a separate light 
fram e (B) carry in g th e pen etratin g  needles and the 
w eights. T h e sup port consists of a h e a v y  iron base 
(c) into w hich are inserted  2 upright rods (d and e) 
abou t 1 m eter long, one of w hich is hollow  and contains 
w ires connecting the electro-m agn et (g) w ith (A)- 
T hese u prights are abou t 25 cm. a p a rt and are 
joined togeth er a t the top b y  a piece of hollow 
iron rod (/): (A) and (h) are binding posts for at
tach in g th e b atteries to  operate th e m agn et. A 
k e y  (J) a tta ch ed  to  th e base serves for m akin g and 
b reaking the current through th e m agn et: (k) and (/) 
are m illim eter scales reading dow nw ard. Attached 
to th e upright rods is an ad ju stab le  p latform  (>») 
for carryin g th e  sam ple whose hardness is to be tested. 
T h e coarser ad ju stm en t of th e height of th e  platform 
is secured b y  m eans of th e clam ps (») and (0). This 
a d ju stm en t does not need to  be regulated  except at 
rare in tervals. A  finer ad ju stm en t is secured b y  simply 
turnin g (m) w hich is supported  from  (n-o) b y  a 3/i 
inch n ut and screw. T h e fram e is of hollow  brass 
tu b in g to  get it  as light as possible, w hile still retain-

1 L indsey and  Associates, 13th A nn . Rept. Hatch E xp . Sta., p. 28; 
14th A n n . Rpt. Hatch Exp. Sta., p. 167; 16th A n n . Rpt. Hatch E xp . Sta., p. 59; 
21st A nn . Rpt. Hatch E xp . Sta., p. 99.

1 W oods and  Parsons, loc. cit.
3 Bull. 159, P urdue  U niversity , In d ian a  Agr. Exp. S ta.



Feb., 1014 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 137

ing the n ecessary degree of stren gth . I t  is abou t 
40 cm. long and 15 cm . wide: {p) is a piece of soft 
Swedish iron to be acted  on b y  th e  m agnet. D ire ctly  
beneath this inside th e fram e is a sock et and a set
screw (?) to  hold th e needle (t) in place. A t  th e 
opposite end of th e fram e is a sm all p latform  (r) for

0* 3=

E

O o

v aX J -L J

carrying the w eights, which are m ade w ith  a hole 
drilled through th e  center so th a t  th e y  can be placed 
over the screw p rojectin g  above th e  p latform  and held 
firmly in place b y  th e n u t (s). T h e fram e (B) when 
carrying a n y  one of th e set of needles w eighs 200 gram s. 
Additional w eights are provided , m akin g possible 
any com bination of exa ct m ultiples of 100 gram s 
up to 1400. A  set of needles is provided  h a vin g  cross- 
sectional areas of 5, 10, 15, 25, 50 and xoo sq. mm. 
They are cylin drical in shape and sligh tly  m ore than  
10 cm. long, being m arked a t a distance of 10 cm . from  
the end. T h e larger sizes are of hollow  tu b in g  plugged 
at the ends, and th e sm aller m ade w ith  h e a v y  shanks 
to secure u n ifo rm ity  of w eigh t. T h e scales (k and I) 
attached to  the u p righ t rods w hich were previously  
referred to, are so p laced  th a t when th e fram e w ith 
needles and w eights is held in place b y  the electro
magnet, p rep aratory  to  m akin g th e  test, th e point 
°f the needle is a t  zero on th e scales. T h e height of 
the adjustable p latform  (m) is th en  so regu lated  th a t 
the surface of th e sam ple to  be tested  is a t 100 mm. on 
the scale. A  sm all p lum b bob (W ) or a w ooden rod of 
Proper length m easuring dow nw ard from  (g) is m ade use of

in this connection. T h e distance of fa ll before reaching 
th e surface of the b u tter is, then, a lw ays 10 cm .

In  m aking th e determ in ation, th e fram e (B) w ith 
a su itab le  needle and w eights is suspended from  the 
electro-m agn et, and th e beaker of fa t  placed in posi
tion  beneath the needle, th e heigh t being regulated  
as described above. T h e fram e is then  released b y  
m eans of th e k ey . T h e dep th  of pen etration  is as
certain ed  b y  stretch in g a v e ry  fine wire in line w ith 
th e m ark  on th e needle, and n oting its position on 
either scale. T h e average of th e  tw o readings is taken  
as th e dep th  of penetration . Since th e cross-sectional 
area of th e pen etratin g needle is know n, and the depth 
of penetration  has been ascertain ed, their product 
in dicates th e vo lu m e of b u tte rfa t displaced. T h e 
am ount of w eigh t a ctin g  on the needle is know n, and 
th e  distance th rough  w hich it  fa lls  is co n stan t; if 
then, th e  am ount of w eigh t em ployed, expressed in 
gram s, is d ivid ed  b y  the vo lu m e of fa t  displaced, ex 
pressed as cu. m m ., th e q u otien t w ill represent the 
w eight in  gram s required to displace 1 cu. mm. of th e 
fa t, or the num ber of kilos required to displace 1 
cc. a t  th e sta te d  tem peratu re . T h is is th e basis 
em ployed to express th e prop ortionate hardness of 
th e  fa t. A  sam ple of fa t  is said to h a ve  a hardness 
of 1 a t a g iven  tem perature when 1 k ilo  w ill displace 
1 cc. of fa t; or of 1.2 or 0.85 when 1200 or 850 gram s, 
resp ective ly , are required  to  displace 1 cc. of fa t. 
W hen all other conditions are con stan t, it  is ev id en t 
th a t  th e hardness is in inverse proportion  to  th e depth 
of penetration , and d irect com parisons can be m ade.

T h e am oun t of w eigh t em p loyed  and th e size of 
th e needle used w ill depend, of course, on th e ch aracter 
of the fa t, and th e tem p eratu re a t w hich th e  hardness 
is determ ined. W ith  a proper com bin ation  of needles 
and w eights, th e needle w ill rem ain  p ra ctica lly  s ta 
tio n a ry  in th e  fa t a fter th e  in itia l plunge. If, h ow 
ever, too m uch w eight or too  sm all a needle is em ployed, 
th e needle continues to  sin k slow ly , m akin g an accu rate  
readin g of th e d ep th  of penetration  im possible. In 
th e reverse case w ith  too  large a needle or too little  
w eight, th e pen etration  is of course m uch less, and the 
percen tage experim ental error p rop ortion ate ly  greater.

T h e suspension of th e w eights fa r b elow  th e needle 
brings th e  center of g ra v ity  of th e fa llin g  portion  of 
th e  ap p aratu s below  th e  p o in t of th e needle, causing 
th e la tter  to  in v a ria b ly  assum e a v e rtica l position, 
m akin g it  m uch easier to  ascertain  th e  true dep th  of 
pen etration  th a n  w ould be th e  case if  th e poin t of 
th e needle (/) were a t or below  th e center of g ra v ity . 
A fter  its  release b y  th e  electro-m agn et, th e  ap p aratu s 
m eets w ith  no resistance w h atever in  its  fall, excep t 
th a t offered b y  th e  air u n til th e  poin t of th e  needle 
reaches th e surface of th e  b u tter.

I t  m ight be argued th a t  g r a v ity  w as actin g through 
a greater d istance in  th e case of a sam ple w hich was 
pen etrated  30 mm. th a n  in th e case of one w hich was 
pen etrated, sa y  o n ly  15 m m .; or again, it  m ight be 
argued th a t th e am oun t of friction  on th e  sides of a 
sm all needle w ould be p rop ortion ately  greater th an  
th a t  on a larger needle, on accou n t of th e  greater area 
in proportion  to  its  volum e. T hese ob jections, if



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

th e y  are applicable, w ould tend  to  counteract each 
oth er; and a t a n y  rate, their influence is n ot perceptible 
in  th e results; for, du plicate determ inations carried 
ou t w ith  v a ry in g  sizes of needles and w eights, where 
th e depth of penetration  is necessarily greater in some 
cases th a n  in others, show no greater variation s than  
occur when th e  sam e sizes of needles and w eights are 
used th rou gh ou t, provided  com binations w hich render 
readings d ifficult to  m ake be avoided.

In  p ractice  we en deavor to  secure a com bination  
of needles and w eights w hich w ill g ive a penetration  
of ab ou t 25 or 30 mm. and w ith  our wide range of 
w eights, 200 to 1400 gram s, h ave ord in arily  found 

,it  n ecessary to  m ake use on ly  of the needles havin g 
sectional areas of 25 and 50 sq. m m ., when w orking 
a t ord inary tem peratures.

W hile the agreem ent of duplicate readings is not 
as close as is ord in arily  expected  in q u a n tita tive  chem ical 
w ork, it  is, considering the n ature of the determ ination, 
reasonab ly sa tisfa cto ry  when th e  sam ples have been 
prop erly  prepared. T h e extrem e variation s rarely  
exceed 2 or 3 m illim eters w ith  a penetration  of 25 
to 30, and in th e m a jo rity  of cases, th e readings h ave 
a closer agreem ent than  that, m entioned above. In 
practice we h ave tak en  th e average of five or six read 
ings as th e  final result. A fter  the sam ples are prepared, 
we h a ve  been able to  m ake and record fro'm 40 to  50 
readings per hour.

Since the end to be atta in ed  in th is w ork w as kn ow l
edge regardin g the properties of the fa t  itse lf as dis
tin guished  from  those properties w hich m ay h ave 
been introduced  in the process of m an u factu rin g the 
fa t into  b u tter, the hardness, like the other ph ysical 
and chem ical constants, has been determ ined on the 
rendered fa t. D a ta  have been introduced in T ab le  
8 show ing th e hardness of several sam ples of b u tter  
prepared in different w ays; also th e  hardness of the 
rendered fa t from  th e sam e b u tter.

T h e m ethod of procedure adopted  in w orkin g w ith  
rendered b u tte rfa t is as follow s: A b o u t 200 cc. of
the m ixed m elted fa t are p laced in a 250 cc. Griffin

T able  1— All the  Sam ples Shown in .T ab le  1 were T aken  from  th e  Sam e 
Large Dish of M elted B u tte rfa t which had  been T horoughly M ixed, and 
were Iden tical in C om position. A fter Being Poured  in to  the  Sm all Ja rs  in 
which th e  H ardness was M easured th e  Sam ples R eceived the  Sam e Treat* 
m ent in E very  R espect, E xcep t th a t  the  Sam ples so D esignated were 
S tirred  w ith  a  G lass Rod as Described Elsewhere in th is Paper, while they  
were Being Cooled in a  P an  of R unning W ater. T h e  Sam ples Designated 
as U nstirred  were n o t D isturbed U ntil they  were Solid. T h e  Sam ples 
were All Rem oved a t  the  Sam e Tim e to  the  C o n stan t T em pera tu re  B ath  
and  K e p t a t  A lm ost E xactly  15° C. for 18 H ours.

S tirred  while cooling N o t stirred

Sam ple No.
1 ...........................

2 ..........................

 3.................
 4.................
 5.................
 6..............
7 .................

A verage...................  22.1

P enetra tion Sam ple No. Penetra tion
2 1 . 0  mm. 8 ............................
2 2 . 0  " 9 ............................ . . .  2 4 .0  "
22 .5  " 1 0 ........................... . . .  2 9 .0  "
22 .5  “ 1 1 ............................ . . .  2 5 .0  ’*
2 2 . 0  " 1 2 ............................ . . .  2 5 .0  “
2 3 .0  ' 4 13........................... . . .  2 7 .0  “
2 2 . 0  ** 14............................ . . .  2 4 .0  “

15. . . 2 5 .0  “
2 2 . 1  "

A v e rag e .. . . . . .  2 5 .8  "

the rod can ju st be rem oved w ith ou t lea vin g  an im
pression in the fa t. T h e sam ple is allow ed to  stand 
in th e w ater a few  m inutes longer until it  is w ell solidi
fied. T h e stirring is done to  preven t th e separation 
of th e fa t into  zones of different hardness, a condition 
which occurs when the m elted fa t is le ft to  solidify 
w ith ou t stirring. T a b les i ,  2, 3 and 4 show data 
illu stratin g  th e effect of stirrin g on th e observed hard
ness of the fa t. I t  w ill be n oticed  th a t th e penetration in 
th e case of th e unstirred sam ples, T ables 1 and 2, was

T able  2— T his D a ta  is of the  Sam e N a tu re  as th a t  Shown in Table 1, 
the  Sam ples H aving Received Practically  Iden tical T rea tm e n t to that 
G iven the  Sam ples in T ab le  1. The B u tte rfa t T ested , however, was from 
a  D ifferent Source.

S tirred  while cooling N o t stirred

Sam ple No. Penetra tion Sam ple No. Penetration
1 ................. 9 ...........................
2 ............................. . . . .  12.5 " 1 0 ............................ . . .  16.0 "
3 ............................ ___  12.5 “ 1 1 .............. ............. . . .  16.0 “
4 ............................ ___  1 2 . 0  '< 1 2 ............................ . . .  18.0 "
5 ............................. ___  12.5 “ 13............................ . . .  19.5 "
6 ............................. ___  13.5 " 14............................ . . .  18.5 "
7 ............................. ___  13.5 “ 15........................... . . .  17.5 "
8 ............................ ___  12.5 " ------

A verage.......... ___  12.7 "
A v e ra g e .. . . 17.7 "

greater on ev ery  occasion th an  w ith  th e stirred samples, 
due doubtless to  the fa ct th a t  in th e sm all vessels em
ployed to  contain  the fa t, th e pen etration  in v a ria b ly  took 
place near the center where th e softer portions of the 
fa t  were collected.

I t  w ill be observed from  T ab le  3 th a t  when th e samples 
were stirred during th e process of cooling, th e  pene-

Table  3— E a t in L arge C ontainers (600 Cc. Griffin Beakers). Samples 
were All S tirred  W hile Cooling. N o E ffort was M ade to  H ave Samples 
1, 2, 3 and  4 of th e  Same Com position. Sam ples were H eld a t  abou t 15° C. 
in the  C o n stan t T em pera tu re  B ath  for 18 H ours.

P enetra tion  in m m. a t  center 
1 determ ination  only 

Sam ple 1................................. 20 .5
 2....................... . . . .  2 7 .0
 3................................. 30 .5
 4................................  30 .5

P enetra tion  in m m. near edge 
A verage of 4 determ inations 
Sam ple 1 ..............................  18.6

 2..............................  25.5
 3..............................  30.7
 4..............................  29.7

tratio n  was p ra ctica lly  the sam e regardless of which 
portion  of fa t  w as pen etrated. In  th e case of the un
stirred  sam ples, T a b le  4, th e pen etration  w as mugh 
greater when m easured a t the center th a n  when meas
ured near th e edges of th e receptacle. T h e penetra
tion  m easured m id w ay betw een th e center and edge

T able  4— T he Sam e Conditions O btained H ere as Described for the 
Sam ples in Table  3, Except th a t  N one of th e  Sam ples were S tirred  during 
the  Cooling Process.

Penetra tion  in mm. a t  center 
1 determ ination  only 

Sam ple 1...............................  30 .5
 2...............................  30 .5
 3...............................  29 .5
 4...............................  29 .0

Penetra tion  in m m . near edge 
Average of 4 determ inations

Sam ple 1 ..............................  22.1
2   2 2 . 0
3   21.8
4 ..............................  20.8

shape alum inum  beaker w hich is set in cold w ater, 
io  to  20° C . in a pan h a vin g  a sm ooth level bottom . 
T h e fa t is freq u en tly  stirred  w ith  a glass rod until

w as ju st abou t th e  average of th a t obtained  at the 
center and th a t  obtained  at the edge. Stirring the fat 
in th is w ay  w hile it  is cooling m akes unnecessary a 
s trict observan ce of rules 4, 5, and 6 as la id  down by 
Sohn and q uoted  above.

T h e sam ples prepared in th is w a y  are transferred 
to  a covered  w ater b ath  t ig h tly  p acked  w ith  heat in
su latin g m aterial inside a double w alled wooden box. 
T h e y  are held here for 12 hours (over n ight) or longer
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at a tem perature n ot m ore th an  i °  C . from  th a t at 
which the tests are to  be m ade. T h e tem p eratu re is 
then adjusted to  ex a ctly  th e  proper point and not 
allowed to v a ry  m ore th an  0 .1°  C . from  th a t tem p era 
ture for 6 hours before the tests are m ade. Sam ples 
held under these conditions ga v e  m uch m ore uniform  
and satisfactory  results th an  we w ere, able to  secure 
on recently solidified sam ples. T h e m ethod of pro
cedure in m akin g th e determ in ation  itself has a lready
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from  cows in th e  d airy  herd a t th e Ohio E xp erim en t 
Station  and b y  no m eans represent extrem es.

T able  5—Showing th e  H ardness of the  Sam e Sam ples of B u tte rfa t a t  
T em peratures R anging from  10° C. to  19° C. E ach Value as S ta ted  was 
C alculated  from  the Average of Several D eterm inations C arried O ut Ac
cording to  O ur R egular M ethod  of Procedure as G iven Elsewhere. H a rd 
ness in T erm s of Kilos R equired to  D isplace 1 Cc. of F a t  a t  S ta ted  T em 
peratures.
T em pera tu re  H ardness

10°..........................  1.630
11°..........................  1.420
12°.f........................  1.270
13°..........................  1.092
14°........................... 1.012

T em pera tu re  H ardness
15° ........   0.890
16°.......................... 0.750
17°.......................... 0.603
18°.......................... 0.337
19°.......................... 0.113

been given as a p a rt of th e  description  of th e apparatu s.
Sohn in th e article quoted  above em phasized the 

importance of a close tem peratu re control, and we 
have likewise found th is  abso lu tely  essential, if re
sults of a n y  va lu e  are to be expected. T h e  n ecessity  
of such a close control over th e tem p eratu re can be 
better understood after a stu d y  of the results recorded

O ther factors such as breed, th e ad van ce of th e period 
of lacta tio n , and th e ch aracter and am ount of food, 
are supposed to  h ave considerable influence on the 
hardness of th e fa t. T h e ava ila b le  data  on certain  
of these points is well sum m ed up b y  H unziger, M ills, 
and S p itze r.1 A s a lread y  stated  th is m ethod and 
a p p aratu s were devised  as a m eans of stu d y in g  certain  
of these factors.

F or general w ork w ith  th is m ethod th e m ost sa tis
fa cto ry  tem peratu re to be' used in m aking determ in a
tion s of th e hardness of b u tte rfa t is p rob ab ly  th a t 
tem perature betw een 15 ° and o° C ., which can be 
m aintained w ith the greatest ease and con stan cy under 
ava ila b le  conditions. A n y  tem peratu re above 1 5 0 C. 
w ill p ro b ab ly  be too  w arm  to perm it an accu rate  de
term ination  of the hardness of soft sam ples of b u tte r
fa t. In som e w ays the results secured a t io °  C . or 
0° C . are m ore sa tisfa cto ry  than those to  be obtained 
a t hfgher tem peratures, because in w orkin g w ith  the 
greater values the chances for error are lessened.

T able  6—Showing the  H ardness of Several Sam ples of B u tte rfa t a t 
D ifferent T em peratures. T he N um bers C orrespond to  the  H erd N um ber 
of the  Animal Producing th e  Sample.

cj

Ocj O O O
O
0

T em peratures o\ 10 0 00 V
53..................................... 0.20 0.65 2.53
59..................................... 0.12 0.38 2.33
61.................................... 0.84 1.65 4.60
64.................................... 1.27 2.25 5.00
66.................................... 0.26 0.82 3.54
72..................................... 0.56 1.02 2.93
M elted  fa t from C ream ery

p rin t b u tte r .......................... 0.43 1.18 4.11 7.08
Sam ple of mixed fat. P a rtly

ra n c id ..................................... 0.21 1.11 2.41
(9.5°

6.66
C.)

m Tables 5 and 6 and P lates I  and II  show ing the h ard 
ness of several sam ples of fa t  at different tem peratures. 
These results show clearly  th a t a difference in tem p era
ture of even o. 1 0 is a v e ry  im p o rta n t m atter when a t
tempting to m easure th e hardness of fa t.

It will also be noticed th a t th e rate  of increase in 
hardness, due to  tem peratu re , is considerably greater 
at lower tem peratures th a n  it  is n ear th e  freezing 
point of the fa t, w hich in th e  case of b u tte rfa t, is in th e 
vicinity of 200 C . T hese results also serve to  illu strate  
the well-known fa c t th a t there is a m arked difference 
in hardness due to  the in d iv id u a lity  of the anim al 
producing the fa t. T h e num bers in T a b le  6 and P late  
II correspond to  the herd num ber of th e anim al pro- 
ducing the sam ple. T hese were selected a t random

1 0 . 8  1 2 . 0

T h e re lativ e  hardness of th e sam ples a t these tem pera
tures m ay n ot, how ever, a lw a y s represent their rela
tiv e  hardness a t h igher tem peratures as shown b y  the 
d a ta  in P late  II and T a b le  6; and th e fa c t m ust not 
be lost sight of, th a t from  a p ractica l stan dp oint 
the hardness of b u tter  a t o° C . or even  10° C. is of 
little  significance; w hile th e hardness of b u tter at 
tem peratures ab ove 15° C . is a v e ry  im p ortan t m atter, 
for a b u tter  which w ill stan d  up well and retain  its 
hardness under sum m er conditions is grea tly  to  be 
desired; such b u tter  is esp ecially  dem anded for export 
to  tropical countries. H unziger, M ills, and S p itze r1 
present evidence to  show th a t the hardness of th e  fa t 
is a v e ry  im p ortan t m atter w hich m ust be taken  into  
accoun t in regu latin g th e w ater con ten t of b u tter.

1 Bull. 159, Purdue U niversity , A gricultural E xperim ent S ta tion .
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In our w ork w ith  rendered b u tte rfa t below  io °  C . 
we h ave found it  n ecessary to m elt and rem ove a thin  
laye r of fa t  from  th e outer edges of th e  container to 
preven t th e form ation  of cracks th rou gh ou t th e sam ple, 
due to  th e con traction  of th e fa t on cooling, since these 
interfered  seriously w ith th e determ in ation. T his 
w as accom plished b y  w rapping th e sides of th e  con
tain er of w ell solidified fa t  for a few  seconds w ith  a 
tow el w rung ou t of hot w ater, and pouring out the 
m elted fa t. T h is  gave a solid b lo ck  of fa t  w hich did 
n ot crack  when cooled. A t — 10° C ., or below , the 
fa t sam ples are inclined to sp lit, when penetrated  b y 
th e needle, like a b lo ck  of free grained wood stru ck  
w ith  an ax, and we were unable to  secure sa tisfa cto ry  
results a t low er tem peratures.

M ost of our w ork has been done either a t io °  or 
15 0 C . D urin g the greater p a rt of th e  year it  has been 
foun d p racticab le  to  m aintain  th e la tter  tem perature 
quite sa tisfa cto rily  in an unheated basem ent room  
w ith  th e equipm en t which has a lread y been described. 
T h is  can be done w henever th e room  tem perature is 
reason ab ly  con stan t and is not m ore th a n  2° C . in 
eith er direction  from  th e tem perature to be m aintained. 
A  constan t tem perature room  or ap p aratu s is v e ry  
desirable when either can be had. W e h ave used 
w ith great satisfactio n  room s in the cold storage p la n t 
a t the Ohio E xp erim en t Station  in securing p a rt of 
the d a ta  contain ed in th is paper. A  tem peratu re of 
o ° C . can be m ain tained quite sa tisfa cto rily  in a room  
several degrees ab ove th a t tem peratu re b y  keeping 
th e insulated  w ater b ath  well supplied w ith  crushed ice.

S tatem en ts m ade b y  certain  of th e in vestigators 
nam ed above suggested  th a t  previous exposure to 
h eat or cold m ight perm an en tly  affect th e  hardness 
of th e b u tterfa t. T o  determ ine w hether such w as the 
case, a large num ber of sam ples of m ixed fa t  were 
prepared and treated  under m uch m ore rigorous con
ditions of both  h eat and cold th an  those which need 
ever be m et w ith  in carryin g ou t determ in ations b y  
th is m ethod. P a rt of these sam ples were held a t 
different tim es for from  48 to  96 hours a t a tem p era
ture approxim atin g 10° F . O thers were h eated  at 
95° C. on a steam  b ath  for periods of 48 hours; others 
were held a t 15 ° C ., th e tem perature a t w hich all were 
tested. A t  th e conclusion of th e special treatm en t, 
all were trea ted  according to  th e usual m ethod d e
scribed elsew here in th is paper. T hese results are 
g iven  in T a b le  7. T h e y  seem  to  show th a t n either heat 
nor cold w ith in  th e lim its encountered in operatin g 
th is te st h ave a n y  m arked perm anent effect on th e 
hardness of b u tterfa t. L ikew ise sam ples w hich we 
h ave rep eated ly  heated  and cooled in ob tain in g other 
d a ta  contain ed in th is paper h ave shown no change of 
hardness in  the process.

In  w orkin g w ith m anufactured  b u tter, results can 
be ob tain ed  w hich duplicate each other more closely 
th an  th e results secured on th e rendered fa t; also less 
care is required in the preparation  of th e sam ples. 
T h e b u tter under exam ination  w as either in th e form  
of 1 pound prints or w as w ell p acked  in th e 250 cc. 
alum inum  beakers a lread y referred to, and im m ersed 
in  th e  con stan t tem peratu re b ath  in  the sam e m anner

as described for sam ples of rendered fa t. A t  first 
th o u gh t, it  would seem th a t d a ta  regardin g th e hard
ness of fa t  could be obtained to b etter a d van tage on 
th e m an ufactured b u tter th a n  on th e rendered fat 
itself. Som e of th e in vestigators referred to  above 
h a ve  follow ed th is m ethod. W hile we h ave n ot ex
tended our in vestigation  to include all of th e details 
of th e m anner in which th e hardness of m anufactured

Table  7— Showing th e  H ardness of Several Sam ples of B u tte rfa t of 
Uniform Com position, Exposed to  Excessive Conditions of H eat and Cold. 
P enetra tion  in M m . All O ther Conditions C onstan t. All K ep t in Insulated 
W ater B ath  a t  15° C. for 24 H ours before T esting.

G roup 1 
H eld a t  

approxim ately  
10° F . for 48 
hrs. or more

G roup 2 
H eld a t  15° C.’

G roup 3 
H eated  on steam 
b a th  a t  95° C. 
for 48 hours

2 2 . 0 23 .0 24 .0 20.5 2 0 . 0 20.5 24.5 20.5
23 .0 20.5 23 .0 22.5 19.0 2 1 . 0 24.5 20.5
22.5 2 2 . 0 23.5 23 .0 19.0 23.5 2 0 . 0 24.0
23 .0 2 1 . 0 19.5 23 .0 2 1 . 0 20.5 20.5 2 1 .0
24 .0 20.5 23.0 22.5 2 1 . 0 22.5 20.5 20.0
23 .0 2 0 . 0 2 1 . 0 25 .0 2 1 . 0 2 1 . 0 20.5 20.5
2 1 . 0 20.5 21.5 21.5 2 0 . 0 2 2 . 0 2 1 . 0 2 1 .0
2 1 . 0 22.5 2 0 . 0 22.5 2 1 . 0 21.5 20.5 2 1 .0
24 .0 2 0 . 0 24.5 24.5 2 1 . 0 2 2 . 0 2 0 . 0 21.5
2 3 .0 20.5 25.5 25 .0 2 1 . 0 21.5 20.5 2 1 .0
2 0 . 0 20.5 2 0 . 0 19.0 2 0 . 0 23 .0 22.5 21.5
19.0 21.5 23.5 19.0 2 0 . 0 2 0 . 0 20.5
22.5
Average, 21 .6 Average, 21 .6 Average, 21 .4

b u tter  m ay be affected b y  the m ethods em p loyed  dur
ing its m anufacture, the results given  in T ab le  8 
clearly  show  th a t th e  hardness of th e fa t as determined 
in th is w ay  will p ro b ab ly  be v e ry  g rea tly  influenced by 
differences of m ethod in preparing th e b u tter. This 
d ata  tak en  in connection  w ith  th a t g iven  in T able 6 
and P la te  II  in d icate th a t-th e  differences in observed 
hardness due to  this cause m ay rea d ily  be fu lly  as 
great as those due to  th e  properties of th e fa t itself.

Table  8— Showing H ardness of Several Sam ples of B u tte r Prepared in 
D ifferent W ays. Also of th e  M elted F a t from the  Same, H ardness =* Kilos 
to  D isplace 1 Cc. F a t.

I t  occurs as a probable exp lan ation  of the above de
scribed phenom ena th a t th e crystallin e structure of 
th e soft w orked b u tter is developed b y  th is treatm ent, 
while th a t of th e b u tter  w orked excessively  while 
hard is broken up th ereb y. T h e soft w orked butter 
possessed a high luster while th e hard  w orked butter 
had a dull lusterless appearance, w hich m a y be re
garded as further evidence in sup port of the above 
view .

U nder the m icroscope the solidified rendered fat 
presented a well defined crystallin e stru ctu re . The 
b u tter  w orked som ew hat excessively  w hile hard  showed 
no evidence of cry sta l form ation  b u t appeared in masses

Conditions under which the  D airy D airy D airy Creamery
different portions of the  b u tte r b u tte r b u tte r print

sam ples were p repared  Sam ple 1 Sam ple 2 Sam ple 3 butter
C. tem pera tu res a t  which tests were

m ad e ......................................................  1 0 ° 1 0 ° 1 0 ° 15°
Original b u tte r  or b u tte r worked

and  packed under abou t the  usual
conditions............................................. 0 .42 0.35 0 .55 0 . 1 1

B u tte r excessively worked while
s o f t . . ! .................................................... 0 .63 0.44 0 .5 6 0.19

B u tte r excessively w orked while hard  0 .1 6 0 . 14 0 .2 8 0.07
R endered fa t from  th e  sam e b u tte r  1.15 0.76 0 .84 0.44
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of varyin g size all rounded. T h e b u tter  w orked 
excessively w hile in  a so ft condition  seem ed to  h ave 
a structure in term ediate b etw een  th a t of th e hard 
worked b u tter and th a t of th e solidified rendered 
fat, both rounded masses and crysta ls  being in  evidence.

This m ethod should be of service to th e bu tter- 
judge under certain  conditions where an accurate 
judgment regarding the b o d y  of b u tter  is esp ecially  
desired. I t  should be p a rticu la rly  useful in lab o ra 
tories where detailed  exam ination s of th e properties 
of fats, oils or lu brican ts are carried out. T h e ap 
paratus itself w ith  certain  m odifications should be 
useful for determ ining th e p en etra b ility  of asphalt, 
the setting point of cem ent, or for a n y  purpose where 
an accurate penetration  te st is desired.

C O N C L U S IO N S

1. T his m ethod is the m ost accu rate  th a t  has y et 
been described.

2. I t  is n ecessary to  stir th e sam ples w hile cooling 
to prevent separation  into zones of different hardness.

3. T he tem p eratu re has a v e ry  m arked effect on 
the hardness of the b u tterfa t.

4. The sam ple should be k ep t a t a constan t tem p era
ture for 6 hours or more before testing.

5. T h e tem peratu re to w hich th e fa t  h ad  p reviou sly  
been sub jected  seem ed to m ake no difference in  the 
hardness p rovided  the sam ples were trea ted  as de
scribed.

6. The determ in ations can be m ade w ith  great 
rapidity a fter th e sam ples are prop erly  prepared.

7. M ore closely  agreeing d u p licate  determ in ations 
are procurable w ith  th is m ethod in exam inin g m anu
factured b u tter th a n  in exam ining th e  rendered fat.

8. T h e results obtained , how ever, are lik e ly  to  be 
very greatly  affected  b y  variation s in  th e m ethod of 
preparing th e b u tter; th e y  p ro b ab ly  w ill n ot tr u ly  
represent th e properties of the fa t  itself.

9- T he ap p aratu s w ith  slight m odifications should 
be useful for other w ork of a sim ilar nature.

The w riter is ind ebted  to M r. R . H. Shaw  for the 
use in a prelim in ary w a y  of an unpublished piece of 
apparatus designed b y  him  for the sam e purpose; 
and to Prof. C . H. E ck les and D r. M a tth ew  Steel 
for valuable a d vice  and suggestions. T h e apparatu s 
was designed and p a rt of th e w ork done w hile th e w riter 
was em ployed in th e lab o rato ry  m ain tained jo in tly  b y  
the D airy  D ivision , U n ited  S tates D ep artm en t of 
Agriculture, and T h e M issouri A g ricu ltu ra l E xp eri
ment Station , a t C olu m bia, M o. A d d ition al w ork 
has been done in  the la b o ra to ry  of th e D a iry  D e p a rt
ment of the Ohio A g ricu ltu ra l E xp erim en t Station , 
Wooster, Ohio.

N o t e .— T h e original ap p aratu s still in use a t the 
Missouri Station  w as con structed  for th e  w riter b y  
Mr. E m il K lin kerfu ss, m echanician  a t the U n iv ersity  
of M issouri. A  du plicate ap p aratu s for use a t the 
Ohio E xp erim en t S tation  has been constructed  b y  
Eimer and A m end.

INFLUENCE OF SM ALL A M O U N TS OF ETH YL ALCO H O L 
ON FERM EN TA TIO N  IN CANE SU GAR SYR U P

B y C .  B. C o c i i r a n 1 a n d  J . H. P e r k i n s 2 
Received O ctober 17, 1913

P rep a ra to ry  to  determ in ing th e p reservative  values 
of a v a r ie ty  of com pounds, we m ade them  up into 
stan dard  alcoholic solutions. T h e vo lu m e of th e solu
tion  contain ing th e am ount of the com pound desired w as 
m ixed w ith  a definite am ount o f sim ple syru p , which 
then  contained, in addition  to  th e added com pound, a 
sm all am ount of alcohol. In several instances, we noted 
th a t y ea st did n ot a ct on these syrup s ex a ctly  as th e y  
did on sim ilar syru p s contain ing no alcohol. W e then 
carried on th e fo llow ing experim ents in order to  deter
mine ju st w h at influence a sm all am ount of alcohol 
has on ferm en tation  in cane sugar syrup.

Sim ple syrups, ran gin g in specific g r a v ity  from  1.2112  
to  1.26 a t 20° C ., were m ade b y  dissolvin g gran ulated  
cane sugar in w arni— n ot hot— w ater. Sufficient 
alcohol to  m ake th e  percen tage desired w as th en  added 
to  each syrup , som e of th e syru p , how ever, being k ep t 
for b la n k  or control tests.

T hese syru p s were th en  tested  as follow s: one th irty - 
second of a F leisch m an n ’s y ea st cake jw as th o rou gh ly  
m ixed w ith  one fluid ounce of syru p , w ith  th e exception  
of th e 1.245 syrup s, to  50 cc. of w hich one-sixteenth 
of a y e a st cake w as added. P ortions of th e syru p  were 
then  p u t in  tw o  ferm en tation  tu b es and k ep t in an 
in cu b ator a t betw een  31 and 3 2 0 C . T h e percentage 
of gas w as n oted d aily . W hen th e  tw o  tu b es contained 
th e sam e am ount of gas, th e result is n ot stated  in 
duplicate.
T h e percen tage of absolute alcohol is g iven  b y  volum e.

P er cen t Sp. gr. Per cen t Sp. gr.
alcohol syrup Tim e P er cen t alcohol syrup Tim e Per cent
by vol. 20° C. D ays of gas b y  vol. 20° C. D ays of gas
0.033 1.259 1 100 N one 1.2558 1 70
N one 1.259 1 55 & 78 2 100

2 100 1.633 1.25544 1 45 & 42
0.658 1.2572 1 100 2 80 & 83
N one 1.2572 1 22 4(a) 100

4(a) 100 1 . 8 8 1.2514 1 65 & 80
0.77 1 . 2 1 1 2 1 20 & 30 2 100

2 80 & 100 None 1.2514 1 70 & 80
N one 1 . 2 1 1 2 1 15 2 100

2 100 1 . 8 8 1.26 1 15 & 35
1 . 0 1.2563 1 65 & 70 2 80 & 100

2 100 N one 1.26 1 45 & 55
N one 1.2563 1 20 2 100

2 53 2 . 0 1.245 3 75
4(a) 100 N one 1.245 2 100

1.25 1.2558 1 60 & 70 3 .0 1.245 3 30
2 100 5 .0 1.245 4 3

(a) T he th ird  day  being Sunday , no reading was m ade.

c o n c l u s i o n s .— i .  One per cen t or less of alcohol 
m arked ly  accelerates ferm en tation  in  syru p  of above 
densities.

2. 1.25 per cen t of alcohol has v e ry  little  influence.
3. B egin nin g w ith  1.25 per cen t th e presence of 

a lcohol retards ferm en tation  in these syrups, th e am ount 
of retard ation  increasing w ith  th e  increase in th e  per
cen tage of alcohol.

1 C hem ist for D airy  and  Food D ept, of Pennsylvania.
2 Chief C hem ist for th e  C harles E . H ires Com pany.
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LABORATORY AND PLANT
FILTER PR E SSE S1

By E. J . S w e e t l a n d

T h a t there is great room  for im provem en t in  the 
m ethods of filtration  com m only em ployed can not be 
doubted . T h e p late  and fram e filter press ordinarily 
used com prises anyw here from  40 to  100 filter ch am 
bers, each of which m ust be cleaned in d iv id u a lly  b y  
hand e v e ry  tim e th e filter is filled.

I t  w as to  elim inate the excessive am ount of hand 
lab or in cleaning filter presses th a t th e filter under 
discussion was p rim arily  designed, b u t as th e construc
tion  w as developed  m any in ciden tal a d van tages of 
im portance developed w ith it, as w ill be pointed  out 
fu rth er on.

T h e single a d va n ta ge  in p late  and fram e filter 
presses th a t  has kept them  in fa v o r  is th e fa ct th a t 
their peculiar construction  affords a v e ry  large filter 
area in a com p a ra tiv ely  sm all space. F iltration  
can not be forced beyond a certain  reasonable lim it; 
when th is lim it is reached, it  is n ecessary to  increase 
filter area to  increase c a p acity . T o  en deavor to in 
crease c a p a c ity  b y  increasing pressure instead of filter 
area is fu tile, for excessive pressure m erely presses 
the cake to  a com pact, a lm ost im pervious layer and 
th e o b ject is defeated  a t once.

W ith  th is in view , the m odern filter m ust n ot de
p a rt from  a construction  th a t perm its of am ple filter 
surface. O ther th in gs being equal, th e cap acity , 
and con sequen tly  th e va lu e, of a filter is proportional 
to  th e  filter area.

T h e sluicing ty p e  of filter press is one exam ple of 
a filter press construction  th a t elim inates hand labor 
in cleaning. In  th is ty p e  the cake is d isintegrated  
b y  a stream  of w ater forced into  each cham ber. T h e 
cake th u s liquefied flows to  th e w aste reservoir, or 
dum p. T h e usefulness of th is m ethod is lim ited  for 
ob vious reasons, chief of w hich is the need of recover
ing th e cake as d ry  as possible in m ost processes.

T h e  uses of filter presses are so varied  th a t  great 
flex ib ility  is required. One process w ill dem and a 
filter cap able of handling a th ick  sludge contain ing 
tw e n ty  or th ir ty  per cent solids, form ing cakes p rob ab ly  
four inches in  th ickness, w hich h ave to  be th o rou gh ly  
w ashed; th e n ext problem  m a y consist of c larifyin g  
a  viscous fluid contain ing b u t traces of solids, so finely 
d ivided  as to  m ake a th ick  cak e  an im possibility. 
One problem  calls for recovery  of the solids on ly, 
the filtrate being of no value, w hile another rejects 
the solids as refuse a fter recoverin g th e liquid  conten t; 
still another requires reco very  of both  liquid  and 
solid. Som e plan ts m ake certain  p roducts a t certain  
seasons o n ly  and m ust use the sam e filter press for an en
tire ly  different product a t other seasons. T o  be a 
com m ercial success it  w ould seem  th a t th e m odern 
filter press should lend itse lf to these various require-

1 P resented  a t  the 6 th  A nnual M eeting  of the  American In s titu te  of 
Chem ical Engineers, T he C hem ists’ C lub, New Y ork, Decem ber 10-13, 
1913.

C o u n t e r - w e i g h t e d  P r e s s  O p e n

T h e filter b od y com prises tw o sem i-cylindrical 
m em bers hinged together, one m em ber being provided 
w ith  an inserted  gask et w hich seals the jo in t between 
th e tw o to  form  a w a ter-tigh t cylin der when closed.

A  p lu ra lity  of openings is p rovided  along th e top 
to receive th e stem  or ou tlet nipple of th e filter leaves. 
These ou tlets are spaced quite close togeth er so that 
th e leaves m ay be closely spaced if desired, as is the 
case when th in  cakes are to  be form ed; b u t th e leaf 
spacing m ay be increased to  a n y  degree b y  taking 
out p a rt of th e leaves and stoppin g off th e interm ediate 
outlets.

V ariab le  spacing is q uite essential, for it  is n ot alw ays 
possible to  ascertain  in ad van ce e x a ctly  w h a t spacing 
w ill be best suited  to th e m aterial; and fu rth er, there 
is a lw ays th e p o ssib ility  of th e process being modified 
to  change th e  filtering properties of the m aterial and 
m ake a change in leaf spacing desirable.

T h e filter leaves are u su ally  m ade of wire screen, 
well crim ped to  provide am ple drainage. T h e screen 
is bound a t th e edges to  stiffen th e  construction  and 
p rotect th e cloth. A n ou tlet nipple w ith  a side open

m ents and the construction  be m ade adjustab le as 
far as possible.

A s w ill be seen from  th e fo llow ing description, the 
filter under discussion is a radical departure from  the 
plate and fram e filter press and is even  m ore simple 
in construction.

C O N S T R U C T IO N

T h is filter has becom e know n  as th e  “ clam -shell” 
ty p e  due to the shell being in tw o parts hinged together 
to  open and close som ew hat a fter th e m anner of the 
clam -shell b u cket used on steam  shovels.
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C o u n t e r -w e i g h t e d  P r e s s  C l o s e d

by the n ipple a t th e top . E ach  leaf has separate 
outlet fittings com prising shutoff cock, glass d elivery  
tube, etc. T hese fittin gs allow  th e  o p erative  to  see 
the filtrate from  each in d iv id u al leaf as it  flows through 
the glass, and a n y  leaf th a t  m ight becom e injured 
or require renew al of cloth  is in d icated  at once b y  a 
turbid filtrate in th e glass. In  .this ev en t th e shut- 
off cock govern in g th e  d efective  leaf is closed until 
the filter is opened and th e  leaf replaced. T o  rem ove 
a leaf only th e cap n u t has to  be rem oved— th e ou tlet 
fittings are n ot disturbed.

In the earlier designs of th is filter th e tw o  halves 
of the shell were held in closed position  b y  hand-oper- 
ated swing bolts. T hese were fa ir ly  quick  and con
venient to  operate b u t still le ft room  for im provem en t. 
It was desired to m odify  th e construction  to  an ex 
tent th a t w ould reduce th e  tim e to  un lock and open 
the filter from  a few  m inutes to  a few  seconds, if possible. 
This was accom plished b y  a v e ry  sim ple change in 
the construction. T h e hinges,- w hich form erly  took 
no strain while th e filter w as in locked position, were 
increased in stren gth  and num ber and  m ade to  ta k e  
the strain form erly  ta k en  b y  th e sw in g b olts on the 
back of the filter b od y. T o  elim inate a n y  possi
bility of breakage, th e hinges are m ade of steel, which 
can be fu lly  depended upon for stren gth . W h at

C r o s s  a n d  L o n g i t u d i n a l  S e c t i o n s  o f  S w e e t l a n d  F i l t e r  P r e s s

a d ju stm en t of all hinges sim ultaneous b y  m erely 
-tu rn in g th e  hinge sh aft s lig h tly  when ad ju stm en t is 
n ecessary to  draw  th e upper and low er halves of the 
shell closer togeth er as th e ga sk et gra d u ally  flatten s 
ou t from  continued  use. T h e  sh aft is held from  tu rn in g 
b y  set screw s, w hich are loosened when ad ju stm en t 
is made.

A n  eccentric sh a ft w ith  sw ing bolts rests in b ab b itted  
bearings along the fro n t of th e  upper half. E ach  bolt 
has an a d ju stin g  n u t and lo ck  n ut for in itia l a d ju st
m ent and for ta k in g  up w ear. T h e sw ing bolts are 
tigh ten ed  or loosened sim u ltan eou sly, due to  the 
e ccen tric ity  of the sh aft, when th e la tter  is turned 
th rough  an arc of xSo°, and m eans is provided  for 
sw inging th e b olts clear of th e lugs on the low er h alf 
ju st a t  th e point when th e y  have loosened sufficiently 
to  disengage them selves.

T h is arran gem en t m akes it  possible to  open or 
close a filter press of m oderate size in a few  seconds. 
T h e low er half of th e shell is poised w ith  cou n ter
w eights to  fa cilita te  opening and closing.

ing furnishes an exit for th e filtrate and m eans of h o ld 
ing the leaf in th e filter b od y. T h e filter cloth  covers 
the entire m etal construction  of th e  leaf excep t th e 
outlet nipple and is held on either w ith  m etal clips 
or by being stitch ed  around th e edges.

The leaves are held in place in th e filter b y  a cap 
nut which engages th e top  of the n ipple and draw s 
the shoulder of th e  leaf t ig h tly  against th e rubber 
washer which fits in a recess inside th e filter b ody. 
The side outlet of th e n ipple aligns w ith  th e  filtrate 
delivery fittings on th e outside of th e press.

The accom pan yin g cross-sections of th e filter b od y 
clearly show how th e filter leaves are held in place

seem ed th e great problem  in w orkin g out this im p ro v e 
m ent w as th e need of accu rate  hinge a d ju stm en t to 
ta k e  up wear in  th e gask et. T h is problem  like m any 
m echanical problem s proved  to  be sim pler th a n  was 
a n ticip ated , for it  w as solved  b y  sim p ly  m akin g th e 
hinge pins into one continuous sh aft reach in g from  
end to  end of th e press, and turnin g th e b earin g which 
received  all of the hinges on th e upper m em ber ec
cen tric to  th e norm al axis of th e sh aft. T h is con 
struction  not only affords ad ju stm en t, b u t m akes

INLET
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In  large m achines an eccen tric sh aft is used on 
both  fro n t and b ack , and a h yd rau lic  cylin der operates 
th e  tw o  sim ultan eously  b y  m eans of a crosshead 
and  conn ectin g rods. T h e low er m em ber in this 
case is sw ung open and shut b y  a h yd rau lic  cylin der 
a t either end- w hich is so arranged th a t  th e shell is 
opened so  w ide as to  in v ert it and th u s clean itself 
of a n y  cak e th a t m ight h ave fallen  before it  w as fu lly  
opened.

O P E R A T IO N

In  op eratin g th e filter th e  liquid  to  be filtered is 
forced  into  th e filter b o d y  under pressure, expelling 
th e air and en tirely  subm erging the filter leaves. 
T h e  liquid  filters through the cloth  and deposits 
th e suspended solids on the outside of th e leaves, 
form ing th e “ cak es.”  F iltra tio n  continues u n til the 
cakes on ■ ad ja cen t leaves are sep arated  on ly  b y  a 
n arrow  space which m ay v a r y  in w idth  from  V s  inch 
upw ard. W hen th e cakes are form ed to  th e proper 
th ickn ess th e wash w ater v a lv e  is opened and th e  sludge 
v a lv e  closed sim ultaneously. T h e wash w ater enters

H y d r a u u c a l l y  O p e r a t e d  P r e s s  O p e n

th e space betw een  th e cakes, forcin g th e sm all q u an tity  
of unfiltered sludge to deposit its  solid com ponent 
upon th e cake surface. T h e space betw een  ad jacen t 
cakes is now  occupied b y  w ater w hich, being under 
pressure, percolates th rough  th e cakes, driving the 
stron g liquor ahead and effective ly  displacing it  until 
th e cakes are w ashed to  the desired degree, w hich is 
in dicated  b y  frequen t tests of the effluent.

I feel ju stified  in enlarging som ew hat upon the sub
je c t of w ashing th e cakes, for therein  lies a great 
difference betw een  th is and other leaf filters. I t  
should be n oted  th a t  there are no cham bers or con
tain ers to  be packed  solid ly  fu ll of cake. T h e spaces 
betw een  th e leaves are n ot p acked  so lid ly  fu ll, b u t a 
cake is deposited on th e surface of each leaf and these 
cakes are allow ed to  build  up un til on ly a narrow  
space rem ains betw een them , and in  th is space lies 
th e  secret of successful au to m atic  d ischarging of the 
filter, and efficient w ashing. T h e cakes h ave been 
form ed under equal conditions, th e sludge being even ly  
d istribu ted  and th e pressure equal th rou gh ou t the 
filter cham ber; therefore, th e cakes m ust be of even 
th ickness and den sity  and m ust wash ev en ly . T h a t 
th is a ctu a lly  occurs has often  been dem on strated  b y

testin g sam ples of the w ashed cake from  various parts 
of th e press.

A ll filters of the leaf ty p e  wash b y  “ d irect contact” 
m ethods; th a t is, the wash w ater is in d irect contact 
w ith th e cake; b u t the m ethods of w ashing th a t have 
heretofore been p racticed  w ith  leaf filters whether 
vacu u m  or pressure are indeed a n y th in g  b u t direct.

T h e usual m ethod of form ing and w ashing the cakes 
on filter leaves is as follow s, assum ing th a t  the cake 
has to  be w ashed first w ith w eak liquor and then  with 
w ater:

is t . F ill filter tank.
2nd. D ep osit cake on leaves.
3rd. W ith d raw  excess solution.
4th. F ill filter ta n k  w ith  w eak solution.
5th. W ash cakes w ith w eak solution.
6th. W ith d raw  excess w eak solution.
7th. F ill filter ta n k  w ith  w ater.
8th. W ash w ith w ater.
9th. W ithdraw  excess w ater.
10th. D ischarge cakes from  leaves.

Here are ten  distin ct operations, w hich are still j
fu rth er com plicated  b y  th e  fa ct th a t  th e cakes will
not clin g to  the leaves unassisted, b u t m ust be held 
on w ith  either com pressed air or vacu u m  during the 
tim e each q u a n tity  of excess is w ithdraw n . I do not 
dispute th a t th e cakes can be washed w ell b y  this f
m ethod, b u t raise th e point th a t  it  is an extrem ely 
round-about m ethod of accom plishing a sim ple ob
ject. M ost of th e pow er consum ed is not devoted 
to filtration  b u t to  tran sferrin g solutions, m uch of 
the tim e is n ot devoted  to filtering b u t to  w aiting for 
transfers to  be m ade, and th e  operator is k ep t busy 
m anipulating va lves.

T h e  d ela y  in filtering n ecessitated  b y  th e many 
transfers m ateria lly  cuts down th e d u ty  of th e  filter, 
and th e process becom es a com plicated  one, requiring 
m any ta n k s and m uch accessory ap p aratu s to  take 
care of excess solutions.

N or is th is  all. T h e  transfers of excess solutions 
referred to  introduce other com plications. T h e cakes 
m ust be supported  upon th e leaves a t all tim es by 
pressure. A ir  pressure (w hether produced b y  suction 
or otherwise) m ust be used during th e transfers. If 
too m uch pressure is used, th e cake w ill be cracked 
(due to  th e shrinkage of p artia l dryin g) and th e wash 
w ater w ill “ sh o rt-c ircu it,”  th a t is, pass through the 
channels form ed b y  crackin g. If too little  pressure 
is used, all or part of th e cakes m ay fa ll from  the 
leaves, which w ould preclude the p o ssib ility  of efficient 
w ashing. L a stly , if th e cakes are of a slim y character, 
the p a rtia l d ry in g during the tran sfer packs th e parti
cles of slim e, and m akes it  less pervious th a n  ever 
to  th e  passage of wash w ater.

T h e  origin of th e m an y com plications cited  above 
is traced  d irectly  to  vo id  or “ d e a d ”  space in  th e  filter 
ta n k  or cham ber w hich contains th e filter leaves. If 
there were no dead space, th ere w ould be no excess 
solutions, and con sequen tly  none of the com plications 
w hich a tten d  them .
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The “ clam -shell”  construction  of filter b o d y  has 
no void spaces. It  contain s n othin g b u t th e  filter 
leaves and m anifold pipe. W hen th e  filter leaves are 
loaded with cake, th e  en tire filter cham ber is fu ll 
except the feed channel for d istribution  along the 
bottom, and th e narrow  space betw een  the- cakes for 
the entrance of w ash w ater. T h ere is, therefore, 
no excess solution to  handle. F iltra tio n  is continuous 
from the tim e cake-form ing is com m enced until w ash 
ing is finished, and th e process of filtering and washing 
is reduced to th e sim plest possible form .

When washing is finished, the cakes are p a rtia lly  
dried with com pressed air, th e  low er half of th e filter 
body is swung open and th e cakes are dum ped into 
a car or conveyor underneath. T o  assist th e cakes 
to dislodge from  th e leaves, th e  curren t is reversed 
by turning steam  or com pressed air inside of th e leaves, 
which not on ly causes th e cakes to  drop off, b u t bene
fits the cloth b y  keeping th e pores open.

For the benefit of those who insist th a t b etter w ash
ing can be obtained  b y  draining th e filter b o d y  before 
introducing wash solutions or w ater, I w ould point 
out th at the filter construction  here described offers 
every fa cility  for carry in g  ou t this m ethod, if desired; 
but after installing m an y of them , large and sm all 
and under w id ely  v a ry in g  conditions, and seeing 
trials made both  .w ays, I stro n gly  a d vo cate  th e d irect 
method w ithout w ith d raw in g solutions.

If the m aterial is v e ry  slow -filtering and th e space 
between th e cakes w ide, then  it  is b etter to  introduce 
the wash w ater through th e m anifold pipe and let th e 
water entering the top fill th e cham ber b y  dow nw ard 
displacem ent, forcin g th e excess solution  ou t of the 
drain va lve  a t th e b otto m . T h e w ater, being lighter 
than the sludge, does n ot m ix w ith  it, b u t floats 
on top during displacem ent. In  th is case filtration  
is continuous, pressure is m ain tained in  th e  cham ber, 
no tim e is lost, and th e cakes are co n stan tly  su b 
merged.

It is so freq u en tly  asked w h y th e b o d y  of this filter 
was designed cylin drical in stead  of square th a t I shall 
take this op p o rtu n ity  to  point ou t th e  reason. O b
viously the principle could be carried out in a filter 
body of square or rectan glar section. T h e  reasons 
for cylin drical construction  are:

1. T h e cylin drical construction  affords great strength  
whereas a n y  shape w ith  stra ig h t sides w ould require 
so much reinforcem ent to  g ive  it  th e n ecessary streingth 
as to m ake it cum bersom e and aw kw ard.

2. The leaves are exposed to  v iew  b y  sim p ly  sw in g
ing the b o d y  open.

3- A  circular leaf is con ven ien tly  supported  from  
one point and is v e ry  strong and light.

4- If  the cham ber were square, th e leaves w ould be 
inaccessible, or else would h a ve  to be lifted  out w ith 
the cover to  discharge, and th is w ould in v o lve  m echan
ical difficulties.

The circular form  of leaf does not in v o lve  as m uch 
waste in filter cloth as m ight be im agined. There is 
to be sure a slight w aste of c loth  cut from  th e corners 
but most of th is has an im p ortan t use in reinforcing

th e  cloth  a t th e edges of th e leaf; on th e  oth er hand, 
a large percen tage of th e cloth  used in p late  and  fram e 
presses is n ot used for filtering, b u t to form  a jo in t 
betw een  th e fram es. If  we figure it  out in a n y  case, 
we find th e percen tage of cloth  purchased th a t is 
u tilized  as filter m edium , is abou t th e  sam e for eith er 
shape. In  fa ct, th e cost of cloth per un it of w ork 
done is m uch less in th e case of th e leaf construction , 
because th e c a p a c ity  per square foo t is greater, and the 
cloth  is n ot in jured  b y  being squeezed betw een  the 
fram es.

A s to  filtering m ixtures contain ing coarse particles, 
these offer d ifficu lty  in a n y  ty p e  of filter, due to  the 
coarse particles settlin g  to  th e b otto m , m akin g the 
b otto m  of th e cakes m ore porous th a n  th e top  and 
resu lting in uneven w ashing. T h e rem ed y for this 
trouble is to  keep th e conten ts of th e filter cham ber 
in a sta te  of agitation . T o  accom plish this, th e feed 
pum p is p rovided  large enough to  su p p ly  th e n ecessary 
pressure for filtration  w ith  addition al c a p a c ity  enough 
to  p erm it a restricted  overflow  to  run from  th e m anifold 
pipe b ack  to  th e su p p ly  ta n k  during filtration.

N ew  ligh t is being throw n  on the su b ject of filtra 
tion  w ith  alm ost ev ery  new in stalla tion , and problem s 
are being successfu lly  so lved  th a t appeared a t th e 
sta rt to  be im possible of solution. T o  cite an instan ce: 
a sam ple of a h e a v y  viscous liquid  w as su b m itted  for 
test. I t  contained a gu m m y residue th a t  b locked 
the filter cloth  from  th e sta rt, th e  rate of flow 
of filtrate  per square foo t of cloth  w as b u t a few  cubic 

.cen tim eters per hour, and th e  cloth becam e so coated  
as to d efy  cleaning b y  a n y  p ra ctica l m ethod. A s the 
solution  on ly w as required, and th e residue w as w o rth 
less, there seem ed to be no ob jection  to  adding som e 
in ert granular substance to th e liquid  as an aid to 
filtration . A  series of experim ents w as un dertaken , 
adding various “ filter a id s '’ to  th e fluid, and th e o u t
com e of th is w ork w as th a t an average rate  of filtra
tion  of three gallons per square fo o t of cloth  per hour 
w as obtained  and the gu m m y residual m a tter w as 
sufficien tly  broken up to p erm it th e filter cloth  to 
be readily  cleaned b y  reversal of current. U pon 
com pletion  of the tests, a  filter w as in stalled  in  the 
p lan t and has fu lly  dem on strated  th e p ra ctic a b ility  
of th e m ethod on a w orkin g scale. I t  was fou n d  
th a t  a n y  one of several substances could be used as 
an aid  to  filtration , am ong which are fine sand, fu lle r ’s 
earth , k ieselguhr, su lfate  or carbon ate of lim e, sa w 
dust, wood pulp, etc.

I t  is n ot argued th a t  such m ethods are applicab le 
to  all cases, b u t th ere are u n q u estion ab ly  m an y p rob 
lem s th a t  w ill find solution in sim ilar schem es, w hich  
m ake possible rates of filtration  such as are u sually  
o b tain able  on ly  in sand filters, w ith th e added a d 
va n tag e  th a t th e leaf filter offers an enorm ous filter 
area in a sm all space, com bined w ith extraord in ary  
ease of cleaning.

A n oth er m ethod of filtering m aterials contain ing 
a gu m m y residue th a t tends to  choke the c lo th  is 
th a t  of depositing a p ro tectin g  lay e r on th e  cloth  
b efore com m encing filtration . F or instan ce, we m ay
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first fill th e filter b o d y  w ith  a v e ry  thin  slurry of car
b on ate of lim e and filter this m ixture for a few  seconds 
un til a film  of lim e, sa y  V32 inch in thickness, has been 
deposited. T h is  coats th e cloth  as com pletely  and 
ev en ly  as a deposit could possibly be m ade. T h e 
lim e slu rry  is then drained off and filtration  com m enced. 
T h e  coatin g of lim e form s a com plete film  betw een 

.th e  cloth  and gu m m y residue, so th e la tter  never 
even touches th e cloth. W hen ready to  clean the 
c loth  th e reversal of current is effective because the 
coatin g of lim e breaks aw ay  readily.

I t  is freq u e n tly  asked how  we can te ll when cakes 
of sufficient th ickness h ave been form ed, especially  
when th e  m aterial filters and builds up th e cake rap id ly . 
T h is  is n ot as difficult as w ould be im agined. T h e 
usual w a y  is to  w ork a t a given  pressure, sa y  fo rty  
pounds per square inch, and pum p for a certain  num ber 
of m inutes, determ ined b y  p ractice to  form  th e re
quired cake. A n oth er w a y  is to  pum p a certain  num 
ber of inches from  th e su p p ly  ta n k  for each charge. 
A s in all processes, th e op erative soon becom es expert, 
and can iu d ge from  th e general conduct of th e filter 
when th e charge is sufficient.

T h e usual skepticism  w hich atten d s the in trod u c
tion  of a n y  new  m achine was encountered at first, 
b u t so m an y in stallation s are now  in successful use 
as to  establish  fu lly  the usefulness of th e m ethods 
described. A  n o tew o rth y  point is the fa c t th a t  m any 
of th e fdters of this ty p e  in use are of m uch larger size 
and c a p a city  th an  it  is found p racticab le  to  build 
filter presses. M any, h ave been bu ilt w ith a c a p a city  
of 133 cubic feet of cake per charge and several others 
ran gin g from  8a to 120 cubic feet per charge. One 
esp ecially  large one w as b u ilt which dum ps o ver 25 
tons of cake per charge.

T h a t th is apparatu s is now fa r beyond the exp eri
m ental stages is dem on strated  b y  the fa ct th a t a large 
beet sugar fa cto ry  in C aliforn ia  installed  three large 
h yd ra u lica lly  operated  m achines for th e 1913 cam 
paign. T h e y  were installed  alm ost a t th e last m inute 
before the cam paign  started  and were a t once placed 
in service a t full cap acity , and no d ifficu lty  was en 
countered, in spite of the fa ct th a t none of the em ployees 
who operated  the m achines had ever seen one before. 
T h e tim e required to  open, clean and close one of these 
filters is ab ou t five m inutes, w hich m inim izes labor 
to such an exten t th a t one operator can ta k e  care of 
several large m achines, even  th o u gh  each m achine 
has to be cleaned hourly.

S w E E T L A N D  F I L T E R  P R E S S  C o .

1 4 9  B r o a d w a y ,  N e w  Y o r k

IM PR O VISE D  M IN E FIR ES ON AN EX PERIM EN TAL 
SCALE

Received Jan u a ry  15, 1914

T h e B ureau of M ines has recen tly  in stalled  a t its  
P ittsb u rg h  experim ent station  an un derground cham 
ber or furnace in  which to  carry  on experim ents re
la tin g  to mine fires and spontaneous com bustion  as 
occurring in mines.

A  section of steel tu b e cylin drical in shape, 6l/n 
fe e t  in diam eter and 27 feet long, w as laid  on its side

in a deep tren ch, and a fter linin g this shell w ith fire
brick  and m ineral wool and stoppin g th e  ends with 
13-inch brick w alls, it w as covered  w ith  tw o feet of 
earth. The' cham ber w as constructed  so as to be as

S i d e  V i e w  o p  “ C o m b u s t i o n  o p  C o a l "  A p p a r a t u s

n early  a ir-tigh t as possible, and in such manner as 
to  retain  to th e greatest degree p racticab le  a n y  heat 
generated  w ithin  its walls.

A t  one end a m otor-driven  fan  w ill b low  in air at 
a rate  w hich can be accu rate ly  m easured, and at the 
other a sta ck  is provided  w hich can be opened or 
closed as desired. T h rough  th e top of th e chamber, 
a t frequent in tervals, pass sm all pipes for withdrawing 
sam ples of air or gases and for inserting pyrom eters 
for tem peratu re m easurem ent in the interior.

T h e cham ber will hold-6 to  8 ton s of coal when one- 
th ird  full. I t  is exp ected  th a t different kinds of coal 
or of th e gob or w aste m aterial fr.om m ines w ill be 
placed in the cham ber and a s tu d y  m ade of spontaneous 
developm ent of h eat in them  under various conditions. 
A fter an a ctiv e  fire has been started  in the chamber

C r o s s  S e c t i o n  o p  “ C o m b u s t i o n  o p  C o a l ”  A p p a r a t u s  S h o w i n g  
M e t h o d  o p  C o n s t r u c t i o n  o p  B r i c k  L i n i n g

either b y  this m eans or a rtific ia lly , experim ents will 
be m ade on controlling th e fire b y  reducin g the air 
su p p ly  or b y  sealing it  off en tirely. T h e  progressive 
changes in com position of th e fire gases or of the air 
surrounding the coal w ill be follow ed and tem perature 
m easurem ents m ade, in an en deavor to  ap p ly  the data
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thus obtained to  solving p ractica l problem s in the 
treatment of mine fires.

Investigations h a ve  been m ade in other countries 
and to some exten t also in th is co u n try , of th e  gases 
produced in a ctu al cases of m ine fires both  before and 
after sealing off a burning area. T h e bureau is now 
making, how ever, p rob ab ly  th e first a ttem p t to  in 

ty p e  of shaker used b y  th e w riter and believed to  h ave 
certain  a d van tages.

d e s c r i p t i o n .— T h e principle is as fo llow s: T h e
bottles w ith  soil and w ater are ended over and over, 
th us allow ing th e conten ts to  fall from  one end of th e 
b ottle  to  the other. T h is is accom plished b y  h a vin g  
the b ottles a ttach ed  ra d ia lly  to  a wheel which is rota ted  
slow ly  in a v ertica l plane.

T h e m achine used b y  th e w riter is “ hom e-m ade”  
and consists of tw o  sm all ca rt wheels sixteen  inches in 
d iam eter, both  on th e sam e axle and tou ch in g hub to 
hub: this leaves th e edges of th e  tires abou t three 
inches apart. Strips of tin  fasten ed  to th e fellies serve 
n ot on ly to hold the tw o wheels togeth er, b u t also w ith 
th e fellies a ct as a broad groove ( i 1A  inches w ide) for 
a b elt to run on.

T h e bottles used are th e kind know n com m ercially  
as “ four ounce sam ple oil b o ttles :”  th e y  are about 
six inches long and one and one-half inches in  d iam eter, 
and are fitted  w ith rubber stoppers: th e y  h ave a cap ac
ity  of 120 cc. T h e base of each is slipped into  a sleeve 
of tin  fasten ed  near th e hub: a wire clam p secures the 
b ottle  a t th e neck.

T h e  wheel th us con structed  will hold sixteen  of these 
bottles arranged rad ia lly— eight on a side. I t  m ay be 
attach ed  to a m otor b y  m eans of a belt. P late  I is 
a photograph of the m achine.

“ C o m b u s t i o n  o p  C o a l ”  A p p a r a t u s  S h o w i n g  G a s  a n d  A i r  C o n n e c 
t i o n s  t o  C o m b u s t i o n  C h a m b e r

vestigate such problem s in an experim ental ap p aratu s 
which perm its careful control of conditions and y et 
is on a scale n early  com m ensurate w ith m ining op era
tions. T hese in vestigation s are being carried on b y  
Horace C . Porter, chem ist, of th e B ureau  of M ines.

A SHAKER FOR TH E M ECH ANICAL A N ALYSIS OF SO IL
B y  F r e e m a n  W a r d  

R eceived O ctober 23, 1913

i n t r o d u c t o r y .— In th e m echanical analysis of soil 
one of the prim e requisites is th e  com plete separation  
of all the particles before sortin g them  into  groups or 
grades according to  size. T h e ten d en cy  in th e  n atural 
soil is for th e finer particles eith er to  gath er am ong 
themselves as aggregates or to  clin g to  th e  larger 
grains. If a com plete separation  is n ot effected  th e 
per cent of th e finer grades of soil w ill be below , and 
that of the coarser grades ab ove th e tru th .

The separation  can be effected  m echan ically  in  one 
of two w ays— pestling and stirrin g; or shakin g, as a d v o 
cated b y the D ep artm en t of A g ricu ltu re1— w ater (very  
slightly am m oniacal) being added in either case. T h e 
essential idea of the la tter  is to  p lace b o ttles  contain ing 
soil and w ater in a h orizon tal position  in tra y s  which 
are jerked b ackw ard  and forw ard b y  m eans of an 
eccentric a ttach m en t.

The purpose of th is article is to  describe a different
1 C. C. F le tcher and  H . B ryan, "M odification of the  M ethod  of M e

chanical Soil Analysis,”  U. S. D ept. Agr., Bur. Soils, Bull. 84, 1912,

P l a t e  I

T o operate— p u t w eighed (10 gram s) sam ple of soil 
in b o ttle ; fill one-half fu ll of w ater w hich is sligh tly  
am m oniacal; a tta ch  b ottle  to  wheel and revo lve a t the 
rate  of tw e n ty -five  revo lu tion s a m inute; let run for 
th ree hours.

a d v a n t a g e s .— Sep aration  b y  stirrin g and pestling is 
too  laborious, consum es too much tim e, does n ot 
a lw ays result in a clean separation  and has a ten d en cy 
to  m ech an ically  fractu re the particles of soil. B oth  
th e shaker m ethods are not on ly  safer, and m ore 
effective, b u t, since th e y  can be run b y  m achin ery, are 
conven ien t. A n d  in either case th e rem oval of the 
grades silt and c la y  b y  sedim entation  and d écan tation
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ca n  b e  u n d e rta k e n  d ir e c t ly  a fte r  th e  s h a k in g  w ith o u t 
tra n s fe rr in g  th e  w h o le  sa m p le  to  a n o th e r vessel.

T h e  w r ite r  b e lie v e s  t h a t  h is  m e th o d  is b e tte r  th a n  
th e  on e u se d  b y  th e  B u re a u  o f S o ils  in  tw o  re sp e cts . 
In  th e  first p la c e  th e  m a ch in e  is  s im p le  a n d  in e x p e n siv e . 
A  g r e a te r  a d v a n ta g e  is th e  s a v in g  o f t im e . C le a n  
s e p a ra tio n s  ca n  b e  e ffe c te d  in  th re e  h o u rs, a n d  in  so m e

T H E PR E SE N T  STATU S OF TH E W O O D  TU RPEN TIN E 
IN D U STR Y1

B y  E. H .  F r e n c h  a n d  J a m e s  R .  W i t h r o w

In treating a-subject that has as many phases as this one, it 
will be necessary to discuss briefly an allied industry, namely, 
that of Gum Turpentine as distinguished from Wood Turpentine, 
in order that the reasons calling for the development of this 
latter industry m ay be seen with the proper perspective.

That the Wood Turpentine Industry is at present at an ex
tremely low ebb is unquestionably true. Nevertheless, it is 
likewise true that its scientific development is an economic 
necessity for certain localities, in order that waste m ay be con
served, that the products from waste replace those from the fast 
disappearing pine and fir forests and that cut-over land m ay be 
cleared a t a profit instead of at a loss. Therefore, in this in
stance, as is often the case, necessity compels development.

The fact that thousands of dollars have been expended and lost 
in the incubation of this industry has been due, in our opinion, 
to three main causes, any one of which in itself would account 
for failure: first, the lack of practical scientific engineers ex
perienced in this or analogous fields; second, financing for the 
sale of stock and securities rather than product; and third, lack 
of efficient marketing organization. It  must also be borne in 
mind, that owing to the number of different processes, there was 
caused a lack of uniformity of product, which naturally tended 
to increase selling costs. Except to the U. S. N avy, little, if 
any, wood turpentine has been sold on thorough specifications. 
There has as yet been no real attem pt by  manufacturers to effect 
a general standard, although a few years ago the producers of 
the practically defunct steam process turpentine did make an 
attem pt to standardize their product.

One of the important influences that tended at first toward 
the development of the industry and later proved extremely 
detrimental, was the speculative nature of the naval stores 
market. This was made up entirely of gum turpentine and 
rosin, upon the prices of which the relative wood turpentine 
values were determined. This market in the past has been sub
ject to violent price changes, a fluctuation of from 30 cents to 
over $1.00 per gallon having been experienced, which was due 
almost wholly to speculation. N aturally, therefore, during the 
upward swing of prices an unnatural development occurred, and 
plants using costly processes and w ith inefficient management 
were profitably operated and exploited. It  followed, of course, 
that when the national government, through criminal prose
cution, put a stop to excessive speculation, a corresponding 
reaction occurred, ruining many concerns which required ab
normal prices, for financial success.

Unreasonably high prices not only encouraged the develop
ment of the wood turpentine industry, but also caused an ex
pansion in operations by  the gum turpentine manufacturers so 
that a larger percentage of trees, and many very young trees, 
were boxed, causing overproduction.

1 P resented  a t  the  6 th  Annual M eeting  of the  Amer. In st, of Chera. 
Eng,, T he C hem ists’ C lub, New Y ork, D ecem ber 10-13, 1913.

ca ses tw o  h o u rs: th is  is  a  s a v in g  of a t  le a s t  fo u r hours 
o v e r  th e  B u re a u  m e th o d . I f  th e  q u a n t it y  o f th e  water 
u sed  in  th e  b o ttle s  is  re d u ce d  o n e -h a lf, a  clean  sepa
ra t io n  re su lts  in  m u ch  less th a n  th r e e  h o u rs, b u t there 
is a  te n d e n c y  fo r  th e  g ra in s  t o  su ffer  so m e  abrasion.

S h e f f i e l d  S c i e n t i f i c  S c h o o l  
V a l e  U n i v e r s i t y  

N e w  H a v e n ,  C o n n .

GUM TURPENTINE 

The method of producing oil of turpentine from the resins of 
coniferous trees, consists in cutting a broad wedge-shaped 
notch or cup at the base of the tree and removing the bark im
mediately above the notch for about 18 to 24 inches. The resin 
exuding from the peeled area runs into the cup at the bottom 
and is collected from time to time. Each succeeding season the 
barked area is increased until it reaches about the height of one’s 
head, usually taking five or six years. As many as four "boxes" 
are thus cut 011 one tree, depending on its size, permitting only 
enough of the original bark to remain to prevent the death of the 
tree.

A fter collecting sufficient quantity of the resin, it  is distilled 
in a copper still, usually a “ fire still,”  equipped with a live steam 
jet or a water supply. The turpentine thus produced is not 
carried farther in any refining process, but is ready for the 
market. The residue in the still is the rosin of commerce and 
is barreled at the still. The dross obtained by filtering sticks, 
dirt, etc., from the rosin is in m any places being worked into 
cheaper grades of rosin. W ith rosin at an average price, it is 
generally figured that to make the operation profitable, about 
42 cents per gallon must be obtained for the turpentine.

The marketing of the products is done through “ factors” as 
they are called; that is, companies or individuals who contract 
with the producers for their output, supply them with funds for 
pay-rolls, etc., and advances when necessary. These “ factors” 
take the product when produced, but usually have no other 
connection with the producer. Savannah, Georgia, is the lead
ing naval stores center in the world and usually Savannah prices 
are accepted as the standard. Jacksonville and Pensacola, 
Florida, Brunswick, Ga., and New Orleans, La., are also large 
" fa c to r”  centers for this industry.

This method of producing turpentine is generally conceded to 
give the best turpentine and rosin, but unless more scientific 
metho'ds are very widely adopted the time is rapidly approaching 
when it will be necessary to supply these products from another 
source, for present methods of operation are beginning to be 
looked upon as directly antagonistic to all ideas of conservation 
under American lumbering conditions, as they so weaken the 
trees that the loss from windfalls is extremely large. In fact, 
many large lumber companies have given up "b o xin g”  for this 
reason, and also because they feel that the growth of the young 
tree is retarded.

Modifications of the old "bo xin g” methods are being used in 
some places. M etal cups are substituted for the box cut in the 
base of the tree and light chipping is being tried. I t  is c l a i m e d  

that the loss from windfalls is considerably reduced by some of 
these modern improvements. A t least one large Southern lum
ber company is a t present experimenting on 5,000 acre units in 
order to determine definitely, if possible, the merits of these new 
cups and other modifications as to yield and influence on wind
falls, and also to decide the effect "b o xin g”  may have on f i n i s h e d  

lumber.
WOOD TURPENTINE 

Wood Turpentine came into commercial notice about the year

ADDRESSES
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1900. The name was, and is, applied to the product obtained 
from dead and down timber, a waste product called "lightwood. ”  
The live or green wood is not so suitable for this manufacture, 
owing to the moisture content and also to the fact that the bark 
still remains. Stumps, however, are very valuable, as they con
tain a much larger proport'on of resins than “ lightwood.” 
Nevertheless, the cost per cord of stump wood is considerably 
more, as the stumps usually require the additional expense of 
removal by explosives. The cost per cord of "lightw ood”  at the 
works will run from $2.00 to $3.00, making, however, no allow
ance for its value as waste; while stump wood will vary from 
$3.50 to $5.00 per cord, the price depending on acre stumpage 
and hauling distances. The manufacture m ay be divided into 
five general processes; steam process, solvent process, alkali 
process, bath process and distillation process.

Before entering into a description of these various methods we 
desire to emphasize the statement that the manufacture of wood 
turpentine necessarily will become of far-reaching importance 
in the future. This is for the reasons that it is utilizing an ab
solutely waste product and is a t the same time clearing cut-over 
lands and rendering them fit for occupancy. W e wish also to 
emphasize the statement already made that many past failures 
were due to the unreasonable speculative condition of the mark
ets. Abnormally high prices of naval stores induced promoters 
and unscrupulous persons to capitalize their concerns on the 
earning capacity during this period, thereby making them 
"stock jobbing”  propositions rather than legitimate manufac
turing institutions. This kind of financing while apparently 
expanding the industry really retarded development, as the 
energies of the management were expended primarily in the 
office and at the expense of the manufacturing organization.

We have seen from time to time figures of promoters, regard
ing yields and manufacturing costs of the different processes, 
which are not in accord with the results obtained from continu
ous operations. It  m ay not be entirely without value therefore 
to cite some comparative yields and operation costs in these 
different processes, especially since there does not appear to be 
any published data of this nature. While the records themselves 
of individual plants would be interesting, such records are often 
misleading and in view of actual or possible competition, the 
location of plants must be withheld.

In submitting data as to yields, values and productive costs, 
we have complied them mainly from the actual results obtained 
during continued operation of a number of large plants. As so 
many elements making up these figures are variable, owing to 
location, construction and raw material, our endeavor has been 
to average them so that a comprehensive idea m ay be had as to 
actual results obtained commercially.

STEAM PROCESS

This process was the first to be extensively placed in 
commercial operation, and is very simple in its con
struction and handling. I t  consists merely of "hogging”  the 
"ood and placing it in a steel cylinder, holding usually about a 
cord, distillation being carried on with live steam and under 
varying pressure. However, there probably was little difference 
m results whether a maximum of five pounds or tw enty pounds 
pressure was used. Distillation was carried forward until oils 
ceased to be obtained in quantity.

It should be borne in mind that there is a decided variance in 
the resinous content of wood; therefore, it was quite possible 
to make a selection that would run as high as 30 gallons of tur
pentine to the cord. W e believe the following figures, however, 
based on a cord of long leaf yellow pine lightwood, weighing 
35oo pounds, would be the average.

The fuel cost is only the labor of handling the treated chips, 
owever, there is no allowance made for the office, upkeep, 

depreciation, insurance, etc. Therefore, it can be seen that the 
steam process, in order to be profitable, necessarily demands

a market price considerably in advance of the present markets.
The price of Wood Turpentine is always a few cents per gallon 

under that of Gum Turpentine. The quality of the product
T urpen tine— 9 l/ i  gals, a t 35 cen ts ................................................  $3 .32
Pine Oil— 3 gals, a t  35 cen ts ............................................................  1.05

T o ta l value of p ro d u c ts ........................................ $4 .37

Production  C ost Per Cord
W ood ...................................................................................................... S3.00
L a b o r......................................................................................................  1 . 0 0
B arre ls .................................................................................................... 0 .4 2
F re ig h t (app rox im ate)...................................................................... 0 .2 0
Selling C om m ission...................................................................   0 .2 5

$4.87

produced by the steam process, however, is excellent. Our 
opinion is, nevertheless, that at least 50 cents per gallon is neces
sary as a minimum for successful operation.

s o l v e n t  p r o c e s s  
In the early development of this process the wood was 

subjected to the old steam treatment and subsequently 
treated] with carbon disulfide for the recovery of rosin. 
The loss of solvent rendered it impractical. In the next stage of 
development the wood was hogged and placed in «digestors for 
the recovery of turpentine and pine oil. Then the solvent (a 
low grade of gasoline) was added, live steam was applied recover
ing some turpentine, pine oil, and solvent by  distillation and the 
dissolved rosin drawn off, its volatile matter being recovered by 
distillation. This has been improved, in some instances, by 
omitting preliminary steaming, adding solvent direct and re
covering this with the turpentine and pine oil by live steam in 
the primary distillation, obtaining rosin alone when the still is 
drawn. The rosin, however, is soft, and difficulty has been ex
perienced in obtaining a hard product, but this is overcome by 
subsequent treatment. In either method a considerable loss of 
solvent is always entailed, varying from 17 to 30 gallons per cord. 
The approximate yields and operating costs per cord are as fol-
lows:

T urpen tine— 9 x/z  gals, a t  35 cen ts ..............................................  $3 .32
R osin— 400 lbs. a t  $4 .00  per 280 lbs .......................................... 5 .72
Pine Oil— 3 gals, a t  35 ce n ts .........................................................  1.05

$10.09
Production Costs per Cord

W ood.................................... ‘................................................................  $3 .00
L a b o r......................................................................................................  2 .50
Loss in solvent a t  15 cents (17 g a ls .).........................................  2 .55
B arrels .........................................................................................................  .42
R osin B arre ls ............................................................................................  .25
Selling C osts .............................................................................................. .50
F re ig h t........................................................................................................  .75

T o ta l ......................................................................................  $9 .97

Again the actual fuel cost in this process is negligible as use 
is made of the "treated  chips.”  No allowance is made here for 
insurance, upkeep, overhead and interest charges, refining costs 
or depreciation; therefore, it  is plainly evident that, at present 
market prices, at least until improvement is made in yields or in 
minimizing costs, there is not sufficient margin for successful 
operdtion. However, it  is quite possible that by using the 
"treated chips”  for paper pulp manufacture this process can be 
made of commercial value. The operation in this case would 
have to be maintained on an enormous scale in order to supply 
treated chips for a pulp plant unit of an economic size. A  plant 
using this solvent system and built on a very elaborate scale, was in 
operation in southeastern Georgia, and, despite the most ad
vantageous financial backing, was unable to operate profitably 
on a weakened market, and is now in the hands of receivers. 
This citation alone probably would not necessarily condemn the 
process, but as several smaller plants are either in like position 
or shut down, it indicates the necessity of research or develop
ment if ultimate success is to be attained. As with the steam
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process, many claims of higher yields than we have above credited 
are made by interested parties, but these claims are still subject 
to substantiation.

ALKALI PROCESS
This process is essentially one to be applied to the alkali 

processes for manufacturing paper pulp from resinous woods 
with the recovery of turpentine and rosin and at the same 
time improving the quality of the pulp, and promoting ease of 
manufacture. The process is well covered by patents.

The basis upon which this method rests is the fact that the 
sodium hydroxide saponifies the resins in the wood and the sodium 
resinate thus formed may be separated from the spent soda pulp 
liquor by temperature regulation. The wood is handled in the 
same manner as in soda pulp manufacture, except that after 
digestion the spent liquor is cooled for the separation of sodium 
resinate before the liquor proceeds to the evaporators. This 
product has been so purified and refined, commercially, as to 
produce a good quality of paper size. The resinate m ay if de
sired be manufactured into resin by acid treatment, or de
structively distilled to produce rosin oils. The turpentine is 
recovered from the digester blow-off during the digestion opera
tion. This process is apparently theoretically sound, but re
quires the outlay of capital to develop thoroughly the mechanical 
details. F ifty  to seventy thousand dollars were expended in 
one case to demonstrate its commercial possibilities and some 
results were obtained. However, the enterprise has not been 
financially successful and the plant has been dismantled, a fact 
which may be due to faulty engineering or other causes; and 
even though the process appears enticing from a theoretical 
viewpoint the fact remains that the trial was not successful and 
there is 110 process of this kind in actual operation. Neverthe
less, it is our opinion that eventually it will be of commercial 
importance and ultimately the combination of the two industries, 
paper pulp and turpentine-rosin recovery, thus utilizing resinous 
wood, will be successful. Unusual yields of turpentine are 
claimed by a Florida plant using an alkali bath but satisfactory 
arrangements have not yet been made regarding rosin recovery.

BATII PROCESS
This process must not be confounded with the recently 

suggested process using a bath or envelope of oil external 
to the oven for the purpose of heating the sajne. This 
external bath process has not been long enough in operation to 
demonstrate its future and it will be interesting to note whether 
certain fundamental operation difficulties can be overcome.

B y  Bath Process we refer to the process commercially so called 
which has been in operation for some time and in which the bath 
is within the oven or retort in contact with the wood itself. Three 
plants using this method have been built, the first in North 
Carolina, which has been dismantled, the others at M t. Pleasant, 
Georgia, and Jacksonville, Florida, which have not been suc
cessful owing to low market conditions and both of which have 
gone into receivers’ hands within the last few months.

The process itself was divided into two separate general 
operations: first, the recovery of turpentine and pine oil, or 
“ sweet spirits,”  and subsequently the destructive distillation 
of the wood itself, although this second operation was not con
templated in the original process.

The operation has a decided advantage over the solvent and 
steam processesin that it does notrequire the "hogging” of the wood.

The general construction used in this first operation consists 
of steel cylinders at M t. Pleasant, and concrete ovens at the 
Jacksonville plant, each holding five to nine, one or two cord 
steel cars, similar in construction to those in common use in 
hardwood distillation; thus each oven holds about nine cords of 
wood. Placed at the side of the oven is a heater equipped with 
a large cast iron worm joined to the bottom of the oven. T o the 
rear of the heater is placed a large steel or concrete reservoir con
nected by cast iron pipe with the top of the oven, and also with

rotary pumps which in turn arc joined to the heater pipes.
The loaded cars are placed in the oven and melted rosin or 

pitch is run into the reservoir and circulated by the pumps through 
the heater and the bottom oven connection. This pitch after 
filling the oven in  contact with the wood overflows into the reser
voir and is thus continually circulated through the heater and 
oven, thereby vaporizing the volatile resinous bodies, without 
dissociating the wood fiber. The turpentine and oil vapors are 
carried through a “ vapor”  chamber in which the high boiling 
liquids that are mechanically carried by the vapor are separated, 
the vapor continuing to an ordinary tubular condenser, where 
the crude "sw eet spirits”  are obtained. Afterwards the "sweet 
spirits”  are refined, the products being turpentine, pine oil and 
a tarry residue. The time required to treat a charge varies in 
the plants mentioned from seven to ten hours, and the product 
obtained is of high quality, though not so good as steam process 
turpentine.

A t first sight it  would appear that in this process the rosin 
from the wood treated would gradually increase the volume of 
the bath and rosin be thus manufactured. The reverse of this, 
however, is the case, as a serious loss of bath is actually realized. 
This is in fact a very serious drawback to the process, and is 
probably due to the formation of volatile rosin oils when the 
liquid bath encounters the high temperature of the heater. 
These rosin oils are volatilized and pass into the "crude spirits,” 
and are lost in the refining residue, as only from 65 to 70 per cent 
of the spirits is received as turpentine and pine oil. B y  proper 
arrangement this difficulty could be avoided.

This process is also seriously handicapped by the fuel con
sumption of the heaters and the heavy upkeep for heater pipes 
and pumps. Nevertheless, with proper design, operation costs 
would be much reduced from that actually experienced.

A fter refining, the results from this "sw eet process”  could be 
averaged as follows:

T urpen tine , 7 1/* gals, a t  35 cen ts ................................................  $2.62
Pine Oil, 2.5 gals, a t  35 ce n ts ....................................................... .87

$3.49

A fter the charge is withdrawn in this first operation the
“ treated” wood is placed in ovens similar to those used in the
hard wood industry and there subjected to destructive distil
lation. The results obtained here are very important as a good 
market has been created for these products. An average of 
from 68 to 70 gallons of oils is obtained, together with a like vol
ume of "ac id  w ater,”  the latter a "w aste,”  although its utiliza
tion was accomplished just prior to the receivership of one of the 
mentioned companies. In addition there remains in the cars 
approximately 900 pounds of charcoal and there is produced 
about 10,000 feet of non-condensible gas per cord which is of 
fuel value.

This crude distillate above mentioned is called "destructive 
distillate” or " D . D. Product”  to distinguish it from the prod
uct derived from the resins, called “ sweet spirits.”  On refining 
there are obtained the following products per cord:

T ar, 4 1 gals, a t  S .08 ..........................................................................  $3.28
L igh t Oil, 6.8  gals, a t  $ .1 2 .............................................................  .81
H eavy Oil, 10 gals, a t  $ .12............................................................. 1 .20
Charcoal, 36 bushels a t  $.075........................................................  2 .70
From “  sweet p ro c e ss" .................................................................... 3 .49

T o ta l ...................................................................................... $11.48
C osts of Production  per Cord

W ood ......................................................................................................  $ 3 .00
F u e l.........................................................................................................  3.25
L ab o r......................................................................................................  2.75
C ooperage.............................................................................................. 1.00
Selling C o sts ........................................................................................ .60
F reigh ts  (app rox im ate).................................................................... .75

$11.35

Again it can be seen that this process handled as it has been
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in the past cannot be operated successfully on a low market, as 
no allowances have been made for upkeep, insurance, interest 
charges, refining costs, management or depreciation. Although 
the loss in bath is partially made up by the pitch obtained, it 
can be seen from these costs that improvement must be had 
before this process can exist during low market conditions. It  
is not to be inferred, however, that the principles upon which the 
process is based are entirely faulty. The reasons for its failure 
appeared to be lack of knowledge as to the chemical nature of 
the products and troubles consequent to improper construction 
and operation. As is common with approaching dissolution 
strenuous efforts at improvements were made in this process, 
and despite well known prior failures, experiments were com
pleted and operation commenced for the utilization of the waste 
"acid w ater”  just before the closing of one of the plants. The 
results proved interesting and promised excellent recovery, as 
the products recovered, including acetate of lime and wood 
alcohol, represented a net gain of well over $1.50 per cord.

DISTILLATION PROCESS 

As the wood turpentine industry now stands, the de
structive distillation process apparently has the best chance 
of commercial success, as it is not only more simple in 
construction and operation, but yields more in volume of 
products. Chemical and engineering skill, nevertheless, are 
necessary for this success.

The distillation process m ay be subdivided into three divisions: 
first, that division analogous to hard wood distillation. This 
method in its primary operation is very similar in equipment and 
design to the usual hard wood distillation plant, the wood being 
placed in steel cars and run into ovens. The products derived 
from the resins and those from the dissociated wood are collected 
together, and separation is made during refining, although some 
attempt has been made at fractional distillation in this primary 
stage. This method gives a much inferior grade of turpentine, 
etc., owing to the commercial difficulty of eliminating the pyro- 
ligneous bodies, and the product will not answer to the perman
ganate test which indicates pyroligneous matter. The tar pro
duced in this operation is usually resinous and for some uses, 
therefore, objectionable.

The second division is merely a modification of this process, 
the ovens being in duplicate, and distillation for the resinous 
bodies being carried out in one oven, so designed or “ s e t”  that 
the temperature can be maintained approximately uniform. 
After the resinous bodies have been obtained the “  treated w ood” 
is withdrawn and placed in a  second oven and in this oven the 
distillation is carried at a higher temperature for the destructive 
distillation of the wood itself.

The third division is that using concrete ovens containing 12 
inch heater pipes running the length of the ovens. These ovens 
have dutch-oven connections and the flue gases travel through 
these pipes, and it is claimed that temperature regulation is 
more easily accomplished.

In all these processes the products obtained are the same, ex
cept so far as the degree of purity is concerned.

Ihe first distillate, or that from the resins in these methods, 
will run on an average 22 to 24 gallons of "sw eet spirits. ”  This 
on refining will give from 50 to 60 per cent or from 12 to 14 gallons 
of marketable turpentine and from 9 to 10 per cent or from 2 to 
2'/: gallons of pine oil, and also 100 pounds of a very resinous 
pitch.

The destructive products are the same as those from the 
bath process;”  thus it can be seen that the gross total in this 

operation should be materially higher than in the other processes, 
while the operating expense is very much lower. This, including 
wood, upkeep, and in fact all expense, should not, under proper 
design, construction and management, run over $9.00 a cord.

The particular objection raised against the destructive dis
tillation process is that the products are difficult to market, and

this has been true to a certain extent in the past, but when it is 
considered that many of these products were new to the trade 
this condition cannot be wondered at, and at present the m arket
ing is not more difficult than products of other processes. In 
fact, just now there is an unusual demand for these products.

MARKETS

It  may, perhaps, be of interest to call attention to the various 
developed markets for the D. D. Products, for we all realize that 
the marketing of products is at least equal in importance to the 
manufacture; and this industry shows m any instances where 
comparative merit of process and operation was wholly lost by 
inferior marketing facilities, and, on the other hand, instances 
in which unsound operation was maintained for a considerable 
time by a remarkably efficient selling organization. The latter 
cases, while losing ventures to those financially interested, have 
no doubt succeeded in creating a growing demand for the prod
ucts, as indicated by the prices now obtained for them, with 
many plants closed down. A t the present time tar could be 
easily sold for 12 cents per gallon as compared with the 8 cents 
allowed in the cost data in this article, but which should be con
sidered maximum, as the future will undoubtedly increase sup
plies so as to bring these prices back to a more nearly normal con
dition. This fact, however, does show that a demand has been 
created that did not exist prior to the quite recent establishment 
of plants of this nature. Perhaps this condition is more clearly 
evidenced in the heavy D. D. oil, for which 22 cents per gallon 
is being obtained. The tar demand had in a measure been pre
viously supplied by that known as "k iln  ta r” made at works 
using the kiln system for charcoal manufacture from resinous 
woods.

The product mentioned as D. D. light oil is at present most 
difficult to market profitably. It  is on the market ill this form 
and is used to some extent by manufacturers of disinfectants. 
However, it has been fractionally distilled and has been used 
locally as a substitute for gasoline for use in engines and has 
proven itself to be more efficient than gasoline. The compara
tively small amount of this product makes its use in this manner 
merely of local interest but it indicates a real value of the prod
uct.

The heavy D. D. oil has been in consistent and increasing 
demand, particularly in the paint industry, and notably for 
shingle stains; also for the manufacture of tar oils for which there 
is a large foreign demand. The necessity of an energetic market 
agency for this product was in one case well illustrated within the 
past year. One large concern, having nearly 100,000 gallons in 
storage, and finding it impossible to market, was offering it for 
5 cents per gallon, while at the same time another company was 
unable to supply its customers at 18 cents per gallon. Of course, 
the latter considered the purchase from the former, but feared 
future competition in case, as seemed dangerously probable, the 
former concern should learn of their customers.

The pitch produced in the distillation process and distinguished 
from the tar has a firm market demand from ship chandlers and 
also is sold for uses such as coating silos, rendering them imper
vious to moisture. ,

The tar, of course, has its established used with rope manu
facturers as well as w ith paint producers, while the charcoal con
sumption, particularly in the south, is very steady both for do
mestic use and manufacturing. Of the number of suggested 
specialties based on the use of tars and oils, doubtless a few will 
ultimately contribute a steady demand for a portion of these 
products.

c o s t s  OF in s t a l l a t io n s

T he various processes have in most instances exceeded reason
able installation costs. Undoubtedly the same is true in any 
newly established industry, and more particularly in cases where, 
as pointed out in this one, prices could be obtained that were out 
of all proportion to production costs.
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The entire equipment of a steam process plant should come 
well within S750.00 per cord capacity, while the solvent process 
complete should be approximately $2,000.00 per cord. This 
also should be approximately that of the bath system, while the 
destructive distillation method ought to be very close to $1500. 
In making these general estimates neither working capital nor 
purchase of timber or stumpage is considered.

CONCLUSION
When your attention is brought to the fact that the destructive 

distillation plants alone have been able to survive recent price 
depression, it is reasonable to conclude that, in the present state 
of the art, this method has inherent advantages. Nevertheless, 
in this type of process there is room for much improvement, par
ticularly in refining and the utilization of waste products that 
were ignored in the past. Constructive chemical engineering 
in this industry apparently has opportunity to create an unusually 
profitable business, provided it utilizes the unfortunate mistakes 
of the past, by  combining parts of the various processes.

It is not to be inferred from this article that recommendations 
are made for the encouragement of any particular process. The 
motive is merely to outline present conditions or, broadly, to 
show cause and effect; and also to show, if possible, that in order 
to attain success, many elements are as necessary in this industry 
as in any other. Statements have been made to the effect that 
failures in most instances were due to lack of real engineering 
skill, and this is partly true, but lack of skill is not wholly ac
countable for even the engineering failures, as no amount of 
theoretical engineering skill can replace the knowledge acquired 
from continued intimate contact with the going operation.

Neither does this statement take into consideration the market
ing organization, which is also an essential, and is always con
fronted with the general economic situation, although this does 
not affect directly the operation.

It  can be seen from this outline of the industry that its very 
existence was primarily due to an unnatural market condition, 
and as the field for profit and exploitation was so enormous it 
can hardly be wondered at that there was unusual activ ity  in 
its promotion.

O i n o  S t a t b  U n i v e r s i t y , C o l u m b o s

C H E M IST R Y AS A FFECTIN G  T H E  PR O FITA BLEN ESS OF 
IN D U ST R Y1

B y G. W . T h o m p s o n

In the preparation of this paper I had thought of considering 
chemical industry as if it were distinct from other industries, 
but, as the subject developed, it became very apparent that no 
such distinct line could be drawn. Properly speaking, all indus
tries must be considered as chemical. It is next to impossible 
to imagine the existence of an industry in which chemical re
actions or considerations, either directly or indirectly, do not 
enter. It is possible that we could define chemical industry 
in a somewhat restricted sense, but such a definition would hardly 
be other than arbitrary. The lines of demarcation would be 
indistinct and shadowy. The only basis for such a definition 
would be the attitude of the popular mind. This attitude of 
mind has been steadily growing towards the recognition of the 
fact that chemistry is an important factor in every industry, 
and when, in any particular case, it becomes popularly recognized 
that chemistry is a factor in an industry, then that industry 
becomes a chemical industry. Ultimately, this popular recog
nition will extend to all industries and the rapidity of the growth 
of such recognition indicates that the time is not far distant 
when all industries will be generally and popularly recognized 
as chemical.

M y plan had been to discuss the profitableness of chemical 
industry, but if we accept the conception that all industries are 
chemical, it would seem better that our discussion should be

1 C hairm an’s Address before the  New Y ork Section of th e  Society of 
Chem ical In d u s try . The C hem ists ' C lub, O ctober 24, 1913.

broadened so as to consider the general effect of chemistry upon 
the profitableness of industrial operations, using the words 
"industrial operations”  as including all phases of the actual 
production of wealth.

Perhaps it would be well to make clear the conception that 
all industries are chemical in one or more phases. B y  way of 
illustration, let us consider the relation of chemistry to the pro
duction of power. I think we can show that there is a very close 
connection between chemistry and such production, and also 
that there is no industry which does not depend upon the con
sumption of power; this being the case, it becomes very evident 
that, from the power standpoint alone, all industries are chemical 
industries.

Our first impressions of power are those which we ourselves 
are conscious of exercising, and, in practice, the simplest form 
of power is man power as manifested in manual labor. It is 
not customary, perhaps, except from the humanitarian stand
point, to consider the chemical changes in the human body, 
converting food into work, as factors in industry. Nevertheless, 
they deserve serious consideration. It  is being learned daily 
that properly fed employees are more efficient as workmen, 
and the study of food problems is surely a phase of the applica
tion of chemistry to industry. In some industries, the study 
of the food consumed by employees has a direct bearing upon 
the health of the employees as affected by the industry. It is 
found that certain foods act as prophylactics towards certain 
industrial diseases, • and that other foods (perhaps improperly 
so called) act in the opposite manner. The scientific study of 
foods in connection with efficient manual labor is a phase of 
welfare work that has not been considered to the extent it de
serves. Take, on the other hand, the horse. It  is true that the 
horse is being displaced by the locomotive and automobile, and 
as a power factor, has been almost completely superseded by 
mechanical appliances; still, so far as the horse is used for the 
power he furnishes, his proper feeding is a phase of the applica
tion of chemistry to industry. Perhaps it may be considered 
that these two illustrations, the feeding of employees and the 
feeding of horses, are trivial as compared with the study of the 
production of power through the use of the steam boiler, the 
steam engine, the gas producer, and the internal combustion 
engine. Probably this is so, for, in the production of power 
by these mechanical means, we have clearly recognized chemical 
reactions, and the understanding of these chemical reactions is 
essential to the proper economy of fuel and the production of 
power with the least outlay. In these cases, chemistry teaches 
us the need of a proper balancing of the combustible material 
used and the air supply, so that the loss of heat in effluent gases 
may be reduced to a minimum. In the steam boi'er, chemistry 
has taught much of great value in relation to the refractory 
materials used, the utility of water consumed, and how to cor
rect its scale-forming tendencies. In recent years, numerous 
excellent devices have been developed for automatically giving 
information as to the composition of flue gases, with the result 
that great savings in the cost of power have been made. The 
study of the composition of coals has resulted in a better clas
sification of coals, a truer connection between price and quality, 
and the purchase of coals by  specifications involving chemical 
examination is becoming more extensive each year. The 
small power plant cannot perhaps give as much attention to 
chemical factors as can a large plant, but in large power plants, 
the economy resulting from the study of the chemistry of com
bustion has enabled such plants to furnish power to outsiders 
with a profit to themselves and to those to whom they sell it- 
Chemical considerations led to the use of blast furnace gases 
in the gas engine for the production of power; and if the chem
ist’s dream comes true, there will come a time when power 
will be more directly produced from coal than it is to-day. It is, 
of course, recognized that in the utilization of the energy in our



Feb., 1914 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y i  S3

great waterfalls, chemistry is an unimportant factor, but here 
there is the compensating fact that m any of our great chemical 
industries have been dependent for their existence and growth 
upon the cheap power thus produced.

This is as far as our time permits us to speak of the influence 
of chemistry upon the production of power. The scope of this 
paper will not allow a more detailed treatment of this subject, 
and what we have said is more as a matter of obvious illustration 
of one point of the dependence of the profitableness of industry 
in general upon chemical factors; hence, we shall proceed to 
recount other phases of the relation of chemistry to industry.

The simplest phase is undoubtedly that relating to the purely 
commercial end of industry, wherein goods arc bought and sold 
subject to analysis, the analysis being presumed to indicate 
the commercial value of the goods. These goods may be in the 
raw state, partially finished, or finished and ready for consump
tion. The oldest form of this kind of analytical control was 
undoubtedly for the valuation of precious metals and the ores 
containing them. The accuracy with which gold and silver 
can be determined by fire assay was recognized in the early 
stages of metallurgical development. The fire assay corre
sponded on a small scale to the actual recovery of gold and silver 
in smelting operations. I t  was natural, therefore, to assume 
that a similar correspondence existed between the fire assay 
of other metalliferous substances and the smelting operations 
then practised. W hat could be done with gold and silver, how
ever, could not be done with the same accuracy with the more 
readily oxidized metals, and while the fire assay method is still 
applied in some places to metals other than gold and silver, 
in general, these processes have been superseded by wet methods, 
which are more obviously chemical in their character, and of 
greater accuracy.

The chemical testing of commodities sold under specifications 
is primarily for the purpose of protecting the purchaser, al
though accuracy of testing is necessary in order that justice 
may be done to the seller. Practically all raw materials dealt 
in in quantity are sold subject to chemical analysis. Chemical 
analysis may not be specified in the sale or made use of by the 
purchaser, but, in some form or other, the purchaser has the 
right to test out the products received, to see whether the terms 
of the sale have been lived up to. Very few commodities are 
sold to-day in regard to which there is not some recorded infor
mation on which a purchaser can base claims, if chemical analysis 
shows these commodities to be different from those described 
in the order or contract.

If we consider, however, the whole question of the purchase 
of commodities on either tacit or openly acknowledged chemical 
requirements, we shall see that chemistry has had a great in
fluence in determining the profitableness of industry, in pre
venting the delivery of inferior raw or semi-raw materials, which 
would ultimately affect the yield or quality of the finished 
product. The whole operation of our pure food and pure com
modity laws depends upon the availability of chemical analysis 
and testing, and it  is only natural that the rapid growth of senti
ment in favor of these laws should have produced some commer
cial hardships which have led to the criticism of chemical control 
and standards as being too rigid and unsuited to popular require
ments. Nevertheless, such pure commodity laws have been 
of great profit to the purchasing public.

But if chemistry has had a great influence upon the profit
ableness of industry in the purchasing of commodities, what 
shall we say as to its effect on the profitableness of industry in 
the sale of commodities? In the popular mind, profits are 
made on sales, not on purchases, and the salesman seems to be, 
to use the language of the streets, "the whole thing.”  M ost 
businesses are dominated by the salesman, be he proprietor, 
manager, or drummer. According to this idea, in the making 
of profit, the salesman is a factor greater than the purchasing

agent, or even the manager of the manufacturing department, 
considering that these are distinct from each other. There is 
undoubtedly a great deal of truth in this conception and the 
popular idea rests on fairly well established facts. Taking 
this to be the case, w hat has been the influence of chemistry on 
the sale of commodities as affecting business profits? It  is gen
erally admitted that the old-fashioned personal influence of the 
salesman over the sale of his goods is growing less year by  year. 
In place of this old-fashioned personal influence is coming a 
newer influence in which the salesman secures his sales, not by 
debauching the purchaser, but by his intelligence and the helpful 
knowledge which he possesses about the goods he sells, and, we 
must add, the confidence which the purchaser has in the salesman 
because of his possessing that knowledge. I t  is no longer the 
general practice to keep salesmen ignorant of processes of manu
facture and use, but salesmen are being educated in many 
cases by technical men, often chemists, on the merits of their 
goods and how they m ay properly meet complaints. Then, too, 
the chemist’s influence in improving the quality of products 
assists the salesman by giving him more salable products. I 
cannot take more than passing and regretful notice of the fact 
that there are some few chemists whose occupation appears to 
be mostly that of showing how goods m ay be debased without 
easy detection. The influence of the chemist in improving the 
quality of goods shows itself in the increased price which m ay be 
obtained for such goods. Perhaps, also, we should mention the 
general effect upon the commercial atmosphere of a business 
that has trained chemists in its employ, who give confidence 
to the general public that its products are made as well as pos
sible with the assistance of the best that science can give.

W ith reference to actual manufacturing operations, we shall 
consider what the chemist has done in controlling manufacturing 
processes, correcting losses in manufacture, assisting in the 
invention of new methods and in the development of new uses 
for regular products, waste products, and by-products. W ork 
along this line is particularly attractive to the chemist, and, in 
some cases, can be conducted profitably only by the chemist. The 
extent to which chemical knowledge is necessary or desirable 
can, of course, be determined only by considering each case by 
itself. There are, in all cases, practical limitations, in regard 
to which the chemist should be reasonable. Simply because, 
in general, chemistry is helpful, it must not, therefore, be as
sumed that in every case the chemist can increase the profit
ableness of manufacturing operations, because it must be re
membered that the chemist is worthy of his hire, and that hire 
may more than absorb the value of what he m ay accomplish. 
In  the control of manufacturing processes, if uniformity of prod
uct is desired, there is probably 110 one better qualified than the 
chemist to establish such control. This he will accomplish by 
the systematic study of all the materials entering into the process 
and the product in all stages of manufacture, discovering the 
chemical reactions of the process, where these reactions occur, 
and how' they can be accelerated to advantage or made more 
complete, if that is desirable. Considering in the abstract the 
manufacturing operation involving a consumption of raw ma
terials, heat, power, and labor, the fundamental units of cost 
are the time consumed and the quantity of product made. 
The chemist should possess an analytical mind, and, in the study 
of a manufacturing process, he will endeavor to develop the effect 
of these fundamental factors and seek to control the other cost 
factors, keeping in mind the preservation of the full value of the 
chemical reactions taking place. Chemistry has been a  great 
help and profit to industry in the control of manufacturing losses, 
and the business man who fails to recognize its value cannot be 
considered as practical. For the avoidance of such losses, the 
chemist is peculiarly fitted. Some industries, it is true, can be 
conducted profitably with large losses of some of the constituents 
contained in the raw materials, but, in the course of time, these
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losses must be controlled, for the industry that applies the best 
control will be the most profitable and the best able to withstand 
competition. This can be done only by  systematic chemical 
examination of the materials used and by systematic study of 
the chemical reactions entering into the processes. B ut the 
work that chemistry does in preventing losses in manufacture 
is not merely the direct prevention of such losses.* Chemistry 
impresses itself sooner or later upon the manufacturer if he is 
awake, even though he be not technically trained, and he real
izes that his manufacturing operations are not shrouded in 
m ystery. The question of yield comes under the law of the 
conservation of matter. M atter does not disappear without 
going somewhere, and if it does disappear, it has been stolen, 
or some mistake has been made in accounting, or the matter 
has been changed in form, or actually lost in some of the refuse 
products. This is an exceedingly important subject. M any 
untechnical men think that yield, as they would express it, is 
“ purely a practical question” and that losses in manufacture, 
like taxes and death, are something that we cannot get away 
from. The chemist valiantly attacks this belief. He asserts 
that losses occur for material reasons. This attitude of the 
chemist is simply a  rational attitude which increases very 
materially the profitableness of industry. In developing new 
uses for regular products, waste products, and by-products, the 
chemist has left his indelible mark upon industry. Here, he 
is in the lead, and his constructive mind is not satisfied with 
announcing his immediate discoveries, but in pointing the w ay 
to the rich fields of possible discovery that lie before him.

It is proper here to elaborate a little on the value of chemical 
societies and their journals. Chemical societies, seeking at all 
times to bring out the most recent information bearing on chemical 
problems, obtain numerous papers, which, published in their 
journals, are available, in most of our large public libraries, to 
business men whether technically educated or not. Frequently, 
the information which they may w ant is obtained in complete 
form in these journals. In other cases, the information has to 
be interpreted by chemists, and in still other cases, the informa
tion is so distantly connected with the problems involved as 
to be available only to chemists who open up vast possibilities 
of profit to industry. I t  is hardly to be expected that the chem
ist will be acquainted w 'th  all the published facts relating to 
any problem, but if he knows where these facts may be obtained, 
and if he knows how to interpret them, they soon become avail
able, no matter how long they m ay have remained buried in the 
literature of the subject. The application of such facts frequently 
develops new ones, which in their turn may have high potential 
value. So valuable are these chemical records that I must not 
lose this opportunity of pointing to the great service chemists 
are doing and to urge them to enlarge this service to the greatest 
practicable degree by further contributions. The knowledge 
which we may possess is of value to us ijidividually, but in the 
general service of mankind, we can frequently impart some of 
this knowledge, without hurting ourselves, at the same time 
extending a helping hand to others.

M uch has been written upon the influence of the research 
chemical laboratory on the profitableness of industry. Valuable 
information is on record showing how, in numerous cases, the 
research laboratory has been a tremendous profit to industry. 
In some cases, the research laboratory is devoted almost entirely 
to the development of new processes and products, and it would 
appear that the Germans have most successfully applied this 
method, and that their commercial high standing in chemical 
manufacture has been more due to this than to any superiority 
in methods or economies in manufacturing. While this is true, 
it appears to the writer that the research laboratory has another 
function not usually recognized. If I were to try to define 
this function of the research laboratory in popular language, 
I  would say that it keeps the industry "ahead in the game."

It  is not only in the concrete things which the research laboratory 
does that its profitableness is to be measured, but its real value 
is also in the general advance work that it does. It  gives to an 
industry a proper understanding of the needs of the trade. 
The industry that does not keep itself informed as to these 
needs is sure to lag behind. The fundamental information as to 
the needs of the trade can be furnished only by  the chemist who 
has studied the possibilities, theoretical and practical, of both 
processes and products. The research laboratory is destroying 
trade superstitions which have hindered progress. I t  has fur
nished information to salesmen which they have been able to 
use to practical advantage.. I t  has been in many respects the 
reflective organ of industry. The research laboratory could 
not have been any of these things if it were not continuously 
studying tin  problems presented directly and indirectly to it 
and availing itself of the invaluable records preserved in our 
chemical journals.

In those industries involving the manufacture of chemicals 
or in which chemistry is a predominating and obvious influence, 
the chemist is, of course, appreciated, although there are many 
such industries which do not utilize the chemist as fully and as 
completely as would be to their advantage. The really suc
cessful and profitable chemical manufacturing industries avail 
themselves of the services of the best chemists obtainable.

The indirect influence of chemistry upon the profitableness 
of industry should not be overlooked. The philosopher who 
once said something to the effect that the man who made two 
blades of grass to grow where only one grew before is a public 
benefactor, stated a truth that applies with a special force to the 
chemist. The discoveries of chemistry which have been of no 
direct value to the discoverer, but have been of great indirect 
value to humanity, are innumerable. Sometimes a chemist 
is looked upon w ith scorn because he has not made personal 
profit out of his discoveries, which he has published to the world 
and made common property. This form of communism is ideal
istic. The discoveries of Pasteur have added immense profit 
to the fermentation industries and have been the saving of 
innumerable lives. I  know of no class which contributes, as 
chemists do, so freely to the fund of general knowledge on 
which profitable business is based. Then too, there is the in
direct saving which the chemist is responsible for in the conser
vation and utilization of industrial products. The studies 
relating to the corrosion of iron and steel and indeed to all of the 
phenomena of decay have resulted in greater permanence and 
durability of the products of industry, the benefits of which all 
industries m ay share.

In arguing, as we have, in favor of the proposition that chem
istry is a powerful factor in making industry profitable, we must 
not close our eyes to its limitations. The chemist should be a 
business man in the best sense of the words, and should recogn ize 

that in all successful business operations a proper balancing 
and coordination of all its factors is necessary. The study of 
power problems should be made, but the extent to which ex
penditure for the study of power factors should be made depends 
upon the importance of the power factor. The testing of ma
terials purchased and used should be made, but the extent to 
which such testing should be made can be determined only by 
the proper consideration of its relative importance. New pro
cesses and products should be developed, but there is a limit to 
expenditure for these ends, which limit is in the hope of profit 
to b e  derived. A fter all, all industry depends upon the pro
duction or exchange of articles that are desirable, and the de
sirability of an article is a determining factor in its value. But 
not merely must a product be desirable, it must be produced 
with proper economy, for that is a  limiting factor affecting its 
marketability.

We have discussed this subject in an abstract manner. Many 
illustrations could have been introduced of how industries have
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profited through the assistance of chemistry. W e have thought 
it better, however, to omit such illustrations, but hope that during 
the coming year we shall have many papers practically demon
strating that what we have presented in the abstract is con
cretely true. When we speak of chemistry as affecting the 
profitableness of industry, we must bear in mind that, while all 
chemical knowledge m ay be said to come from the chemist, such 
knowledge is often made use of with profit by  those who are 
not chemists. This is something that is unavoidable, and it 
seems to me no attem pt should be made to make it avoidable. 
The benefits which chemists derive from the more general 
diffusion of chemical knowledge are very much greater than 
would be the case if chemists were successful in an attem pt to

The Perkin Medal was conferred on John W esley H yatt for 
his distinguished services in the field of applied chemistry and 
engineering at the regular meeting of the New Y o rk  Section of 
the Society of Chemical Industry, held at The Chemists’ Club, 
on January 23, 1914.

The meeting was opened with an address by  Dr. G. W. Thom p
son, Chairman of the Section, and the presentation address was 
made by Professor Chas. F. Chandler, Senior American Past- 
President of the Society of Chemical Industry. The acceptance by 
Mr. H yatt was followed by an address by Dr. Frank Vanderpoel.

The inventive genius of the medalist together with an intimate 
description of the history of his developments was ably treated 
by the various speakers, and the addresses are printed in full in 
the following pages. [ E d i t o r .  ]

CH AIRM AN ’S A D D R ESS
B y  G d s t a v e  W .  T h o m p s o n

At this meeting of the N ew Y o rk  Section of the Society of 
Chemical Industry, it becomes the pleasant duty, through 
established methods, to award the Perkin medal to the person 
selected as most w orthy for valuable work done in applied chem
istry. It seems hardly necessary that a statement be made 
as to the origin and history of the annual presentation of this 
medal further than to say that the medal was founded in com
memoration of the fiftieth anniversary of the coal tar color 
industry, the cornerstone of which was work done by the man 
whose name is attached to the medal. There are, however, 
certain features which are forced upon our attention annually 
in the selection of the person to whom this medal should be awarded, 
which it may be desirable to consider in opening this meeting.

As stated above, the medal is awarded for valuable work in 
applied chemistry. W hatever the future m ay have as inter
preting the grounds for merit, in the past it  has generally been 
considered that this work should be in the nature of original 
or inventive work which has proved of great public value. 
The questions I would propound to you to-night are: W hat is 
the mental faculty which has made the recipients of the Perkin 
medal what they are? In w hat respect, which has enabled 
them to be so successful in the application of chemistry to the 
^ts, do these men differ from their fellow chemists? I have 
given considerable thought to these questions, and I wish to sub
mit my conclusions for your consideration, believing that they 
may be of some suggestive value.

In 1870, Tyndall delivered his famous discourse on the “ Scien
tific Use of the Imagination.”  In this discourse, he showed 
the value of the imagination properly made use of in solving 
some of the most difficult problems of physics. Tyndall has 
shown us how the imaginative mind, seeing resemblances in 
things, can supply the missing parts in such resemblances, 
those missing parts being hidden from the senses. It  was this 
Power of the imagination which enabled Kekule to form the

make their profession esoteric. The progress of humanity 
cannot be accomplished by making the study of chemistry and 
the benefits that come from it profitable only to the chemist. 
I t  is proper that the chemist should seek to obtain profit from 
his knowledge and ability, but he cannot hope to do this except 
in some few cases, unless he is willing to give to others a t least 
a pprtion of the knowledge that he possesses. A ll industries 
and occupations are interdependent. All industry depends upon 
the chemist and the chemist depends upon all industry. The 
more this interdependence is recognized, the greater the profit 
accruing to industry, and the greater the return to the 
chemist.

1 2 9  Y o r k  S t .,  B r o o k l y n  .

basis for the working out of the structure of many complex 
organic compounds; that work has been of incalculable benefit 
to chemical science and industry. Thousands of instances 
could be given showing that practically all of the progress made 
in the science of chemistry has been due to this proper use of 
the imagination.

Considering the work done in applied chemistry, we see 
clearly that it was the imagination of Herreshoff that enabled 
him to develop the metallurgy of copper; and of Behr in his 
work on the separation of the oil contained in the germs of corn; 
and of Aclieson, who saw in his imagination that, if flocculating 
agents existed, there were probably also ¿«-flocculating agents; 
and of Hall, who believed that somewhere there was a solvent 
for alumina from which aluminum could be obtained electrolyt- 
ically; and of Frasch, who saw in the oil and salt wells the sug
gestion of the possibility of recovering sulfur from the bowels 
of the earth; and of G ayley, who saw the possibility of the dry 
blast in increasing the output and decreasing the cost of the
blast furnace; and --------- of H yatt, who saw in the drop
of dried collodion the possibility of producing a plastic mass, 
which was finally obtained in celluloid.

It  was Tyndall who emphasized the extreme value of the two 
little words "as if”  when used b y  the scientific mind, showing 
how, from things seen, a scientific imagination can lay bare 
things unseen and make possible discoveries of great value. 
Discoveries often come by accident, but it  is the imaginative 
mind that sees in these discoveries future possibilities. I t  is 
the imaginative mind which, following our discoveries so made, 
is led into unlimited fields of usefulness. W e must not think, 
however, of imagination as being the sole factor, although it 
is probably the principal factor, in the production of valuable 
materials. There must be energy, concentration, and persis
tence, which will carry such a  mind across the Jordan into the 
promised land. Nevertheless, the imagination is the most 
important factor here, because, without it, there would be no 
promised land.

A s we look around about us upon those with whom we are 
intimate, we see this imaginative faculty in all degrees of de
velopment, and I have this word of suggestion to offer— those 
of us here who are educators, in whose hands are being moulded 
the minds of future chemists— should we not ask them whether 
the work which they are doing tends to develop this imaginative 
faculty, or whether it is indeed possible for them to sow7 in the 
minds of their students the seeds of imagination if they do not 
already exist there? I t  seems to me that there is no better place, 
no better occasion, than this place and this occasion, when we 
are honoring, by the presentation of the Perkin medal, a man 
in whom the imaginative faculty was highly developed, to put 
before you the need of the imaginative faculty in as emphatic 
a manner as possible and to urge that in our educational in
stitutions this faculty should be developed to the highest de

PERKIN MEDAL AWARD
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gree. For, if we are honoring Mr. H yatt on account of his pos
session of this faculty, should we not seek to increase the number 
of those who possess the faculty in a high degree? Is not the 
real purpose of the Perkin inedal something more than the 
honoring of its recip'ents— great as that purpose is— is it not 
all done for the purpose of encouraging those faculties on which 
the presentation of this inedal rests?

PR ESE N TATIO N  A D D R ESS
By C h a r l e s  F .  C h a n d l e r  

M r .  C h a i r m a n ,  D i s t i n g u i s h e d  G u e s t  a n d  B r o t h e r  C h e m i s t s :

It  is m y very pleasant privilege as the senior Past-President 
of the Society of Chem
ical Industry, residing 
in this country, to pre
sent to John Wesley 
H yatt the eighth im
pression of the Perkin 
gold medal, in recog
nition of his most valu
able work in applied 
chemistry.

Mr. H yatt was born 
a t  S t a r k e y ,  Y a t e s  
County, New York, in 
November, 1837. He 
was educated in the pub
lic school and later in 
the Eddytown Seminary 
where lie excelled in 
mathematics.

In his early boyhood 
he acquired a strong taste 
for mechanical affairs in 
his father’s blacksmith 
shop. In his sixteenth 
year he went to Illinois 
and learned the printing 
business, working at this 
trade for the following 
ten years. During this 
period he made his first 
invention, a family knife 
sharpener w li i c h in
cluded a new method for 
making solid emery 
wheels.

He then went to 
Albany and worked as a 
journeyman printer for 
about two years. Seeing 
a $10,000 offer for a 
substitute for ivory for 
billiard balls by Phelan 
& Collander of New 
York, he began experi
menting nights and Sundays in the hope of gaining the 
reward. He made a number of useful plastic composi
tions, none of them however good enough for billiard balls, but 
he started to make checkers and dominoes of pressed wood and 
with his two brothers established in Albany, New York, what 
is now the Embossing Company which has been a highly suc
cessful concern for more than 40 years, under the mechanical 
management of Mr. H yatt’s younger brother, C. M . H yatt.

In 1870 he invented and patented a machine for turning 
billiard balls, by which an unskilled workman can do as much as 
a dozen skilled workmen could accomplish by  former methods, 
securing at the same time perfect accuracy.

His attention having been called to the character of the solid 
nitrocellulose left by the evaporation of liquid collodion, or 
artificial skin as it was called when collodion was first put upon 
the market, for covering cuts and other wounds, he turned his 
attention to tne subject of nitrocellulose as a suitable material 
for producing plastics. It  should be remembered that gun 
cotton or nitrocellulose was first discovered by Schoenbein in 
1845. In 1847 M aynard announced the discovery that while 
nitrocellulose is not soluble either in alcohol or ether alone, it is 
soluble in a mixture of the two and he gave the name collodion 
to the solution, which has since found its w ay very extensively 
into medical use. It  also served to solve the problem of pro

d u c i n g  photographic 
pictures, either positives 
or negatives, upon glass, 
practically sounding a 
death knell for the 
beautiful though expen
sive daguerreotype pro
cess. The wet collodion 
process was introduced 
by Scott Archer in 1851.

H yatt was entirely 
ignorant of the var ous 
efforts which had been 
made by Parks, Spill 
and others to utilize 
soluble nitrocellulose or 
pyroxyline for the manu- 
f a c t u r e  of p l a s t i c  
materials, and conse
quently he started out 
without any hints or 
suggestions as to how 
he should proceed. His 
first success resulted in 
t h e  manufacture of 
billiard balls by first 
making a solid core of 
another plastic material 
and covering the same 
with nitrocellulose dis
solved usually in ether 
and alcohol. The pro
cess was so successful 
that a good business was 
established in 1870 which 
continued for several 
years.

In the m e a n t i m e  
H yatt invented celluloid 
and began the manu
facture of celluloid and 
bone dust billiard and 
pool balls. A t this time 
his brother, Isaiah S. 

H yatt, joined him and they worked together until the brother 
died in March, 1885.

I do not propose to give a detailed history of the progress 
made by Mr. H yatt and his brother in establishing the celluloid 
industry. I shall merely remark that H yatt’s patent 88,633, 
dated April 6, 1869, was for a molding composition to imitate 
ivory and other substances composed of fibrous material and 
gum shellac or other solid fusible adhesive gum. His patent 
No. 88,634, dated April 6, 1869, was for an improved method of 
coating billiard balls, consisting in dipping the billiard balls 
made of some suitable composition into a solution of collodion 
which might be given any desired color beforehand. His

JO H N  W E SL E Y  H Y A T T . P E R K IN  M E D A L IS T , 1914
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patent 89,582, dated M ay 4, 1869, was for a composition con
sisting of ivory dust or its equivalent mixed with collodion and 
subjected to pressure during the evaporation of the solvent. 
Patent 91,341, dated June 15, 1S69, taken out by the two brothers 
jointly, was for manufacturing solid collodion with very small 
quantities of the solvent dissolving the pyroxyline under heavy 
pressure, thus securing great economy of solvents and a saving 
of time.

Their patent 105,338, dated July 12, 1870, shows the funda
mental invention of celluloid. It is entitled “ Improvement in 
Treating and Molding Pyroxyline.”  The three claims of the 
original patent are:

1. Grinding pyroxyline into a pulp, as and for the purpose 
described.

2. The use of finely comminuted camphor-gum mixed with 
pyroxyline pulp, and rendered a solvent thereof by the applica
tion of heat, substantially as described.

3. In conjunction with such use of camphor-gum, the em
ployment of pressure, and continuing the same until the mold and 
contents are cooled, substantially as described.

This patent was reissued three times in order to avoid ambi
guities. The claims of the last reissue arc as follows:

1. The use of finely-comminuted camphor-gum mixed with 
pyroxyline pulp, and rendered a solvent thereof by the applica
tion of heat, substantially as described.

2. In conjunction with such use of camphor-gum, the em
ployment of pressure, and continuing the same until the mold 
and contents are cooled, substantially as described.

The specification fixes the proportions at about 1 part of cam
phor to 2 parts of pyroxyline. Modifications of this process were 
embodied later in U. S. Patents 156,352 and 156,353.

From this time on celluloid became a most important plastic, 
superior in almost every respect to any other plastic hitherto 
proposed, for the manufacture of the greatest variety of articles, 
useful and ornamental.

Seventy-five different patents were taken out either by John 
Wesley H yatt alone or in association w'ith his brother Isaiah S. 
Hyatt, and an enormous establishment grew up at Newark 
in the hands of the Celluloid Company.

I should not take up your time by enlarging further on the 
history of celluloid were it not that in one of our most important 
and most recent works on applied chemistry, I find it stated as 
follows under the head of celluloid:

"The substance was first produced by Daniel Spill of Hackney, 
England, and come into commerce under the name of 
Xylonite.’ Spill’s method of converting the nitrocellulose 

has been followed for more than forty years.”

I have had occasion, in connection with celluloid and nitro
cellulose litigation, to study most carefully the history of the 
pyroxyline industry and there is no logical ground for making 
the above statement. Celluloid was invented by the brothers 
Hyatt, and not by anyone else. This whole matter has been 
thrashed out in the Federal Courts as long ago as 1886, and the 
Hyatt patents have been sustained although everything that 
had been patented or published was carefully studied and dis
cussed during the litigation.

It is quite true that many other experimenters sought to pre
pare useful plastic compounds with the aid of pyroxyline prior 
to the H yatt invention of celluloid. M ost prominent among 
these experimenters, we find Alexander Parks and Daniel Spill 
but neither one of them ever suggests the essential features of 
the Hyatt method for manufacturing celluloid. Parks’ patents 
relate to the following points: (1) M aking liquid solutions
by the use of various solvents, rendering the material less in
flammable by adding chloride of zinc or tungstate of soda or 
gelatine dissolved in acetic acid. (2) M aking sheets by pouring 
the solution on glass and allowing it to evaporate. (3) D e
hydrating wood alcohol or naphtha as a solvent by distilling

over chloride of calcium. (4) Adding castor or cottonseed oil, 
gums or resins or oil previously treated with chloride of sulfur 
to his solvents. (5) Introducing nitrobenzene or glacial acetic 
acid or hydrocarbon solvents. In one patent he proposed to 
remove the solvent from the solution of pyroxyline by  adding 
water, mineral naphtha or other liquids. In another patent he 
gives compositions to be used as a varnish. There is nothing 
whatever in any one of these patents that anticipates H yatt.

As for Daniel Spill, his patent 2666 of 1867 (English) suggests 
as substitutes for dehydrating alcohol or wood naphtha as a 
solvent for pyroxyline: fish, vegetable oils, essential oils, resins, 
gum resins, spirits of turpentine, fats, light oils and naphtha 
from coal and mineral naphthas. One example of a suitable 
solvent contains 80 per cent alcohol and 20 per cent of rosin. 
Another contains 60 per cent of alcohol, 3 of castor oil, 1 of 
essential oil of lavender, 3 of resin and 34 of coal naphtha or 
benzole.

The Spill patent 3984 of 1868 claims the production of com
pounds of “ X yloidine” by the employment of nonvolatile 
solvents, mentioning animal, fish, vegetable, or mineral oils, as 
mineral tar, lard oil, cod liver oil, camphor oil or liquid camphor, 
linseed oil or heavy coal oils or mixtures of the same. He 
further states that the following substances m ay be added: 
paraffine, camphor, resins, fat, wax, india rubber, gutta perclia 
or balata gum or mixtures of the same. He gives the following 
example:

Cam phor, cam phor oil, or liquid cam phor.............  20  p a rts  by  w eight
Oil, such for exam ple as casto r or linseed o il, e ither

before or a fte r such oils have oxidized or boiled. . . .  40 p a rts  by  weight
X y lo id in e .........................   40 p a rts  by  weight

The claim of the patent is for the production of compounds of 
Xyloidine by the employment of nonvolatile solvents. This 
is also the essential feature of the claims of Spills’ American 
patents 91,377 and 91,378 in 1869.

Spill took out another British patent 3,102 of 1869, sub
stantially identical with U. S. Patent 97,454 of the same year. 
This does not differ materially from his prior patents. He 
mentions a great variety of solvents, many of them given in his 
previous patents and these he groups under eight numbered 
paragraphs and gives the following as the only example of his 
invention :

X ylo id ine ..........................................................................................  27 pa rts  by  weight
C asto r o il.......................................................................................... 27
C am p h o r......................................................................................... 6
Solvents, e ither of the Nos. 1, 2. 3, 4, 5, 6 . 7, 8 ..............  40 "

The Spill patent 180 of 1870 is for bleaching Xyloidine. 
His patent 787 of 1870 and his U. S. patent 101,175 of 1870 
arc for the employment of evaporating and concentrating ap
paratus, to remove the solvent from the fluid preparations and 
convert them into masses of a greater degree of consistency, 
at the same time recovering the volatile solvents evaporated.

These inventions give a fair picture of the condition of the 
efforts to make a useful plastic from pyroxyline prior to the date 
of H yatt’s invention of celluloid which was patented July 12, 
1870, and which in the clearest and most unequivocal language 
sets forth the nature of his invention. His claims are as fol
lows: (1) Grinding pyroxyline into a pulp, as and for the
purpose described. (2) The use of finely comminuted camphor- 
gum mixed with pyroxyline pulp, and rendered a solvent thereof 
by the application of heat, substantially as described. (3) In 
conjunction with such use of camphor-gum, the employment 
of pressure, and continuing the same until the mold and con
tents are cooled, substantially as described.

Considering the claim that Daniel Spill was the inventor of 
celluloid, it is very significant that as late as the n th  of M ay, 
1875, he took out a British patent 1739 of that year, for pro
ducing and applying Xyloidine. In this patent he makes no
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references to any material that could possibly be called celluloid. 
On the contrary, he recommends the following mixture as a 
suitable solvent for soluble guncotton or Xyloidine:
250 p a rts  by  weight of alcohol.
150 pa rts  by  w eight of ether.

10  p a rts  b y  weight of nitrobenzole.
33 p a rts  b y  weight cam phor or cam phor oil.

250 p a rts  b y  weight hydrocarbons, from coal, shale o r o ther bitum inous 
substances boiling betw een 220 and  400° F .

Or he says the following solvent may be employed:
400 p a rts  alcohol.
200 pa rts  of hydrocarbons, before referred to , and  33 p a rts  of cam phor or 

of cam phor oil.

Now this patent was taken out nearly five years after H yatt’s 
celluloid patent and although Spill in this patent suggests 
adding a small quantity of camphor to large quantities of other 
solvents, volatile and nonvolatile, he always mentions it  as 
camphor or camphor oil, regarding them as equivalents. They 
certainly are equivalents for Spill’s purposes to produce liquid 
solutions of pyroxyline, but camphor oil is not equivalent to 
camphor in H yatt’s process for making celluloid and it would be 
absolutely impossible to make celluloid by any process suggested 
in any one of these patents of Spill or Parks, or any other in
ventor prior to H yatt, and this is w hat the federal judges de
cided when the m atter was tried out in court.

Mr. H y a tt’s activities were not limited to celluloid. Among 
his other inventions also of great importance, we find a sugar 
cane mill, very superior to any mill previously used, in its effi
ciency both in increasing the percentage of juice extracted from 
the cane and in greatly diminishing the time necessary to extract 
it, and in giving a higher value to the refuse bagasse as fuel.

In the early 8o’s, M r. H yatt and his brother Isaiah took up 
the subject of water filtration and started a company called the 
H yatt Pure W ater Company. Isaiah H yatt invented and 
patented a very important feature of the filtration process, 
February 19, 1884, Patent 293,740. It marks the beginning 
of a new era in water purification. Coagulants had been pre
viously used to purify water, but the difficulty was that the 
water was held in large tanks or cisterns. The coagulant was 
added to it, the whole was thoroughly agitated and then it was 
necessary to allow it to stand 12 to 24 hours for the coagulum 
to settle to the bottom. The H yatts conceived the idea of 
employing a coagulant which could be added to the water while 
on its w ay to the filter, so that no large settling tanks or basins 
are required and no time is lost. The claim of this patent is as 
follows:

"T h e method herein described of arresting and removing the 
impurities from water during an uninterrupted passage of the 
same from a supply pipe into a filtering apparatus, thence through 
a filter Ijed contained therein and out through a delivery pipe 
leading therefrom, which method consists in introducing into the 
water simultaneously with its passage to or into the filter a 
substance which will sufficiently coagulate or separate the. im
purities to facilitate their arrest and removal by  the filter bed, 
thus obviating the necessity of employing settling basins.

I was connected with a litigation which followed the issue 
of this patent, and studied the process and apparatus at Somer
ville, N . J., Niagara Falls and Elmira. The process was un
usually successful. A t Somerville the river water exhibited a 
milky opalescence caused by such fine particles of clay that no 
filter would clarify it. B y  a proper attachment of an alum box 
to the feed pipe to the filter, a minute quantity of alum was 
added to the stream of water on its w ay to the filter, less than one 
grain to the gallon, and in the few seconds that elapsed before 
the water reached the filter bed of the ingeniously constructed 
H yatt filter, coagulation had taken place and the coagulum 
including the alumina of the alum and the clay, bacteria and 
other suspended impurities of the water had been converted into 
such flocks as made it possible for the bed of sand in the filter

to arrest it completely. These H yatt filters are so constructed, 
whether they are on a large scale or small scale, that they can be 
washed completely at any convenient moment by  simply re
versing the current through the filter. This churns up the sand 
and separates from it the accumulated coagulum.

N early all the paper mills and woolen mills in the country 
were and still are supplied with these filters, as are also more 
than 100 cities and towns.

The validity of this patent was established through lawsuits 
which were brought against the cities of Elmira and Niagara 
Falls. These cities attempted to evade the H yatt patents by 
constructing a chamber underneath the filter through which the 
water passed on its w ay to the filter, but we found by examina
tion that while a portion of the coagulum accumulated in the 
chamber, one-third of it passed on and was separated by the 
filter. Judgments in favor of the H yatt patent were given by 
the Circuit Court of the United States, Judge Shipman pre
siding, in 1894; by Circuit of Appeals, Judge Wise presiding, 
in 1895; again by Judge Coxe in 1896; and again by  Judges 
Wallace, Lacomb and Shipman in 1897.

In 1891-2 M r. H yatt took up the subject of antifriction roller 
bearings with great success.

I have really occupied far more time than I should have done, 
but I felt it a duty to take advantage of this opportunity to 
present the facts with regard to Mr. H y a tt’s priority of in
vention in connection with the celluloid and water purification, 
which I was in a position to do owing to m y experience and 
knowledge gained in the litigations which arose in both cases.

I think that the facts to which I have called your attention, 
although very briefly expressed, will satisfy you of the great 
achievements of Air. H yatt and will fully justify your committee 
in placing M r. H yatt beside Sir William Henry Perkin and the 
six American chemists who have already received the Perkin 
medal.

T o  M r .  H y a t t :
It  gives me great pleasure, as the representative of the Society 

of Chemical Industry, and the affiliated chemical and electro
chemical societies, to place in your hands, M r. H yatt, this 
beautiful token of the appreciation and affection of your fellow 
chemists.

AD D R ESS OF ACCEPTAN CE
B y  J o h n  W s s l e y  H y a t t

M r . C h a ir m a n , L a d i e s  a n d  G e n t l e m e n :
I have never looked forward to any such honors as you have 

bestowed upon me, and I do not know how fittingly to express 
my gratitude. You have overlooked m y lack of early training 
in the sciences with which you are all familiar, and look only 
to results which have been obtained mainly by  persistent, and 
many times mistaken, experiments. Some successful experiments 
I might never have made if I had been familiar with the danger 
theories of some learned men.

CELLULOID
From m y earliest experiments in nitrocellulose, incited by 

accidentally finding a dried bit of collodion the size and thickness 
of m y thumb nail, and by m y very earnest efforts to find a sub
stitute for ivory billiard balls, it was apparent that a semi- 
liquid solution of nitrocellulose, three-fourths of the bulk of which 
was a volatile liquid and the final solid from which was less than 
one-fourth the mass of the original mixture, was far from being 
adapted to the manufacture of solid articles, and that I must 
initially produce a solid solution by mechanical means. The 
only useful solvent known to me at that time was a mixture 
of alcohol and sulfuric ether; with the old formula (about 
equal parts of ether and alcohol) I mixed in a closed mill a thick 
paste of soluble cotton, made by the old firm of Charles C ooper 
& Co. After mixing, the cover of the mill was removed and the 
mass evaporated down to a thick dough, which was then forced
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accurately around the ball (made of another substance), and 
allowed to dry. This I found resulted in a rather brittle coating, 
owing, as I found, to the unequal evaporation, leaving only 
the a cohol, a poor solvent by itself, at the final shrinkage. 
This was remedied by using only the least amount of alcohol 
(five parts ether to one alcohol) necessary as a solvent. Even 
this coating shrunk to less than half of its original thickness 
and required to be dried immersed in water under several hun
dred pounds’ pressure per square inch to insure its solidity and 
freedom from bubbles. I t  became necessary to strain the mass 
by forcing it through a very fine sieve to exclude the unnitrated 
fibers. All these difficulties stood in the w ay of success, except 
in high-priced articles like billiard balls. Other seriously 
objectionable features became apparent. In order to secure 
strength and beauty, only coloring pigments were added, and 
in the least quantity; consequently a lighted cigar applied would 
at once result in a serious flame, and occasionally the violent 
contact of the balls would produce a mild explosion like a per
cussion guncap. W e had a letter from a billiard saloon pro
prietor in Colorado, mentioning this fact and saying he did 
not care so much about it, but that instantly every man in the 
room pulled a gun.

I next had a small beating engine made, to pulp the nitro
cellulose. In one experiment I placed a small quantity of this 
dried pulp in a strong cylinder and forced quickly a minimum 
quantity of liquid solvent into it with high pressure. The result 
was a solid substance, as hard as sole-leather, which soon dried, 
leaving a fine, hard disc about three-fourths of an inch in diameter 
and one-half an inch thick. While no explosion ever resulted 
from this, there w'as real danger to be feared, and the matter 
was dropped.

My brother, I. S. H yatt, joined with me at that time, and 
finding it stated in some patents to which I was referred, that a 
litde camphor added to the liquid solvent was beneficial, we 
conceived the idea that it might be possible to mechanically 
mix so vents with the pulp and coloring matter while wet, then 
absorb the moisture by blotting papers under pressure, and 
finally submit the mass to heat and pressure.

To our surprise, we noticed a slightly solvent action of the 
precipitated and washed camphor upon the pulp, even before 
the heat and pressure, and without other solvent we succeeded 
m producing a transparent slab one-fourth of an inch thick, 
fine, and as hard as a piece of wood. M y  brother took some 
samples to the American Hard Rubber Company, with the view 
of interesting them. T hey employed the late Professor Charles 
A. Seeley, who had made collodion for the government during 
the Civil War, to investigate the matter. He came to our place 
m Albany, N. Y ., and we conducted the whole process for his 
inspection, very successfully. He remarked that he had come 
prepared to detect some chicanery, but could see no deception, 
and expressed himself as satisfied. He kindly advised us that 
if, accidentally or otherwise, we were to apply a little too high 
temperature, the quantity we were dealing with would inevitably 
destroy us w'ith the building and adjacent property. While 
we did not accept this as true, it was disturbing. The following 
day between 12 and 1, when all were out, I rigged up a four-inch 
plank used as a vice-bench, braced it between the floor and 
ceiling, between the hydraulic press and the hand pump, in
tending it to shield me from possible harm. I then prepared 
the mould, heating it to about 500° Fahrenheit, knowing 
>t would certainly ignite the nitrocellulose and camphor, and 
thinking I would abide by  the result. The gases hissed sharply 
°ut through the joints of the mould, filling the room with the 
pungent smoke. The mould, press, building and contents 
were there, including myself, very glad that I did not know as 
much as the Professor.

1 he next step was to make a small stuffing machine, con
sisting of a cylinder, four-inch bore, about a foot long, termi

nating in a tube three-fourths of an inch bore, ten inches long, 
immersed in an open oil-jacket, with a gas burner and thermom
eter. A capnut with one and one-fourth inch screw forced a 
plunger upon the cakes of incipient celluloid, which were heated 
at the outlet end of the cylinder passing through the heated 
tube into moulds, and also through nozzles forming rods, tubes, 
etc.

We found it advisable to lower the melting point of the cam
phor by adding a small quantity of alcohol or other solvent of 
camphor. A  much larger hydraulic stuffing machine was then 
made. Dental plate blanks were the principal part of our 
early business.

M y  brother interested some New Y ork capitalists— principally 
composed of General Marshall Lefferts, Joseph Larocque and 
Tracey R . Edson— and we removed to Newark, N. J., in the 
winter of 1872-73. We had nearly all the appliances and 
machinery to design and build, which progressed with some halts 
and mistakes for two or three years, when a fire occurred in our 
four-story and basement building, utterly destroying all our 
stock and machinery, pushing out the whole front of the 
building (which was very weak), and severely injuring several 
of our men, who all finally recovered, although one— M r. Charles
S. Lockwood;— was in great danger for a long time. W e then 
started our present works, acquiring knowledge and experience; 
m y brother started a separate factory for making brushes, 
mirrors and combs. Early in 1878, m y brother went to Paris 
and started the French Celluloid Company.

Before we left Albany we began the use of tissue paper in place 
of carded cotton or bleached flax, which finally resulted in getting 
tissue paper of definite thickness and materials, and breaking 
it up into small, separate pieces by  a machine I constructed, 
drying these separate pieces in a loose mass and nitrating 
them instead of the carded cotton.

In 1876, I was allowed to employ a chemist for determining 
our acids and to systematize our nitration, instead of merely 
using hydrometers and thermometers, and M r. Frank Vander- 
poel was selected by me. So. far as I know, the analyses of 
mixed spent acids was not reduced to practical work. Professor 
Seeley proposed that we separate the nitric and sulfuric acids 
by  distillation, and then bring these to the proper strength 
before mixing, which was not adopted. Vanderpoel first re
moved the gelatinous flock by adding finely powdered natural 
barium sulfate and allowing the barium and flock to subside, 
which was a great success. I had previously tried filtration, 
which was impractical. A fter much labor Vanderpoel per
fected a quick and accurate method of determination of the spent 
acids, and then added the required fresh acids. An elaborate 
and extensive battery of tanks was constructed, the acids being 
moved through copper pipes, where required, by means of air 
pressure. The tanks for mixing the comminuted tissue paper 
with the prepared acids were arranged on a turntable supporting 
a dozen or more tanks, each holding hundreds of pounds. A 
rotating stirrer was arranged to stir in the requisite amount of 
paper in one tank, the turntable being revolved to the next 
tank, and so on. A t a distance embracing about half a dozen 
tanks from the stirrer was located a centrifugal machine, which 
separated out most of the acids. The nitrated paper was then 
thrown into a washing device, and the partly washed paper 
then fell into large tanks of fresh water and was thoroughly 
washed. A  very considerable number of tons of paper per day 
were and are treated in this way.

The next procedure was to grind this nitrated paper in a beat
ing engine. The water was then mainly removed by a cen
trifugal machine. The mixture of pigments, camphor and 
nitrocellulose was then made, according to the results required, 
and ground together in a mill, then pressed into slabs or cakes, 
still further deprived of moisture by  great pressure, and finally 
deprived entirely of moisture by blotting papers, repeatedly



i 6 o T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 2

changed. These cakes were then broken up and alcohol or 
other desired solvents added and allowed to soak in. The partly 
dissolved mass was then masticated in heated rolls, turned out 
into necessarily rough sheets, cut into strips and rolled up into 
cylinders, ready for the stuffing machine.

The great need was for Celluloid in solid perfect sheets, and 
this neither the rolls nor the stuffing machines could possibly 
do, with all our experience. I constructed a special nozzle for 
the stuffing machine, to form a slab about one and one-half 
inches thick, seven inches wide and several feet long, which was 
pressed between steam plates, one of them w ith under-cut grooves 
to hold the slab. A  machine was made with shaving knife and 
reciprocating bed, and by it the slab was shaved into sheets 
of the desired thickness. These slabs were necessarily imper
fect, and were too small. After showing this result to the other 
directors, I proposed building a hydraulic pressure steam-heated 
mould, to make a slab or block about two feet by  five, and three 
indies thick, in which to weld and press a pile of rough sheets 
from the masticating rolls.

General Lcfferts, our much beloved president, had suddenly 
died a year or more before. T o those who knew the least about 
Celluloid my suggestion looked pretty good, but to others came 
a great fear of possible danger and failure to weld up such a mass. 
A t last they gave me authority to build the apparatus, limiting 
me to less than half its cost if fairly estimated. W ith this 
authority, which consisted more of the privilege of trying such 
an apparatus than in providing for its cost, I ordered the ma
chine, agreeing to pay the machinist all above the appropriation 
if it failed to work. The machine was built and most carefully 
tried in the presence of only the new president, who knew little 
about celluloid, and M r. Stevens and M r. Lockwood from among 
the employees. The mould was cooled and opened, and nice 
sheets were at once made, considering that only scrap material 
was used, though less than half the block w'as welded. This 
meant reheating, which was at once done, and the whole was 
known to be a success.

I dwell upon this because of its vast importance to us. It 
multiplied the value of celluloid many times, making a  much 
stronger and finer material than was produced by the former 
means.

About this time we were enjoined from bleaching the iron out 
of the pulp, caused by the iron-beating knives, and it was up 
to me to remedy the serious difficulty. A  large revolving drum 
of copper, through the axis of which was a shaft with beating 
arms rotating at a very high speed, in which the mixture of 
nitrated paper, camphor and pigmets was placed, and the 
whole beaten to a pulp without the discoloration of the iron and 
water, and without the loss in washing and bleaching the fine 
pulp from the beating engine.

In order to dearly  differentiate my w'ork in celluloid from 
that of others in the nitrocellulose industry, I will summarize 
as briefly as I can.

First: The idea of combining writh the nitrocellulose only 
the exact or approximate amount of solvent required for a solid 
solution. This required a nearly perfect mechanical mixture 
before very much solvent action could take place.

Second:/ Completing the solution by means of heat and 
pressure.

Third: Eliminating the practically unnitrated fibers by pulping. 
Fourth: Employing tissue paper in place of carded fiber.
Fifth: Avoiding the terrible danger of drying out the moisture 

by  exposure in a drying room.
M any years ago I patented the process of first pressing out 

all the water possible and displacing the remainder by  forcing 
alcohol through under pressure. This, I understand, is now 
used by other nitrocellulose workers, but we prefer the method 
herein described.

Sixth: The stuffing machine process.
Seventh: The sheeting process, most essential.

a c k n o w l e d g m e n t s  

M r. Stevens has been with me ever since he was fourteen 
years old, has invented solvents and many other tilings of 
great importance in the art, and stands at the head of nitrocellu
lose workers at the present time.

Air. Harrison, in his department, lias invented the method of 
imitating the grain of ivory, of smoked pearl, of onyx, as well 
as many other beautiful colors and effects. He has been with 
us nearly forty years

Others are entitled to much credit, but it is impossible to 
name them here.

SUGAR-CANE MILL 

In the old method of milling sugar cane the cane is passed 
between rolls which are generally 34 inches in diameter and 84 
inches long. These rolls are grooved and roughened so as to 
draw all the cane in between them that is possible. Owing to 
the comparatively obtuse angle formed by the contact of two 
rolls, the quantity of cane is limited and they are very nearly 
together at the passage of the cane through the last pair of rolls. 
The last, say 15 per cent, of the juice is forced out through five 
or six inches of highly compressed fiber in the opposite direction 
from which the cane is moving, so that in practice a considerable 
portion of the juice is carried through the rolls. For this reason 
it is repeatedly passed through rolls, at eadi passage removing 
a small proportion more of the juice. I t  is found profitable in 
most cases to add water to the bagasse between each set of rolls 
so as to dilute the juice that necessarily remains in the bagasse. 
In order to get the desired quantity of work from the mill, the rolls 
are of great length, from seven to seven and one-half feet. There 
are generally from 30 to 40 tons of pressure for each foot of face of 
the rolls. It  is not practicable to get any greater pressure than this. 
I employ four or five times as much pressure per lineal foot.
• W ith m y apparatus and method the angle formed between 
the chain and the upper roll is far more acute and the cane is 
forced through rolls so that five times more cane goes through 
the rolls of a given face than is possible with the old mills. If 
this chain belt were impervious to the juice little or nothing 
would be gained by this method, but inasmuch as the chain 
forms a massive screen through which the juice may readily 
escape from the underside, the juice has only to pass downward 
through the mass perhaps one and one-quarter inches at the 
most to escape, instead of five or six inches in the opposite di
rection to the progress of the cane, as in the old mill. It  does 
not take any more powerful apparatus to press the cane fiber 
when it  is one inch thick than it does to press fiber that is one- 
eighth of that thickness, and as I get quite as much cane through 
m y rolls with 12-inch face as will pass through the old rolls of 
84-inch face I can readily afford to put several times as much 
pressure upon each foot of face as is practicable with the old 
mills. I employ upward of 150 tons on rolls with 12-inch face.

For the same amount of cane passing six times through the 
present rolls m y mill will not require more than one-third as 
much power and instead of getting with the best milling a ba
gasse w ith 50 per cent of moisture and soper cent of fiber, I can 
easily produce a bagasse which has 60 per cent of fiber and 40 
per cent of moisture. This bagasse is so dry that a quantity 
of it, either a handful or a bushel, placed upon the ground can 
be lighted with a match and will burn like carpenter’s shavings. 
M y mill is about one-eighth the weight of the present mills with 
the same capacity, and as the machine work is of the same 
character the machine will not cost one-quarter as much as the 
present mills.

In Cuba, 71 per cent of extraction without dilution is as good 
as can be obtained. W ith m y mill, without dilution, I can easily 
get 78 per cent extraction. W ith Louisiana cane, which has less 
fiber, I can easily get 84 per cent extraction without dilution. 
Of course, if the bagasse is passed through a second mill with 12 
per cent dilution, I can get 88 per cent extraction.
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The joints of my sprocket chain belt are self-cleaning and 
cannot clog; as shown in practice, each revolution of the chain 
rubs the screen surface together several times. All the links of 
the chain are alike, and are of drop-forged steel. The concave 
edges of these links absolutely fit the under roll. The smaller 
pressing roll is provided with annular grooves coinciding with 
the longitudinal joints of the chain so that even the last small 
percentage of juice has a perfectly free outlet.

There is no danger from irregular feeding, as the mass of 
bagasse between the rolls is about one and one-quarter inches 
thick, and no loose or open space can possibly exist. The 
springs yield or follow up, according to the feed. No crusher 
or shredder is necessary or desirable.

The speed of the surfaces of the rolls and chains is designed 
to be 30 feet per minute, although I did practically as good work 
on my previous machine at 40 feet per minute, and it will proba
bly be proved that this machine can do equally as good work at 40 
feet per minute, but to be safe, I  have calculated it for 30 feet 
per minute. The ordinary cane mills are run at anywhere 
from 16 to 25 feet per minute, according to the choice of the 
owner or engineer.

The increased value of the bagasse as fuel, and the avoidance 
of any peculiar kind of bagasse burner w ith forced draft, etc., 
are quite important items. Furthermore, as was shown by my 
machine at Adeline, Louisiana, the purity of the juice 
is considerably improved, as the cane is not ground up 
as in the ordinary mills, but merely flattened by the great pres
sure.

I have taken out 238 patents (a few of them being joint 
inventions with others), and several new industries have resulted. 
The one of next importance to celluloid is the H yatt Roller Bear
ing. I have received considerable liquid money, most of it 
having been of a volatile and inflammable nature. Age ought 
to bring wisdom.

PE R SO N AL REM IN ISCEN CES
B y  F r a n k  V a n d e r p o e l

M r . C h a ir m a n , L a d i e s  a n d  G e n t l e m e n :

It is a great pleasure, I can assure you, to be present this 
evening, at a time when, in company with the preceptor whom 
all the boys of Columbia love, we are to do honor to m y friend 
of later years, when w hat was taught me by the former became 
the equipment for m y work w ith the latter. E very'you ng 
fellow who had the good fortune to study chemistry under 
Dr. Chandler will bear me witness that the days thus passed 
were very enjoyable indeed: the memory of them will last long 
in our minds, no matter where, or in w hat circumstances we 
may find ourselves. When the request came to me from our 
worthy chairman to say something this evening at the presenta
tion of this medal, I could not help feeling that there were other 
members of the societies which we represent who could do the 
subject more justice than I. There is no other, however, who 
is more gratified a t the awarding of the medal. The only reason 
that I can think of for the selection of the speaker is that for a 
long term of years he has been the intimate friend and asso
ciate of the recipient of the medal.

Let me say, further, that when I was asked to take part in 
the exercises, it seemed almost as if I had been requested to as
sist at the obsequies of an old friend who had departed this life; 
for, of course, no one could be expected to say anything at such 
a time as this except in praise; anything else, even if it were pos
sible, which it is not, would seem very ungracious indeed, and 
so, the recipient of the medal must listen, perforce, like Tom 
Sawyer and Huckleberry Finn, in M ark Twain’s humorous story, 
when they came to their own funeral, to words of eulogy and 
praise of which he has never dreamed. However, let us dismiss
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from our minds the thought that our friend is a departed one. 
He is very much alive: we haven’t  come here to bury him, and 
w hat we are about to say we are going to tell him to his face, 
and not apologize for it either. If you will permit personali
ties, Mr. Chairman, without which I don’t believe I could get 
through w ith m y talk, I should like to say that it was about three 
years after leaving Columbia that I had the good fortune to 
meet our guest of the evening. It  happened at a time when I 
was desirous of locating myself where I could do laboratory 
work on a  somewhat larger and more efficient scale than I had 
been able to do before. W ithout going into details, let me say 
that I met Mr. H yatt, had a chat with him, found that he had 
discovered the need of an analyst at the works of The Celluloid 
Manufacturing Company, as it was then called, applied for such 
a position, and secured it through his kindness and influence. 
From that time until the present, and this means a long series 
of years, we have been friends, and our friendship has stood 
the test of sun and rain, of bright and cloudy days, of the ups and 
downs which every manufacturing business must have, and I 
think that we are as strong friends as ever, a t this moment. 
In  fact, I don’t  believe that there is anyone present who is more 
pleased than I am that the Perkin M edal has been awarded 
to him— unless it be M r. H yatt himself.

To refer to the early days of the celluloid business in Newark, 
where the factory was located, I should like to say that there 
seemed to be a good deal of prejudice against it in that city. 
On account of an unfortunate fire which took place there shortly 
after the company began operations, the people of Newark 
did not, as a rule, take kindly to a material which was reported 
as being made of guncotton and camphor. Of course, such a 
statement would never lose in transmission, and the people would 
look askance at any article of commerce which contained, as 
an ingredient, this high explosive. I remember hearing a  story 
told of a man who happened to touch, with a lighted match, 
one of a pair of cuffs made of celluloid when, to his amazement, 
there was a terrible explosion, and he barely escaped with his 
life. Well, this and other stories of a like nature produced a 
strong feeling against the manufacture of this new substance, 
to say nothing of its use by the public, and, of course, some one 
had to bear the brunt of it. Naturally, the inventors (The 
H yatt Brothers) and those most intimately associated with them 
in the business, had to carry the burden; and it wasn’t a very 
light one, either. B u t our friend had the enthusiasm of the in
ventor, an enthusiasm which he imparted to those who were 
associated with him, and without which success would have been 
long delayed, if not impossible. I suppose that, in the minds 
of some, even at the present day, the idea exists that the prin
cipal ingredient in the material referred to is true guncotton, 
the highly-nitrated compound of cellulose. This is because the 
public, as a  rule, is not given to distinguishing between the 
compositions of different chemical compounds. If, in order to 
make true guncotton, you treat cotton fiber with a  bath com
posed of a mixture of strong sulfuric and nitric acids, why, it 
stands to reason— so some of these people think— that cotton 
fiber treated with a bath of these same acids, no matter what 
their percentage composition may be, will be converted into the 
explosive compound. You know that this is not the case, 
but the general public does not, or did not, some thirty years 
ago. If you will pardon the digression, I should like to say that, 
shortly after I became associated with the Celluloid Company 
samples were made of these two varieties of nitrocellulose, 
using raw cotton fiber in each case, and their solubility tested 
in a strong solvent, and thus compared. A ny nitrocellulose 
which would not dissolve in this solvent would be utterly worth
less as a basis for the manufacture of our product.

Upon making the test, the fibers of the lower nitrated com
pound disappeared in the solution upon the instant that they 
touched the solvent. This was the^variety of nitrocellulose
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which was the principal ingredient in the manufacture of cellu
loid. How long do you suppose it took the other, the true gun
cotton or trinitrocellulose (or, as some call it, hexa-nitrocellu- 
lose) to dissolve? It  was kept in the bottle of solvent for more 
than six years without showing the slightest evidence of a  sol
vent action— each fiber showing up bravely— then it was thrown 
away. B u t the public did not know of this difference and 
thought that the product of our friend’s brain was a menace 
to every one who came near it. Prejudice goes far, and it takes 
courage and pluck to fight it. If I said much more on this 
point, you good people would think that the company had paid 
me to boom its product, which is not the case.

M r. H yatt’s share in the work of making celluloid did not 
consist in merely getting out the various patents and handing 
them  over to the company. He was often a t the works, super
intending, advising, assisting in the manufacture and always on 
*0311 if things needed his attention. W e all felt confidence in 
his judgment, and found afterwards that this confidence was not 
misplaced.

The inventor’s enthusiasm is a valuable asset or adjunct in 
bolstering up the faint-hearted employee who m ay sometimes 
think that he has an idea of his own which he w'ould like to have 
exploited. I think that more than one of the men employed 
a t the works received encouragement from our friend, Mr. 
H yatt, in certain lines of work in which they were engaged 
and which they might have been inclined to give up if it had 
not been for his enthusiasm and optimism. It not infrequently 
happens, in this world, that the succcess which a naturally 
timid person achieves is due, in some degree, to the encourage
ment which he m ay receive from one who has more courage and 
backbone. As the boys would say, "H e  doesn’t  get cold feet,” 
and this means the difference between success and failure. .We 
sometimes need optimistic friends who will help us over the 
rough places, or the thin ice— put it whichever w ay you will. 
M r. H yatt was one of these, I can assure you, and to his cheering 
influence is due, in great measure, I think, the success of the 
Celluloid Company. This comforting w ay of looking a t things 
does not mean, let me say, that everything that a fellow would 
think of and suggest, would be endorsed by him. I well re
member a remark made by him one day when I had occasion 
to relate how a ccrtain so-called or self-styled chemist had 
utterly failed in the solution of a problem which he was abso
lutely certain he could solve. In fact, he claimed to have solved 
it  some time before, but when a second attem pt was made, the 
result was not in the least satisfactory. (Mr. H yatt will pardon 
talcs told out of school.) " Y e s ,”  said M r. H yatt, " a  man may 
s a y  to you, ' if I put this brick which I have here on this side of 
the street with that one over across the way, I ’ll have two 
.bricks;’ but when he goes across the street he finds that w hat he 
■saw on the other side was not a brick, after all!”  V ery likely, 
M r. H yatt does not remember this occurrence, but, I assure 
you, it is true, as is also another one which happened 
a t  the works and illustrates his practical w ay of looking at 
things.

You  know it is just as important, sometimes, to know what 
±0 omit as to know what to do: w hat to leave out of your in
vention as well as what to put into it. A  mutual acquaintance, 
a n  employee of one of the branches of the Celluloid Company, 
went to our friend one day and told him of an invention which 
.he had almost worked out in his mind, and asked his opinion 
of its value. He was going to make billiard balls out of cellu
loid, these balls to have a  hollow centre, and this small cavity 
was to be partly filled with mercury, which, when the ball was 
•struck, would act as a sort of brake on the motion of the ball 
and cause it to slow down. M r. H yatt’s reply was: “ Well, if 
billiard balls came ready-made and partly filled with mercury 
a s  you suggest, and you could find some w ay of getting that 
.mercury out, I think that it would be a fine thing.”

There was one element in M r. H yatt’s make-up concerning 
which I cannot speak too highly, for the reason that you don’t 
find it everywhere: it  is, I believe, the exception and not the 
rule. I t  was his willingness to give every one credit for his 
own idea and not attem pt to appropriate it himself. Sometimes 
he went further than this: he would take the thought that you 
gave him, enlarge upon it or improve it, and then hand it back 
to you as your own. How many do that to-day? I think that 
if you counted them on your fingers, you would have some fin
gers left over when you had finished counting.

No, indeed, there are probably several of us here to-night 
who can tell of cases where the true inventor has been coldly 
shoved to one side, and all the glory and honor appropriated 
by some one else.

There is another quality or characteristic possessed by the 
successful inventor which is a most important asset. Some
thing which happened not very long ago on a train running 
across the Arizona desert may, in a slight degree, illustrate the 
point.

The day was hot and dusty, and anybody who has ever 
traveled those alkali deserts witlj nothing much in the way of 
vegetation but sage brush in sight, can tell you what that means. 
It  is decidedly uncomfortable, to say the least, and you look 
in vain for a  cool spot where your eyes m ay rest— a clump of 
trees, or a little running water. One of the passengers kept 
looking out of the window every minute or two, pulling the shade 
to one side as he did so, and then letting it drop back again into 
place. Another passenger, noticing the interested look on his 
face, asked him what he saw.

" I  see miles and miles of corn, acres of wheat and cotton, 
and the whole country covered with farms,” he said. "When 
the supply of water back of the tops of those mountains is 
tapped and brought down here to this prairie, we shall have it 
blossoming as the rose.”

"W h a t is your nam e?” the passenger asked.

"L u th er Burbank,”  was the reply.

Now, w hat shall we call this quality or element in the composi
tion of the successful inventor and advanced thinker along these 
lines? Some might say, "Efficiency.”  Well, that is a good 
name for it. It  means making two, three or twenty cornstalks 
grow where none, or a t the most only one, grew before. It 
means causing the dry and dusty desert to become a veritable 
garden. It means taking a product of the laboratory which, 
before, had been only a chemical curiosity, and working upon 
it in such a fashion, and with such determination that it shall 
become a most useful article of commerce which shall find ap
plication in a multitude of ways, and bring comfort, yes, and 
happiness to many a home.

Time will not permit me to tell of our guest’s other achieve
ments; his process for the continuous filtration of water; the 
roller bearings invented by, and named for him, and m any other 
inventions for which the world is indebted to him. They are 
matters of record, and we know that they represent the product 
of a mind that is not content to remain idle but is at all times at 
work in the interests of the general public.

He has the faculty, often lacking in m any well-meaning 
persons, of putting the right thing into the right place. You 
remember the story of the school boy who was reading “ What a 
good time I am havin’.”  "W h at! Repeat that!”  said the 
teacher. “ W hat a good time I am havin’ .”  " W h y ,”  said the 
teacher, “ you are leaving out the ‘ g ’ .”  “ Gee! W hat a good 
time I am havin’.”  Now, Mr. H yatt differs from the boy, inas
much as he generally gets the “ g ”  in the right place. And, Mr. 
Chairman, ladies and gentlemen, I think that by placing the 
well-earned Perkin M edal in the hands of Mr. John W . Hyatt, 
you have put it in the right and proper place.
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CURRENT INDUSTRIAL NE.W5

EVALUATION OF PU LPW O O D

In an address delivered by M artin L. Griffin, Chief Chemist 
of the Oxford Paper Co., before the Maine Section of the Amer
ican Chemical Society in Bangor, Oct. 17th, Mr. Griffin shows 
how unsatisfactory the prevailing units of measurement in the 
lumber trade have come to be, when applied to the valuation of 
wood for pulp and he says: Dimension measure units are only 
properly applicable to dimension products, as lumber. When 
wood is to be valued for its yield in pulp, it should be measured 
in terms of its useful products like other commodities: as coal 
in heat units; ores in terms of their metallic content; fertilizers 
in terms of potash, phosphoric acid and ammonia.

Up to the present time manufacturers of pulp, buying wood 
upon the cord dimension unit, not only suffer by the variation 
in yield of pulp in the same, and different species, as spruce and 
balsam, but also by the uncertainty as to the solid contents of 
the cord.

V a l u a t i o n  b y  V o l u m e — A  cord of wood is defined to be a 
stack 4  ft. high and wide and 8 ft. long containing 128 cu. ft. 
The solid contents of such a cord are affected by various con
ditions, such as:

1. l e n g t h  o f  s t i c k s — Sticks are never entirely straight and 
smooth, and in piling them one above another there always 
remain cracks, which become larger, the longer the sticks are 
and vice versa. W ith four feet sticks as standard, changes in 
the stick length, from one foot to six feet, vary  the difference 
in the solid volume of the same stack measure from 14 per cent 
to 35 per cent.

2. d i a m e t e r  o f  s t i c k s — The smaller the sticks, the greater 
the number, and number of cracks to the cord and consequently 
less wood. The difference in solid volume of two stacks, whose 
sticks are twice as large in one case as in the other, m ay amount 
to 13 per cent; and if the sticks of the one are four times as 
large as those of the other, this difference m ay amount to 25 
per cent.

3. s p l i t  w o o d — Large sticks are often split to facilitate hand
ling and drying. A fter splitting they cannot be stacked as 
closely as before. This swelling amounts to 5-6 per cent. 
As a rule, the longer and thinner the sticks split, the greater is 
the swelling of the stack.

4 . f o r m  OF s t i c k — The straighter and smoother the sticks, 
the smaller the air spaces between them and consequently the 
greater the solid contents.

5- s p e c i e s — Soft woods contain on the average about 3 per 
cent more solid wood to the cord than hard woods, due to 
straighter habits of growth and smoother bark.

6. g r e e n  a n d  d r y  w o o d s — W ith the drying of wood there is 
a consequent shrinkage in volume. Green hard wood will shrink 
by completely air-drying from 9-15 per cent and dry soft, 
9-10 per cent.

7- p i l i n g  a n d  f i x i n g  THE s t a c k — The higher the stack the 
less closely can it  be piled. The heavier the stick and the weaker 
the piler, the less close is the piling.

It has been observed that there is more solid wood in a stack 
when only one end supporting stake is used than when two 
are used. There always remains some space between the 
stakes holding the stacks together and the wood, therefore, 
the fewer the stakes supporting ends or the longer the piles, 
the more solid wood. Just here arise many controversies over 
wood measurements where the method of scaling in cars is 
employed. An ordinary freight car will hold three crosswise 
stacks in each end and one short lengthwise stack between, 
making the equivalent of seven short staked piles having four
teen ends, about a cord to a stack. There are also many minor

details which affect the amount of solid wood in the unit measure.
Since it is obvious that each stick of wood involved cannot 

be scaled and the sum total in solid feet obtained, a method of 
drawing representative sample cords m ay be employed and these 
measured. A  sample may not only truly represent a grade of 
quality, but when drawn at a proportional rate, it may as truly 
represent a quantity. Thus if every fifth stick is drawn as wood 
is running on a conveyor or in a sluice until one cord is gathered, 
we know that four other equal portions, alike in all particulars, 
have passed. Such a sample can be measured by any standard 
of value, including quality and substance. If such a mode of 
sampling is applied according to the theory of averages, the 
sample will represent the quality, and there remains only the 
counting of the whole number of sticks to determine with pre
cision the total quantity in terms of any unit by  which the sample 
is valued.

If all pulp wood were equally dry, of the same specific gravity, 
and would yield the same amount of fiber per unit volume, 
this method would be adequate. Such is not the case.

V a l u a t i o n  b y  W e i g h t — Bulk commodities are now very 
generally bought and sold by weight. Wood can be so valued 
and in many instances this method is easily applicable and has 
its advantages. According to the plan of valuing wood by solid 
volume as outlined, if we take the weight of the sample volume 
we approach much nearer the measurement of the substance. 
Such a sample weighing would be accurate and applicable alike 
to wood driven in the rivers or freighted by rail.

Where wood is shipped by rail, its weight adds another im
portant factor, namely— the freight, and this must be paid by 
the mill. Here the weight and moisture test reveal the sub
stance and the water upon which freight must be paid. A cord 
of spruce wood will weigh from 3300 lbs. to 4400 lbs. according 
as it has 35 per cent to 50 per cent moisture, and this difference 
in moisture may add 50 cts. per cord to the cost of the wood at 
the mill.

The author concludes his address by suggesting that buyers 
and sellers of wood get together and study their joint interests 
and at least save a large sum of money now paid to the railroads 
for hauling wet and green wood.

PR O G R E SS IN TH E FIXATION OF N ITR O G EN  IN SCAN
DINAVIA

The London Times Engineering Supplement for Oct. 15, 1913, 
refers to the successful commercial development of the process 
for oxidizing ammonia to nitric acid by  means of the catalytic 
action of platinum (see Eng. Pats. 698 and 8300 of 1902, and 
Addition to Fr. Pat. 317,544 of 1902; J. S. C. 1902, 
548; 1903, 93, 420). The carbide works at Odda, Norway, 
when operations were started, comprised 10 furnaces, each with 
a capacity of 7-8 tons of carbide per 24 hours. Ten more fur
naces, of 16-18 tons capacity each, have recently been added. 
The temperature is maintained at 5720° F. (3160° C.), the 
electrodes of the older furnaces taking 1400 kilowatts and those 
of the newer ones, 3500 kilowatts. It  is stated that the radia
tion of heat from the new furnaces is less than from a steam 
boiler. The hot gases from the furnaces are used in the lime
kilns instead of producer-gas. The annual output, 32,000 tons 
up till recently, is now 80,000 tons of carbide. M ost of this car
bide passes direct to the calcium cyanide .works of an associated 
company, which, at the present time, has an annual output of
80,000 tons, the number of furnaces having been increased nearly 
sevenfold since the opening of the works four years ago. The 
nitrogen used is prepared by the Linde process, 100 tons of air 
being liquefied daily. The furnaces have a capacity of 1 ton
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each: the nitrogen is supplied through valves in the side, and 
a current at 60-75 volts through an electrode in the center. 
After about 24 hours a t 1650° F. (900° C.), the carbide is con
verted into cyanamide, the resulting product containing 20 per 
cent of nitrogen. In addition to these developments, a  company 
formed to acquire the rights of the Ostwald process (except in 
W estphalia and Rhineland) is erecting new works for the manu
facture of carbide and cyanamide (and nitric acid) at Aura, 
N orw ay, with an estimated output of 200,000 tons of calcium 
•cyanamide, and has acquired waterfalls a t other places in Norway 
and also in Iceland, capable of furnishing power for an annual 
output of nearly 2 millions ton of calcium cyanamide. Works 
are to be erected at Dagenham on the Thames, at TrafTord Park, 
Manchester, in Scotland, and in Ireland for producing from 
calcium cyanamide 12,000, 12,000, 9000 and 3000 tons of nitric 
acid, respectively. In the event of the supply of calcium cyan
amide being curtailed or stopped, it will be possible to use the 
ammoniacal liquors from coke ovens, blast furnaces, residual 
recovery plant, and gas works as sources of ammonia.

STANDARD SPECIFICATIO N S F O R  TH E PU R ITY OF RAW  
LINSEED OIL FR O M  NO RTH  AM ERICAN  SEED

The American Society for Testing Materials, affiliated with 
the International Association for Testing Materials, has just 
issued a compilation of the reports of the Committee on Pre
servative Coatings for Structural Materials, D -i, 1903-1913. 
The following specifications for the purity of Raw Linseed Oil 
from North American Seed were adopted August 25, 1913:

PROPERTIES AND TESTS

I. Raw linseed oil from North American seed shall conform 
to the following requirements:

M axim um  M inim um
Specific g rav ity  a t  15.5°/15.5° C ........................................ 0 .936  0 .932

or
Specific g rav ity  a t  25 °/2 5 °  C ............................................... 0.931 0.927
Acid n u m b er................................................................................ 6 .0 0  ............
Saponification n u m b e r..............................................................  195 189
Unsaponifiable m atte r, per c e n t............................................  1.50 ............
R efractive index a t  25° C ................................................... 1.4805 1.4790
Iodine num ber (H a n u s ) ......................................................................... 178

METHODS OF TESTING

2. The recommended methods of testing are as follows: 
g e n e r a l — All tests are to be made on oil which has been fil

tered at a temperature of between 6o° and 8o° F. through paper 
in the laboratory immediately before weighing out. The sample 
should be thoroughly agitated before the removal of a portion 
for filtration or analysis.

s p e c i f i c  g r a v i t y — Use a pyknometer, accurately standardized 
and having a capacity of at least 25 cc., or any other equally 
accurate method, making a test at 15.5° C., water being 1 at 
15-5° C., or a test at 25 0 C., water being 1 at 25 0 C.

a c i d  n u m b e r — Expressed in milligrams of K O H  per gram of 
oil. Follow the method described in Bulletin No. 197, revised 
1908, Department of Agriculture, Bureau of Chemistry, page 
142.

s a p o n i f i c a t i o n  n u m b e r — Expressed as with acid number. 
Blanks should also be run to cover effect of alkali in glass. Fol
low method given in Bulletin No. 107, revised 1908, Depart
ment of Agriculture, Bureau of Chemistry, pages 137-138.

u n s a p o n i f i a b l e  m a t t e r . — Follow Boemer’s method taken 
from his “ Ubbelohde Handbucli der Ole u. Fette,”  pages 261-262. 
■"To 100 g. of oil in a  1000 to 1500 cc. Erlenmeyer flask add 60 cc. 
o f an aqueous solution of potassium hydroxide (200 g. KO H  
dissolved in water and made up to 300 cc.) and 140 cc. of 95 per 
cent alcohol. Connect with a reflux condenser and heat on the 
water bath, shaking at first until the liquid becomes clear. 
Then heat for one hour with occasional shaking. Transfer

while yet warm to a 2000 cc. separatory funnel to which some 
water has been added, wash out the Erlenmeyer with water, 
using in all 600 cc. Cool, add 800 cc. of ether and shake vigor
ously one minute. In a few minutes the ether solution separates 
perfectly clear. Draw off the soap and filter the ether (to remove 
last traces of soap) into a large Erlenmeyer and distil off the 
ether, adding if necessary, one or two pieces of pumice stone. 
Shake the soap solution three times with 400 cc. of ether, which 
add to the first ether extract. To the residue left after distilling 
the ether add 3 cc. of the above K O H  solution, and 7 cc. of the 
95 per cent alcohol, and heat under reflux condenser for 10 
minutes on the water bath. Transfer to a small separatory fun
nel, using 20 to 30 cc. of water, and after cooling shake out with 
two portions of 100 cc. of ether; wash the ether three times with 
10 cc. of water. After drawing off the last of the water, filter 
the ethereal solution so as to remove the last drops of water, 
distill off the ether, dry residue in water oven and weigh.” 

r e f r a c t i v e  i n d e x — Use a properly standarized Abbé re- 
fractometer at 25 0 C., or any other equally accurate instrument.

i o d i n e  n u m b e r  ( h a n u s ) — Follow the Hanus method as de
scribed in Bulletin No. 107, revised 1908, Department of Agri
culture, Bureau of Chemistry, page 136.

URANIUM , RADIUM  AND VANADIUM  R EPO R T

The U. S. Bureau of Mines has just issued Bulletin No. 70. 
"A  Preliminary Report on Uranium, Radium and Vanadium,” 
by Richard B. Moore and K arl L. Kithil, of the Denver Lab
oratory of the Bureau of Mines. The bulletin describes the 
carnotite deposits, and gives the commercial methods of the 
treatment of ores.

Charles L. Parsons, Chief Division of Mineral Technology, 
says in the preface of the bulletin: " I t  has been shown that,
although the Austrian Government has conserved its own re
sources of uranium and radium by purchasing the Joachimsthal 
mines and by carefully supervising pitchblende production, 
the deposits of radium-bearing minerals in the United States 
are being rapidly depleted by wasteful exploitation, chiefly 
for the benefit of foreign markets.

"Seemingly* the country has been quite unaware of the extent 
to which uranium ores have been sent abroad. Investigation 
has developed the fact that during the year 1912, carnotite ores 
carrying 28.8 tons of uranium oxide were produced and that 
practically the entire amount was exported. The major part 
of this ore carried between 2 and 3 per cent U3OS, as it appears 
that no ore carrying less than 2 per cent can at present prices 
bear the cost of transportation. This means that 8.8 grams of 
radium chloride, or 11.43 grams of radium bromide, may be 
obtained from the ore shipped from this country in 1912. Only 
one American company has been preparing radium salts of a 
high degree of radioactivity and its product has only recently 
been offered for sale. The American ores exported were pur
chased for their radium content. It  can probably be definitely 
stated that in 1912, there was obtained from American ores 
nearly two and one-half times as much radium as from all other 
sources combined.

“ France, Austria, England, and Germany have their radium 
institutes fostered by their Governments or by philanthropic 
foundations. Up to the present time, although the United 
States has been furnishing a large part of the material for these 
foreign investigations, comparatively little has been done in 
the hospitals and laboratories of this country.”

TH E A PPRO X IM ATE M E LTIN G  PO IN T OF SO M E COM 
M ERCIAL CO PPE R  A LLO YS

As very little information on the melting points of commercial 
brasses and bronzes can be found in either scientific or technical 
literature, tests of a few typical alloys were made by H. W •
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Gillett and A. B. Norton, of the U. S. Bureau of Mines. The 
results, summarized, in Technical Paper No. 60, are as follows:

A pproxim ate
composition M elting poin t

A l l o y  C opper Zinc T in  Lead ° C. ° F .
Gun m etal....................................... 88 2 10 . .  995 1825
Leaded gun m eta l........................  851/* 2 91/* 3 980 1795
Red brass........................................  85 5 5 5 970 1780
Low-grade red b ra ss ...................  82 10 3 5 980 1795
Leaded bronze............................... 80 . . 10 10 945 1735
Bronze with z inc .......................... 85 5 10 . . 980 1795
Half-yellow-half-red....................  75 20 2 3 920 1690
Cast yellow b ra ss .........................  67 31 . .  2 895 1645
Naval b rass ..................................  6 11/* 37 \ l/ t  . .  855 1570
M anganese b ronze ............................  . . . . . . 870 1600

The melting point given is the "liquidus,”  or point where 
the alloy is completely molten. The temperatures are thought 
to be accurate within =*=10° C. or ±20° P.

BUREAU OF M IN ES BU D G ET
The estimate of appropriations for the United States Bureau 

of Mines, for the fiscal year ending June 30, 1915, as approved 
by Secretary Lane and forwarded to Congress, is as follows:

For general expenses, $70,000.
Investigating mine accidents, $347,000.
Equipment of mine rescue cars and stations, $30,000.
Equipment of testing plant at Pittsburgh, Pa., $10,000.
Testing fuels, $135,000.
Mineral mining investigations, $120,000.
Investigations of petroleum and natural gas, $30,000.
Inspection of mines in Alaska, $7,000.
Books and publications, $2,000.
Lands, leases, etc., for mine rescue cars, $1,000.
The total is $752,000, an increase of $90,000 over the fiscal 

year ending June 30, 1914.

PLATIN U M  D E P O SIT S IN  G ER M A N Y
Consul Thomas H. Norton reports that in several localities 

of the Ural Mountains, notably in the neighborhood of Nizhni 
Tagilsk in the Perm Government and about M ount Blogdat, 
platinum is found in sufficient amounts to allow of systematic 
mining operations. Very small quantities of platinum have 
been found in Borneo, Sumatra, Brazil, Colombia, Australia, 
and California, but the contributions from all these regions to 
the world’s demands form a small fraction of the Russian sup
ply— 5 per cent or less. The total production is now about 
>3,250 pounds annually.

Every effort has been made in Russia to locate new deposits 
of the metal, but without success. The annual quantity tends 
to decrease, and an exhaustion of the deposits at no very re
mote date seems almost a certainty. A t the same time, the 
demand for platinum has far outstripped the supply, and has 
naturally caused an enormous increase in the price. In 1892 
platinum cost $89 per troy pound, about one-third as much 
as gold. Four years ago the price had risen to $338 per troy 
pound, and at present (October, 1913) it is $488 per troy pound.

Under these circumstances a large group of industries will 
welcome the discovery in Germany of extensive deposits of 
platinum, susceptible of easy exploitation. The location of 
these deposits is at Wenden, in Westphalia, in a section where 
iron, lead, copper and zinc mines are abundant. While pros
pecting by drill in the neighborhood of Wenden, metallurgical 
chemists unexpectedly discovered appreciable amounts of 
platinum in the layers of rock covering the ores of the common 
metals. Over 100 analyses of different borings were made 
and all showed the presence of the metal in sufficient amount to 
guarantee profitable extraction. The amount of platinum 
present in the rock varies from 0.9 to 1.9 troy ounces per cubic 
yard, which is very rich compared with the Russian deposits.

Thus far a territory of 500 acres has been examined and the 
borings from nine different drill holes give on analysis the re
sults cited. This tract alone will assure profitable extraction 
for many years. The depth to which the platiniferous rock 
reaches has not been announced.

Steps have already been taken to begin the regular metal
lurgical extraction of platinum at Wenden on a large scale. 
It  is thought that careful prospecting will reveal the presence 
of other extensive fields in the Westphalian ore region, where 
geological formations similar to those at Wenden are wide-spread.

Surpri e m ay be expressed that in a country where chemical 
investigation is so highly developed, the existence of easily 
accessible platiniferous rock deposits should have remained 
so long unsuspected. The reason is as follows: In the usual
analytical methods, gold and platinum, as well as most of the 
rarer metals allied to platinum, are separated from the ordinary 
metals— iron, copper, silver, etc.— by treatment with nitric 
acid, in which the latter are soluble. M etallic gold and platinum 
remain behind as an insoluble residue after such treatment. 
They can be brought into solution by the aid of aqua regia, 
and be separated from one another, or the gold can be extracted 
by means of mercury. It  happens, however, that platinum 
when alloyed with silver can be dissolved by treatment with 
strong nitric acid. As thus far platinum has been found in 
nature almost exclusively in the elementary form, no attem pt 
has been made in ordinary ore analyses to test for the presrnce 
of the rare metal in the nitric acid solutions obtained as just 
described.

It  seems, however, that in the Westphalian deposits platinum 
is present in the form of an alloy, and in the customary course of 
analysis entered into solution in the form of a nitrate. A  chem
ist decided to test the solution of nitrates obtained in the normal 
course of an analysis for the possible presence of platinum, 
and this led to the unexpected discovery. There is every possi
bility that not only in Germany, but in all other countries, rock 
analyses will promptly be submitted to revision, and the greatest 
care taken to ascertain whether platinum is present. D e
posits containing much less platinum than occurs at Wenden 
can still be worked most advantageously.

U. S. M IN ERAL PR O D U CTIO N , 1912

The value of all minerals produced in the United States in 
1912, accord ng to figures just compiled by Edward W . Parker, 
statistician, of the United States Geological Survey, reached 
the record-breaking total of $2,243,630,326. This is more than 
six times the value of the production in 1882, 30 years ago. 
During that period the population has not quite doubled, but 
the per capita output of the mines has increased from $7.27 
to $23.47. _______

O IL-H ARD EN IN G  PLA N T IN N O RW A Y

Commercial Agent Erwin W . Thompson states that during 
the summer of 1913 an oil-hardening plant was opened a t Fred- 
rikstad by Dc Nordiske Fabriker, with head offices at Chris
tiania. The original object was to harden whale oil for the soap 
industry, but as the result of experiments with edible oils the 
plant is being enlarged to a capacity of 1,000 barrels a day with 
the expectation of hardening cottonseed and peanut oils for 
the margarin makers. The Norwegian firm will purchase the 
best grades of cottonseed and peanut oils, and will also harden 
011 toll.

CO N CEN TRATED  N ITR IC ACID IN N O R W A Y
Consul General Charles A. Holder reports that 98 per cent 

nitric acid is being produced at the Notodden and Rjukan plants 
where they now manufacture calcium nitrate. The acid has 
already been used successfully by factories manufacturing ex
plosives. The manufacture of this concentrated acid is expected 
to prove of great importance.
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PR O P O SE D  B EET-SU G A R  FA C T O R Y F O R  CHILE

Consul Alfred A. Winslow, Valparaiso, reports that the cul
tivation of sugar beets is receiving much attention of late in 
Chile, and a movement is on foot to interest capital for the erec
tion of a beet-sugar factory. Sugar beets have been successfully 
raised at several points in this Republic, yielding 15 per cent 
and more of sugar.

As early as 1880 beet sugar was manufactured in a small 
w ay a t Nunoa, Chi’.e, and again from 1885 to 1891 at Los Guindos, 
and as late as 1901-1904 at Membrillo. While production on 
such a small scale was not found profitable, it was demonstrated 
that a factory of a capacity of 700 or 800 tons of beets per day 
could be made to pay well at the present rate of protection of 
68.5 cents or 59.9 cents United States gold per 100 pounds 
on raw sugar, according to quality.

The following table shows Chile s imports of the different 
classes of sugar:

Pounds of sugar Refined W hite  G ranu lated  C rude
190 6 ...................................  17,714,521 1 ,449 ,363  95 ,567 ,956  1 ,994 ,740
190 7 ...................................  10,989,207 2 ,17 4 ,7 4 4  108,258,612 1 ,942,589
190 8 ...................................  6 ,873 ,592  2 ,659 ,778  94 ,607 ,942  1 ,134,760
190 9 ...................................  10 ,265,046 2 ,3 5 3 ,3 4 0  136,874,188 2 ,313 ,410
191 0 ...................................  9 ,233 ,046  1 ,678,732 143,935.352 1,684,595
191 1...................................  4 ,797 ,045  4 ,0 5 0 ,4 6 4  154,984,306 2 ,589 ,510
191 2 ...................................  6 ,009,861 3 ,2 6 2 ,1 1 6  136,327,268 1 ,749 ,440

Practically all of the crude sugar comes from Peru and is 
refined in Chile, since the duty on refined sugar is S i.64 or $1.09 
United States gold per 100 pounds, according to quality.

PR O D U CTIO N  OF PO R T LA N D  CEM EN T IN  1913

It is estimated by Ernest F . Burchard, of the United States 
Geological Survey, that the quantity of Portland cement manu
factured in the United States in 1913 was approximately 92,406,- 
000 barrels, compared with 82,438,096 barrels in 1912, an in

PU RIFICA TIO N  OF W A TE R  B Y  A D SO R PT IO N . P R E L IM 
IN AR Y AN N O U N CEM EN T

Lead may be removed from water by  shaking the water with 
fuller’s earth, or similar adsorbent, and then filtering through 
paper. A  sample of water drawn from a lead pipe which con
tained 1,5 mg. lead per liter, and which was entirely free from 
turbidity, so that the lead was probably present in true solution, 
required 0.05 mg. earth per 100 cc. and exposure to the earth 
for three minutes exclusive of the exposure incidental to filtering 
for complete removal of the lead. Lead was also removed from 
dilute solutions of lead acetate by  means of fuller’s earth, powdered 
charcoal, powdered pumice stone, powdered talc, ferric oxide, 
and marine clay, but quantitative determinations have not 
yet been made. Of these substances fuller’s earth appears 
to remove lead best.

Bacteria are also removed from water by  agitating it with 
adsorbents and then filtering through paper. W ater containing
24,000 bacteria per cc. was rendered entirely sterile by  treating 
100 cc. for 15 minutes with 1 gram po dered charcoal. The 
same amount of fuller’s earth per 100 cc. water reduced the total 
count very much but did not remove all bacteria. Larger 
amounts of earth effected complete sterilization. The complete 
removal of bacteria by means of any of the substances, fuller’s 
earth, charcoal, or pumice, depends upon the two factors, amount 
of adsorbent, and length of time the water is treated before 
filtering. Fuller’s earth appears to serve best for removing 
lead, and charcoal for bacter a.

Fuller’s earth imparts a decided taste to water which cannot 
be removed by several previous extractions of the earth with 
water either hot or cold. It  may be removed, however, by heat

crease of about 9,967,900 barrels or 12 per cent. The estimated 
shipments of Portland cement during 1913 were 88,853,000 
barrels, compared w ith 85,012,556 barrels in 1912, an increase 
of about 3,840,400 barrels, or 4.5 per cent. On account of a 
large surplus of production over shipments, stocks of cement 
at the mills apparently increased more than 45 per cent, or from 
7,811,329 barrels in 1912 to 11,375,000 barrels at the close of
1913. In 1913 the relations between production and shipments 
were the reverse of those for 1912, when shipments exceeded 
production. It  m ay be necessary to revise considerably the 
estimates of stocks, but it is believed that these figures for pro
duction and shipments are very close to those that will be shown 
by complete returns from all producers.

Although few definite statements as to selling prices are at 
hand it is evident that the average value per barrel was appreci
ably higher than in 1912. Increases of 10 to 25 cents a barrel 
are reported from several plants in the central and eastern states, 
but there were slight decreases reported from a few plants in 
the R ocky Mountain d'strict.

NATURAL G ASEOU S M IXTURES RICH  IN HELIUM

According to the Journal of the Franklin Institute, the follow- 
mineral springs evolve gas containing a large percentage of he
lium. The natural gas from the springs at Sautenay contains 
from 8.4 to 10.1 per cent of helium, that from springs at Mai- 
zi£res contains 5.9 per cent; from springs at Grisy, 2.18 percent; 
from Bourbon Lancy, 1.84 per cent; from Neris, 0.97 per cent; 
and from La Bourboule, only 0.1 per cent. The quantities are 
too large to be considered as nascent helium evolved immediately 
it is produced; and it is more probable that the immediate 
source is dissolved helium, evolved by the disintegration of min
erals in which it has been absorbed. These sources are grouped 
in the neighborhood of Moulins, Dijon, and Vesoul, France.

ing the dry earth, or by extracting the earth with concentrated 
hydrochloric acid containing a little nitric acid, and then with 
boiling water. The taste from charcoal is much less marked 
than that from raw fuller’s earth, but charcoal is much more 
dirty to handle. W ater treated with the sample of pumice 
used acquired only a slight taste, which can be removed by heat
ing the pumice first. Clay and ferric oxide both gave a strong 
taste. In deciding whether a particular adsorbent gives a taste, 
it should be remembered that many varieties of filter paper, 
unless previously extracted for some time, will impart a slight 
taste to a solution passed through them. It  is believed that 
treating with some adsorbent and filtering through paper, can 
be used to purify small amounts of water for drinking purposes, 
and m ay be adapted especially to the needs of travelers, and 
to household use during epidemics.

We are ndebted to Dr. F. N. W hittier for assistance in making 
some of the bacteriological tests. The work will be continued.

M a r s h a l l  P. C r a m  

b o w d o i n  C o i . i*iig iv  H e n r y  D. E v a n s
B r u n s w i c k , M a i n e  

Jan u a ry  7, 1914

N O TE ON CERTAIN UN PUBLISH ED W O R K  ON ELEC
T R O L Y S IS  USIN G  SU PPO R TED  M ER C U R Y K A T H O D E 1
I commenced work towards a commercial solution of the wet 

electrolysis of common salt in 1888 and m y first efforts were 
devoted to the mercury kathode, the results obtained in hat 
year being what I propose to describe. A t that time all the

1 P resented a t  the  6 th  Annual M eeting of the  Am erican In s titu te  of 
Chem ical Engineers. T he  C hem ists ' Club, New Y ork, Decem ber 10-13, 1913-

NOTE5 AND C O R R E SPO N D E N C E
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rugged appurtenances of a successful commercial apparatus were 
yet to be developed in order to ift any process for the purpose 
out of the laboratory. It, therefore, came about that, in con
sidering the immense distance to be traveled in  order to surround 
the invention of the supported mercury kathode w ith the neces
sary concomitant equipment, and in the light of certain simpli
fications possible when using the diaphragm process, I gradually 
worked over to devoting myself exclusively to the development 
of the latter. It  may not be out of place to say  that it was this 
development which became, less than five years later, the first 
commercial contributor of caustic soda and chlorine to the world’s 
markets1 and which, if I may be allowed to say so, embodied 
those essential features of diaphragm success (such as excess 
liquid pressure on the anode side) which have since been used 
by everyone working in this field.

Referring to the 1888 work, it seemed to me obvious that, 
with a view to eliminating sodium from the solution, the worst 
possible place to put it was on top of a layer of mercury exposed 
to contact with said solution. The point is that, although sodium 
dissolves in mercury, the initially formed amalgam is of very 
low specific gravity compared with mercury itself and naturally 
tends to stay on top of the atter save as a sluggish tendency to 
diffusion operates otherwise. I t  seemed to me that the obvious 
alternat ve was to use the under side of the mercury as the kath
ode, the upper side being completely exterior to the electro
lyzer as such, with the idea that the sodium, as fast as it was 
delivered to said under side, would bob up to the upper side 
and be thereby removed from relation with the electrolyzer and 
its contents.

This I proceeded to do, using a horizontal square frame of 
paraffined pine wood, a supporting sheet of a special cotton 
fabric carried by the under side of said frame, and additional 
support supplied to the fabric by a paraffined wood grating. 
Mercury was placed on the fabric to a depth just sufficient 
completely to cover it and a current supplied from a primary 
battery of three large two-fluid bichromate cells between a car
bon anode and the under side of the mercury, saturated salt 
brine being the electrolyte.

The first run made with this cell will always be a painful 
memory. I started it on a  certain Sunday morning in July 
and then went off for a walk to a point 7 miles distant. Re
turning in the evening I looked at the cell and saw to my disgust 
that the mercury was covered with liquid and that there were 
grains of some white material resting on the mercury in said 
liquid. I jumped to the conclusion that the layer of mercury 
had become discontinuous and that hydrostatic pressure had 
forced brine up over it and that partial evaporat on had pre
cipitated crystals of salt. Just to see what it  tasted like I put 
my finger in the liquid and touched it with m y tongue and then 
removed it with speed because the liquid was an oily 50 to 60 
per cent solution of c. p. caustic soda and the white grains were 
undissolved particles of same. Of course w hat had happened 
was that sodium had entered the mercury from the under side 
and oxidized and hydrated, in moist air, from the upper side, 
and a portion had deliquesced in additional moisture abstracted 
from the air. I have always felt convinced that this general 
principle would work up to the best possible type of mercury 
kathode electrolyzer, but I also took the view, at least in the 
90’s, that unless some great commercial advantage accrued from 
being able to supply c. P. caustic, the best diaphragm process 
could, on the whole, do better than any process using a mercury 
kathode. However, seeing that mercury cells are in considerable 
use I am unable to understand w hy the apparently obvious 
principle above described has not been employed. In the light 
of the principle so clearly grasped in connection with the above 
quarter century old work, it is curious to note, in Wilderman’s 

■address before the W orld’s Congress last fall, the repeated re-

1 Parsons, J . A m . Chem. Soc.. 20 (1898), 8 6 8 .

marks on the disadvantages all processes previous to his have 
labored under of putting the light sodium in on the top layer of 
mercury and leaving it there.

SYN TH ETIC R E SIN S

Editor of the Journal of Industrial and Engineering Chemistry:

In T h i s  J o u r n a l ,  6 , 3  appeared a paper by L. V . Redman, 
A. J. Weith, and F. P. Brock, which is supposed to be a general 
review of the literature on phenolic-methylene-condensation 
products, together with the results of personal research work of 
the authors.

The paper in question would have had increased importance 
if some of the opinions and statements expressed therein were 
more in accordance with facts.

The paper, although dated from the University of Kansas, 
is no more nor less than one of the so-called industrial research 
fellowships inaugurated by Professor Duncan, and which are 
paid for in the interest of purely commercial enterprises. In 
the paper, the author refers to “ our firm, S. Karpen &  Brothers, 
of Chicago,”  which tends to offset somewhat any prestige the 
mention of the name of the University of Kansas m ay bring 
about.

Among the several erroneous statements which are to be 
found in the paper, I shall mention more particularly the follow
ing:

On page 6, second column, paragraph 11, referring to the use 
of liexamethylentetramin, it is stated that the British patent 
W etter (Lebach) "show s clearly that this reaction is no other 
than a water process to which a condensing agent has been added.”  
In reality, the patent in question says nothing of this kind; the 
text clearly (on page 3, lines 50, etc.) reads as follows: “ The
40 per cent formaldehyde may be replaced also by  its polymeri
zation products, as well as by substances which yield formalde
hyde, such, for example, as hexamethylentetramine.”

On page 7, first column, the paragraph entitled “ Problem,” 
recites a problem where the authors show a fertile imagination, 
untrammelled by mere cold sober facts. For instance, they 
state: “ The resins formed (by the dry process as claimed by the 
authors) have very great commercial possibilities on account of 
their uniformity, chemical inertness, dielectric properties, me
chanical strength, high refractive index (luster), plasticity at 
certain stages and the cheapness and supply of the raw materials 
from which these resins are manufactured.”

In how far this statement is in accordance with the real facts, 
is shown further by direct comparative measurements and tests; 
it will be demonstrated that it matters not whether the process 
is carried out w et with m y older process, or dry according to 
the directions of the authors.

The last sentence, referring to “ the cheapness and supply of 
the raw materials,”  looks rather awkward in so far as it refers 
to hexamethylentetramin, which is manufactured from formal
dehyde and ammonia, followed by evaporation, crystallization 
and drying. How this is a cheaper raw material, or a better 
supplied material than a plain mixture of ammonia and formal
dehyde, is beyond my understanding.

Further down (page 7) a rather narrow and arbitrary con
struction is put on the definition of the word "bakelite.”  The 
fact is overlooked that "b ak elite ” is merely a registered trade
mark name for phenolic condensation products. It is true that 
in m y first publication on this subject1 I have referred, as a 
typical example of bakelite, to a product resulting from the 
union of 6 molecules of phenol and 7 methylen groups, which 
shows good resistance to acetone, while similar products contain
ing more phenol seem to contain, at the same time, saliretin 
products which weaken their resistivity to acetone. For tech- 

1 T h i s  J o u r n a l ,  1 ,  No. 3  ( 1 9 0 9 ) ,  p a g e  1 4 9 .



i 6 8 T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 2

nical purposes, however, many kinds of bakelite are manufac
tured, some of them containing more phenol, others containing 
homologs of phenol, others again containing a considerably 
larger amount of methylen-groups.

In m y Willard Gibbs lecture1 I pointed out this fact as fol
lows: "T h is  simple w ay of interpretation has the advantage
that it accounts for the possible existence of any number of simi
lar bodies made with a varying proportion of formaldehyde. 
For instance, it leaves the possibility of imagining that a product 
m ay exist which is derived from more than six molecules of oxy- 
benzylalcohol and one molecule of methylenglycol, which then 
w’ould show less chemical resistivity. In the same way, it  allows 
conception of varieties of the same product with a smaller num
ber of molecules of phenol-alcohol entering into reaction with one 
molecule of formaldehyde or methylenglycol.

"Numerous facts point to the existence of such modified bodies 
of which the chemical and physical inertness increases w ith the 
lesser amount of molecules of phenol-alcohol, which enter into 
reaction with one molecule of methylenglycol; or to put it sim
pler, of which the resistivity increases with the larger amount 
of formaldehyde which reacts with a given amount of phenol. 
Dr. H. Lebach [Z. angew. Cliem., 22, 1599 (1909)] called atten
tion to the existence of a condensation product resulting from the 
action of one molecule of methylenglycol (formaldehyde) on 
disaligenosaligenin:

; H O— CH*— o  i i  i

; : : pO— CH2— o — 1
™  = 2H20 + C 6H<.CH2.0 .C 6H <.CH 2

C 6H4— CHj.O.CeH^CHi
Disaligenosaligcninmethylenglycolether.

"T h e latter corresponds, in practice, to condensation products 
resulting from the direct reaction of two molecules of phenol on 
three molecules of formaldehyde.”

Some of these varieties of bakelite, containing more methylen 
groups, have been manufactured here and abroad for certain 
purposes, and are characterized by a considerably increased 
resistivity, especially towards caustic alkalies.

The statement that dry hexamethylentetramin and dry 
phenol heated together evolve no water, may have a theoretical 
significance, but it does not alter the fact that large amounts of 
gaseous ammonia are set free, and that the ammonia is even 
more troublesome than water, as far as the technical applications 
are concerned. B ut right here m y patented process for the 
conjoint use of heat and pressure becomes of paramount value, 
because its practice obtains homogeneous articles, where otherwise 
a porous useless mass would be the result.

W ith the use of much smaller amounts of ammonia, or other 
alkalies, homogeneous products can be obtained at relatively 
low temperatures, without the use of pressure, and this is one 
of the advantages of the use of small amounts of bases.

On page 8, paragraph 3, the authors avoid the disturbing in
fluence of ammonia, by  producing a porous mass of material B, 
or "interm ediate product,”  and then welding together the 
ground-up material in a hot hydraulic press. T hey omit, how
ever, to refer to m y two United States patents Nos. 939,966 and 
942,700, where this process is very accurately described.

On page 8, second paragraph, second column, the statement 
occurs: "T h is  reaction between a phenolic body and an active
methylene group m ay be followed by simply measuring the 
amount of ammonia which has been evolved.”  Instead of stat
ing: "T h is  is especially true if the phenol is in excess,”  the
correct thing would be to state that it is only true in case phenol 
is in large excess. Under the latter conditions, a permanently 
fusible, soluble resin is formed— a "  novolak.” 2 Then indeed,

1 T h i s  J o u r n a l .  5 ,  5 0 6 .  
a Ibid., 1 ( 1 9 0 9 ) ,  p a g e  5 4 5 .

the elimination of ammonia during the heating process is com
plete, and the amount of ammonia evolved becomes an accurate 
indication of the progress of the reaction. But such is not the 
case if less phenol be used, because then an infusible, insoluble 
product is formed, which is totally different in chemical compo
sition and in general properties, and which retains a considerable 
amount of ammonia in the final product. The evolution of 
this ammonia gas keeps on to the moment when the product 
solidifies to an infusible porous mass. B u t here again, m y patent 
for the conjoint use of heat and pressure, No. 942,700, comes in 
most handy whenever technical applications are concerned.

T hat part of the paper which describes the method of producing 
Novolak by  the action of small amounts of liexa, on an excess 
of phenol, gives also the. analysis of the resulting fusible resin. 
If we take into consideration the difficulty of this class of chemical 
investigation, the recorded results confirm, to a remarkable de
gree, the data and conclusions a t which I arrived in m y paper, 
" O n  Soluble, Fusible Resinous Condensation Products of Phenols 
and Formaldehyde.” 1 The authors substitute the long 
name of "phenyl-endika-saligeno-saligenin,”  for the shorter 
name "novolak.”

It  seems to me that the authors might have done better justice 
to Dr. C. P. Steinmetz, of Schenectady, N . Y ., by mentioning 
that this method for making a permanently fusible resinous con
densation product, was described in all its details, by  him, in 
his pending patent application of which Dr. Redman got knowledge 
during the interference proceedings before the United States 
Patent Office, in which Dr. Steinmetz, M r. Byron Goldsmith, as 
well as Dr. Redman, and myself are contesting parties.

As to the transformation of this or any other Novolak into- 
infusible products by further heating with methylen-containing 
bodies, like paraform, hexamethylentetramin, etc. (see page 10, 
column 2, last paragraph) this is a well known and well de
scribed process, patented by M r. Aylsworth, as well as by myself.1'

On page 9, second column, occurs this statement: "W e  have,
at present, in our laboratory rods of this material 2 feet long and 
1V2 inches in diameter which have been produced by simply 
pouring the material while liquid into open molds and allowing 
it to harden under suitable heat treatment without the applica
tion of external pressure. These rods in the final condition are 
homogeneous, almost water white transparent and free from 
fractures or gas bubbles.”  This statement would be more sig
nificant if it were accompanied by some data as to tensile- 
strength or brittleness of this product, or if it were stated at the 
same time, that its method of production was not borrowed from 
some other existing patents.

As to the table of analyses published on page 1 r, first column, 
some of the results relating to bakelite products are strikingly 
inconsistent with all the theoretical speculations of Dr. Redman; 
for instance, " a  bakelite pipe stem bought in the open market'" 
shows a higher percentage of material insoluble in K O H  than, 
any of the materials made with dry phenol and dry hexamethyl
entetramin, although the latter product is vaunted to be an im
provement over the first.

The apparatus described on page 11, for determining whether 
w ater is set free when reacting with an excess of phenol on hexa
methylentetramin, seems to invite a very serious objection as- 
to the suitability of this method. Indeed, the inverted condenser 
designated by 8 seems to be the best means for preventing any 
formed water to enter into the train of absorbing tubes where the 
water is supposed to be determined. Furthermore, it is a well' 
known fact that pure phenol has a decided tendency to retain 
small amounts of water and this even at high temperatures.

It  should be noted that in these condensation products, it 
is not a matter whether 10 or 5 per cent or even 1 per cent of

1 T h i s  J o u r n a l , 1 ,  5 4 5 .
* Aylsworth, U. S. P a te n t No. 1,020,593; Baekeland, U. S. P a ten t No.. 

1,038,475.
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water is evolved, but whether such small quantities as 0.5 or 
0.1 per cent are retained in the mass. I t  is easy enough to drive 
off any amount of water up to the last traces, even if one starts 
with water-containing materials. In some cases, the removal 
of these last traces of water is not necessary. In other cases, 
for instance, when the material has to be used as an insulator 
for high-voltage-high-frequency currents, then it is very impor
tant that even the smallest traces of water should be eliminated. 
When it comes to that point, the presence of free ammonia is 
just as objectionable, because the latter attracts water and in
creases the surface conductivity.

On paper, the reaction between phenol and hexamethylen- 
tetramin ought to occur without setting free anything but N H 3. 
Yet, we know in practice, that organic reactions are seldom, or 
ever 100 per cent; in other words, any organic reaction is ordi
narily accompanied by the formation of some by-products. 
Many organic chemists in their rather inaccurate ways of ex
pressing themselves are apt to speak of " a  quantitative reaction” 
when the reaction shows 99 V2 per cent or even much lower. I 
have heard reference made to quantitative reactions, when in 
reality 5 and even 7 per cent of by-products were formed.

In relation to the question whether water is necessarily present 
in the end-product when starting from wet materials, I can state 
that there is no trouble in producing bakelite by means of water- 
containing substances, like formalin (or so-called aqueous formal
dehyde solutions) and of which the infusible end-product showed 
incomparably better dielectric properties than what we obtain in 
making a material by means of dry phenol and dry hexamethylen- 
tetramin, as described by Dr. Redman and his collaborators.

On page 12, column 2, it is stated that anisol will not react on 
hexamethylentetramin, and some arguments are advanced to 
that effect. This statement, by itself, might make some impres
sion, but for the fact that a few lines further it is asserted that 
anisol will react with hexamethylentetramin. ' ‘ Anisol”  is 
certainly an exemplary well behaved substance, which does not 
react when the authors desire it to behave so, but which obe
diently reacts when for some theoretical argument, it should 
react, providing it be in the encouraging company of 6 molecules 
of phenol. It  then obeys discipline as a Prussian soldier, and 
ranges itself exactly on the extreme end of a row of benzol groups, 
military fashion, and stands there like a corporal on a battle
field, to ward off any attack on the line.

As a result of this exemplary behavior, it is stated that a 
lacquer film made with some anisol, stands 72 hours a solution 
of N  caustic potash solution, without loosening.

Unfortunately, for all this argument, nothing is easier than to 
prepare lacquer films from ordinary cheap cresols containing 
enough metacresol, which will not detach neither in 72 hours 
nor in 90 hours.

On page 13, column 2, paragraph 2, I read: "  Dr. Baekeland
concludes that the final product is not obtained through the 
Polymerization of novolak as an intermediate product, but that 
the growth of the chain stops when six phenols have entered and 
that an extra hydrated formaldehyde forms with the six phenol 
chain an inner anhydride as shown by the following formula:

C6HJ.OCH2.C6H4OCH2.CiH 1.OCH 2.C6H4.OCH2.C6H4.OCH;!.C6H<.”
L O-----------------------CH S--------------------O  ------ 1

I am not aware that I ever took the initiative of commanding 
this molecular chain to stop or not to stop. M y  molecules do 
not seem to be as obedient as anisol is to Dr. Redman and his 
collaborators. In my former publications I have stated that we 
can conceive molecular chains shorter or longer.1 Further
more, experience has taught me enough sober sense not to be 
dominated exclusively by any purely theoretical considerations, 
"hen referring to such complicated substances as these conden
sation products. When, in m y first publication, I proposed a 

1 T h i s  J o u r n a l ,  5 ( 1 9 1 3 ) ,  5 0 6 .

straight chain formula, I had 110 presumption whatever of calling 
this a final explanation. In offering this formula, I wras careful 
to add “ until we have something better.”  In m y W illard Gibbs 
lecture (Joe. eil.) I repeated these same thoughts. I also quoted: 
“ Even Dr. Raschig warns us with the natural conservatism of 
an able chemist of long and wide experience, when he says: 
‘ Ueber die Chemie des Bakelit tappen wir noch vollständig im 
Dunkeln.’ ”

T hat the "chain formula”  does not explain everything is 
clearly shown by the rather large formation of such secondary 
products as dioxydiphenylmethan, which in its turn can be con
verted by the action of more methylen groups into bakelite as 
announced by me last year.1 In this case, the dioxydi
phenylmethan acts simply as a diphenol. Lately a similar 
reaction has been described by B eatty,2 w'ho starts from a similar 
phenolic body, dimetliyldioxydiphenylmethan, obtained after 
the method described in 1891 by  Dianin, consisting in reacting 
with acetone upon phenol in presence of an acid.3

All this should warn us against too one-sided theoretical inter
pretations in regard to the constitution of the process of reaction 
of any of these colloidal bodies, which undoubtedly are composed 
of several substances, all intermixed and in such a condition that 
it is impossible to separate or purify them by our usual chemical 
methods, which are available for crystalline or volatile sub
stances.

The negative properties and general inertness of these hard, 
infusible condensation products is the very reason w hy we can 
not apply to their study the accepted scientific methods, and why 
it becomes practically impossible to establish their constitution 
beyond mere conjectures.

But a very practical question presents itself. Are the conden
sation products obtained by the action of anhydrous hexamethyl
entetramin on anhydrous phenols, really different from those 
obtained by the so-called w et processes?

This question, at least, is easy to answer: The so-called
phenyl-endika-saligeno-saligenin, notwithstanding its long name, 
is identical with the permanently fusible shellac substitutes of 
Blunter, DeLaire and others, which I have called Novolak. In 
fact, for substances so difficult to purify, its properties, as well 
as its chemical composition, as recorded by Dr. Redman and his 
collaborators, are strikingly similar to Novolak.4

As to the infusible products obtained by the use of more hexa
methylentetramin, let us compare their physical and chemical 
properties with those of bakelite obtained by the use of the so- 
called "wet-process.”

TENSILE STRENGTH
Redman product 

Tensile strength between 2000 
and 4500 lbs. per square 
inch.

Bakelite 

Tensile strength average, 5000 
lbs. per square inch. High
est, 7350 lbs. per square 
inch.

CRUSHING STRENGTH

20,000 to 30,000 lbs. per square Averages 26,000 lbs. per
inch. square inch.

DIELECTRIC STRENGTH 

V2 millimeter thick gave vol- */j mm. thick gave voltage
tage puncture from 40,000 puncture 40,000 to 50,000
to 50,000 volts. volts.

. SPECIFIC ELECTRIC RESISTANCES AND SURFACE CONDUCTIVITY 

Recent comparative tests have shown that plates of bakelite 
and the material made by the method described by Dr. Redman,

1 T h i s  J o u r n a l ,  5, 5 0 6 .
2 B e a t t y ,  F r e n c h  P a t e n t  N o .  4 4 7 ,6 4 7 .
* B e r i c h l e ,  25 ( 1 8 9 2 ) ,  R e f e r a t e  p .  3 3 4 - 3 7 ;  D i a n i n  ( J o u r n . d .  r u s s  p h y s . -  

c h e m .  G e s e l ls c h . ,  1891 ( 1 ) .  4 8 8 - 5 1 7 ,  5 2 3 - 5 4 6 ,  6 0 1 - 6 1 1 ) .

* T h i s  J o u r n a l , 1 ,  5 4 5 .
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have practically the same specific electrical resistance and the 
same surface conductivity.

If we add that all the infusible materials made from phenol 
(hydroxybenzol) and formaldehyde and ammonia, or hexamethyl- 
entetramin, dry or wet, have the same specific gravity, the same 
color, the same appearance, the same resistivity to solvents and 
chemicals, and that up till now, no property has been mentioned 
which is not common to all these products, it becomes easy to 
draw conclusions as to their absolute identity.

L. H. B a e k e l a n d
Y o n k b r s , N e w  Y o r k  

Jan u a ry  10, 1914

OZONE
Editor of the Journal of Industrial and Engineering Chemistry:

Referring to the editorial, on the above subject (This J o u r n a l ,  
S, 882), commenting on tests of ozone published recently in the 
Journal of the American Medical Association, I wish to call to 
your attention that the manner in which these tests were con
ducted, leaves large room for doubt as to the reliability of the 
conclusions drawn by the authors and that the readers of your 
valuable paper should be warned against accepting them without 
more convincing proof.

After a careful study of the reports, I am impressed that many 
of the conclusions are imaginary and not proven by the results 
obtained. For example, tests were made on three men b y placing 
them individually in front of a large ozone generator delivering 
a strong blast of ozonized air at high concentration, the face of 
the victim being only a few inches from the outlet of the ozone 
generator. One of the victim s had a "sore throat”  ("co ld ” ) 
at the beginning of the experiments. The experimenters con
cluded from the results of the test that breathing ozone :'n strong 
concentrations produces sore throat. When we consider' the 
probable effect of the blast of air on the face and head, the 
wind pressure on the nasal passages and the dust carried by the 
blast, it seems rather far-fetched to make any definite conclusions 
regarding the effect of ozone, especially from such a small number 
of tests and subjects. Furthermore, the conditions of the tests 
were extremely abnormal as it  has not been proposed to use in 
ventilation concentrations exceeding one-tenth of that used in 
these tests.

The results of the bactericidal tests indicate that ozone in 
dry air has little germicidal effect. There is, however, over
whelming evidence which proves beyond a doubt that it will 
destroy germs in water. This has been thoroughly tested out 
by the best scientific authorities in Europe in connection with the 
many municipal ozone water purification plants, as well as by 
Pasteur’s Institute and the German Imperial Board of Health. 
The latter were able to destroy by means of ozone practically 
all germs in water containing as many as 30,000 cholera and
30,000 typhus bacteria per cubic centimeter. As there is always 
considerable moisture in the respiratory passages, it is perfectly 
logical to suppose that the breathing of ozonized air m ay have 
some beneficial effect.

The fact that the guinea pigs died in an atmosphere of strongly 
concentrated ozone is not surprising, as there is no substance 
known to science which will destroy bacteria without also de
stroying animal tissue. For this reason, antiseptics cannot be 
used ull strength and the best that is expected from their use 
is to stunt the growth and prevent the propagation of the bac
teria.

The tests on the animals in the cages supplied with mild 
concentrations of ozone showed practically neutral results, 
t. c., there was no pronounced beneficial or detrimental effects 
noted. The duration of the tests was entirely too short to be 
conclusive.

The test these experimenters made of blowing ozonized air 
01 a piece of paper covered with lampblack to determine the

effect of ozone on tobacco smoke, was going a long w ay around. 
It  seems to me the proper w ay to make such a test would be to 
make it on tobacco smoke instead of lampblack. Particles of 
carbon in lampblack are very many times larger than the float
ing particles of tobacco smoke and hence, the oxidation of the 
latter in its very finely divided state might take place when 
lampblack would not be appreciably affected.

W . H. T h o m p s o n
W b s t i n g i i o u s b  E l e c t r i c  &  M s g . C o .

E a s t  P i t t s b u r g h , P a .

Decem ber 16. 1913

RAPID D ETER M IN A TIO N  OF C O PPE R  IN STEEL, CAST 
IR O N  AND A LL O Y STEELS

Editor of the Journal of Industrial and Engineering Chemistry:

The steadily increasing use of copper in steel in the last year 
or so has created a  demand for a more rapid determination of 
that element in steel than is possible by the present method of 
analysis.

Copper in steel is usually determined by being precipitated as 
copper sulfide by the means of hydrogen sulfide or sodium hypo- 
sulfite. The copper sulfide is then generally incinerated in a 
porcelain crucible, digested at a gentle heat with nitric acid, 
transferred to a platinum crucible and evaporated with hydro
fluoric and sulfuric acids to remove silica.

The residue, if not soluble in sulfuric acid, is fused at a low 
heat with sodium or potassium pyrosulfate. The copper is 
then deposited electrolytically from the acid solution, or de
termined colorimetrically in an ammoniacal solution.

In the presence of titanium and molybdenum there are varia
tions of this method which make it  even more tedious and time- 
consuming. There is nothing new or original claimed for the 
method about to be described as it follows very closely Low's 
method for the precipitation of copper by aluminum, but so far 
as the writer is aware, it has never been used for the determina
tion of copper in steels or irons.

m e t h o d

From three to five grams of steel, depending upon the amount 
of copper present, are dissolved in a mixture of 60 cc. of water 
and 7 cc. of sulfuric acid (sp. gr. 1.84) in a 250 cc. beaker. After 
all action has ceased, place in the beaker a piece of sheet alu
minum prepared as follows: Cut a stout piece of sheet aluminum
1 Vs inch square and bend the corners so that it will stand upon 
its edge in the beaker.

Boil the solution from twenty to twenty-five minutes which 
will be sufficient to precipitate any amount of copper liable to 
be present. Remove from the heat and wash the cover and sides 
of the beaker with cold water. Decant the liquid tlirough a 
S & S 11 cm. filter. Wash the precipitate three times with cold 
water, then place the filter in a 100 cc. beaker. Pour over the 
aluminum in the beaker 8 cc. of nitric acid (sp. gr. 1.42) and 15 
cc. of water and heat to boiling. Pour this over the filter in 
the 100 cc. beaker and boil until the paper is a  fine pulp, which 
requires only a few minutes. Remove, from the hot plate and 
filter, wash with water, receiving the filtrate in an electrolytic 
beaker, add 2 cc. of sulfuric acid (sp. gr. 1.84) and electrolyze, 
using 2 amperes and 2 volts. Gauze cathodes and anodes are 
used and the deposition is completed in from one to one and a 
quarter hours. The total time of the determination from 
the weighing of the sample to the weighing of the copper is 
about three hours, and with the proper equipment, a large num
ber of samples may be run at the same time.

Below are some of the results obtained on the Bureau of 
Standards’ samples.
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Average copper
presen t C opper found 

Nam e P er cen t Per cent
Vanadium steel No. 24 ...................................  0 .022 0.020
Chrome nickel steel No. 32 ......................... 0 .056  0.056
Chrome vanadium  steel No. 30 ....................  0 .070  0 .066
Nickel steel No. 3 3 ........................................... 0 .150  0 .150
No. 5 A iron (C ) ...............................................  0 .060  0.063

As a further proof of the accuracy of this method, known 
amounts of pure electrolytic copper containing 99.88 per cent 
of copper were added to the Bureau of Standards’ sample No. 
14 A steel. The mixed drillings were dissolved in 20 cc. of 
(2-1) nitric acid, 8 cc. of sulfuric acid (sp. gr. 1.84) added and 
the solution evaporated until sulfuric acid fumes were evolved 
freely. The solution was allowed to cool and then 25 cc. of cold 
water were added and the solution was heated until all the 
sulfate was dissolved. The solution was filtered and the filter 
washed with hot water. The volume (not to exceed 75 cc.) 
was brought to a boil and the sheet aluminum introduced. 
Procedure was the same as stated before, except that after the 
solution was decanted through the filter and washed with water, 
the copper was dissolved on the filter and the filtrate rece ved 
in an electrolytic beaker and electrolyzed as usual. The results 
obtained follow:

Copper added Copper found
Per cent Per cent

0.499 0 .49
0.998 0 .99
1.997 1.97
2.996 3 .00
3.995 3 .99
4.994  4 .98

I wish to give credit to M r. George Shuster of the laboratory 
force, who tried out this method and obtained the results stated 
above.

W i l l ia m  B . P r i c e

W a t e r b u r y , C o n n .

Oct. 25, 1913

IN TERNATIONAL ELECTRICAL CO N G R E SS, 1 9 * 5 -
The International Electrical Congress is to be held at San 

Francisco, September 13-18, 1915, under the auspices of the 
American Institute of Electrical Engineers, by  authority of the 
International Electrotechnical Commission and during the 
Panama-Pacific International Exposition. Dr. C. P. Steinmetz 
has accepted the Honorary Presidency of the Congress. The 
deliberations of the Congress will be divided among twelve 
sections which will deal exclusively with electricity and elec
trical practice. There will probably be about 250 papers. 
The first membership invitations will be issued in February 
or March, 1914.

Attention is drawn to the distinction between this Electrical 
Congress and the International Engineering Congress which 
will be held at San Francisco during the week immediately 
following the electrical congress. The engineering congress is 
supported by the Societies of Civil, Mechanical and Marine 
Engineers and by the Institutes of M ining and Electrical Engi
neers, as well as by prominent Pacific Coast engineers who are 
actively engaged in organizing it. This Congress will deal with 
engineering in a general sense, electrical engineering subjects 
being limited to one of the eleven sections which will include 
about twelve papers, treating more particularly applications of 
electricity in engineering work.

The meeting of the International Electrotechnical Commission 
"ill be held during the week preceding that of the Electrical 
Congress.

SPRING M E E T IN G  OF TH E AM ERICAN  CH EM ICAL 
SO C IE TY

The Forty-ninth General M eeting of the American Chemical 
Society will be held in Cincinnati, Ohio, April 8-11, 1914

The officers of the local section are: President, F . W. Weissmann, 
2900 Vine St., Cincinnati, Ohio, and Secretary, Stephan J .  
Hauser, 1623 M aple Avenue, College Hill, Cincinnati, Ohio. 
A  more complete statement of the meeting will appear in the 
M arch issue of T h i s  J o u r n a l .  The titles of papers should be 
sent to the Secretary, Charles L. Parsons, Box 505, Washington, 
D. C.

The following chairmen of committees have been appointed: 
Executive Committee, Frederick W . Weissmann.
Finance Committee, Archibald Campbell.
Transportation and Excursions, Gordon Farnham.
Press, Publicity and Printing, C. T . P. Fennel.
Reception and Registration, J. W . Ellms.
Ladies' Reception, Airs. J. W . Ellms.
Entertainment, Richard Lord.
Smoker, F. C. Broemau.
Banquet, L. W. Jones.
Meeting Places, John Uri Lloyd.

C h a s .  L. P a r s o n s

BUREAU OF ST A N D A R D S’ AN ALYZED  SA M PLE S
The Bureau of Standards, Washington, D. C., is prepared to 

issue a sheet brass of the following composition, approximately: 
P er cen t P er cent

T in ..........................  1 .0
L ead .......................  1.0
C opper................... 70.3

The fee, payable in advance is $3.00 per sample of about 
150 grams weight.

S . W . S t r a t t o n ,  Director
Jan u a ry  6 , 1914

Z inc ........................ 27 .0
I ro n ..........................  0 .3
N ickel......................  0 .5

SYN TH E TIC  R E SIN S— CO RRECTIO N
We note the following errors in our article under the above 

title, T h is  J o u r n a l,  6, 3.
(1) Page 8, Column 1, four lines from the end, the equation 

should read:
“ 2HO.CH2.CoH(OH — >- H O .CH 2.CoH1O .CH 2.CcH ,OH ."

(2) Page 10, Column 1, below the first table:
“  C6Hi0 CH 2.C4H 1.0 CH 2.C,H 4( )0 CH ;.CcH(0 H .”

(3) Page 13, Column 2, line nine from the end:
“ 79 per cen t” should read 76 per cent.

L. V. R e d m a n  
A . J .  W e i t h
F. P. B r o c k

Jan u a ry  21, 1914

VEG ETABLE O ILS EX PO R TED  F R O M  CH INA, 1912

The Oil, Paint and Drug Reporter states that exports of vege
table oils from China in 1912 amounted to 35,046 net tons of 
bean oil, 20,281 net tons of peanut oil, and 44,815 tons of wood, 
tea seed and other oils.

ANNUAL TABLES OF CO N STA N TS, ETC., VOL. III.

Volume III  of the Annual Tables of Constants and Numerical 
Data, Chemical, Physical and Technological, published by the 
International Commission of the V H th  and V IH th  International 
Congresses of Applied Chemistry is now in press and will be 
issued in the first half of 1914. A  descriptive circular with 
references to reviews of previous volumes may be secured on 
application to The University of Chicago Press.

The subscription to Volume III is now opened and will be closed 
March 31, 1914. The names of subscribers should be sent to 
The University of Chicago Press, the American agent for the 
distribution of the Annual Tables. Subscriptions are payable to 
The University of Chicago Press at the time of publication.

The subscription price of Volume III  will be the same as for 
Volume II, namely, $6 for the unbound copy, §6.80 for the
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bound copy (carriage free). Members of contributing societies 
(The American Chemical Society, The American Electrochemical 
Society, The Society of Chemical Industry, the American Academy 
of Arts and Science, the National Academy of Science) and of con
tributing manufacturing establishments, are entitled to a dis
count of 20 per cent (but not on the binding) and will receive 
the volume unbound for $4.80, or bound for $5.60 (carriage free) 
provided their subscriptions are received by March 31, 1914.

Prof. Theodore William Richards, of Harvard University, 
has been elected President of the American Chemical Society for the 
year 1914. M . T . Bogert and A. D. Little have been elected 
directors, and C. H. Herty, Julius Stieglitz, L. H. Baekeland 
and W . L. Dudley, councilors-at-large, for a three-year period.

An Anglo-American Exposition to celebrate the centenary 
of peace and progress in the arts, sciences and industries of the 
United States and Great Britain, will be held in London, from 
M ay to October. A  committee has been organized to represent 
the chemical industries.

Dr. C. E. K . Mees, Director Research Department, Eastman 
K odak Company, gave a lecture illustrated w ith lantern slides, 
on the problems, equipment and organization for research, in 
their plant at Kodak Park, Rochester, before the N ew York 
Section of the A. C. S., on January 9th, at The Chemists’ Club.

Air. A. K . Comins, formerly in the leather department of 
A. D. Little, Inc., of Boston, is now w ith the A. C. Lawrence 
Leather Company, of Peabody, Mass.

The Wisconsin Section of the A. C. S. met on January 21st. 
Prof. D avid Klein gave an illustrated lecture on "R ecen t D e
velopments in Colloid Chemistry.”

Mr. H. E. Howe, of the Bausch &  Lomb Company, gave an 
illustrated lecture on "O ptical G lass” and " T h e  Projections 
of Spectra,”  before the Western New Y o rk  Section of the A. C. S. 
on January 13th.

Sir William Crookes has been elected President of the Royal 
Society. In view of the invariable practice that the President 
of the Royal Society should hold no office in similar learned 
societies at the same time, he has been obliged to resign the 
Presidency of The Society of Chemical Industry, to which he 
was elccted at the annual meeting in 1913.

Dr. Rudolph Messcl was elected President of The Society of 
Chemical Industry, by the Council, on December 22nd, to com
plete the unexpired term of Sir William Crookes.

The Philadelphia Section of the A. C. S. held their January 
meeting 011 the 22 nd. The speakers were Dr. Carl L. Alsberg, 
Chief of the Bureau of Chemistry; M r. Charles J. Hexamer, 
of the Fire Underwriters’ Association, who gave an illustrated 
address on "T h e  Chemistry of Fires, and Chemicals in Fires.”  
Prof. Philip Maas, of the Central High School, exhibited a suite 
of liquefied gases.

Prof. R. A. Wetzel, of the College of the C ity  of New York, 
spoke at a recent Colloquium of the General Electric Company 
Research Laboratory, on the "R ela tiv ity  Principle,”  which he 
illustrated with the models recently described in Science.

Mr. W m. Hoskins and M r. H ’V. Main gave a lecture illus
trated with lantern slides, before the Chicago Section of the 
A. C. S. on January iGtli, on "Atm ospheric Pollution.”

Dr. Reston Stevenson has been promoted to the position of 
Assistant Professor of Chemistry in the College of the C ity  of 
New York.

Dr. Wolfgang Ostwald, of the University of Leipzig, Germany, 
is giving a series of six lectures on colloid-chemistry before va- 
riou; universities and chemical organizations in America, indud-

A fter M arch 31, 1914, the price will be raised to $6.40 (un
bound) and $7.20 (bound) and a charge will be made for carriage 
and no discounts allowed.

J u l i u s  S t i e g l i t z ,  University of Chicago 
E d w a r d  C. F r a n k l i n ,  Leland Stanford University 
H e n r y  G . G a l e ,  University of Chicago 
A l b e r t  P .  M a t h e w s ,  University of Chicago

Commissioners for the United Stales

ing: Columbia, Chicago, Johns Hopkins, Illinois, Cincinnati, 
Nebraska, M cGill (Montreal) Universities, Indianapolis Sec
tion of the A. C. S., and others to be arranged later.

The Alabama Section of the A. C. S. was addressed at the 
January 24th meeting by  Prof. B. B. Ross, on “ T he Occurrencc 
and Composition of Some Alabama Phosphates,”  and by Prof.
C. L. Hare, on " A  Study of the Chemical Composition of Cotton 
Seed.”

The International Petroleum Commission of Karlsruhe, 
Grand Duchy of Baden, Germany, desire to change the Com
mission into an I n t e r n a t i o n a l  P e t r o l e u m  I n s t i t u t e ,  and 
have requested the Imperial German Government to submit 
their plan to the countries represented or interested in the Com
mission.

Air. Christian Dantsizen and Mr. J. A. Orange, of the General 
Electric Company Research Laboratory at Schenectady, have 
recently returned from Europe where they spent three months 
visiting plants of general interest to the electrotechnical industry.

The Johns Hopkins Medical School has announced the fol
lowing changes concerning the admission of students: In 1913
the number of students in each class was limited to ninety. 
In order to receive consideration applications of incoming students 
must this year be made by July 1st. After that date the various 
applications will be sifted and the most likely ninety applicants 
chosen. The requirements for admission in chemistry have been 
increased so that in addition to the present requirement of 150 
hours of laboratory work in inorganic chemistry, an additional 
90-100 hours of laboratory work in organic chemistry will be 
required of all students desiring to enter the school after October,
1914.

Virgil Coblentz, Chief Chemist for Squibb & Co., took the 
lucky number in a raffle, entitling him to the library and chemical 
publications of the late William M cM urtrie. The drawing 
was conducted by Dr. Charles Baskerville and was held at 
The Chemists’ Club, New York City, on January 9, 1914.

The Southern California Section of the A. C. S. had as speakers 
at their meeting on January 16th, Dr. Elbert E. Chandler, 
of Occidental College, "T h e  Universal Equilibrium,”  and Mr. 
H. J. Lucas, of Throop College of Technology, " T h e  Sanitation 
Service of Porto Rico.”

Prof. J. Howard Mathews, of the Chemistry Department of the 
University of Wisconsin, lectured on "C o lo r Photography,” 
before the Chicago and Indiana Sections of the A . C. S., on De
cember 12 th and 13th, respectively, and before the students of 
De Pauw University on the afternoon of December 12th.

Mr. H. J. Skinner, Vice-President of Arthur D. Little, Inc., 
Air. Perry Barker and Air. Vasco Nunez, of the same organiza
tion, spent two weeks in December examining a large industrial 
plant in Louisiana.

The Cornell, Rochester, Eastern andjW estern New York 
and Syracuse Sections of the A. C. S. held a joint meeting at 
Syracuse University on January 17th. The afternoon program 
was as follows: “ Address of Welcome,”  Hon. Louis Will,
Alayor of Syracuse; “ The Use of Physical Aleasurements in

PER SO N A L NOILS
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Chemistry,”  Dr. C. IÎ. Kenneth Mees, Director Research 
Laboratories of Eastman Kodak Co.; "H ydrogen Telluride and 
the Atomic Weight of Tellurium,”  Dr. Ross P. Anderson of 
Cornell University; "T h e  Dissociation of Hydrogen into Atom s,” 
Drs. P. Langmuir and G. M . J. M acK ay, of the General Electric 
Company; "T h e  Oxidation of Ammonia to N itric Acid,”  Mr.
G. N. Terziev, of the Solvay Process Company; "M icroscopical 
Demonstrations with Especial Reference to the Ultramicroscope,”  
Dr. H. C. Cooper, Syracuse University. The evening program 
included a short organ recital, a brief welcome by Chancellor 
Day, of Syracuse University and a lecture on "Electrical En
ergy,” by Dr. Charles P. Steinmetz, Professor in Union College 
and Chief Consulting Engineer of the General Electric Company.

Dr. E. G. Love was tendered a testimonial dinner by the 
members of The Chemists’ Club and their friends, on January 
17th, as a mark of appreciation of his long service as Chairman 
of4tlie House Committee of the Club.

The Eastern New Y ork Section of the A. C. S. held a sympo
sium on “ Electronics and Chem istry,”  at Schenectady, on Janu
ary 23rd. The symposium was led by Dr. Saul Dushman

Dictionary of Applied Chemistry, revised and enlarged edition.
By S ir  E d w a rd  T h o r p e  and other eminent contributors.
Five volumes, 3891 pages. Price per volume, $13.50; com
plete set, $67.50. Longmans, Green &  Co., London and
New York.

The fourth and fifth volumes of the set have now been issued 
by the publishers, thus completing the task of thoroughly re
vising, enlarging and republishing this great work. Volumes 
I, II, and III were reviewed in T h is  J o u r n a l ,  4, 550, 698 and 
5i 620.

Vol. IV  containing 727 pages covers the subject matter in 
the usual alphabetical order from Oilstones to Soda. As in 
previous volumes, the old material has been revised and brought 
up to date and a number of new subjects have been included, 
the more important of which are Old Fustic, Olive Oil, Osmium,' 
Oxydases, Industrial Uses of Oxygen and Ozone, Palladium, 
Palm Oil, Synthetic Perfumes, Phenanthrene, Phytosterol, 
Pitchblende, Plant Sprays, Polarimetry, Polonium, Potato, 
Proteins, Ptomaines, Pyrites, Pyrom etry, Raccmism, Radio
activity, Radium, Rcfractometer, Refrigeration, Rubber, Safrole, 
Salicylic Acid, Saponification, Sewage, Artificial Silk, Smoke 
Prevention.

In addition to this new material, the other articles show care
ful revision, correction and extension where the importance of 
the subject justifies it.

Volume V, 830 pages, treats the subjects beginning with So
dium and ending with Zym urgy. The more important new 
subjects which have been added to the text are Soils, Solubility, 
Sulfide Dyes, Synthetic Drugs, Thermite Process, Titanium, 
Toxins and Antitoxins, Urea and Uric Acid, V at Dyes and 
Whiskey; and subjects which have gained in commercial import
ance since the older edition was published, such as Thorium, 
 ̂anadium, Uranium and Tungsten are entirely rewritten and 

extended.

llie  revision and publication of these volumes has been a 
great undertaking and it is gratifying to find that both the edi
tor s work and the mechanical production have been accomplished 
with such promptness and success. Thorpe’s “ Dictionary of 
Applied Chemistry,”  in its present revised form, is doubtless the 
most comprehensive and complete book of reference now in 
existence covering the broad field of Applied Chemistry.

M . C. W h it a k e r

with supplementary papers by Messrs. Whitney, Coolidge and 
Langmuir, of the General Electric Company.
• Mr. C. F. Woods, secretary of Arthur D. Little, Inc., pre
sented the Report of the Official Chemists to the American 
Institute of Metals, at the convention held in Chicago in Oc
tober. On November 20th, M r. Woods spoke before the New 
England Street Railway Club on " T h e  Relation of the Chemist 
to the Electric R ailw ay.”

The Pittsburgh Section of the A. C. S. was addressed on Janu
ary 22nd by Mr. E. R . Weidlein, of the Mellon Institute of In
dustrial Research, University of Pittsburgh, on "Adrenaline: 
Its Nature and Composition.”

The Willard Gibbs M edal for 1914 has been awarded by the 
jury  to Doctor Ira Remsen, Past President of the American 
Chemical Society, and President Emeritus of Johns Hopkins 
University. This medal was founded by William A. Converse, 
of Chicago, and is awarded annually by the Chicago Section of 
the A. C. S. to that chemist who is deemed worthy of recogni
tion because of eminent work in, and original contributions to, 
pure or applied chemistry.

Transactions of the American Institute of Chemical Engineers. 
Volume V . (1912) Office of the Secretary, Polytechnic In
stitute, Brooklyn, N. Y . Published by the Institute tlirough
D. Van Nostrand Company, New York, 1913. 8vo., iv  +
284 pages.

The Institute held joint meetings with the Eighth Interna
tional Congress of Applied Chemistry in September, and many 
of its papers were published in the Congress proceedings, which 
accounts for the smallness of the present volume.

The frontispiece this year is an excellent photogravure of the 
Institute’s President, Dr. T . B. Wagner, The binding is uni
form with the series. This work is either better done or appears 
to better advantage on the smaller volume. The present volume 
starts by giving in full the papers which have been read before 
the Institute, together with the discussions which followed. 
This throws to the rear of the volume such matter as the Insti
tute’s Constitution and membership list. This change in ar
rangement is an improvement, since the main value of the volume 
in future years will be the original communications read before 
the Institute. The Proceedings of the annual meetings have 
been omitted entirely from this issue. The volume on the whole 
is a pleasing one and a number of the articles are illustrated. 
Inspection reveals few errors, although the transcript of the dis
cussions should be edited to give more meaning at times.

The following addresses and papers read before the Institute 
are contained in the volume:

" Phenol-Form aldchyde C ondensation P roducts ,” L . H . B aekeland.
“ P rotection  of In te llec tua l P roperty  in R elation  to  C hem ical In - 

d u s try ,” L . H . Baekeland.
“ N otes on a  S tu d y  of th e  T em pera tu re  G rad ien ts of Setting  Portland  

C em ent,” A llerton S. C ushm an.
“ T he  Production  of Available P o tash  from the  N a tu ra l S ilicates," 

A llerton S. C ushm an and George W . Coggesliall.
" P o ta s h , Silica and A lum ina from Feldspar,"  E dw ard  H art.
" A  Chem ical Investigation  of Asiatic R ice,” A llerton S. C ushm an 

and  H . C. Fuller.
" T h e  Beehive Coke Oven In d u s try  of th e  U nited S ta te s ,"  A. W . Belden.
"A ction  of D isinfectants on Sugar Solutions,” George P . M eade.
" T h e  D ecom position of Linseed Oil during  D ry ing ,"  J . C. Olsen and 

A. E . R atner.
" T e s ts  on the  O pacity  and H iding Pow er of P igm ents," G. W. T hom p

son.
"C o n tro l of In itia l Setting  Tim e of P o rtland  C em ent." E . E. W are.
"T h e  Effect of ‘Lim e S u lp h u r ' S pray  M anufac tu re  on th e  E y esigh t,"  

Jam es R . W ithrow .
"A cety lene  Solvents,” J . H . Jam es.

B O O K  REVIEW S
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“ T he New Chem ical Engineering Course and  Laboratories a t  Colum bia 
U niversity ,”  M . C. W hitaker.

“ T he N eed of S ta n d a rd  Specifications in Oils for Paving Block Im 
pregnation ,”  John  H aynes Cam pbell.

“ T he Presence of Oxygen in Petroleum s and A sphalts," Sam . P . Sadtler.
“ T he  C hem ical E ngineer and  Industria l Efficiency,”  W m. M . Booth.
“ W ater for In d u stria l Purposes,”  W m. M . Booth.
“ T he  A vailability  of B last Furnace Slag as a  M ateria l for Building 

B rick ,”  A lbert E . W hite.
“ Technical A ccounting and  Chem ical C ontro l in Sugar M anufac tu re ,” 

D avid L. D avoll, J r .
“ T he  B itum inous Rocks of the U nited S ta tes  and  the ir Use for S tree t 

Surfaces,” S. F . Peckham .
Code of E thics.

The diversity of interest shown here gives the assurance that 
the Institute has not become too highly specialized and indi
cates well the breadth of Industrial Chemistry and Chemical 
Engineering.

Special attention might well be called to the address by the 
retiring President of the Institute, Dr. Leo H. Baekeland, on 
"Protection of Intellectual Property in Relation to Chemical 
Industry,”  as the summing up of an important point of view in 
the matter of patent reform to which the author and the Insti
tute have devoted much time. In the article 011 "A cetylene 
Solvents,”  Dr. J. H. James, probably the foremost investigator 
and inventor in this field, has broken his silence and given us 
some of his results and a hint as to the probable future of acetylene 
storage. The papers by  Wm. M . Booth amply demonstrate the 
contention of this engineer that the Chemical Engineer is prob
ably best fitted for all-round efficiency engineering work. Space 
is not available for noticing many of the prominent articles, 
but mention should be made of the excellent and well illustrated 
article on the new Chemical Engineering Laboratories at Colum
bia University by Professor W hitaker. He has been fortunate 
and energetic in securing the means'to fulfill the dreams some of 
us have harbored for years in the matter of university indus
trial laboratory equipment. The average university industrial 
chemistry laboratory is equipped only with dreams, although 
it seems that some do not even believe in the dreams.

Grave doubt might be expressed as to the propriety, in view 
of the objects of the Institute, in admitting to its publication 
such an article as " A  Chemical Investigation of Asiatic Rice.”  
The nvestigation is avowedly for the purpose of contributing 
to the general knowledge of the chemical composition of rice, 
with an idea of assisting in the problem of " th e  relation of an 
exclusive rice diet to the etiology of beri-beri disease.”  The 
work is probably a noteworthy one in its field, but if the Insti
tute once lets down the bars so as to admit articles of an analytical 
nature, or character other than of an industrial manufacturing 
and engineering one, irrespective of the standing of the authors, 
its reason for existence is swept away. In discriminating against 
analytical chemical articles the Institute is in no sense in the 
position of expressing any idea of degrading analytical- chemistry. 
This branch of chemistry in the eyes of all thinking chemists 
has always held a position of honor. The present reviewer 
knows no field of chemistry that calls for more exercise of inven
tive genius as well as conceded accuracy of thought and manipula
tion. While Industrial Chemistry and Chemical Engineering 
are commonly considered the most promising fields for inventive 
genius, analytical chemistry really offers more frequent oppor
tunity in this direction because of the time element. The con
firmation of industrial ideas takes m onthsor years while analytical 
ones can usually be confirmed or discarded in much more reason
able periods, and the investigator can proceed to other 
problems. Quite irrespective of all this, analytical chemistry 
is the faithful handmaid of industrial chemistry and chemical 
engineering. M any of the most important articles in these 
fields will contain much analytical data but it  will always be 
secondary, though probably a necessary help, in the solution 
of the main problem of the paper or investigation. There is 
ample opportunity for the publication of such articles in other

publications, whether they be researches in analytical chemistry 
or the analytical chemical investigation of an industrial product. 
The results of such work are often of the greatest interest to 
industrial chemists and by industrial chemists I mean manu
facturing chemists and chemical engineers. The temptation 
for any of us to do just such work is often strong and even neces
sary. The work of drawing the line is, therefore, a difficult one 
for the officers of the Institute. T hey are to be congratulated 
in having so seldom become susceptible to criticism in this re
gard in the five years of the Institute’s existence.

J a m e s  R. W i t h r o w

General Metallurgy. B y  H. 0 . H o fm an . M cGraw-Hill Book
Co., Inc. $6.

Prof. Hofman covers more ground in this book than has been 
attempted recently in any similar work and has done it un
commonly well. I t  is w hat its title indicates and what similar 
works rarely are, a general metallurgy, and treates of the subsid
iary branches which are usually slighted or ignored entirely.

The first chapter is very short, merely defining the scope of 
the work. Then follows a short but adequate chapter on the 
Properties of Metals. The third chapter is on alloys and is 
an exceedingly good and clear account of the present theories. 
It is fully illustrated with diagrams of cooling curves, typical 
micro-photographs and equilibrium diagrams. There is a 
curious error on page 59, where it  states that in making alloys 
of copper and zinc " th e y  are charged together in order that the 
readily fusible metal m ay dissolve the more refractory,”  whereas 
the copper is always melted first and the zinc added, and this 
is stated as the general process in the preceding sentence.

Chapter IV  on M etallic Compounds is arranged in a rather 
novel method as the grouping is by  the acid radicals. This 
has decided advantages for the purpose of this book.

The chapter on fuels is not as satisfactory as most of the others. 
A  rather disproportionate amount of space is taken up in the 
description of methods and apparatus that are only of historical 
interest. As usual, we have long tables of the analyses of picked 
samples of fuel which, unfortunately, are much better than com
mercial deliveries. It  is difficult to understand the reasons for 
the selection of the gas producers illustrated; some of those 
shown have not been exactly brilliant successes, and some of 
the best are not even mentioned. Prof. Hofman mentions that 
the depth of a fuel bed must be varied to suit the fuel "and is 
greater the lighter the fuel.”  He does not, however, mention 
that the size of the fuel has more influence in determining the 
proper depth of bed.

The chapter on Refractory Materials is very good, though 
perhaps an undue weight is given to composition. A n ultimate, 
or even a "ration al”  analysis is a very poor guide in the selec
tion of a refractory, as it is much easier to get bricks of good 
chemical than physical characteristics.

The chapter o n . Pyro-Metallurgical Processes and A p p a ra tu s  
is excellent. I t  starts with a rational and useful classification 
of furnaces and follows this with short descriptions of typical 
specimens of each: first of those heated by fuel, and then of the 
electrical. The methods of calculating the efficiency are de
scribed and examples given. The various classes of operations, 
roasting, smelting, refining, etc., are then taken up. Next 
is the best article on slags the reviewer has seen. They are 
treated from the point of view of their general similarity to alloys, 
and the result is excellent.

W et processes and apparatus follow, and this chapter should 
be learned by heart by tire numerous patentees of such processes 
who have never worked outside of a laboratory. While Dr. 
Hofman, of course, recognizes the great value of many of the 
wet processes, he fully appreciates and explains their disadvan
tages and difficulties.

Electro Processes and Apparatus come next. The general
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principles are well given but 110 attem pt is made to describe 
special processes.

The eleventh chapter deals with mechanical operations and 
takes up more than a third of the book. It  gives a condensed 
but clear description of the apparatus and processes of crushing, 
concentrating and briquetting ore, the mechanical treatment 
of. alloys, handling of liquids, air supply, heating and drying, 
and, lasdy, the purification of gases.

The concluding chapters are on Metallurgical Products and 
Economic Considerations. Both are very good and it is only 
a pity the author did not give more on these very important sub
jects.

Dr. Hofman’s long experience in the field and as a teacher has 
eminently qualified him for the work, and he has produced a 
book of which he may well be proud, and one that no metal
lurgist can afford to be without. The bibliography, if alone, 
would be of the greatest value, and arranged as it is with the 
references for each subject on the page with the author’s text, 
its usefulness is greatly enhanced.

Unfortunately the publishers have not treated the work as 
it deserved. The print and illustrations are fair, but the paper 
and binding are poor and will not stand the use that a book of 
this character is bound to receive. The proof-reading has been 
very careless and there are a number of annoying typographical 
errors. Most of them are obvious and, therefore» not serious, 
but there are several which make sense but do not convey the 
author’s meaning and are, therefore, liable to mislead those not 
thoroughly familiar with the subject.

G. C. Stone

Plantation White Sugar Manufacture. B y  W . H. Tir. H a r -  
LOFF, Manager of the Boedoeran Sugar Factory, Java, and
H. S c h m id t ,  Consulting Sugar Chemist and Engineer, Java. 
Translated from the second revised Dutch edition, by J a m e s  
P. O g i l v i e ,  F.C .S., Technical Editor of the "International 
Sugar Journal.”  Published by Norman Roger, 2, St. Dun- 
stan’s Hill. London. Small 8vo. 135 pp., 7s., 6d. net or
S2.00 abroad.

The present translation of Harloff and Schm idt’s "Handleiding 
voor Tropische Witsuikerfabrikatie,”  is exceedingly opportune. 
Discussions in technical journals regarding the influence of recent 
tariff legislation upon white sugar manufacture in the tropics 
and the growing tendency among cane planters themselves to 
produce sugars of higher purity indicate that this new treatise 
is one of the most timely sugar books of the year.

As stated by the authors in their introduction the purposes 
of the book are (1) to give the reader a practical insight into the 
most generally adopted methods of preparing white sugar and
(2) to present the theoretical side of the subject and give "th e  
reasons just why such and such a procedure and no other must 
be adopted.”  The authors very correctly observe that this 
second subject is of greater importance than the first since it 
forms the basis for independent thought and research without 
which all instruction remains a dead letter.

In their discussions of the principles of white sugar manu
facture the authors omit, as is proper, all technical descriptions 
of sulfur-ovens, filter-presses, evaporators, and other equip
ments of the sugar house. A  previous knowledge of such ap
pliances is supposed to have been acquired; the treatise is, there
fore, primarily a book for the experienced sugar manufacturer 
or advanced student and not for the beginner.

The first section of the book deals with the chemistry of white 
sugar manufacture. This phase of the question is presented 
clearly and concisely in 25 pages, 10 of which are devoted to 
the important subject of the coloring substances, derived from 
the cane or produced during manufacture. The second section 
of the book discusses the underlying principles of white sugar 
manufacture as practised upon-the plantations of Java; the

scope of this division is indicated by the six headings: Carbonata- 
tion, the Acid Thin-juice Process, Raw-juicc Sulfitation, 
Treatm ent of Thick-juice, Centrifugal Syrup Treatment, and 
Curing.

The most casual reader will be impressed by the impartiality 
with which the claims of different processes are discussed. While 
the authors, for example, admit their preference, on grounds of 
safety, for double carbonatation, the disadvantages of this 
method of clarification are stated so fully and the advantages 
of single carbonatation set forth so fairly that the most partisan 
advocate of the latter process can find nothing to criticize.

It  is to be regretted, howrever, that in preparing a book for 
circulation in English-speaking countries a somewhat fuller men
tion was not made of processes employed outside of Java. In 
the section, for example, upon raw juice sulfitation, the discussion 
is limited to the Java procedure, which consists in liming first 
and then sulfuring. The value of this -part would be considerably 
increased, if the authors had discussed in this connection the 
merits and demerits of a method employed in the Western 
Hemisphere in which the sulfuring of the juice precedes the treat
ment with lime.

The general tone of the book is conservative and in strict 
agreement with most generally approved results of sugar house 
experience. Extreme boldness has been a characteristic of 
several recent departures in sugar-making and a considerable 
modification of old established principles has resulted. The 
Kestner evaporator is a practical refutation, if there ever was 
one, of the orthodox rule that high temperatures must always 
be avoided in sugar manufacture. A  more recent and startling 
heresy is the Battelle white sugar process in which the raw cane- 
juice is treated with quicklime, to from 1 per cent to 5 per cent 
of its weight, and then boiled until all reducing sugars have been 
destroyed. This process, which has been favorably received 
in the Hawaiian Islands, is a most glaring violation of an old 
principle, summarized as follows by Harloff and Schmidt, 
on page 6 of their new book:

" B y  the action of lime on glucose at temperatures below 55 0 C. 
(131 ° F.) the chief product is lactic acid, a very stable acid, not 
subject to spontaneous decomposition, though at higher tempera
tures glucinic acid and saccharinic acid, with their colored de
composition products, are formed. Since the calcium (lime) 
salts of acetic acid (lactic acid?) on the contrary, are colorless, 
during carbonatation, when much lime is present with the glucose, 
care must be exercised that the temperature remains below 55 0 C. 
(13 10 F.), so long as the liquid is not neutral.”

The conservatism of the book makes it, however, an altogether 
safe one for any manufacturer to follow. In a period when 
many sugar manufacturers are tending towards a hazardous 
radicalism the old admonition " B e  not too boldl”  m ay have 
at times a saving influence.

For the information and wealth of suggestions which it offers 
the book will repay most careful study; it should be read by every
one who is at all interested in sugar manufacture.

C. A. B r o w n e

Metallurgical Analysis. B y  N a t h a n i e l  W r i g h t  L o r d ,  E.M ., 
late Professor of M etallurgy and Mineralogy, Ohio State 
University, and D a n a  J. D e m o r e s t ,  B.Sc. in Chemical 
Engineering, Professor of Metallurgy, Ohio State University. 
Third edition. McGraw-Hill Book Company, New York. 
Illustrations 24, pp. xiv +  334. Price, $2.50 net.

The first edition of this book was issued in 1893 by Prof. 
Lord, and consisted of notes, written for the use of students in 
the Metallurgical Laboratory of the Ohio State University. 
The object was to give, in a condensed form, the series of selected 
methods in metallurgical analysis which made up the course of 
study. The second edition appeared in 1903, and the writer 
endeavored to extend its scope and make it not only a text-book
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for students in technical schools, but also a book of reference for 
young men in metallurgical laboratories. The book was en
larged, due to the treatment of many of the subjects at greater 
length. The notes were extended and the book was brought up 
to the state of the science at that time. In this, the third edi
tion, Professor Demorest has rewritten the book, so as to in
corporate in the old methods the recent advances in knowledge 
bearing on them. M any new subjects have been added so as 
to include practically all the methods of chemical analyses likely 
to be used by the metallurgical chemist. In  so doing, the writer 
has retained as closely as possible, Professor Lord’s method of 
presentation of the subject. The method of presentation is an 
admirable one. The chapter usually opens by giving a brief 
outline of the theories of the method presented, followed by a 
clear detailed description of the method, giving references where 
necessary, and closing with a number of very practical notes.

The first chapter of n  pages is devoted to Preparation of 
Samples. The second chapter of 9 pages is given to the Analyses 
of Limestone. Then follow 17 chapters, 160 pages, describing 
Methods of Analysis for Iron Ores, Iron and Steel, including 
Methods for Nickel, Vanadium, Tungsten, Chromium, Titanium, 
Copper, Arsenic, Aluminum, Nitrogen, Oxygen, Hydrogen.

Nine chapters, 52 pages, are devoted to Spelter and Tin 
Plate Coating, Zinc, Copper, Lead, and Tin in Ores, Analysis of 
Refined Copper, and Refined Lead, Analyses of Spelter, Brass 
and Bronze. One chapter, 24 pages, on the Analysis of Coal and 
Coke. One chapter, 31 pages, on the Analysis of Gases. One 
chapter, 14 pages, on Clay and other Silicates. One chapter, 
5 pages, on Softening of W ater for Boiler Use. One chapter, 
22 pages, Calculation of Normal Solutions and Tables.

This book is well written. The methods are clear and well 
defined. It  is a pleasure to recommend this book for the pur
poses as set forth in the caption.

W il l ia m  B r a d y

Review of the Examination of W ater and W ater Supplies. B y
J o h n  C. T h r e s h ,  D .Sc ., M .D ., D .P.H . Second edition.
P. Blakiston Sons &  Company. Philadelphia, Pa. Printed
in Great Britain.
This book chiefly aims to be useful in forming an opinion as 

to the suitability of water supplies for drinking and other domestic 
purposes. It  should not only be helpful to chemists, but to 
engineers, health officers and others who may be called upon to 
express an opinion as to the purity of water supplies.

The examination of the waters of rivers, lakes and harbors 
to determine their capacity for absorbing sewage, the ways in 
which researches into the purification of water are carried out 
and field methods of analysis, all questions of considerable 
importance in America, are scarcely dealt with or are omitted 
altogether.

Dr. Thresh, who is a practical analyst and medical officer 
of health of the Essex County Council, England, has written his 
book from an essentially English standpoint. Where references 
are made to American and continental practice, they are usually 
employed by w ay of illustration and there is little evidence 
that the procedures employed and recommended have been 
materially modified by foreign experience. T o some analysts 
in the United States this may prove disappointing, but it is not 
as a compendium of dry rules of procedure that the book will be 
most useful.

Dr. Tliresh’s 600 pages cover a much'larger field than do most 
works on water supplies and to the worker who is conscious of 
the restrictions which a close observance of American routine 
imposes, its breadth, liberality of treatment and comprehensive
ness should prove inspiring.

The first part of the book describes methods of examining 
the sources from which water is derived, based on geological and 
topographical considerations and gives much useful information 
concerning the environmental study of springs, wells, rivers

and watersheds. The second part describes the objects of 
analytical methods, physical, chemical, microscopical and 
bacterioscopic and their interpretation. The third part deals 
with the apparatus and reagents and the details to be followed 
in determining the ingredients of water which the author con
siders are of interest in connection with sanitary and industrial 
problems and describes methods of calculating and expressing 
the results. Tables of the results of numerous analyses of 
waters, typical of English supplies, are included in this part. 
The appendix describes the preparation of reagents and media.

Departures from present American custom appdar in various 
parts of the book. For example, it is not usual in the United 
States to taste water which is being examined and, if tasted, it 
would not at all be likely to be described as mawkish. Nor 
will American analysts readily recognize the term sinter to 
indicate 'deposits. In the determination of free and albuminoid 
ammonia, American custom is not identical with Dr. Thresh’s. 
The only method of determining nitrates is by reduction, the 
author giving as his reason for not including others that he has 
little confidence in them. The determination of the weight of 
suspended matter, regarded in the United States as of consider
able importance in connection with many water supply problems, 
is not included as an important part of a sanitary analysis.

Notwithstanding its obvious defects which, it should be said, 
are by no means so important in England as in America, the 
book should prove a valuable contribution to the library of 
chemists, health officers and engineers. The author’s comments 
on data and their interpretation are generally notable for their 
sound, common sense and a generous recognition of the limita
tions and difficulties of the subject. The book is well printed 
on good paper and contains numerous illustrations, including 
36 plates showing the results of the microscopic examination of 
sediments. There is no other book in the English language 
dealing so comprehensively with the subject of the examination 
of drinking water supplies from the English standpoint.

G e o r g e  A. S o p e r

Chemical Technology and Analysis of Oils, Fats and Waxes.
B y  J. L e w k o w i t s c h .  Fifth edition, Vol. I. Price, $6.50.
Macmillan &  Co., London, and The Macmillan Company,
N ew York, 1913.
In view of the untimely death of Dr. Lewkowitsch at the age 

of fifty-six while this edition of his monumental work is still 
in press, a detailed and searching criticism of the present volume 
would hardly be seemly. Fortunately, there is little to criticize. 
The volume under review covers the same topics as the corre
sponding volume of the fourth edition while the size is increased 
about one-fourth, the present volume comprising 668 pages. 
This growth is in general the result of a real rewriting of the text 
as a whole and not merely the introduction of isolated paragraphs 
of new matter. It  is true that in some cases new work is men
tioned only very briefly and without substitution of the newer 
numerical data for the older data which were already tabulated 
in the earlier editions so that the reader who seeks the actual 
data of recent work must usually consult the original articles, 
but this is almost inevitable in so comprehensive a work. It is 
noticcable that the growth in bulk of the successive editions has 
not prevented the author from handling his material with that 
firmness of grasp and logical sequence which has always been 
a marked feature of this work.

The present volume has a detailed table of contents but no 
index, an index to the entire work being promised with V olum e 
III. I t  is greatly to be hoped that, as stated in the technical 
press, the revision of the entire work will be found to have been 
completed before the author’s death. This fifth edition of 
"Lew kow itsch”  m ay well stand for many years both as the 
leading work of reference in its field and as a w orthy monument 
to the professional attainments of its author.

H. C. S h e r m a n
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RE.CŁNT 1NYŁNTION5
B y  C. L. P a r k e r ,  Solicitor of Chemical P a ten ts . M cGill Building, W ashington, D. C.

Preparing Aluminum Sulfate. H. F. D. Schwahn, Nov. 4,
1913. U. S. Pat. 1,077,309. Clay, shale or other aluminous 
—1 material is saturated w ith water and treated

with sulfurous acid gas and ozone or ozonized air 
= _ to transform the aluminum and iron compounds

present into sulfate and basic sulfate, respectively.
^ ■ I The treated mass is then lixiviated with water,

II and ozone or ozonized air is injected into the
resulting solu
tion until the 
last trace of iron 
sulfate therein is 
transformed into 
basic ferric salt, 
which separates 
as a yellow mud.

The iron-free solution of aluminum sulfate is then drawn off 
and evaporated.

Gas-Analyzing Apparatus. J. W . H ayes, Nov. 4, 1913.
U. S. Pat. 1,077,342. This apparatus is designed for the rapid 
determination of the constituents of furnace gases, illuminating 
gas, producer gas and the like.

In the use of the apparatus the gas to be analyzed is forced 
by bulb P  into measuring burette B, displacing liquid with

which it has been pre
viously filled by the 
use of leveling bottle 
L  connected to the 
burette by tube R '.
The bottle L  is then 
raised until liquid 
therein reaches the 
zero mark in burette 
B, whereupon valve 
V ' is closed. The gas 
will then have been 
measured at atmos
pheric pressure and at 
the temperature of the 

water which surrounds burette B. B y  the operation of the 
valves in the tubes connected with the neck of the burette the 
gas may then be forced upon raising the leveling bottle L, into 
the various absorption chambers which may be provided with 
suitable reagents for the absorption of carbon dioxid, oxygen, 
carbon monoxid, etc. Each absorption tube is connected at its 
bottom with a displacement vessel and its top with the neck of 
the burette.

M etallizing Ceramic and other Surfaces. Q. Marino, Nov- 
4, 1913. II. S. Pat. 1,077,357. A  solution of iron fluoride is ‘
applied to the surface to be covered and the iron reduced to a 
metallic state by  applying a finely divided metal capable of re
ducing the iron. *

Hydrogenizing Organic Compounds. H. Thom , Nov. 41 
1913. U. S. Pat. 1,077,442. The substance to be hydrogenized 
is treated with formic acid and a colloidal solution of a metal 
of the platinum group.

Treatment of the Surface of Aluminum Articles. A. Lang,
Nov. 4, 1913. U. S. Pat. 1,077,480. The aluminum surface is 
coated with a metal chloride and subjected to the action of the 
heat.

Boron Nitrid. R. Heyder, Nov. 4, 1913. TT. S. Pat. 1,077,712.

A mixture of boric anhydrid, magnesium and ammonium chlorid 
is heated to the reaction temperature and after the completion 
of the reaction, the resulting mixture is washed with a solvent 
of the by-products of the reaction and the boron nitrid is dried 
in vacuo at a temperature of about 60-70° C.

Devulcanizing Rubber. D. A. Cutler, Nov. n ,  1913. II. S. 
Pat. 1,078,086. The vulcanized rubber is subjected to the 
action of a bath containing zinc chlorid and oil of pine.

Hydrogenating Oil Mixtures, Etc. C. Ellis, Nov. 11, 1913. 
U. S. Pat. 1,078,136. An acid oil is diluted with a substantially 
neutral oil and the mixture hydrogenated.

Extracting M anganese from its Ores. F. Heusler, Nov. 11, 
1913. U. S. Pat. 1,078,199. The manganese ore is first heated 
to a red heat to calcine a portion thereof. A quantity of the 
calcined ore is then mixed with a quantity of the crude, un
calcined ore and subjected to a reducing process in the presence 
of a flux and carbonaceous matter.

Aluminum Nitrid. O. Serpek, Nov. n ,  1913. U. S. Pat.
I,078,313. A  mixture of carbon and aluminous material is 
heated to above 13000 C. in a current of nitrogen and hydrogen.

Recovering Alkalis from Silicate Rocks. S. Gelleri, Nov. 11, 
1913. U. S. Pat. 1,078,495. The silicate rock, mixed with 
limestone and a sulfate, is heated and the heated mass subjected 
to the action of ammonium carbonate vapors under high pressure.

Double Superphosphate. Wilson and Haff, Nov. 18, 1913. 
U. S. Pat. 1,078,887. Pyrophosphoric acid is added to natural 
phosphate rock.

M etallic Magnesium. W allace and Wassmer, Nov. 18, 1913.
II. S. Pat. 1,079,079. Magnesium sulfid is gradually added to 
fused magnesium chlorid and the mixture subjected to elec
trolysis.

Sulfur from Hydrogen Sulfid and Sulfur Dioxid. W. Feld, 
Nov. 18. 1913. II. S. Pat. 1,079,291. Gases containing sul- 
furetted hydrogen and sulfurous acid are subjected to the action 
of a solution of thiosulfate of a metal the sulfid of which is 
soluble in water.

Treatment of Iron and Steel for a Permanent Black Finish. 
W . R. Swan, Nov. 25, 1913. U. S. Pat. 1,079,453. Articles of 
iron and steel are placed in the furnace 1 together with a quantity

of copper sulfate, sal- 
ammoniac or alumi
num chlorid, tannin 
and glucose and heated 
to about 1050° F. 
Superheated steam is 
then injected fo r  about 
thirty minutes. The 

iron, after being allowed to cool, is submerged in paraffin oil 
heated to about 150° F . The treatment gives the treated 
article a dead black rust-resisting coating.

White Lead. E. Euston, Nov. 25, 1913. U. S. Pat. 1,079,481-
A  substantially neutral lead acetate solution in a tower is sprayed 
through a constantly renewed atmosphere of carbon dioxid and 
basic lead acetate solution is introduced at a rate proportional 
to the precipitation of white lead so as to maintain the lead 
acetate solution in a substantially neutral condition.
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Concentrating Acid, by means of a Drying Agent. E. Collett, 

) '  'ffr — ~ g u  Noy- 25 . I9 I3 * U- S. Pat.
r ^ i  J g l  1,079,541. The acid vapors, such

3 „ T F , ^  nitric acid vapors, are intro-
»* ! duced through inlet 4 and passed

» against a counter-current of sul-II
g . L r J 1" furic acid, successively through

19 drying columns 1, 2 and 3, es-
* caping into a condenser, 6, from

tU l13 which the concentrated acid is
_= y  ‘ drawn off through pipe 7.

4 i  The sulfuric acid is withdrawn
' from each of the drying columns

1, 2 and 3 and cooled before being introduced into another dry
ing column.

Bleaching and Thickening Oils and Fats. O. Scherieble,
Nov. 25, 1913. II. S. Pat. 1,079,727. The material to be

n̂ j  bleached and thickened is placed
 j .— v in the pan 6, die bottom of

> . / 11 I r ' i V n T CV / f° rms one electrode of a

MtULlAkiaML hif  p°tent;ai Qcurren‘- fThe
gU'ijgigZL  ̂ - - - -  other electrode 8, in the form

:— —~ - ~ J c f a lattice with downwardly ex- 
” i ✓ tending points 9, is arranged

---------  above the material which is thus
subjected to the action of a silent or brush discharge. The use 
of a current from 50,000 to 100,000 volts is recommended. •

Zinc Compounds. E. B. Cut-
  ^  ten, Dec. 2, 1913. U. S. Pat.

U W r  ^  i i08o, io 2. Zinc oxid free from
e jT l j~A •¿r/rl slag-forming materials is mixed

'v s. with coal or coke and heated in
£  a cupola or low blast furnace

under a pressure of from 20 to 
60 pounds per sq. in. or higher. 
The heating is effected by means 
of liquid or gaseous fuel ad
mitted under high pressure to 
the bottom of the charge. The

/ •   K resulting temperature ¡ssufficient
\\ j  to vaporize the zinc at atmos-

vi f j  pheric pressure but the pres-
1nW ~l[cu sure maintained in the reducing

chamber is sufficient to pre- 
v a d  , . . . .
jfF jr fr--  M vent such vaporization, the zinc

being collected as molten metallic
. zinc.

Hydrogenation of Organic Compounds, Especially the Fatty 
Acids, Etc. K . H. Wimmer, Dec. 9, 1913. U. S. Pat. 1,081,182.
Fatty acids and their glycerids are hydrogenated by subjecting 
them to the action of an organic metal salt and hydrogen.

Electrically Smelting Volatile M etals. W . M . Johnson, Dec. 9, 
1913. U. S. Pat. 1,080,912. This process is primarily intended 
for reducing and separating zinc from its ores and compounds 
by a volatilizing process in an 
electric furnace.  ̂I"“

In smelting zinc ores a charge I I  ~ A, f
proportioned to yield a fusible 
slag is superposed upon a molten jlfft*!?!
electrode which may be molten 
lead, and an electric current 
passed through the molten elec- 
trode, the charge and the evolved 
zinc vapors. The reduction
is carried out in the absence of fZ.
extraneous air and the volatile
reaction products arc conducted J
through the charge and into j
contact with a portion of such
charge heated to the temperature of the maximum reductivity
of carbon. The zinc vapors are finally condensed apart from
the charge.

Acetic Acid. N. Griinstein, Dec. 23, 1913. U. S. Pat. 
1,081,959. Acetic acid is produced from acetaldehyde by the 
action of oxygen in the presence of acetic acid.

Waterproof Mortar. A. M arkus, Dec. 23, 1913. U. S. 
Pat. 1,082,035. A  mixture of pulverized soluble soap, pul
verized soluble alumínate, lime hydrate and clay is added to the 
mortar to be waterproofed.

Vulcanized Glycerol Resin. W . C. Arsem, Dec. 23, 1913. 
U. S. Pat. 1,082,106. This is a rubber-like infusible composition 
comprising a compound of sulfur and the glycerol ester of phthalic 
and oleic acids.

Rosin and Turpentine from Wood. C. Howard, Dec. 30, 
1913. II. S. Pat. 1,082,526. Chips of coniferous wood are 
treated with turpentine under pressure to obtain a solution of

Electrolytic Manufacture of Perborates. K . Arndt, Dec. 9, 
I9i 3- U. S. Pat. 1,081,191. The perborates are produced by 
electrolyzing an aqueous solution of borax and sodium carbonate.

Tungsten and its Alloys. F. M . Becket, Dec. 16, 1913. U.
S. Pat. 1,081,568. Crude ferrotungsten is subjected to an 
oxidizing roast and the resulting oxids are reduced without 
substantial fusion of the reduced products. The iron and 
phosphorus in the reduced product are then removed by an 
acid treatment.

Clarifying W ines. A. Orastein, Dec. 16, 1913. U. S. Pat. 
'1081,623. The flour of ground soya beans (Soga hispida), 
rom which the fatty  matter has been extracted, is' added to the 

wine to be clarified.

the resinous constituents of the wood. The turpentine is 
agitated during this treatment and the pressure within the 
treating chamber is caused to alternately rise and fall.

Fertilizer. W . E. Carson, Dec. 23, 1913. U. S. Pat, 1,082,108.
This is a mixture of pulverized natural limestone and pulverized 
hydrated caustic magnesium lime.

Protecting Iron from Rust. A. Lang, Dec. 23, 1913. II. S. 
Pat. 1,082,161. A  layer of iron oxid is first artificially pro
duced on the surface to be treated and this layer is then chemi
cally combined with an anilin dyeing agent.

Bituminous Putty. W . A. Levering, Dec. 30, 1913. U. S. 
Pat. 1,082,640. The material consists of a major portion of 
lime dust and a minor portion of air-blown petroleum residuum.



MARKET REPORT
AVERAGE WHOLESALE PRICES OP STANDARD CHEMICALS, ETC., FOR THE MONTH OF JANUARY, 1 9 1 4

O R G A N IC  C H E M IC A L S Silver N itra te ..........................................................
Soapstone in b ag s ..................................................
Soda Ash (48 per c e n t)........................................
Sodium  A ceta te ......................................................
Sodium  B icarbonate (dom estic).......................
Sodium  B icarbonate (E ng lish ).........................
Sodium  B ichrom ate ..............................................
Sodium  C arbonate  (d ry ) .....................................
Sodium  C h lo ra te ....................................................
Sodium  H ydroxide. 60 per c e n t.......................
Sodium  H yposulfite ..............................................
Sodium  N itra te , 95 per cent, s p o t ..................
Sodium  Silicate (liqu id ).......................................
S tron tium  N itra te .................................................
Sulfur, Flow ers (sublim ed)................................
Sulfur, R o ll..............................................................
Sulfuric Acid, 60° B .............................................
T a lc  (A m erican).....................................................
T e rra  A lba (A m erican), No. 1..........................
T in  B ichloride (50°).............................................
T in  O xide..................................................................
W hite  Lead (American, d ry ) ............................
Zinc C arb o n ate .......................................................
Zinc Chloride (g ran u la ted )................................
Zinc Oxide (Am erican p rocess)........................
Zinc S u lfa te ..............................................................

O IL S , W A X E S, ETC
Beeswax (pure w h ite )  ............................
Black M ineral Oil, 29 g rav ity ...........................
C asto r Oil (No. 3 ) .................................................
Ceresin (yellow ).....................................................
Corn O il....................................................................
C ottonseed Oil (crude), f. o. b. m ill...............
C ottonseed Oil (p. s. y . ) .....................................
C ylinder Oil (light, filtered)..............................
Jap an  W ax...............................................................
L ard  Oil (prim e w in te r)......................................
Linseed Oil ( raw ).................................................
M enhaden Oil (c rude). . . . ................................
N eatsfoo t Oil (2 0 ° ) . .............................................
Paraffine (crude, 120 & 122 m. p .) .................
Paraffine Oil (high v iscosity )............................
Rosin ( " F "  grade) (280 lb s .) ............................
Rosin Oil (first ru n ) ..............................................
Shellac, T . N ...........................................................
Sperm aceti (cake)..................................................
Sperm  Oil (bleached w inter), 3 8 ° ...................
Spindle Oil, No. 200.............................................
S tearic Acid (double-pressed)...........................
Tallow  (acidlcss)....................................................
T a r  Oil (d istilled)..................................................
T u rpen tine  (spirits o f).........................................

M E T A L S
Alum inum  (No. 1 in g o ts)...................................
A ntim ony (H alle t’s ) .............................................
B ism uth  (New Y o rk ) ...........................................'
Bronze pow der........................................................
Copper (electro ly tic)............................................
Copper (lake )..........................................................
Lead. N . Y ...............................................................
N ickel.........................................................................
P la tinum  (refined).................................................
S ilver..........................................................................
T in ...............................................................................
Z inc....................................................................

IN O R G A N IC  C H E M IC A L S

T,h. 21 @ 23
C. I . 621/1 @ 1.771/j
T,h. 13 @ 14
Gal. 33 @ 36
Gal. 2 .48 @ 2.50
Gal. 46 @ 48
Gal 1.75 to 1.80
T,h. 10 @ 10‘/ i
T,b. 23 @ 27
Gal. 23 to 25
T,h. 40 @ 42‘/s
Lb. 8 © 10
Tib. 6 ‘/ . @ 8
Trb 7*/i @ 7 '/ .
T,h, 25 © 35
T,b. 51 © 52
C. 2 .92 @ 3.13
T,b. 5 to 6
T,b 14 @ 20
T,h. 8 V. © 9>/.
Tib. 19 @ 19>/i
Lb. 7 V i © 7V»
Lb. 1 . 2 0 @ 1.40
T,b, 25 @ 30

,T,b. 3 '/ . @ 4
■ C. 2 .24 @ 2.90
,T,h. 4 1/  s — 4*A
.T,b. 8 @ 9
T,h. 2 1/ 1 @ 2>/<
,T,b. 5>A © 6 ‘A
,T,b. 34 — 35
,T,h. 31»/* © 31* /

A ceta te  of Lead (brown, b ro k en )........................ . . .L b . 7‘A — 7*/<
A ceta te  of L im e (g ray )............................................ . . . C . 2 . 0 0 @ 2.05
Alum  (lu m p )................................................................ 1.75 © 2 . 0 0
A lum inum  Sulfate  (h igh-grade)............................ . .  .C . 1.25 @ 1.75
Am m onium  C arbonate, dom estic ........................ . . . L b . 8 @ 8 >A
A m m onium  Chloride, g ra y ..................................... . . .L b . 5 7 . @ 6 >/.
A qua A m m onia (drum s) 16°................................. . . .L b . 2>A @ 2 ‘A
Arsenic, w h ite .............................................................. . . .L b . 3 © 4
Barium  C hloride......................................................... . , .C . 1.60 @ 1.75
Barium  N itra te ........................................................... 5 to 5‘A
B ary tes (prim e w hite, foreign).............................. . . .T o n 19.00 @ 23.50
Bleaching Pow der (35 per c e n t) ........................... . . .C . 1 . 2 2 ' / , @ 1.30
Blue V itrio l................................................................... . .  .L b . 5 © 5 ‘A
Borax, crystals (bags)............................................... . . . L b . 3*/< — 4>A
Boric Acid, c rystals (pow d.).................................. . .  .L b . 7 — 7*/<
Brim stone (crude, dom estic).................................. . . .T o n 2 2 . 0 0 @ 22.50
Bromine, b u lk .............................................................. . . . L b . 30 @ 35
Calcium  Chloride, fused .......................................... . . .C . 60 @ 90
C halk (light p rec ip ita ted )....................................... . .  .L b. 4 @ 4 ‘A
China C lay (im ported )............................................ . .  .T on nom inal
F e ldspar......................................................................... 8 . 0 0 ©  1 2 . 0 0
F u ller’s E a rth , powdered. F o reign ...................... 16.00 @ 17.00
Green Vitriol (b u lk ).................................................. . . .C . 55 © 60
Hydrochloric Acid (1 8 °).................................. .. . . .C . 1,15 @ 1.55
Iodine (resublim ed)................................................... . . .L b . 3.55 © 3 .6 0
Lead N itra te .................. ............................................ . . .L b . 7V« @ 8 1/*
Litharge (A m erican)................................................. . . .L b . 5>/i @ 5>A
Lith ium  C arb o n ate .................................................... . . .L b . 65 © 70
M agnesium  C arbonate ............................................. . . .L b . 21 © 35
M agnesite "C alcined* '.............................................. . .T on 28.50 @ 29.50
N itric  Acid, 3 6 ° .......................................................... . . .L b . 3>A @ 41/4
Phosphoric Acid (sp. gr. 1.75).............................. . . .L b . 2 1 ' / , @ 2 5 '/ ,
Phosphorus ................................................................... . .  .L b. 45 © 1 . 0 0
Plaste r of P a ris ........................................................... . . .B b l . 1 .50 @ 1.70
Potassium  B ichrom ate, 5 0 ° .................................... . . .L b . 6 ‘A @ 7
Potassium  B rom ide................................................... . . .L b . 39 @ 40
P otassium  C arbonate  (calcined), 80 @ 85%  . . . . .C . 3 .25 @ 3 .3 0
Potassium  C hlorate, c ry s ta ls ................................. . .  .L b . 7 'A @ 7>/i
Potassium  C yanide (bulk), 9 8 -9 9 % .................. . . .L b . 16 @ 18
Potassium  H ydrox ide............................................... 4 .0 0 @ 4.25
Potassium  Iodide (b u lk ).......................................... . .  .L b. 2 .95 @ 3 .0 0
Potassium  N itra te  (c rude).......................... .. . .  .L b. 4 ‘/ i  @ 5
Potassium  Perm anganate  (b u lk )......................... . . .L b . 8*/, @ 10
Quicksilver, F lask (75 lb s .) ..................................... 38 .00 @ ------
R ed Lead (A m erican).............................................. . . .L b . 6 @ 6 '/*
Salt Cake (glass-m akers’) ............................I . .  . . . .  .C . 55 @ 65

07, 3 6 '/ ,  © 381/
Ton 10.00 © 12.00
C., 67>A @ 721/.

,T,b. 3>A © 41/.
O. 1 .00 @ 1.10

,T,h. 2>A @ 3
.Lb. 4s/ .  © 51/ .
C 60 @ 80

. T,b. 7i/< @ 7‘/>
C, 1.55 © I . 571/,
C 1.30 @ 1.60
C. — @ 2.221/,
C 65 © 1.50
T.h, 6»/. @ 7
C 2.20 © 2.60

,C, 1.85 @ 2.15
C 85 @ 1.00
Ton 15.00 © 20.00
C, 75 © 80

,T,b. 121/, @ 131/,
■ T,b. 42 @ 44
,T,b. 5 ‘A @ 51/
T,h. 8 i/i  @ 9

,T,h. 4 ‘A © 5
T,b, 5« /. © 6«/.

,T,h. 2 ‘A @ 3

T,b. 44 © 46
■ Gal. 131/, @ 14
,T,b. 8‘A © 8V,
T,h 12 @ 22
C. 6 .80 @ 6.85

43 © 45
.L b. 6 .70 © 6.75
Gnl 2 1 >/, @ 32

■ T,b. io ‘A @ 10'/,
Gal. 92 @ 94

48 @ 49
Gal 33 @ 37
Gnl 96 © 98

.Lb. 3 ‘/ , @ 3>/i
Gal, 26 @ 27

.B bl. 4 .25 @ 4.40
Gal 27 @ 28
T,h. 19 @ 191/1
T,b. 30 © 35
Gal 72 © 74
Gnl, 18 @ 19
T,b. 9 @ 12

• Gal. 65 @ 66
Gnl 30 © 31
Gal. 471/î @ 49

,T,b. I81A © 18’/*
Trb, 7 © 7*/»

,T,h, 2.05 @ 2.10
■ Lb. 50 © 3.00
. Lb. H i / .  @ 14'/.
T,h 14»/, @ 14*/»

,T,h. 3 .95 © 4 .0 7 '/,
, Trb. 50 @ 55
.Oz. 43 .50 @ 44.50
O?.. 57 @ ------
C. 37 .00 @ ------
C.

ALS

5.15 @ 5.20

,C 2 .85 @ 2 .9 7 '/
.U n it 3 .20 @ —
Ton 27.25 @ 28.00
C. 2.05 @ 2 . 1 0
U nit nom inal

Fish Scrap, dom estic, d ried ........................................... U n it
M ow rah m eal...................................................................... T on
Phosphate, acid, 16 per c en t b u lk ...............................Ton
Phosphate  rock; f. o. b. mine:
F lo rida  land  pebble, 68 per c e n t..................................T on
Tennessee, 70-80 per c e n t..............................................T on
Potassium , "m u ria te ,” basis 80 per c e n t..................Ton
Pyrites, furnace size, im p o rted ..................................... U nit
T ankage, high-grade.........................................................U nit

nominal
nominal

7.00

2.75  
5 .00  

39 .07  @
0 . 13*A 

3 .25  & 10

3.00
5.50


