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EDITORIALS
SO M ETH IN G  TO TH IN K  ABOUT AT THE SEPTEM BER 

M EETING

D urin g the w eek of Septem ber 25th the Am erican 
C hem ical Society  meets at N ew  Y o rk , and the tim e is 
ripe for a consideration of th e  industrial side of chem 
istry  in the U nited  States, its prospects, and the part 
the A m erican C hem ical S ociety  m ay p la y  in it.

It  appears th a t there will be a large atten dan ce, and 
this is good; for the occasion is im portant. T here will 
be th e Chem ical E xhibition  going on during th e same 
w eek, and on the last three days th e A m erican E le ctro 
chem ical S ociety  m eets also in N ew  Y o rk , w ith the 
usual interchange of courtesies. A  part of the social 
en tertainm ent will be of a jo in t nature. T his is also 
favorable. T h e Am erican C hem ical S ociety  is big 
enough to encourage as m any other scientific organ iza
tions to  m eet w ith  it as possible. T h e su b ject of 
chem istry is ve ry  m uch bigger th a n  all th e societies 
and in stitutes p u t together. A nd now th a t we have 
p h ysical chem istry on the mind, in the kidn ey, b reak
ing out through the skin, interleaving textboo ks and 
controlling th e operation of filter-presses, it is well to 
bring chem ists together w ith those en gaged in ph ysics 
from  ev ery  angle of a tta ck . T h e contribution  of papers 
is prom ising. In the ord inary sense of th e word, the 
prospects of the m eeting are ve ry  favorable. T h e 
exhibition, w hich som e feared w ould be m erely an 
advertisin g hurrah, proved last year to be an occasion 
of industrial and engineering im portance, and bids 
fair this year to be of m uch greater interest th an  before.

B u t there is more than  the reading of papers and 
seeing sights and m iscellaneous en tertainm ent to be 
done at this m eeting, because the S ociety  will, have to 
determ ine its policy. T his will ta k e  place whether 
a n y  resolutions as to p o licy  are passed or not.

A  glance a t chem ical industry in this cou n try  shows 
factories of one sort or another to have cropped out 
all over, like measles on a bab y. T he great works 
h ave m et the situation  in m ost cases, w ith  their 
custom ary intelligence. Enorm ous fortunes h ave been 
m ade and a ctiv e  research has been prosecuted along 
m any lines. B u t there are a va st num ber of works, 
busy a t the m om ent, when selling is easy  and buyin g 
is hard, th a t are to ta lly  uncorrelated, and th a t are 
no more prepared for ordinary tim es than is the 
genius a t th e end of the line who “ hired one of these 
here exaperts to m ake pitric  a cid ”  for export. T h e 
law s of this cou n try  prohibit a great deal of coopera
tion  th a t is needed and wholesom e. T im es in chem ical 
in d u stry  h ave been so hilariously prosperous th a t it  is 
am ong th e few , rath er th an  the m any, th a t ’proper 
provision for tim es of easy  b u yin g and hard  selling has 
been m ade. T here is a great uncoordinated  chem ical 
ind u stry  started  in this cou n try  and some d a y  before 
long the question w ill have to be settled  w hether we 
shall continue to have it  here or not. If m any m ethods 
and w ays of to -d a y  are continued there is on ly  one

answer possible: a good part of it will die. out— for 
good and sufficient reasons.

W e have also som e bad habits. There is, for in 
stance, a trad itio n  of secrecy th a t is as absurd as it  is 
expensive. It  com es down from  th e days of alchem y. 
I t  is a trad itio n  of q u ack ery  and little  more. Of 
course, n obody cares to tell his com petitors ev eryth in g  
he know s; b u t in all th e m u ggy cloud of m ystery  
around chem ical .works, how m uch th a t is k ep t secret 
is of actu al value? W e venture th e guess th a t it is 
not a tithe. T h e rest is ju st trad ition , and it goes 
through the whole establishm ent. T h e result is 
disastrous. C hem ical in d u stry  w alks w ith p u ssy
footed tread. C ry p tic  utterances are in th e air. 
M en speak in parables. T h e poker eye is in evidence. 
E v e ry b o d y  raises and n obody calls. N ob od y know s 
w h at a n y b o d y  else is m aking— “ to a certain  e x te n t,”  
let us say, with a view  to precision. E v e r y  m aker of 
special products is a t tim es a t his w its ’ ends to know  
where to b u y  som ething th a t another is anxious and 
w illing to  sell. One of the m ost needed th in gs-to  do 
is to effect a m ethod of exchange for interm ediates. 
T his m ust be done soon.

A nother th in g of equal im portance is a d iscrim ina
tin g  apparatu s of some sort th a t will help to  avoid 
m istakes. As soon as chem ical in d u stry  goes beyond 
the m istake-lim it, ju st so soon w ill a fa t  m easure of 
industrial chem istry go out of th e cou n try— for keeps. 
W hen a man in business is up again st a chem ical 
problem  he is m ore helpless th an  in alm ost a n y  other 
predicam ent. W e can blam e him  all we please for 
his ignorance, b u t th a t will n ot help m atters. T he 
m an w ants advice and he doesn’t know  w here to get 
it. T h e means of te llijig  him  m ust be in ven ted , or. 
the scrap-heap of defunct chem ical factories will 
grow so fast as to  m ake th e bankers shiver.

. A nd right here is where th e A m erican C hem ical 
Society  com es in. I t  is th e on ly  availab le  m edium  of 
exchange of chem ical inform ation. I t  can go ahead 
printing papers, m ain tainin g a catalogue of m em bers 
and m eeting at intervals, ju st as it does now ; and th a t 
is an em in en tly  respectable career. N ob od y  can con 
dem n it for doing evil. B u t it can miss its chance. 
I t  can w a tch fu lly  w a it un til th e apple cart is upset. 
Or it can get b usy and m eet th e situation  in ev ery  
w ay possible. W e have m entioned tw o functions 
th a t it m ay perform  and we shall conten t ourselves 
with elaborating them .

A  bureau of inform ation  m ay be established, the 
business of w hich is to tell who m akes w hat, so long 
as the m aker is w illing to h ave the fa ct know n. .I t  
need have nothing to do w ith  prices, for trad in g is not 
th e S o cie ty ’s business. B u t techn ical inform ation  is 
its business so long as it m aintains ' an In dustrial 
Journal and recognizes industrial chem istry as a part 
of its field.

Suppose a constan t series of enquiries as to  buyers
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and sellers of rare chem icals and, in tim es like these, 
of stan dard  goods, were to be circulated  am ong m em 
bers of the Society. T h e y  could m aintain  their 
w onted secrecy as long as th e y  desired to. X m  m ight 
be in the m arket for oleum  or glycol or ph thalic an 
h ydride or eth ylen e chloride and ask who had it for 
sale. Zippah m ight respond th a t he could furnish 
glycol. T hen , when both parties are willing, the 
startlin g  revelation  is m ade to each who t ’other is. 
Suppose th e y  prove to  be com petitors, after each other 
tooth  and nail. T his w ould not occur often, but it 
m ight; the business end of chem istry is full of tricks. 
W ell, Zippah could nam e a price th a t w ould tak e all 
the sport out of X m ’s d iscovery. T h e fu tility  of 
secrecy would soon show itself and m anufacturers 
would com e out into the open. G orgonzola would 
tell his real nam e, while X m  and Zippah w ould prove 
to be honest men of business who would soon learn 
th a t all th e world is not after them  or their trade.

It  would be gratu itous to d ictate  how such a bureau 
should be organized or operated; b u t if the Society  
w ants to do it, it can.

N ow  we com e to  th e second feature which .is of a 
like nature. I t  is v e ry  easy  to  becom e a m em ber of 
the S ociety  and for the annual fee each receives his 
m on ey’s w orth, if he is engaged iri the a ctiv e  practice 
of chem istry. M em bership does not give him  a 
“ ch ara cter”  or even the S o c ie ty ’s b ackin g as a man 
of science. E v e ry  m em ber stands on the sam e footing, 
b u t ev ery  m em ber is n ot to  be recom m ended as a 
special a u th o rity  in ev ery  branch of th e science. 
T h e list of m em bers does not te ll an yth in g  of interest 
to  the man who w ants special inform ation. A nd 
y et, ju st such inform ation  is availab le  abou t m any 
others th a n  chem ists. E v e ry  year there are published 
volum inous “ W h o’s W h o”  books th a t  tell w hat each 
m an of supposed prom inence has to  sa y  for him self. 
In  like m anner ev ery  m em ber of the A m erican  C hem ical 
S o ciety  could, and we venture to sa y  su b sta n tia lly  all 
those who are open to  consultation  w ould give a 
m em orandum  of his w ork, his achievem ents, th e kind 
of w ork he is prepared to  un dertake and the places 
where an enquirer could find out abou t him. U n 
fa ith fu l em ployees could be picked off like ripe cherries. 
T h e inform ation  abou t availab le  men could be card- 
catalogued  and this could be cross-indexed so th a t an 
industrial organization  in need of ad vice could get a 
list of men who are inform ed, on short notice. T hen  a 
ph arm aceutical m anufacturer who w anted the synthesis 
of some drug extracted  from  b ird ’s-eye m aple cu t in 
th e dark of the moon, w ould not get a m etallurgist to 
un dertake the task .

A  list of good men could be m ade out and such a 
list would grow . T h e know ledge th a t it existed w ould 
be a great encouragem ent to  in d u stry. U nexpected  
trades and lines of business w ould com e around, and 
no establishm en t would be too b ig  to  listen  to the 
enquiries th a t w ould h ave their origin in such a 
bureau.

A gain  we do not propose to  give details as to  how 
it should be organized or how  it  should be supported.

T h e need of it is great enough to m ake it sustain  it
self; and the details, while full of difficulties, could be 
w orked out. T h e on ly question now is, w hether the 
A m erican C hem ical Society  w ants to undertake it 
or not. I t  can be done.

EFFECTIVE CO O PERATIO N  BETW EEN TH E UNIVERSITY 

AND TH E IN DUSTRY

D uring the past year a len gth y discussion of the re
lations betw een the u n iversity  and chem ical industry 
brought out interesting and helpful suggestions, but, 
ju d gin g from  the character of the report of the C om 
m ittee appointed to  consider the m atter, produced 
n othin g capable of being reduced to tan gib le  action 
and of bringing forth practical results. A t the end 
of the discussion the b ystan der was le ft w ith th e im 
pression of the in ca p a city  of tw o  parties, each inter
ested in the oth er’s w elfare, to  succeed in finding 
com m on ground for action  and cooperation.

F o rtu n a te ly , how ever, one of the men who took part 
in th a t discussion was of the rare ty p e  able to reduce 
words to  action. C on vinced, as everyone has been 
throughout, of th e desirab ility  of essential u n ity  in 
effort on the part of th e ’ chem ical departm ents of our 
universities and of the industries which th e y  serve, 
he has set to w ork to develop an effective and p rac
ticab le plan of cooperation, and has him self launched 
the first a ttem p t to  im prove the product of our un i
versities b y  coordinated effort on the part both  of the 
U n iversity , which exists to  furnish the training, and 
of th e In d u stry, for whom  the men are train ed  but 
w ithout whose aid the train ing m ust necessarily rem ain 
inadequate. N ot only th e M assachusetts In stitu te  of 
T ech n ology, but chem ical education throughout the 
U n ited  S tates, and indeed higher education as a whole, 
are deeply indebted  to  M r. A rth u r D. L ittle  of the 
C orporation  of the In stitu te  for th e developm ent of 
th e School of C hem ical E ngineering P ractice, a d e
scription  of which appeared in the previous issue of 
T h i s  J o u r n a l .

T h e schem e of M r. L ittle  in volves th e u tilization  
of th e plan ts of a num ber of selected  industries as 
laboratories of chem ical engineering for th e train ing 
of men who have already su b stan tia lly  com pleted a 
chem ical engineering course of u n iversity  rank. On 
th e other hand, th is practice school is restricted  to 
men who possess the a b ility  and character necessary 
to profit th ereby, and is to  be follow ed b y  a year of 
post-graduate w ork allow ing specialization  along some 
specific line in chem istry or engineering. T h e p lant 
experience is to  be under th e direction of m em bers 
of th e F a c u lty  of the In stitu te, and is to  be designed 
for educational effectiveness in th e developm ent of 
th e student. T his, and th e fa c t th a t th e  studen ts are 
of exclu sively  post-graduate grade, are th e essential 
points in w hich it  differs from  previous experim ents, 
and are full of prom ise for th e success of th e school.

T h e In stitu te  proposes to  com pensate th e  industries 
for the use of their p lan t equipm ent as an educational 
lab oratory , b y  the establishm ent and m aintenance
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for each p lant of a research lab o rato ry  for the solution 
of the problem s of th e  specific industry. Such a la b 
oratory  will bring th e  chem ical departm ent of the 
In stitu te  into m ost in tim ate touch w ith  the problem s 
of applied chem istry. T h a t the return  to th e indus
tries will be adequate is prom ised b y  th e success not 
on ly of the research laboratories in m any of our in 
dustries b u t of the R esearch L ab orato ry  of Applied 
C h em istry  at the In stitu te  itself, th e D irector of which, 
D r. W m . H. W alker, is to be in charge of th is new

school. M ore intim ate con tact of th e U n iversity  
w ith In d u stry  could not possibly be attained , and the 
ad van tages of th e  reflex action of th is con tact upon 
both  m ay surely  be anticipated.

T h e In stitu te  and the cou n try  at large owe m uch 
to  M r. A rth u r D . L ittle  for this reduction  to practice 
of the hitherto unw orked th eo ry  of cooperation betw een 
th e U n iversity  and In dustry.

W a r r e n  K .  L e w i s

B o s t o n . M a s s a c h u s e t t s

ORIGINAL PAPERS
LABO RATORY IN VESTIGATIONS CONCERNING TH E 

REDUCTION OF BARIUM  SULFATE TO 
BARIUM  SULFIDE'
B y A r t h u r  E . W b ix s  
R ec e iv ed  J u ly  3, 1916

T h e necessity of havin g more exact inform ation 
than was availab le in th e literature on the subject, 
concerning the reduction of barium  sulfate to  sulfide, 
arose in connection w ith a critical s tu d y  of th e W et 
Thiogen Process2 for th e recovery  of elem ental sulfur 
from  sm elter gases. T h e stu d y  of this process was 
undertaken b y the Bureau of M ines in cooperation 
w ith  th e Thiogen C om pan y, form ing a part of the 
general program  of th e work carried out in th e C o 
op erative M etallurgical E xh ib it L ab orato ry  a t the 
P an am a-P acific  In tern ational E xp osition ,3 which dealt 
w ith the general problem  of elim ination of waste in 
sm elting operations. A t  th e close of th e E xposition  
th is lab oratory  in vestigation  w as continued in the 
Bureau of M ines lab oratory  in th e H earst M ining 
B uilding, at the U n iversity  of C alifornia, B erkeley.

Stated  briefly, the W et Thiogen Process involves the 
recovery  of the sulfur dioxide from  sm elter gases b y  
passing them  up through absorption tow ers, in which 
a descending “ m other liquor”  solution absorbs the 
sulfur dioxide. B arium  sulfide is added to  the solu
tion  of sulfur dioxide and a precip itate, consisting of 
barium  thiosulfate, barium  sulfite and sulfur, is throw n 
out. T his precipitate is filtered and the elem ental 
sulfur, w ith one-half of th e  sulfur from  the thiosulfate, 
is d istilled, leavin g a residue of barium  sulfite and some 
sulfate. This residue is then reduced to sulfide and 
the barium  sulfide used again for precipitation, the 
barium  thus being kept in circulation  through cycles.

In order th a t th e barium  shall be most efficient as a 
p recipitan t during these cycles, it is very  necessary 
th a t th e m axim um  reduction  of th e sulfite or sulfate 
to  the w ater-soluble sulfide be attain ed  in each cycle. 
Thus, it  was very  necessary to determ ine the condi
tions under which th e barium  sulfite or su lfate was 
reduced m ost com pletely  to  the sulfide, and consid
erable experim ental w ork has been conducted on th a t 
problem . As barium  sulfate m ust be used at the start

1 P u b lish ed  b y  p erm ission  of th e  D ire c to r  of th e  B u rea u  of M in es  
an d  th e  T h io g en  C o m p a n y .

1 “ M e ta llu rg ica l S m o k e ,’* b y  C h a rle s  H . F u lto n , B u rea u  of M in es , 
B u ll. 84 , 74-77.

* " T h e  C o o p e ra tiv e  M e ta llu rg ic a l E x h ib it  a t  th e  P an am a-P ac if ic  
In te rn a tio n a l E x p o s itio n ,”  b y  G . I I .  C lev en g er a n d  A. E . W ells, M et. &* 
Chem . E n g .. 13 (1915), 743.

in the initial reduction, and was present to  a large ex
te n t in all precipitates after distillation, and also, as 
this m aterial could be obtained in quan tities much 
more readily  than the sulfite, the greater p art of these 
investigations were concerned w ith the reduction 
of the sulfate. This is a problem  th a t, aside from  
its ap p licab ility  to  th e Thiogen Process, is of general 
interest, and especially to  those who are engaged 
in th e m anufacture of barium  salts.

W hile it is true th a t in these investigation s most 
of the reduction tests were conducted w ith a much 
purer grade of barium  sulfate than  is gen erally  used 
b y  th e m anufacturers of barium  salts, y et it  is fe lt 
th a t some of the data  obtained in these tests are of 
such general application  th a t a brief presentation  of 
these data  m ay be of possible value a t this tim e when 
considerable atten tion  is being d evoted  to th e m anu
facture of barium  salts.

In this paper only the d a ta  concerning the first 
reduction of barium  sulfate will be discussed. In 
order to  fu lly  understand the d ata  concerning the re
duction of th e products from  cyclic  operations, it 
would be necessary to go into a discussion of th e action  
of th e reduced barium  com pounds as a precip itan t 
in the Thiogen Process cycles, and as such discussion 
is reserved for another paper, th e d a ta  concerning 
the cyclic  reductions are also reserved for th a t 
paper.

In answer to  several inquiries concerning w hat 
was being accom plished a t th e present tim e in the 
reduction of barium  sulfate a t various plants where 
barium  salts were being m anufactured from  barium  
sulfate, the inform ation was gained th a t although 
So or 85 per cent of the barium  was readily  reduced 
to  acid-soluble com pounds, y et current practices rarely  
reduced more than  60 or 70 per cent of the barium  to 
w ater-soluble barium  sulfide.

T h e literature verified these sta tem en ts.1
T h e barium  com pounds found in th e reduced p rod 

ucts are classified in this discussion as follow s:

1 11 h i
D ifficu ltly  S o lub le  in  H o t 

R e a d ily  S o lub le  W a te r  b u t  S o lu b le  in  In so lu b le
in  H o t  W a te r  D ilu te  H C l in  A cid

B aS  B aO  B aC O a BaSO*
B a S x B aS  B aS iO l
B aO  T ra c e s  of BaSO*

1 " M in e ra l I n d u s t ry ,”  Vol. 19. S ch u y le r-F raz ie r , " C a lc in in g  P la n t  
fo r B a riu m  S u lfa te .”  A. H . F a y , " R o a s t in g  B a ry te s .”  M ax im ilian  T o c h , 
" T h e  B a riu m  In d u s t ry  in  th e  U n ite d  S ta te s  s in ce  th e  E u ro p e a n  W a r,”  
M et.  6 » Chem . E n g ., 14 (1916), 47.
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I  W A T E R -S O L U B L E  B A R IU M

The reduced product, ground to 100 mesh, was 
leached in a flask w ith  250 parts w ater, ju st below 
boiling, and filtered into a flask which was tig h tly  
stoppered while the solution was cooling. A n aliquot 
part of th e solution was then titra ted  w ith iodine, 
and in another aliquot part barium  and sulfur were 
determ ined. As a check for th e iodine va lu e, i. e., 
the barium  sulfide content, the m aterial was fre
qu en tly  treated  d irectly  in a flask w ith  excess iodine 
for about 5 m in., and then the excess iodine de
term ined. In m any cases there was barium  oxide 
present in the w ater solution. In other products 
there was a slight excess of sulfur over th a t required 
for th e barium  to  form  sulfide, indicating a p olysu l
fide. In  several products of reductions a t high tem 
peratures (1050 to  1200° C .), where excess carbon 
was present, the presence of the carbide was indicated  
b u t was not determ ined q u an tita tive ly .

I I  B A R IU M  C O M P O U N D S  S P A R IN G L Y  S O L U B L E  O R  I N 

S O L U B L E  I N  H O T  W A T E R , B U T  S O L U B L E  I N  

D IL U T E  A C ID

In m any products from  th e first reduction, a large 
portion of the oxide present was v e ry  sp arin gly  solu
ble in hot w ater, b u t was soluble in dilute hydrochloric 
acid.

In m ost products of the reductions which were 
effected in a d irect fired furnace at high tem peratures 
and w here slight sintering had tak en  place, a sm all 
am ount of the sulfide was found to  be in th e w ater- 
insoluble portion. In som e products, from  4 to 6 
per cen t of th e to ta l sulfide was found to be sp aringly 
soluble in w ater. T h e solu b ility  of th is m aterial 
was increased som ew hat b y  finer grinding. In a typ ica l 
average product from  the first reduction of barium  
sulfate, 97 per cent of th e sulfide and 40 per cent of 
the oxide were readily  soluble in hot w ater, th e  rest 
being found in the acid-soluble portion. In  this 
water-insoluble, but acid-soluble, portion was also 
found the carbonate in v a ry in g  am ounts. T h e prod
ucts from  slow reductions, a t low  tem peratures, 
contained more carbonate than  did those from  rapid 
reductions at high tem peratures. V e ry  few  prod
ucts contained more th an  a trace of the sulfite or 
thionates.

T he reduction tests here discussed w ill be consid
ered under five series.

S E R I E S  I  T E S T S  T O  D E T E R M I N E  T H E  R E L A T IV E  R A T E S

O F  R E D U C T IO N  O F  B A R IU M  S U L F A T E  B Y  H Y D R O G E N , 

C A R B O N  M O N O X ID E , A N D  A  M IX T U R E  O F  T H E S E  

G A S E S  W IT H  O T H E R  H Y D R O C A R B O N S  A T 

D I F F E R E N T  T E M P E R A T U R E S

In these tests precip itated  barium  sulfate (9 9 +  per 
cent BaSO<) was placed in a q u artz tu b e of abou t 12 
mm. (0.47 in.) diam eter, and heated in an electrically  
heated  tub e furnace. T h e barium  sulfate was 
placed betw een tw o asbestos plugs, filling th e tub e 
for a distance of abou t 30 mm. ( 1 .1 8  in.), b u t was 
sufficiently loose to allow  the passage of gases through 
th e m aterial. T h e gases were passed through the

tub e at the rate of abou t 2 cc. per min. The data 
obtained p rob ab ly  did not represent th e chem ical 
equilibrium  at any tem perature. T h e ' com parative 
rate of reaction at different tem peratures was o b 
tained, how ever, as were data  concerning the ch arac
ter of the gaseous products.

r e d u c t i o n  w i t h  h y d r o g e n — W hen hydrogen was 
reduced as the reducing agent, there was p ractica lly  
no reaction a t an y tem perature below 550° C. A round 
6000 C ., th e reaction  was extrem ely slow , less than 
5 per cent of the hydrogen passing through the plug, 
reactin g. T h e gaseous product contained consider
able hydrogen sulfide. A t 650° C ., about i s  per cent, 
and a t 700° C ., abou t 35 per cent of the hydrogen re
acted. B etw een 600 and 700° C ., the am ount of 
hydrogen sulfide form ed was a m axim um . A t 8oo° 
C ., p ra ctica lly  all the hydrogen had reacted and very  
little  hydrogen sulfide was present in the gaseous 
product. In  general, these d ata  checked those of a 
previous in v estig a tio n .1 In th e products from  these 
reductions w ith  hydrogen, th e ratio  of sulfur to barium  
was less than  one atom  of sulfur to one atom  of barium .

If the reductions were effected slow ly at lower tem 
peratures (betw een 6000 and 750° C .), the loss of 
sulfur was greater than  if the reductions were effected 
more rap id ly at higher tem peratures (900 to 
io o o °  C .). In  one test lasting for an hour a t 1000 0 
C ., 94.0 per cent of the su lfate was reduced to  su l
fide and 6 .0  per cent to  oxide. T his was the m ax
im um  reduction obtained using hydrogen.

In  some correlated tests, it  was found th a t, between 
700 and 900 0 C ., w ater vapor reacts slow ly with 
barium  sulfide, form ing sulfur dioxide, hydrogen 
sulfide and barium  oxide. For exam ple, through a re
duced product of abou t 20 mesh size, containing 89 per 
cen t of th e barium  as sulfide, 7 per cent as oxide and car
bonate, and 4 per cent as sulfate, was passed, at 9000 
C ., a m ixture of about 16 per cent w ater vapo r and 
84 per cent nitrogen; abou t 1 per cent of th e  w ater 
vapo r reacted, form ing n early  tw o volum es of sulfur 
dioxide per volum e of hydrogen sulfide. T h e reac
tion betw een w ater vap o r and barium  sulfide at other 
tem peratures was not determ ined.

r e d u c t i o n  w i t h  c a r b o n  m o n o x i d e — W ith  carbon 
m onoxide the reduction was v e ry  slow below 650° C ., 
and was fa ir ly  rapid a t 750° C ., abou t 70 per cent of 
th e carbon m onoxide reacting. W ith  tem peratures 
up to 900° C ., how ever, there was present in the 
gaseous product some unconsum ed carbon monoxide. 
A b o v e th a t tem perature the gaseous product was 
alm ost en tire ly  carbon m onoxide. In  these reduced 
products the ratio  of sulfur to  barium  was slightly  
less th an  1 : 1 ,  show ing th a t som e sulfur had been re
m oved in the gaseous products. In this series as in 
tests with hydrogen as the reducing gas, th e loss of 
sulfur was less in the cases where reduction was ef
fected  rap id ly  a t higher tem peratures (above 900° C .), 
than when effected slow ly at low er tem peratures. 
Th u s, the products of reduction effected rap id ly  a t

1 " R e d u c tio n  o f S u lfa te  o f A lkaline  E a r th s  w ith  V a rio u s  G ases ,”  L . 
M a rin o , R . U n iv e rs ity  of P isa , Gazz. chim . ita l.,  43 (1], 4 1 6 -2 2 . C h ttn .  
A b s..  7  (1913), 3202.
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high tem peratures contained th e sm aller percentages 
of w ater-insoluble barium  oxide.

r e d u c t i o n s  w i t h  c i t y  g a s — A  series of 20 reduc
tions was made, in which an excess of c ity  gas of ap
proxim ately  th e follow ing com position was passed 
a t the rate of 2 cc. per min. through the charge in 
the quartz tube:

C:H, CH. H i  CO CO; Nj Oi T o TAI,
6 .4  3 0 .4  4 1 .4  1 3 .4  4 .0  4 .2  0 .2  10 0 .0  pe r ce n t

T h e data  obtained are given  in T a b le  I. T h e per
centage of barium  in the p roduct present in w ater- 
insoluble, b u t acid-soluble, com pounds was less when

T a b l e  I— R e d u c t io n  ok  P r e c ip i t a t e d  B a r iu m  S u l f a t e  b y  C it y  G a s  
i n  Q u a r t z  T u b e . E x t e r n a l l y  H e a t e d

P e r  C e n t  o p  T o t a l  B a  i n  P r o d u c t  
P r e s e n t  a s

W a te r- W ate r-in so l-

T e m p e ra tu re
so lub le u b le  b u t  A cid- A cid-

T im e B aS  an d so lu b le  BaO in so lub le
0 C . M in . B aO a n d  BaCO a BaSO«

650-700 60 2 .5 4 .0 9 3 .5
240 5 8 .0 1 5 .8 2 6 .2
330 7 2 .5 18 .2 9 .3

700-750 60 8 .5 6 . 8 8 4 .7
240 7 5 .0 1 3 .8 1 1 . 2

750-800 60 20 . 6 8 .4 7 1 .0
240 8 8 .2 11.0 0 . 8

800-850 60 5 0 .8 7 .8 4 1 .4
240 9 1 .5 8 .3 0 . 2

850-900 60 5 5 .5 6 . 8 3 7 .7
240 9 1 .8 8 .0 0 . 2

900-950 60 6 5 .2 6 . 2 2 8 .6
120 8 5 .0 7 .3 7 .7
240 9 2 .5 7 .5 0 . 0

950-1000 60 7 4 .7 4 .8 2 0 .5
120 9 1 .5 6 .5 2 . 0
240 9 3 .2 6 . 8 0 .0

1000-1050 . 60 8 5 .2 5 .0 9 .8
120 9 2 .0 6 .5 1 .5
240 9 3 .0 7 .0 0 .0

reductions were effected in a short period of tim e at
tem peratures above 900° C ., th an  if effected over a 
longer period of tim e at low er tem peratures; e. g., 
com pare the products obtained w hen the m aterial 
was treated  for 330 min. at 650 to  700° C ., w ith 
those obtained in a reduction of 1000 to 1050° C ., 
lastin g only 60 min.

A n y  ten den cy for a reaction betw een th e reducing 
gases and the reduced sulfide, resulting in the form a
tion  of w ater-insoluble barium  com pounds, is slight; 
e. g., com pare the proportion  of these com pounds in 
the products of reductions at 900 to 1050° C. for 60, 
120 and 240 min.

S E R I E S  2 R E D U C T IO N  O F  B A R IU M  S U L F A T E  B Y  C A R B O N

In these tests, finely pulverized  carbon, either coke 
or charcoal, w as in tim ately  m ixed w ith  th e barium  
sulfate, and heated for v a ry in g  periods of tim e at 
different tem peratures, in crucibles or tubes placed 
in muffle furnaces. T h e theoretical am ount of car
bon required for th e reduction is 10 .3  per cent of the 
w eight of BaSO-t, if th e carbon is com pletely  oxidized 
to CO2, or 20.6 per cent if the carbon is oxidized only 
to CO . In  these tests, th e carbon added varied  b e
tw een 10 and 40 per cent of the B aSO i. T h e tem pera
ture range was betw een 700 and 1250° C . T h e tim e 
allow ed for reduction varied betw een 15 and 360 min.

In all but a few  of the tests where the tim e allow ed 
for reduction was an hour or more, th e m ixtures, 
w eighing from  50 to  100 g., were placed in 10- or 20-g. 
fire c la y  crucibles and heated in a muffle furnace. T h e 
muffle had been heated to  the required tem perature

before placing the crucibles in it, and thus th e cruci
bles and charge were heated up quickly. W hen the 
tim e allow ed for reduction  was less than 1 hr., it 
was rather difficult to  get satisfactorily  concordant 
data  w ith this size of charge and m ethod of heating. 
In  order to  reduce the “ heatin g u p ”  period to  a m in
im um , these reductions were m ade w ith much sm aller 
charges (5 to 10 g.), in porcelain crucibles.

In T ab le  II m ost of th e tem peratures recorded 
were m easured near the crucibles during the period of 
reduction. Several, how ever, were m easured in the 
charge itself, after it had come to  the tem perature of 
th e muffle, b u t care was taken  to h ave the heatin g of 
the muffle so regulated  th at th e  tem peratures did not 
v a ry  more than  15 or 200 C . either w ay  from  th a t de
sired; thus, a tem perature of 700° C . m eans between 
680 and 720° C ., sufficiently close for the purposes 
of these investigations.

As, in these reductions, it was v e ry  im portant to 
keep the air from  com ing into con tact w ith the m a
terial as fa r as possible, the crucibles were covered 
w ith a c lay  cover ground to fit. In some tests a char
coal cover about 2 mm. (0.04 in.) th ick , was placed 
on the charge. E ven  w ith  th e tig h t covering, in some 
of the tests, there was a slight reversion of the sulfide 
to th e sulfate, due possibly to  a sligh t porosity  of the 
crucible walls allow ing air to  pass through. Som e of 
the d ata  concerning this reversion will be g iven  later.

In T ab le  II  are sum m arized th e results of 76 tests 
m ade under conditions which were quite sim ilar, 
so th a t th e results are com parable. T h e barium  sul
fa te  used w as the precipitated  m aterial. T h e carbon

T a b l e  I I — R e d u c t io n  ok B a r iu m  S u l f a t e  b y  C a r b o n  
P e r  C e n t  T o t a l  B a r iu m  i n  P r o d u c t  in  F o r m  o f : 

W a te r - s o lu b le  B a r iu m  S u lf id e  S o lu b le  in  D i l u t e  H C I
15 30 60 90  120 240 360 15 30 60 90 120 240 360
. .  12 26 28 41 65 77 . .  21 37 40 54 80 93
. . 29 35 55 59 78 . .  . . 38 47 69 73 93
. . 51 61 63 68 82 . .  . . 5 7  70 75 85 98 . .
. . 58 69 78 85 86 . . . . 65 78 87 94 98
48 65 85 87 88 . . . . 54 72 94 97 99 . . .  .
. .  76 89 92 95 ........................  80 94 97 100 . .  . .

75 84 96   80 89 100 . .  ......................

96 97   98 100 ............................................

added was 20.6 per cent of the w eight of the barium  
su lfate; it was pulverized to pass a 160-mesh screen 
and m ixed w ith su lfate un til the m ixture looked 
hom ogeneous to the naked eye. T h e variables were 
the tim e allowed for reduction  and th e tem peratures. 
M a n y  of the figures given  are the average of several 
determ inations th a t in m ost cases gave concordant 
results.

In the products of reduction  effected a t th e low er 
tem peratures over a longer period of tim e, th e differ
ence betw een the acid-soluble barium  com pounds 
and the w ater-soluble barium  sulfide is less in the 
reductions a t higher tem peratures for a short period 
of tim e, than  in those at low er tem peratures over 
longer periods. M ost of th e products contained 
excess carbon: O ther series of tests were made to
determ ine to w h at extent a decrease in th e am ount 
of carbon present in th e charge affected th e reduc
tion.

W hen the tests were m ade in porcelain crucibles 
fitted w ith an ordinary porcelain cover, there was a l

M in . 
700° C . 
750 
800 
850 
900 
950
1 0 0 0  t o )  
1100 I 
1100 t o  j 
1200 I
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w ays sufficient air leakin g into the crucible either to 
burn a sm all percentage of the carbon, or to reoxidize 
a sm all am ount of the reduced sulfide b ack  to the su l
fate. As the d ata  from  these tests arc, therefore, 
not quite accurate, th e y  are not included in this paper.

Sim ilar reductions were repeated in porcelain cruci
bles, when a light laye r  of carbon was placed on top 
of the charge and other precautions taken  to keep 
the air from  com ing into contact w ith the charge 
during cooling, etc. A lth ough  the carbon cover did 
have some slight reducing action  on the charge, it 
was decided th a t the data  obtained were sufficiently 
accurate for recording in this paper, and th e y  are 
given in T a b le  III.

T a b l e  I I I — R e d u c t io n  o f  B a r iu m  S u l f a t e  a t * D i f f e r e n t  T e m p e r a 
t u r e s  i n  P o r c e l a in  C r u c ib l e s  w it h  V a r ia b l e  A m o u n t s  

o f  C a r b o n  i n  t h e  M ix t u r e s
C arb o n

C onsum ed
P e r  ce n t P e r  ce n t

P e r  C e n t P e r  C e n t of T o ta l of T o ta l of BaSO<
T e m p . T im e C arb o n B ariu m  in  P ro d u c t C arb o n R ed u ced

0 C. M in . to  BaSO« B aS A cid-so l. In so l. C onsum ed  to  B aS
800 60 10 .5 50 58 42 69 14 .5

2 1 . 0 51 56 44 49 20 .2
800 120 10 .5 62 70 30 83 14 .2

2 1 . 0 66 65 32 65 2 0 .5
850 60 10 .5 66 70 30 86 13 .2

15 .5 60 65 35 65 16 .8
2 0 .5 60 70 30 58 1 9 .8

850 120 10 .3 78 85 15 97 1 2 .9
15 .5 76 82 18 84 1 7 .0
20 .6 74 80 20 70 1 9 .4

900 60 10 .3 80 85 15 100 12 .9
15 .3 81 83 17 87 16 .7
2 0 . 6 76 80 20 72 1 9 .4

900 120 10.3 80 86 14 100 1 2 .9
15 .5 84 90 10 89 16 .5
2 0 . 6 83 87 13 80 19 .8

950 30 1 0 .3 80 83 17 100 12 .5
2 0 . 6 84 87 13 78 1 9 .0

950 60 4 0 .0 78 79 21 59
10 .3 94 97 3 100 1 2 .8
2 0 . 6 95 96 . 4 93 2 0 . 2
3 0 .0 82 82 18 61 2 3 .4

1050 30 10 .3 82 86 14 100 1 1 . 2 (ö)
15 .5 96 96 2 100 16. 1
20 . 6 95 96 4 89 18 .7

1150 20 1 0 .3 90 90 10 100 11 .5
15.5 99 99 1 100 15 .6
2 0 . 6 99 100 0 90 18.2

(a) T h is  ca rbon  co n su m p tio n  fa c to r  is p ro b a b ly  s lig h tly  low  clue to  a  
s lig h t red u c tio n  ac tio n  of th e  ca rb o n  cover.

L ater reduction tests, effected in an atm osphere 
of nitrogen, i. c., in an atm osphere neither oxidizing 
or reducing, gave results th a t checked the above- 
m entioned d ata  fa irly  closely.

In another set of reduction tests the barium  sulfate 
was mixed in tim ately  with finely pulverized  carbon 
and placed in a porcelain  tube, in an electrically  heated 
tube furnace. T h e tub e w as filled w ith nitrogen gas 
at the start, and the gases evolved  were discharged 
through a w ater seal, or into caustic potash solutions. 
Thus, neither oxygen nor an y reducing gases other 
than th e carbon m onoxide from  the carbon cam e in 
con tact w ith  the B a S 0 4. From  the d ata  in T ab le  IV  
it  is to  be noted th a t the carbon efficiency was greatest 
when the charge contained the sm allest percentage 
of carbon, and the efficiency decreased w ith an in
crease in the am ount of carbon present. In general, 
som ew hat higher carbon efficiency was obtained  in the 
reductions effected a t the higher tem peratures than  
at th e lower. A lth ough  th e highest carbon efficiency 
(about 12 .0  to  1 2 .5  per cent) was obtained when the 
carbon present w as abou t 10 per cent of the barium

sulfate (the theoretical am ount if the carbon oxidized 
com pletely  to CO2), y et with this am ount of carbon 
the m axim um  reduction of the barium  sulfate at 
tem peratures up to io o o ° C . was only abou t 80 
to  85 per cent. B etw een 900 and io o o ° C ., 
n early  com plete reduction was obtained w ith a car
bon consum ption of abou t 14 to 15 per cent. 
W hen the carbon was present to the extent of 20 per 
cent of the BaSO<, the carbon efficiency was much 
lower, irrespective of w hether the reduction was at 
high or low tem peratures, but was sligh tly  higher at 
the high tem peratures than  at the low.

W ith  an excess of carbon, the' reduction seem ed to 
proceed sligh tly  slower than  w ith the lesser am ount of 
carbon present. T h is is shown especially in th e series 
at 850, 900 and 950° C . in T ab le  III . H ow ever, it 
m ust be recognized th a t the degree of fineness to 
which the m aterial is pulverized, the intim acy w ith 
which th e su lfate and carbon are mixed, and the depth 
of m aterial through which th e carbon m onoxide gas 
m ust pass before leavin g th e  charge, are factors in 
fluencing these figures; e. g., in several tests, straigh t 
barium  sulfate was placed on top of the charge con
ta in in g 20 per cent carbon. T his barium  sulfate 
cover was quite largely  reduced b y  the carbon m on
oxide com ing up from  th e charge proper, thus increas
ing the efficiency of the carbon when credited with 
the whole am ount of barium  reduced.

Sum m arized briefly, the d ata  from  Series 2 show 
th a t when the carbon and barium  sulfate are finely 
pulverized  and in tim ately  m ixed, and th e reduction 
is effected in a muffle or crucible type of furnace in 
absence of outside air or products of com bustion of 
fuel, and a t tem peratures between 850 and io o o ° C ., 
a  high reduction (90 per cent or better) can be ob
tained  when th e carbon added is about 15 per cent 
of th e barium  sulfate. W hile th e efficiency is greater 
w ith th e addition of less carbon, the reduction is not 
so com plete. W ith  more than 15 per cent carbon, 
the carbon efficiency decreases, unless provision  is 
m ade to  utilize the carbon m onoxide issuing from  
the charge, b y  passing it through another charge of 
barium  sulfate.

T a b l e  IV — R e d u c t io n  o f  B a r iu m  S u l f a t e  b y  C a r b o n  i n  T u b e  F u r n a c e , 
S u r r o u n d e d  b y  A t m o s p h e r e  o f  N it r o g e n

P e r  C e n t P e r  C en t P e r  C e n t
C arb o n  

. C onsum ed
T e m p .

C arb o n of T o ta l of BaSC>4 P e r  C e n t
to  BaSO< C arb o n R educed BaSO<

°C in C harge C onsum ed to  B aS R educed
800 10 80 58 13 .8

10 100 70 14.3
20 63 84 1 9 .8

900 10 95 70 13.5
10 100 74 13 .5

950 10 97 75 1 2 .9
10 100 75 13 .3
15 90 82 16 .4
14 100 96 14 .7
15 100 90 16 .7

1000 10 100 80 12.5
15 100 90 1 5 .6
20 84 95 1 7 .6

D ifferent kinds of barium sulfate :gave diffe
results in reductions carried on under the sam e condi
tions, e. g., the m aterials indicated  in T a b le  V , all 
finer th an  200 mesh, were reduced at the sam e tim e un 
der th e sam e conditions (tem perature 900° C ., tim e 
120 m in.), w ith th e  results g iven  in T a b le  V.
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T a b l e  V — P e r  C e n t  o f  T o t a l  B a r iu m  i n  P r o d u c t  f r o m  D i f f e r e n t  
C o m p o u n d s  

P er  C en t W a te r-  W a tc r-in so l. A cid-
M a t e r ia l  BaSO* soluble A cid-sol. insol.

P p td . B aS Q i..................  9 9 .6  88 10 2
P u lv erized  1 ..................  9 8 .0 (a )  78 13 9
B ary te s  l ..................  9 2 .5 (6 ) 72 18 10
P p td . BaSO* +  B aS 04  ___  '9 3  7 0

(a) T h e  im p u ritie s  w ere 1 .4  p e r  ce n t B aC O j a n d  0 .6  p e r c e n t  FeaOi -f*
SiO*.

(b) A b o u t 3 p e r  c e n t F e  a n d  3 p e r  ce n t SiO* w ere p resen t.

Some com parative tests were m ade to  determ ine 
th e effects of iron on the reduction of barium  sulfate. 
Four charges were m ade up in which iron to  th e ex
ten t of about 6 per cen t was m ixed w ith the precipi
ta ted  barium  sulfate. T h e iron was added to differ
ent charges as ferric sulfate, ferrous am m onium  
sulfate, ferrous su lfate, and ferric oxide. T w o charges 
of the pure precip itated  barium  sulfate were reduced 
under th e sam e conditions (tem p. 850° C ., tim e 120 
min.).

P e r  C e n t  o f  T o t a l  B a r iu m  P r e s e n t  in  C o m p o u n d s  
(A v e r a g e  o f  4  T e s t s )

W a te r-  W a te r-in so lu b le  A cid- 
M a t e r ia l  so lub le A cid-so lub le inso luble

P u re  BaSO <.............................. 80 10 10
B aS 04  w ith  6  p e r  c e n t F e  68 17 15

R E O X ID A T IO N  O F  B A R IU M  S U L F I D E  T O  S U L F A T E  

It has been stated  th a t barium  sulfide, when at 
red heat, is readily  reoxidized to the sulfate. T h e 
d a ta  from  several of the crucible reduction  tests were 
found to  be of no value since adequate precautions 
had not been taken to prevent the oxygen  from  gettin g 
into th e crucible. An exam ple of the effect of sm all 
air leakages into the crucible is given  below. These 
results were obtained when reducing pulverized  b arytes 
(98 per cent B a S 0 4) with 20 per cent willow  charcoal 
a t io o o ° C.

P e r  C e n t  B a r iu m  i n  P r o d u c t  P r e s e n t  in  C o m p o u n d s

W a te r-
W a te r- insoluble

T im e . soluble A cid sol. In so lu b le F i t  o f
M in. (B aS) C o m p . (BaSO<) C o v e r

60 94 6 T ig h t
76 3 21 Loose

120 56 4 40 T ig h t
35 3 62 Loose

T h a t th e reoxidation product is the su lfate and not 
the oxide, is shown in the above and also in some 
special tests m ade to determ ine the product of oxida
tion of barium  sulfide. In these tests, m aterial con
tain in g 95 per cent of th e barium  as B aS  was heated in 
the air for v a ry in g  periods of tim e a t different tem pera
tures. In m ost cases p ractica lly  all the sulfide was 
reconverted to th e sulfate, and only sm all am ounts 
of oxide were form ed. T h e m axim um  conversion 
to  oxide was abou t 7 per cent and was obtained when 
the m aterial was heated to  8000 C. for 2 hrs.

S E R I E S  3— B A R IU M  S U L F A T E , M IX E D  W IT H  C A R B O N , 

M A D E  IN T O  B R IQ U E T T E S  A N D  R E D U C E D  I N  A 

S H A F T  F U R N A C E  H E A T E D  B Y  O IL

P recip itated  barium  sulfate was m ixed w ith  lam p
b lack  carbon from  the local oil gas w orks, and the m ix
ture pressed into the form  of cupels, 1 in. (2 .5  cm.) 
in diam eter, and 1 */4 in. (3. 2 cm.) high. These cupels 
were dried and then charged into a sm all shaft furnace, 
12 in. (30.5 cm.) in d iam eter and 30 in. (76 .2  cm.) 
high, w hich was heated to abou t 9 50 -110 0 0 C. b y  an 
oil flame, the products of com bustion or excess gases 
passing through th e sh aft and m aintaining stron gly 
reducing conditions in the shaft. T h e furnace was

kept filled w ith  briquettes during a test, more b ri
quettes being added a t th e top as th e reduced p rod 
uct w as w ithdraw n below. T h e tim e the b riq uettes 
were in the furnace varied  between i 1/ . hrs. and 3 
hrs. D uring an average run of 6 hrs., abou t 80 kg. 
of these briquettes were reduced. T h e best average 
product obtained from  an y of the d a y s ’ runs contained 
8 2 .5  per cent of the barium  as sulfide, 1 3 .8  per cent 
as oxide and carbonate, and 3 .7  per cen t as insoluble 
sulfate. T h e best product from  an y charge during 
this run contained 87 per cent of the barium  as sulfide: 
during this run the m axim um  furnace tem perature 
was 11 5 0 °  C .; the average carbon m onoxide content 
of the gases in th e sh aft of the furnace was 4 per cent.

In  this shaft furnace, several runs were also m ade 
w ith briquettes of pulverized com m ercial b arytes 
(9 2 .5  per cent B aSO j), and lam p black  carbon. T hese 
b riquettes were 2V2 in. (6 .3 6  cm.) long, 2V2 in. (6 .3 5  
cm .) in diam eter and weighed about 0 .8 1  lb. (370 g.), 
each. W ith  these briquettes, v e ry  un satisfactory  
reductions were obtained, even though th e tem pera
ture of the furnace was raised to  i i o o 0 C ., and broken 
pieces of coke were charged w ith the briquettes. 
T h e best products contained only abou t 70 per cent 
of the barium  as sulfide. Also, unless these large 
briquettes were broken up and chilled im m ediately  
on being rem oved from  the furnace, th ey  retained their 
heat for a long tim e, and the barium  sulfide to  a great 
exten t oxidized b ack  to  th e sulfate.

One charge of reduced briquettes w eighing about 
25 kg., and containing a t the tim e of w ithdraw al 
from  the furnace about 70 per cent o f-th e  barium  as 
sulfide, was allow ed to  stand unbroken in an iron con
tainer for abou t 15 hrs. A t the end of this tim e, the 
briquettes in th e center of the container were still 
glowing. T h e outside cooled briquettes contained 
less th an  15 per cent of th e barium  as sulfide, the rest 
h avin g oxidized back to sulfate.

S E R I E S  4  R E D U C T IO N  O F B A R IU M  S U L F A T E  I N  T H E

M U L T IP L E  H E A R T H  R O A S T IN G  F U R N A C E

d e s c r i p t i o n  o f  f u r n a c e — T h e m ultiple hearth 
furnace used for these reduction tests was one designed 
b y  M r. U tley  W edge and loaned to  us for these in
vestigations (see Figs. I and II) . T h e furnace 
was 24 in. inside d iam eter and 34 in. high, i. e., betw een 
b ottom  of th e  cast-iron drying hearth to  top of b ottom  
hearth. Beneath the b otto m  hearth was a calcine 
pit, 12 in. deep. A b ove the d ry in g hearth were placed 
the driving gears, roller bearings, etc. T h e to ta l 
height over all was 6 ft. T h e  w alls of th e furnace 
were of specially  m oulded fire brick, 8 in. th ick , con
tainin g openings for gas burners, p yrom eter tubes, 
gas sam ple tubes and m ica w indows, or peepholes. 
O utside th e brick  w alls of the furnace was placed a 
covering of m agnesia board 1 xJi in. th ick ; this m agnesia 
was covered w ith a layer of asbestos cem ent '/s in. 
th ick , -with a thin lay e r of Portlan d cem ent on the 
outside. ,

T o  a revolving center colum n inside the furnace 
were attach ed  three cast-iron hearths 22 in. in diam 
eter. T h u s, there was an annular space 1 in. wide
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between these hearths and the furnace walls. B e
tw een these m ovable hearths and below  th e low est 
one were placed three sta tio n a ry  hearths restin g on 
shelves provided on the brick walls. T h e opening 
at th e center of these hearths was 6 in. in diam eter, 
leavin g an annular space 1 in. wide betw een the

F ig . I — M u l t i p l e  H e a r t h  R o a s t in g  F u r n a c e

Loaned by M r . U tley W edge

s ta tio n a ry  hearths and the center colum ns. T he 
to ta l effective hearth area was 16 .5  sq. ft.

R ab bles were attach ed  to  ribs cast on the under 
side of the hearths, these rabbles stirrin g and m oving 
the ore across th e hearths im m ediately  below. T h e 
ore on the cast-iron d ryin g floor was m oved b y  rabbles 
revo lv in g with the center colum n. From  the d ryin g 
floor the ore fell to th e center of the top m ovable 
hearth, and was m oved b y  the rabbles suspended 
from  th e  sta tio n a ry  dryin g hearth, to  th e  outside of 
th is revo lv in g hearth, falling on to the second hearth, 
a sta tio n a ry  hearth. It  was then m oved b y  rabbles 
attach ed  to th e first m ovable hearth, to th e cen ter  
of the sta tio n a ry  hearth, and fell on the third  hearth, 
a  m oving hearth. T h e ore was thus m oved through 
the furnace in a manner sim ilar to th a t in a regular, 
large size, m ultiple, roasting furnace.

T h e cast-iron hearths lasted  for m any tests when 
the tem peratures were not over 8oo° C ., b u t when 
tem peratures above 900° C . were m aintained th ey  
warped and cracked and had to be replaced after eight 
or nine 12-hr. runs.

B ristol pyrom eters were inserted through the 
w alls of th e furnace for m easuring th e tem perature 
on the first, third  and fifth hearths. G as sam ples 
were also drawn from  th e furnace a t these hearth 
levels. Peepholes were provided a t several points 
fo r  observing the charge in th e furnace. M ovable

b rick  plugs were provided in the walls of the furnace, 
w hich gave access to  the interior for cleaning off the 
hearths. A t tim es these m ovable plugs were found 
to be convenient, as some charges had a tendency 
to ball up in fron t of th e rabbles.

T he furnace was heated b y  oil fuel or b y  c ity  gas. 
In m ost of the tests, the la tter  fuel was used. T h e gas 
was burned through M 6ker burners, using 20 lbs. 
air pressure a t th e burners.

It  is not considered th a t th e fuel consum ption in 
th is furnace furnished d ata  for calculatin g the fuel 
which w ould be required in a stan dard furnace of this 
ty p e , if properly designed to preven t radiation losses, 
etc. T h e center revo lv in g  colum n was w ater-cooled. 
T h e cooling w ater rem oved from  '/ t  to V 3 of th e  to ta l 
heat supplied to  th e  furnace b y  the com bustion of 
the gas. In m ost of th e reduction  tests, the furnace 
was operated only under a very  slight draft, ju st 
enough to allow  the products of com bustion, etc., 
to be rem oved from  the furnace.

S U M M A R Y  O F  R E D U C T IO N  T E S T S  I N  M U L T IP L E  H E A R T H  

F U R N A C E

In T ab le  V I are sum m arized b riefly  20 tests m ade 
in this furnace; the variab les were:

(1) Length of time the material was in the furnace—  
This was controlled b y  the rate  a t w hich th e charge 
was fed and b y  the speed of revo lution  of the center 
colum n. R a te  of feeding was varied  between 2V2 
and 9 kg. per hr. L ength  of tim e th e m aterial was 
in th e furnace varied  betw een 2 and 3 V* hrs.

(2) Furnace temperatures
T e m p e r a t u r e  1st H e a r th  3 rd  H e a r th  5 th  H e a r th

M in im u m .....................  180° C . 560° C . . 840° C.
M a x im u m ....................  485 905 920
A v e ra g e .........................  360 800 850

(3) Reducing conditions— In all cases there was 
excess c ity  gas used above th a t required for th e  com-

F i g . I I — M u l t ip l e  H e a r t h  R o a s t in g  F u r n a c e , S h o w in g  H e a r t h s  
a n d  R a b b l e s

bustion, to m aintain th e proper tem peratures. In 
the 20 tests here sum m arized, no free oxygen was a l
lowed in the furnace. T h e carbon m onoxide content 
of the gases taken  from  th e furnace on th e th ird  and 
fifth hearth ranged betw een 0 .5  and 5 per cent. T h e 
fuel gas consum ption was betw een 3 and 6 cu. ft.
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T a b l e  V I—

B ariu m  C o m p o u n d  U sed 

C h a ra c te r  o f C a rb o n  U sed :

R e d u c t io n  o f  B a r iu m  S u l f a t e  (o r  B a r y t e s ) in  M u l t ip l e  H e a r t h  F u r n a c e  b y  E x c e s s  H *. C O , o r  H y d r o c a r b o n s  E n t e r in g

F u r n a c e  t h r o u g h  B u r n e r s  
P r e c ip i t a t e d  B a r iu m  S u l f a t e

P p t d . B a r iu m  S u l f a t e  P u l v e r iz e d  C o m m e r c ia l  B a r y t e s  
( 9 9 +  %  B a S O i)  A s u s e d  in  P a i n t s  b y  W . P .  F u l le r  C o .

N o  C a r b o n  U s e d -------* P u l v . C o k e  L .-B . P .  C . /— N o  C a r b o n -

( 9 9 +  %  BaSOO 
In tim a te ly  M ixed  w ith  C a rb o n  U sed 

L a m p b l a c k  P u l v e r iz e d  C o k e
T e s t  N o .: 1 2 3 4 5 6 7 8 B -3 B -4 B -5 B -6 B -7 C - l C -2 C -3 C -4 D - l D -2 D -3
P e r  c e n t  C a r b o n  t o  B aSO < in  C h a r g e ................. 2 0 16 2 0 25 25 17 18 15 0 0 0 0 0 20 20. 20 2 0 0 0 0
R a t e  C h a r g e  t o  F u r n a c e ,  K g .  p e r  h r ............... 8 . 9 5 . 0 3 . 5 3 . 5 3 . 5 2 . 8 3 . 0  3 . 5 3V « 3 * /i 3»/» 3 3 3 . 5 3 . 5 3 . 5 3 . 0 3 3 3
R a t e  G a s  C o n s u m p tio n ,  C u . f t .  p e r  m i n . . . . 5 . 2 5 . 0 5 . 0 3 .7 4 . 6 3 .5 3 . 5 4 .5 4 . 8 5 .1 4 . 8 5 . 0  4 . 5 - 5 . 0  3 . 8 4 .5 5 . 0 4 .2 5 5 5 . 5
T im e  o f  M a te r i a l  in  F u r n a c e ,  H r s .  (a p p ro x .) 2 2 .3 0  2 .45 3 3 3 .3 0  3 .1 5 3 3 3 3 2 .3 0 2 .3 0 2 .45 2 .45 3 3
D u r a t io n  o f  T e s t ,  T o t a l  h r s ................................... 8 9 12 9 9 10 10 12 14 1 4 .30 9 12 12 1 2 .3 0 8 6 7 i d Y i id
A v e r a g e  T e m p e r a t u r e  ( °  C . ) :  T o p  h e a r th 180 2 7 0  3 0 0 2 7 0 4 2 0 3 7 0 3 7 0 4 6 0 4 7 0 3 0 0 5 1 0 475 47 0 3 7 0 4 1 0 3 8 0 41 0 4 8 0 4 1 0 4 2 0

3 r d  h e a r t h 5 6 0  5 9 0 64 0 5 7 0 76 0 81 0 790 89 0 895 8 3 0 88 0 83 0 8 9 0 76 0 790 76 0 780 85 0 8 2 0 81 0
5 t h  h e a r th 8 1 0 86 0 88 0 8 9 0 895 88 0 885 890 9 0 0 8 9 0 89 0 885 895 87 0 895 8 9 0 865 8 9 0 88 0 90 0

M a x im u m  T e m p e r a tu r e  o f  5 th  h e a r t h ........... 84 0 880 8 9 0 895 90 5 905 9 1 0 9 0 0 90 5 905 9 0 0 9 0 0 9 0 0 9 1 0 9 0 0 9 0 0 8 9 0 9 1 0 9 0 0 905
A v e ra g e  %  C O  in  F u r n a c e  G a s e s  (3 rd  h e a r t h )  4 . 5  5 . 0  4 .7 1 .6 2 . 0  0 .5 0 . 5 2 . 0 1 .8 3 .5 1 .0 4 . 0 4 . 0 0 .5 1 .0 2 . 5 1 .0 0 . 8 2 . 0 4 . 2
A n a l y s e s  o f  P r o d u c t  o f  T e s t : (a ) (6)
P e r  c e n t  o f  T o t a l  B a ,  W a te r - s o lu b le .............. 18 71 75 55 77 80 76 77 69 69 6 0 72 6 8 51 65 68 68 53 67 68

A c id - s o lu b le ............... 35 88 93 78 9 2 9 8 9 4 9 0 8 4 87 73 83 81 59 75 89 80 64 75 82
I n s o lu b le  (B aS O < ).. 65 12 7 22 8 2 6 10 76 13 27 17 19 41 25 20 20 36 25 18

M a x .  %  B a .W a te r - s o lu b le  in  H o u r ly  S a m p le s 43 73 79 67 78 82 80 6 0 68 70 70 72
(a) N o te  m ax im um  red u c tio n . (6) ,P ro d u c ts  from  all te s ts  ex c ep t 7, a n d  7 co n ta in e d  excess ca rb o n .

per min. T h e main efforts in these tests were to ob
tain the m axim um  reduction rather than  th e highest 
efficiency of the reducing agent, carbon or gases.

It is to be noted from  T ab le  V I th a t w ith  precipi
tated -b ariu m  sulfate, the highest reductions were ob
tained when the m aterial was mixed w ith  carbon, 
either as pulverized charcoal or lam pblack, and when 
the higher tem peratures were m aintained in th e fu r
nace. Under these conditions the percentage of 
excess-reducing gases present in the furnace could be 
reduced to a ve ry  low figure. T h e pulverized  com 
m ercial b arytes was more difficult to  reduce than 
was th e precipitated barium  sulfate.

W hen the m axim um  tem perature in the furnace 
was above 850° C ., the m aterial was sligh tly  sintered 
into balls about ' / s  in. in diam eter, like cem ent 
cinder. These sligh tly  cindered balls form ed in the 
first reductions were easily broken up, and th e m a
terial was pulverized readily  for subsequent use as 
a precipitant in the solutions.

I t  is to be regretted th at reduction  tests at higher 
tem peratures, i. e., above 9000 C ., could not have 
been m ade w ith th is ty p e  of furnace. H ow ever, 
we were not equipped w ith refractory  hearths to w ith 
stand higher tem peratures over longer periods of 
tim e.

S E R I E S  5 R E D U C T IO N  O F  B A R IU M  S U L F A T E  I N

C E M E N T  K IL N

T hrough the courtesy of the C hem istry  D ep art
m ent of the U n iversity  of California, we were given 
the use of a sm all cem ent kiln in the chem istry b uild
ing of th a t u n iversity , for further w ork at higher 
tem peratures on the reduction of barium  sulfate. 
T h e cem ent kiln was 12 ft. long, 19 in. outside d iam e
ter and 10 in. inside diam eter. T h e num ber of revo 
lu tion s was 1 .1 5  per m in., the pitch  was 1 : iS  (see 
Fig. III).

In the tests at this furnace, c ity  gas or oil fuel 
was used for heating. T h e lower end of the kiln 
was closed b y  a sheet-iron plate covered w ith asbes
tos. Through this plate a gas burner was inserted, 
the gas being blow n in w ith  air under low pressure. 
A  sm all gate was provided in  th is sheet-iron plate 
to allow draw ing out the reduced product in term it
ten tly .

T h e charge to  the furnace was fed in b y  hand at

the b ack  of the furnace. Provision was m ade for tak in g 
sam ples of gas at several points along the len gth  of 
the kiln, and also for m easuring the tem peratures 
at these points b y  therm ocouples.

T h e gaseous products of the kiln  were discharged 
into a brick  sta ck . T h e draft a t the furnace was re
duced to a m inim um , so th a t the reducing conditions 
in the furnace could be' controlled b y  th e air and gas 
entering through the burner pipe. E ven  w ith the 
d raft reduced to  a m inim um , there was considerable 
barium  sulfate carried out of th e furnace by the gases. 
In one test, when oil was used and was being discharged 
through t h e ' burner b y  a high air pressure d irectly  
along the center line of the kiln, the loss of barium  
sulfate was ve ry  high, abou t 30 per cent. W hen th is 
oil and air m ixture was discharged at right angles 
with this center line strik in g against the sides of the 
kiln, the loss was greatly  reduced.

F i g . I l l — C e m e n t  K il n  
C hem istry B u ild in g , U n ivers ity  o f  C a liforn ia

In these reduction tests, the tem perature at the 
hottest part of th e furnace was as high as n o o °  C ., 
and averaged 1050° C . For over half of the furnace 
the tem perature was above 850° C . T h e average 
tim e the charge was in the furnace was 2l/s hrs.
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The average rate of feeding the charge to the furnace 
was 15 kg. per hr., ranging between 10 aijd 20 kg. 
per hr. T h e best reductions were obtained when the 
furnace was kept well filled w ith  th e charge.

T h e m aterial used was finely pulverized b arytes 
(9 8 +  per cent B a S 0 4) • (m aterial used in paints b y  
W . P. Fuller C o .), as large q uan tities of th e precipi
ta ted  barium  su lfate  could not be obtained. Six 
tests were m ade using c ity  gas and one using oil for 
fuel. T h e main ob ject in these tests was to  obtain  
a high reduction of the barium  to the water-soluble 
sulfide; high efficiency of th e reducing agent w as a 
secondary consideration. One test (5 -7 )’ below, 
how ever, was conducted for the purpose of obtaining 
a higher fuel efficiency than the others. T h is test 
showed th a t alm ost as high a reduction could be o b 
tained w ith much less fuel consum ption. None of 
these tests furnished conclusive d a ta  for calculatin g 
the fuel th a t would be required for effective reduc
tion in a com m ercial sized kiln.

T a b l e  V II— R e d u c t io n  o p  C o m m e r c ia l  P u l v e r iz e d  B a r y t e s  in

( C e m e n t  K i l n

C h a r a c t e r  o p  C  U s e d  < P u lv e r iz e d P u lv e r iz e d « P u lv .
I C o k e C h a r c o a l N o n e C o k e C o k e

T e s t  N o ..................................... 5 -1 5 - 2 5 - 3 5 - 4 5 - 5 5 - 6 5 - 7
P e r  c e n t^ C  t o  B aS O «  in

c h a r g e . '................................... 2 0 15 20 16 0 18 13
R a t e  C h a r g e :  K g .  p e r  h r . . . 10 10 15 1 5 .2 1 2 .5 16 1 8 .7
G a s  C o n s u m p tio n ,  C u .  f t .

p e r  m i n ................................... 5 . 4 5 . 6 6 .1 6 .3 6 .2 o il (a ) 3 . 8
D u r a t i o n  o f  T e s t .  T o t a l

h r s ............................................. 25 10 5 5 4 2 4
A v . T e m p .  ( ° C .) :  E x i t

G a s e s ....................................... 4 5 0 4 6 0 4 2 0 4 0 0 5 1 0 3 7 0
A v . T e m p .  M id d le  o f  K i ln  
M a x .  T e m p ,  in  K i ln

8 5 0 8 8 0 8 8 0 86 0 9 0 0 8 4 0

( a p p r o x . ) ............. .................. 1050 1050 1100 1050

+s

1360 1050
A v . p e r  c e n t  C O  in  F u r 

n a c e  G a s e s  ( m i d d l e ) . . . 3 . 8 4 .2 3 .1 4 .2 6 . 2 1 .5
A n a l y s e s  o p  P r o d u c t  o p  T e s t : (b)
P e r  c e n t  o f T o t a l  B a :

W a te r - s o lu b le ..................... 89 87 9 0 89 69 84 82
A c id - s o lu b le ........................ 9 8 97 98 9 8 78 96 90
I n s o lu b le  (B a S O < ).......... 2 3 2 2 22 4 10

(а) P ro d u c t of T e s t  5 -5 . C lin k e red  a n d  u n red u ce d  BaSO< le ft in  in 
te r io r  of th e  c linker.

(б) R a te  of oil c o n su m p tio n . 3 gals, p e r  h r.

S U M M A R Y

I— T h e  d ata  obtained in th e five series of reduction  
te sts  outlined above indicate th a t the m axim um  
reduction  of barium  sulfate to  sulfide was obtained 
at the higher tem perature, i. e., around io o o °  C ., 
and when th e reductions were effected in an indirect 
fired furnace, e. g., in the muffle furnace, 15 or 16 
per cent carbon gave the highest fuel efficiency con
sistent w ith com pleteness of reduction  of th e barium/ 
to th e sulfide.

II— In reductions effected in a direct fired furnace 
(a cem ent kiln, m ultiple hearth roasting furnace, or a 
shaft furnace where hydrogen, hydrocarbons, or 
w’here the products of com bustion of the fuel, w ater 
and carbon dioxide, were brought into con tact w ith 
the su lfate or sulfide) there were form ed a larger 
proportion of barium  com pounds insoluble in w ater, 
than were form ed in a furnace in d irectly  fired. Thus, 
although the barium  com pounds in th e best products 
from  a direct fired furnace were 90’ to  95 per cent 
soluble in acid, y et th e barium  present as th e w ater- 
soluble sulfide w as not more th an  85 to 87 per cent of 
the total.

II I— B y  effecting the reductions rap id ly  at high 
"tem peratures, i. e., above io o o 0 C ., th e proportion

of these w ater-insoluble barium  oxides and carbonates 
was less than  th a t form ed in reductions a t lower tem 
peratures over a longer period of tim e.

IV — B elow  750° C . the reduction b y  carbon or-re
ducing gases wras too slow to be considered com m er
cial.

B u r e a u  o f  M i n e s , W a s h in g t o n

TH E TH ERM AL D ECO M PO SITIO N  OF TH E ETHANE- 
PROPAN E FRACTION FRO M  NATURAL 

GAS CONDENSATE
B y  J .  E . Z a n b t t i  a n d  E . H . L e s l i e  

R eceived  A u g u st 3, 1916

In  a previous pap er1 one of us presented the results 
obtained b y  the therm al decom position of th e pro- 
pane-butane fraction  from  n atural gas condensate. 
As a continuation  of th a t w ork it seem ed desirable to 
stu d y  th e low er fraction , th a t containing chiefly ethane 
and propane, which fraction  can likew ise be found 
on the m arket and is used m ainly for lightin g and oxygen 
welding. T his fraction  comes in cylinders under 
500 to iooo lbs. pressure, and owing to th e great differ
ence in boiling points betw een ethane and butane, 
— 93 and + 1 °, is little  contam inated b y  butane. A t 
750 lbs. and the tem perature of 25° th e vapor pres
sure of butane as calculated  from  B urrell and R o b ert
son ’s form ula2

L og P = — 1633/T  +  1.75 log T  — 0.01094 T  +  7.590 

is 1545 mm., a little  above 2 atm ospheres. Since 
the pressure in th e cylin der used was 750 lbs. above 
atm ospheric, a t 250 th e am ount of butane present 
in the issuing gas would be about 4 per cent. If 
we consider th a t the vapor pressure of the butane 
m ust be considerably dim inished b y  th e fa ct th a t it 
is dissolved in the liquid ethane and propane, the 
am ount of im p u rity  in the gas from  this source becomes 
sm all. T h e v e ry  high pressure in some of these cylin 
ders would indicate th a t there is also some dissolved 
m ethane in the liquid ethane. T he critical tem perature 
for ethane is + 3 4 0 and th e critical pressure 50.2 
atm ospheres. As a t 250 th e  pressures are often above 
th e critical, the on ly  other hydrocarbon present would 
be m ethane. T h is m atter is dw elt on at present 
as it  further bears out th e observation m ade b y  one 
of us in connection w ith  the propane-butane fraction  
th a t the aromatic hydrocarbons obtained from these 
fractions are built up from aliphatic compounds of 
lower carbon content than benzene. T here is no possi
b ility  of arom atics h avin g been obtained here b y  the 
sp littin g off of th e benzene ring from  phenyl paraffins 
as no such com pound is known th at would boil at 
th e tem perature of liquid ethane, under atm ospheric 
pressure, or conversely under th e pressure of liquid  
ethane at ordinary tem perature. If such com pound 
were present in th is gas its vapor pressure w ould be so 
sm all in com parison w ith th a t of ethane and propane 
th a t it w ould constitute b u t a m inim al fraction  of the 
issuing gas and it could in no w ay  accoun t for th e yield  
of ta r  obtained in these experim ents— 2.5 cc. of tar

1 T h is  J o u r n a l , 8  (1 9 1 6 ), 6 7 4 .
1 J .  A m . Chem . Soc., 37 , 2 1 9 0 .
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F ig . I — D e c o m p o s it io n  o p  E t i ia n b - P r o p a n e  M ix t u r e  
No C a t a l y z e r

(liquid) per cu. ft. of gas used. T h e cylinder of gas 
used showed a pressure of 750 at 250 which pressure 
rem ained constant, within the lim its of accuracy of 
the gauge used, during these experim ents. A nalysis 
of the gas showed it to  be com posed chiefly of ethane 
and propane. No C 0 2 was present and only less 
than 0.5 per cent “ u n satu rated .”

T h e apparatus and m ethod of procedure were ex
actly  as described in the case of the propane-butane 
fraction. T h e gas was passed at a m easured rate 
through a heating cham ber, the ta r  “ fo g ”  form ed 
precipitated  electrically  and sam ples of the gas analyzed  
for “ un satu rated ”  and hydrogen. T h e results of 
these analyses are plotted  in Fig. I. A s in the case 
of the butane-propane fraction, the percentage of 
“ un saturated”  increases gradually  to a m axim um  in 
the neighborhood of 750°, decreasing again above 
th at tem perature to  a m inim um  a t abou t 950°. The 
content of hydrogen increases slow ly at first, a m arked 
increase in its rate ta k in g  place above 750°. The 
beginning of the decrease in “ un satu rated ”  form ation  
and of the increase in hydrogen form ation are coinci
dent, as noted in the case of the propane-butane frac
tion with the appearance of th e ta r  “ fo g .”

The “ u n satu rated ,”  as shown b y  fraction ation  of 
the brom ides, consisted chiefly of ethylene and p ro p y
lene w ith sm all am ounts of butene. T h e presence of 
butenes, which occurred in a very  sm all am ount, is 
doubtless due to  th e decom position of th e butanes, 
which, as pointed out above, m ust occur in the gas in 
sm all am ounts.

The tar form ation  occurred at about 750°. T he 
yield  wras v e ry  m uch sm aller than in the case of the 
butane-propane fraction, am ounting to only 2.5 cc. 
per cu. ft. of gas used. T his m ight be expected from  
the fa ct th a t the average m olar w eight of the gas is 
much sm aller than in the other fraction. How much 
of this arom atic form ation  is contributed b y  the ethane 
and how much b y  the propane is a question which 
we cannot discuss at the present m om ent. T h a t 
the ethane does contribute to  some extent can not be 
doubted since Bone and C o w a rd 1 have found it to  be 
the case, though only to a slight extent. T h e v e ry  
sm all percentage of the lower boiling arom atics and

> J .  C h tm . Soc.. 93, 1197.

F ig . I I — D e c o m p o s it io n  o p  E t i i a n e - P r o p a n e  M i x t u r e , U s in g  C o p p e r  
a s  C a t a l y z e r

th e un usually high one of n aphthalene is w orthy of 
notice. O nly about 3 cc. out of 20 cc. of ta r  cam e over 
below 12 5 0 and abou t 1 cc. more below  200°. The 
rest was naphthalene and pitch. The n aphthalene 
form ed choked, th e condenser coil several tim es during 
a run and could be noticed in large flakes a t th e end 
of the q u artz tub e when cleaning out the apparatu s 
betw een experim ents.

T h e  effect of copper as catalyzer was not m arked 
in a n y  w ay. T he results when p lotted  (Fig. II) 
were, both for the “ un satu rated ”  and for hydrogen, 
v e ry  sim ilar to those obtained w ithout a catalyzer. 
T h e arom atic form ation proceeded in much the sam e 
w ay.

W ith  iron as catalyzer (Fig. I l l )  the sam e sharp 
drop in the un saturated  conten t a t abou t 710° was 
noticed as w ith th e propane-butane fraction , the 
hydrogen content increasing v e ry  rap id ly  as the “ un
sa tu rated ”  decrease. N o arom atic form ation  was 
noticeable beyond th e form ation  of a slight am ount 
of “ fo g .”  M uch carbon was deposited on th e catalyzer 
necessitating its frequent renewal.

E X P E R I M E N T A L

m a t e r i a l — T h e m aterial -was a “ liquid g a s” from  
W est V irgin ia  in a steel cylin der under 750 lbs. pressure 
at 25 °. T h e results of the explosion w ith  oxygen  are 
given  in T ab le  I. A n alyses I and II were m ade at 
the beginning, I I I  and IV  at the end of the exp eri
m ents presented. T h e gas had in addition  0.4 per cent 
“ un satu rated ”  and about 0.5 per cent hydrogen. 
There was no C 0 2.

T a b l e  I — A n a l y s is  o p  G a s  
A n a l y s i s : I

V o lum e g a s ...................................  12 .3
C o n tra c t io n .................................. 3 4 .4
V olum e CO*................................... 2 9 .9

a p p a r a t u s  a n d  p r o c e d u r e — T he apparatu s and 
procedure were the sam e in all respects as used for 
the propane-butane fraction  and their description is 
unnecessary. The rate of gas flow through the 
cham ber was the sam e, 0.45 cu. ft. per hr.

g a s  a n a l y s i s — T h e gas analysis was conducted 
over w ater. F or the determ ination of th e “ un satu
rate d ,”  brom ine was used. T he hydrogen  was de
term ined b y  com bustion over copper oxide. The 
results are given  in T a b le  II .

I I I I I IV
1 2 . 3 • 11 .7 1 2 . 2
34 . 0 3 2 .0 3 3 .9
29. 6 3 0 .9 3 1 .7
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F i g . I l l — D é c o m p o s it io n  o p  E t h a n e - P r o p a n e  M i x t u r e , U s in g  I r o n  a s  
C a t a l y z e r

t h e  “ u n s a t u r a t e d ” — T h e gases com ing between 
800 and 850° were passed into brom ine till the latter 
becam e colorless.. A fter dryin g, 25 cc. were distilled 
and th e follow ing fractions collected: 5 cc. below
1 2 7 0; 9 cc., 1 2 7 -1 3 2 0; 5 cc., 13 2 -14 2 0; s cc. residue. 
On allow ing the residue to  stand a sm all am ount 
of crystals separated out. Pressing from  the mother 
liquor and crysta llizin g from  alcohol th e y  were o b 
tained  in the form  of sm all, tran sparen t, prism atic 
crystals m elting a t 1 1 6 0.

a r o m a t i c s — T h e ta r  ob tain ed  was q uite fluid and 
after filtering showed a specific g r a v ity  of 1.075. 
T w e n ty  cc. were distilled in a sm all flask. Three 
cc. cam e over below 12 5 0, 1 cc. below 200°. A b ove 
th a t, naphthalene began to  solid ify  in th e condenser. 
T h e distillation  w as continued under reduced pressure, 
abou t 8 cc. com ing over and solid ifyin g to  a yellow ish 
T a b l e  I I — A n a l y s is  o p  G a s e o u s  P r o d u c t s  w it h  a n d  w it h o u t  C a t a l y z e r

N o C a t a l y z e r C o p p e r a s  C a t a l y z e r I r o n a s  C a t a l y z e r

U n sa t H U n s a t H U n sa t- I I
T e m p . u ra te d P e r T e m p . u ra te d P e r T e m p , u ra te d P e r

° C . P e r  c e n t c e n t °  C . P e r  ce n t ce n t ° C . P e r  c e n t c e n t
5 8 0 2 . 8 3 . 4 5 8 0 1 .7 1 .3 58 0 6 .1 3 . 6
6 3 0 7 . 8 5 . 8 63 0 8 .1 4 . 0 6 3 0 1 4 .9 7 .9
6 8 0 1 8 .9 8 . 8 6 8 0 1 9 .9 1 0 .1 6 6 0 2 2 .0 1 0 .9
7 3 0 2 8 .0 1 5 .3 7 3 0 3 0 .2 1 5 .6 710 3 1 .2 2 2 .5
7 75 3 1 .0 1 9 .6 750 3 1 .5 7 2 0 1 4 .2 4 0 .9
8 0 0 2 7 .9 2 4 .0 775 3 0 .0 2 1 .2 730 ’ 8 . 3 5 3 .4
8 25 2 4 .2 2 6 .1 8 0 0 2 5 .4 770 5 . 7 6 0 .3
8 5 0 1 8 .0 3 4 .0 825 1 8 .2 3 3 15 815 0 . 3 6 5 .8
8 75 1 5 .2 3 5 .3 8 75 1 1 . 0 4 2 .0 8 75 0 . 0 6 6 .6
9 2 5 7 .2 4 6 .4 9 2 5 2 . 6 5 4 .0
9 75 3 . 0 5 8 .8 9 75 2 . 8 6 2 .7

mass of crystals. On crystallizin g from  alcohol th e y  
gave a m elting point of 79 °. T h e residue solidified 
in the flask, form ing a b la ck  pitch  w ith a strong 
odor resem bling anthracene. N itrobenzole was ob
tained from  the fraction  boiling below  125°, b u t no 
nitrotoluols could be obtained from  it.

S U M M A R Y

I— It  has been shown th a t m ixtures of ethane and 
propane decom pose a t high tem peratures, giv ing 
ethylene, propylene and other “ u n satu rated ,”  hydrogen 
and arom atics.

II— The percentage of “ un satu rated ”  increases 
w ith  increasing tem peratures to a m axim um  in the 
neighborhood of 750°, then decreases w ith increasing 
tem peratures. T h e arom atic form ation  begins at 
abou t 750° C . and is coincident w'ith an increase in 
the rate of hydrogen form ation.

I l l — T h e action  of copper and iron as cata ly zer  has 
been studied. Iron preven ts arom atic form ation  and 
favors th e decom position of the hydrocarbons into 
carbon and hydrogen.

F u rth er w ork upon these topics is now in progress 
in this lab oratory.

D e p a r t m e n t  o p  C h e m is t r y , C o l u m b ia  U n iv e r s it y  
N e w  Y o r k  C it y

THE SOLUBILITY OF LEUCITE IN SULFUROUS ACID
B y J .  S c h r o e d ic r  

R ec e iv ed  M a y  19, 1916

L eucite belongs to  a class of potash-carrying silicates 
th a t has received considerable atten tion  as a possible 
source of p o tash .1 It  is a m etasilicate of alum inum  
and potassium  h avin g the form ula K A l(S i0 3)2 or 
K 20 ,A l203-4Si02. On this basis its theoretical com 
position is: Silica, 55.0 per cent; alum ina, 23.5 per
cent; and potash, 21.5 per cent. From  this it  is ev i
dent th a t in potash content it is one of the richest 
m inerals know n. *

L eucite occurs in the more recent volcanic rocks as 
em bedded crystals, grains, or aggregates of grains. 
I t  is identified especially w ith the lavas of M t. V esu viu s 
and other localities in Ita ly , though its occurrence is 
b y  no means restricted  to these localities. In N orth 
A m erica it is found in L ow er California, N ew Jersey, 
A rkansas, B ritish  Colum bia, and especially in several 
places ou tly in g  from  th e R o ck y  M ountains, n otab ly  
the L eucite Hills of W yom ing. T hese hills are situated  
in southw estern W yom in g from  10 to 15 miles north 
of B itter  C reek, which is an eastern tr ib u tary  of Green 
R iver and is follow ed b y  the Union Pacific R ailroad.

T h e L eucite Hills consist of a num ber of conical 
peaks of la v a  protruded through the beds of rocks 
form ing the p lateau  of the surrounding neighborhood. 
E ach  peak consists of a la v a  sheet, presenting an abru p t 
wall from  50 to  150 ft. high. These deposits are 
described in detail b y  Sch ultz and C ross.2

T h e leucite rocks of this neighborhood are of a y e l
lowish gra y  color and often, if not alw ays, of a pro
nounced cellular structure. T h e porosity, how ever, 
does not reach th e  pum ice stage. T h e leucite inclu
sions are m icroscopic crystals 0.035 mm. in diam eter. 
T h e chem ical com position of the rocks as indicated 
b y  th e analyses of the U nited  States G eological S u rv ey  
is abou t as follow s: Silica, 53 per cent; alum ina, xi
per cent; ferric oxide, 3 per cent; magnesia, 6.5 
per cent; lim e, 4.5 per cent; soda, 1.5 per cen t; and 
potash, 11 per cen t.2

T o  ascertain  the possibility  of recovering th is potash 
b y  leaching, so lu b ility  tests were made w ith sulfurous 
acid. A sam ple of leucite rock from  B atu ku , Celebes, 
E ast Indies, containing 9 per cent potash, was obtained 
through the courtesy of D r. J. P. Iddings of th e  U nited  
States N ational M useum . T h is was ground and sep
arated, b y  siftin g, into portions of different fineness 
and these portions shaken over n ight w ith  a  solution 
of sulfurous acid. T h e la tter  was prepared b y  passing 
sulfur dioxide through w ater to  approxim ate satura-

1 C u sh m a n  a n d  C oggeshall, T h is  J o u r n a l , 4 (1912), 821.
2 U. S . G eol. S u rv e y , B ull. 512.
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tion  at room  tem perature. T h e to ta l q u a n tity  of 
m aterial dissolved was found b y  filtering the solution 
through a Gooch filter and w eighing the residue, 
and the potash w as determ ined b y  the chlorplatin ic 
acid m ethod. The q u a n tity  of sam ple used was 
0.5000 g. and the volum e of th e solven t 200 cc. T h e 
determ inations showed th e follow ing results:

P e r  c e n t  o f  P o t a s h  D is s o l v e d
F in e n e s s O n basis O n b as is  of T o t a l  M a t t e r
o f  S a m p l e of sam p le K iO  p re sen t D is s o l v e d

0 .5  to  0 .2 5  m m . 3 .7 4 1 .7 1 6 .4
0 .2 5  to  0 .1 0 5 .1 5 7 .0 18 .8
0 . 1 0  to  0 • 6 .7 7 5 .2 2 5 .8
0 . 1 0  to  0 6 . 8 7 6 .4 2 6 .2
0 .5  to  0 (a) 4 .7 5 2 .2 2 6 .7

(a) T h is  sam p le  co n s is ted  o f a  m ix tu re  o f th e  firs t th re e  g rad es  of fine
ness in  th e  ra t io  of 5, 36 a n d  58 p e r  cen ts .

From  these results it  is evident th a t potash  m ay be 
dissolved from  leucite rocks b y  means of sulfurous 
acid. T h is shows a possibility  of an im portant in 
dustrial application  since it indicates th a t sm elter 
fumes, containing sulfurous acid gas, m ay be used 
d irectly  for recovering potash from  leucite. Of course 
it is known th a t sulfuric acid  m ay be used for 
th a t purpose, b u t there is a dem and am ong op era
tors of sm elters for a m ethod of using sulfurous acid 
gas th a t does not in volve the expensive installation  
required to  con vert it into sulfuric acid. It  happens 
also th a t the leucite of the L eucite Hills occurs in a 
region accessible in a general w a y  to  th e sm elters of 
U tah, C olorado and M ontana. It  m ay be possible 
to  devise m ethods w hereby sm elter fum es can be 
passed over or through the leucite rocks, in th e pres
ence of w ater, and the potash thus gradually  leached 
out, perhaps w ith  th e m inim um  of installation  and 
m anipulation. I t  is recalled th at the W yom ing 
leucite rocks are porous, som ew hat resem bling pum ice. 
This fa ct m ay operate to facilita te  the percolation of 
the m aterial and the leaching of th e potash. It  is 
observed, furtherm ore, th a t th e dissolution in sulfurous 
acid is selective. Thus, while other m aterials are dis
solved  from  th e rock, the potash is dissolved in the 
greatest relative proportion.

It  has been shown th a t the q u a n tity  of potassic 
rocks in th e L eucite Hills region is v e ry  great, th e  potash 
therein  contained being estim ated b y  Schultz and Cross 
at 197,349,617 tons. T h a t large quantities of sulfurous 
acid gas are availab le  at th e w estern sm elters is of 
course well know n.

B u r e a u  o f  S o il s  
U. S. D e p t , o f  A g r ic u l t u r e  

W a s h in g t o n

A N O TE ON TH E CAUSE OF TH E P IN K  CO LO R 
OBSERVED IN CERTAIN H YPO CH LO R ITE 

BLEACH ING SOLUTIONS
B y  H . G . E l l k d g u  

R eceived  M a y  17, 1916

W hen sodium  h ypochlorite bleaching solutions are 
prepared for use in laundering, b y  treatin g  a solu
tion  of calcium  h ypoch lorite, or bleaching powder, 
w ith a  solution of th e so-called neutral w ashing po w 
d er,1 a fter th e calcium  carbonate has settled  out,

1 T h e se  sodas a re  u su a lly  of a b o u t th e  fo llow ing co m p o sitio n : n o rm a l 
sod ium  c a rb o n a te , 4 6 .3  to  3 6 .1  p e r  c e n t; so d iu m  b ic a rb o n a te , 3 7 .7  to  5 0 .0  
p e r  c e n t; a n d  w a te r, 16.0  to  13 p e r  ce n t. S ee  F a ra g h e r , T h is  J o u r n a l , 
6 (1 9 1 4 ), 6 4 1 . T h e  o b se rv a tio n s  of F a ra g h e r  h av e  been  con firm ed  a n d  
ex te n d e d  b y  th e  w rite r.

a pink colored solution in v aria b ly  appears. T his 
coloration has been observed when various trade 
brands of bleaching pow der were em ployed, som e of 
which were of A m erican m anufacturers and others of 
E nglish origin; in fa ct, it seems to  result .in every  
case where an excess of the H C 0 3 ion is present n 
the solution. W hen bleaching solutions were m ade 
of the sam e bleaching powders, but, instead of th e  
“ washing sodas”  m entioned, soda ash or sodium  sul
fate  was used to precip itate the calcium , the color of 
the resulting solution was green. B y  agitatin g this 
green solution w ith sodium  bicarbonate, the pink color 
was again obtained.

W hen certain  laundries adopted soda ash as the w ash 
room  alkali, th e w ash-room  help thereof were concerned 
abou t the absence of the pink color w hich, .through 
habit and also because of the influence of the sales 
agents of certain  alkali com panies, th e y  had com e to 
regard as an index to  the bleaching qualities of the 
solution. Owing to th is condition, th e  w riter was 
requested b y  the A llegh en y C o u n ty  L au n d rym en ’s 
E xchange to  explain  the origin of the coloration and 
to ascertain  defin itely w hether there was an y difference 
in th e  bleaching properties of the green and pink solu
tions. As was to  be expected, it  was found th a t equal 
volum es of the solutions, when m ade up w ith  identical 
w eights of the sam e bleaching powder, gave the sam e 
values for available chlorine. A m ong others, bleaching 
tests on hem p strings indicated  th a t one solution was 
as satisfa cto ry  as th e other for lau n d ry  bleaching.

T h e w riter was led to  conclude th a t the color of the 
pink solution was a ttrib u tab le  to  th e presence of traces 
of sodium  perm anganate, th e m anganese being d e
rived from  th e bleaching powders used. T his conclu
sion w as reached after certain  experim enta' w ork, 
of which th e follow ing is illu strative: T here were
m ade up tw o solutions of sodium  hypochlorite of th e 
sam e stren gth .1 T o  one of them  a sm all am ount of, 
m anganous su lfate was added; th is produced no change 
in color. T hen  to each of th e solutions, 10 g. of sodium  
bicarbon ate were added; after th o rou gh ly  shaking 
and settling, th e solutions both  assum ed a pink color, 
but th e one to  w hich th e m anganous su lfate had been 
added possessed a m uch more intense color. B y  color 
com parisons, it w as estim ated th a t 0.02 per cent to 
0.04 per cent of m anganese in th e bleaching powders 
w ould be sufficient to  produce this color.

I t  was early  suggested th a t the pin k  coloration  m ight 
be caused b y  the presence of sm all am ounts of sodium  
ferrate. Therefore, solutions were prepared as above, 
and to one of them , ferric chloride w as added; then, 
to both solutions sodium  b icarbon ate was added, as 
above. A fter th e precipitates had settled, no difference 
could be observed in the intensities of th e pink color 
of th e different solutions. These and other experi
m ents led to  the conclusion th a t th e  color w as due to  
traces of m anganese, w hich, b y  th e c a ta ly tic  action  of 
the b icarbon ate on th e hypochlorite, was oxidized to

1 T h e  so lu tio n s  w ere p re p a re d  b y  m a k in g  a  p a s te  of 10 g. of b leach ing  
p ow der a n d  w a te r, a d d in g  th e re to  10  g. of so d a  ash , a n d , a f te r  thoroughly- 
sh a k in g  in  a  flask , m a k in g  th e  v o lu m e u p  to  250 cc. T h is  is th e  s tr e n g th  
u su a lly  a d o p te d  in  th e  la u n d ry  fo r s to ck  so lu tions.
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the perm anganate, and th a t, for lau n d ry purposes, 
this coloration was of no consequence.

Subsequently, when th e w riter’s report becam e 
a v a ila b le ,1 th e contention was made b y  a representative 
of one of th e prom inent a lka li m anufacturers th a t the 
pink color was due not to  th e presence of perm anganate, 
b u t of a ferrate; and in order to  settle defin itely the 
whole m atter, the absorption spectrum  of th e pink 
bleaching solution was com pared w ith  th a t of a solu
tion  of potassium  perm anganate of the sam e color 
inten sity. T he solution used was made four tim es the 
concen tration 2 usually  em ployed and, after all th e 
precip itate had settled, a saccharim eter tube, was filled 
w ith the clear pink solution. A sim ilar tub e was filled 
w ith  potassium  perm anganate solution of sam e color 
in ten sity  and th e absorption spectra were com pared; 
th ey, were found to  be identical. To com pare the 
tw o more carefully, the tw o absorption spectra were 
brought in view  at one tim e, b y  means of th e com 
parison m irror, and th e positions of th e lines were 
shown to 'b e  ex a ctly  the same.

N o a ttem p t is m ade here to  accoun t for the pres
ence of the trace of m anganese in the bleaching pow der, 
but th e w riter feels th a t he has offered p ositive e v i
dence th a t th e  color of the pink bleaching solutions is 
due to  the presence of sodium  perm anganate, and not 
of sodium  ferrate, as som e have m aintained.

M e l l o n  I n s t i t u t e  o p  I n d u s t r ia l  R e s e a r c h  
P it t s b u r g h

ON TH E USE OF CERTAIN YE A ST  NUTRIM ENTS IN 
BREA D -M A KIN G 3

B y  H e n r y  A . K o h m a n , C h a r l e s  H o f f m a n , T r u m a n  M . G o d f r e y , 
L a u r e n  H .  A s h e , a n d  A l f r e d  E . B l a k e  

R ece iv ed  J u n e  7, 1916

T h e w ork in bread-m aking at the M ellon In stitu te  
was begun in 191 x through the establishm ent of the 
W ard Fellow ships and th e results will now be p u b 
lished in a series of contributions.

One of the im portant problem s studied in our 
bread investigations was the effect of certain  m ineral 
salts (such as are com m only found in natural waters) 
upon the ferm en tative a c tiv ity  of the yeast in bread- 
m aking. It  was found necessary b y  the W ard B aking 
C om p an y (who operate bakeries in several cities) to 
change th e q u a n tity  of yeast as well as the ferm en ta
tion  period of their dough batches in the different 
cities, in order to produce a stan dard product, or 
n early  so, even though all the raw  m aterials used were 
identical (being purchased through a central office). 
Upon in vestigation  it  was found th a t variation s in 
th e a c t iv ity  of th e y ea st were due to  th e differences 
in the m ineral content of th e w aters used for m aking 
the bread in these cities. In the w ork reported in 
this paper th e effect of . m ineral salts found in natural 
waters upon the ferm en tative power of th e yeast, 
as well as the q u a n tity  of yeast necessary for leaven 
ing purposes, has been given  particu lar atten tion  and

1 T h e  conc lu sions  w ere rep o rte d  b y  b u lle tin  to  th e  A llegheny  C o u n ty  
L a u n d ry m e n ’s E x ch an g e  on  A pril 17, 1916.

* T h e  so lu tio n  of sod ium  h y p o ch lo rite  w as p re p a re d  w ith  40 g. of co m 
m ercia l ca lc iu m  h y p o ch lo rite , 4 0  g. of soda  ash , an d  40 g. of so d iu m  b ic a r 
b o n a te , m a d e  u p  to  a  v o lum e of 250 cc. w ith  d istilled  w ate r.

a A p a p e r  p re sen ted  in  a b s tr a c t  b y  H e n ry  A. K o h m an  a t  th e  U rb an a  
M eetin g  of th e  A m erican  C hem ica l S ocie ty , A pril 19, 1916.

close investigation. The mineral substances contained 
in flour, m ilk, yeast and other raw  m aterials for bread 
were in vestigated  in detail also, using a large v a riety  
of com binations and proportions.

Of the large num ber of substances investigated, 
those th a t have a rea lly  significant effect upon the 
ferm entation  in bread are surprisingly few. T he salts 
of the m ineral acids, such as the chlorides, nitrites, 
n itrates and sulfates, exert p ractica lly  no influence 
except when com bined w ith a cation  which in itself has 
an effect. T h e carbonates are especially  com m on in 
n atural waters and as a class are objectionable in 
bread, since th e y  neutralize the acids of the dough and 
thus interfere w ith the progress of th e ferm entation. 
M ore p articu larly , th e carbonates of m agnesium  and 
the alkali m etals should be considered as being detri
m ental to the ferm entation  of the yeast.

T h e salts of potassium , p articu larly  the phosphates, 
were expected to exert a decided influence on the 
ferm en tation  of bread, because these com pounds con
stitu te  such a large proportion of the ash of yeast and 
are m entioned so freq u en tly  in connection with alco
holic ferm entation. H ow ever, the potassium  salts 
were found to  influence the ferm entation  of bread on ly 
v e ry  sligh tly , while the phosphates had no noticeable 
effect. T his is to  be explained, no doubt, b y  the fa ct 
th a t th e ash of flour is rich in these salts, consisting 
of abou t one-third potash (K2O) and one-half phos
phoric acid (P2O5), which abu n d an tly  supplies the 
yeast.

Because of their com m on occurrence in natural 
w aters, the salts of the alkaline earth m etals were 
studied in detail, w ith surprisingly interesting re
sults. T h e calcium  salts, especially, are of com m on 
occurrence in w ater and it is around these th a t the 
m ost interesting results presented in this paper center.

Besides the w ater problem , the utilization  of stale 
bread was indicated  as an im portant problem  for re
search. One of the proposed m ethods for using stale 
bread com prised th e cooking of th e crum bs and then 
digesting w ith m alt. T h e starches were thus tran s
form ed into sugars and the gluten rem ained in flakes 
which could be separated b y  filtration. From  this 
gluten  residue, b y  digesting w ith concentrated HC1 
in th e ordinary w ay, glutam ic acid hydrochloride was 
recovered in considerable quantities. T h e effect of 
the glutam ic acid upon the parent substance, gluten, 
in bread was found to be a decidedly beneficial effect 
both  upon the dough and upon the yeast.

A M M O N IU M  S A L T S

L ike m any other acids, g lutam ic acid m atures or 
ages th e dough and, in addition, increases the gas 
production of th e yeast. T his accelerating effect 
upon the yeast was observed in bread and likew ise in 
ferm enting cane sugar, dextrose, and m alt extract. 
In ferm entation  of this kind other acids failed to in 
crease the ferm entation  as did glutam ic acid  h y d ro 
chloride, so we were led to believe th a t it was not a 
m atter of acid ity  b u t th a t glutam ic acid hydrochloride 
owes its accelerating effect to  its nitrogen content. 
W ith this idea in mind, we conducted baking experi
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m ents w ith other nitrogenous substances. O rdinary 
peptone, such as is used for culture m edia, as already 
known, accelerates alcoholic ferm entation  greatly  but 
this substance is expensive and, accordin gly, atten tion  
was directed tow ard  cheaper m aterials which would 
accom plish a sim ilar result. T h e salts of am m onium  
were found fu lly  as efficient as peptone.

Before giv ing th e experim ental data, it  should be 
said th a t during the course of this investigation, 
w hich extended over a period of several years, the 
conditions were changed from  tim e to  tim e; conse
q uently, the results of an y particular, series of baking 
experim ents can not be com pared str ic tly  w ith those 
of another. E v e ry  precaution was taken, how ever, 
to  m aintain the sam e conditions throughout each 
series, so th a t the individual loaves could be com pared 
closely  with the control and w ith each other. In 
each series of experim ents the loaves were scaled, 
m oulded, proofed and baked together. Therefore, 
when accelerators were added the loaves n atu ra lly  
had not all risen to the sam e height when th e y  were 
placed in the oven, as th e y  do in com m ercial baking 
p ractice. Con sequently, the volum es given  in the 
tables are an expression of th e  rate of ferm entation 
rather than  of th e relative  lightness or degree of ex
pansion th a t m ay be obtained. For exam ple, when 
there was, say, a 10 per cent increase in volum e noted 
w ith  the use of an accelerator, it does not mean th a t 
th e expansion was increased b u t m erely th a t the rate 
of ferm entation  was increased b y  th a t am ount. If 
the tw o loaves had been brought to th e sam e degree of 
m atu rity  and proofed to the sam e height in th e pans, 
as is custom ary in baking practice, both loaves would 
h ave conform ed to the stan dard size. In m any bread 
laboratories, also, it  is custom ary to  proof all the 
loaves to  the sam e height, especially when the volum es 
are taken  to represent the expansion, as is the case in 
testing flours. In  the experim ents of this paper, 
how ever, all the loaves of each series were baked 
sim ultaneously, so th e volum es should be interpreted  
as indicating th e rate of th e ferm en tation  rather than  
th e  expansion of the loaves.

T h e follow ing series of experim ents will serve to 
illustrate th e effect of am m onium  sulfate upon the 
yeast in bread-m aking. A kilogram  of flour was used 
in each batch.

B r e a d G ram s L o a f V o l u m e C c. G as P e r  c e n t G as
N o . (NH«)tSO< Cc. %  In c rea se in  7 l/ t  h rs . In c rea se
646 0 .0 1630 0 . 0 292 0 .0
647 0 .5 1790 0 . 8 311 6 .5
648 1 .5 1865 1 4 .4 310 6 .5
649 2 .5 1870 14 .7 329 1 2 . 6
650 3 .5 1930 18.4 328 1 2 .6
651 4 .5 1900 16 .5 338 15.7

Besides increasing th e gas production and im proving 
and securing a more uniform  loaf volum e, the am m o
nium  sulfate im proved the textu re and th e general 
un iform ity and appearance of th e bread. T h e gas 
production was estim ated b y  ta k in g  a sm all portion 
(50 g.) from  each dough and collecting th e gas evolved  
over a saturated  solution of calcium  chloride in Bunsen 
gas-holders.

In  a cane-sugar m edium , am m onium  sulfate also 
g rea tly  increased the ferm en tative power of yeast.

A  series of seven ferm entation  experim ents was m ade, 
using 68 g. of w ater, 1.2 g. of yeast and 6 g. of sugar, 
w ith va ry in g  am ounts of am m onium  sulfate. T h e 
results were as follow s:
E x p e r im e n t N o . 1 2 3 4 5 6  7
G ram s  (N H O 1SO 4. . . 0 .0  0 .2 5  0 .5  1 .0  2 .0  4 .0  8 .0
G as, cc. in  6»/2 h rs ... 291 358 364 392 447 457 155
P e r  c e n t in c rease   0 .0  230 2 5 .1  3 4 .8  5 3 .7  5 7 .2  — 4 6 .8

W hile readings were taken  ev ery  half hour, the 
to ta l gas produced w ill serve to  illustrate the accelera
tin g  action of am m onium  sulfate. I t  will be noted 
th a t 8 g. has a m arked retardin g action.

E a r ly  in the research it was observed th a t  the in 
creased ferm entation, due to  am m onium  sulfate, 
m atured the doughs in a m uch shorter tim e. B read 
ferm ented 3V2 hrs. w ith  the use of am m onium  sulfate 
was p ra ctica lly  as m ature as th e control bread in 4V1 
hrs. O bviously, then, this salt can be used for the 
production of bread in a shorter tim e. On first 
thought, one m ight infer th a t  th is action  would be 
taken  a d van tage of in increasing the o u tp u t of a 
b akery; this, how ever, is not the case. The oven 
cap acity , more th an  an yth in g else, governs th e pro
d u ctive pow er of a b akery. A lthough a short fer
m entation period is h igh ly  desirable in the b ake shop, 
there is a lim it beyond w hich it is not safe to  go. U n 
foreseen delays are frequent in th e daily  operations, 
and since these often  occur when th e  dough is already 
w orking, over-ferm entation  is th e result. T h e shorter 
the ferm entation  period, th e greater will be th e over
ferm en tation  when d elay  occurs. ' In  our opinion, 
according to present practices, th e ferm en tation  period 
should not be less than  4V2 to 5 hrs. for hard w heat 
flours, excepting, of course, in special cases in which 
it  is necessary to produce bread in a v e ry  short tim e 
to m eet rush orders. In general, the increased fer
m entation due to  the addition  of am m onium  sulfate 
can best be utilized  b y  reducing th e am ount of yeast 
th a t  is ordinarily  required. T h e follow ing series of 
b ak in g experim ents serves to  illu strate th e value of 
this sa lt in the dim inution of yeast requirem ent:

V o l u m e  o f  L o a f  (C c .)  
B r e a d  N o .  G r a m s  Y e a s t  F e rm e n te d : 3*72 h rs . 4 l/ 2 h rs . 5 l/ i h r s .
193 (con tro l) 1 2 .0 1695 1735 1745
198 9 .0  (25<Vo less) 1805 1815 1875
194 8 .4  (30<Vo less) 1665 1755 1795
196 7 .8  (35*:Vo less) 1655 1705 1805
197 7 .2  (40<Vo less) 1645 1695 1795

It is obvious th a t the am ount of y east th a t can be 
saved  b y  the use of am m onium  sulfate depends upon 
th e length  of tim e the dough is ferm ented. In a 
4*/2-hr. dough (4V2 hrs. is the tim e adopted in m any 
bakeries for straigh t doughs), 30 per cent of the usual 
am ount of yeast can be saved, while the savin g in 
yeast in a sV j-h r. dough is 40 per cent. V arious 
processes are in use in different bakeries and the 
length  of the ferm entation  period ranges from  3 V 2 

hrs. to  6 or even 8 hrs. in straigh t doughs and from  5 
to  10 or 12 hrs. in the sponge-dough process. T he 
fa ct th a t th e am m onium  salt accelerates the a c t iv ity  
of th e yeast m ost tow ard  the end of the ferm entation  
period is considered significant. I t  is then  th a t gas 
production is m ost essential, for it causes th e loaves 
to  “ sp rin g”  or “ k ick .”  which is v e ry  desirable and
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necessary for th e production  of a loaf w ith a fine 
close textu re , good color and flavor. E sp ecia lly  is the 
“ sp rin g”  desirable in the special typ e s of loaves which 
are cut lengthw ise, for it opens and ven tilates them  
properly and gives to  the top  of the loaves a fine 
shredded appearance th a t is in v itin g  and appealing 
to th e sight and taste. In  referring to good color 
here, it m ust be borne in m ind th a t excessive fer
m entation will destroy such good color, as is reason
able to  expect, dependent on the grade or q u ality  of 
flour used, while proper ferm entation  will save or 
spare it.

O ther am m onium  salts than th e sulfate, m ay be 
used w ith eq u ally  good results. W e have em ployed 
the chloride, phosphate, b iphosphate, ta rtra te , oxalate, 
n itrate, acetate, form ate, iodide, and su lfocyan ate, 
and have observed no pronounced differences. H ow 
ever, for econom ic reasons, the su lfate and chloride 
are considered m ost suitable for com m ercial purposes. 
B ecause of its a lkalin e properties, am m onium  car
bonate can not be used successfully, as is shown by the 
follow ing baking experim ents:
B rea d  N o ..................................  1653 1654 1655 1656
G ram  (N H i ) i C O j ..................  0 .0  0 .2 4  0 .5  1 .0
L oaf v o lu m e, cc .....................  1505 1560 1530 1445
P e r  c e n t in c re a s e ................... 0 .0  + 3 . 3  + 1 . 6  — 3 .9

In  sm all quan tities, the volum e rem ains p ractica lly  
unchanged, while it is dim inished b y  i g. or more. 
A lkalies are very  detrim ental in bread and this, no 
doubt, explains the inefficiency of am m onium  car
bonate. M oreover, it was observed th a t am m onium  
carbonate im parted  an ob jectionable odor to  the bread. 
T h e carbonate m ay be used successfully on ly when 
sufficient acid is used to  neutralize its a lka lin ity .

A m m onium  fluoride accelerates the ferm en tation  
quite as m uch as other am m onium  salts if used in sm all 
q u an tities; b u t in larger quan tities it retards fer
m entation  to a m arked extent, as is evid en t from  the 
follow ing series of experim ents:
B rea d  N o ......................  847 848 849 850 851 852
G ra m s  N H .K ..............  0 .0  0 .1  0 .2  0 .4  0 .8  1 .6
L o a f v o lu m e .c c   1690 1850 1955 2080 1930 1400
P e r  c e n t in c r e a s e . . . .  0 .0  1 0 .0  1 5 .7  2 3 .1  14.1 — 17.1
A c id i ty ........................... 0 .1 4  0 .1 3  0 .1 4  0 .1 3  0 .1 5  0 .1 4

E v id en tly  am m onium  fluoride can not be used in as 
large quantities as am m onium  sulfate, for, w ith the 
latter, th e m axim um  acceleration was not exceeded 
even when 4.5 g. were used, w hile w ith th e fluoride 
the m axim um  effect w as obtained w ith  less than  1 g.

In sm all quantities, how ever, the acceleration b y 
am m onium  fluoride is more pronounced, in equal 
w eights, than th a t by am m onium  sulfate, the exp lana
tion of which, no doubt, lies in th e great difference 
in the m olar w eights. T he inhibiting effect char
acteristic of am m onium  fluoride in large quan tities 
was also noted w ith hydrofluoric acid. Three doughs 
of th e usual size were made w ith respectively  1, 2 and 
4 cc. of hydrofluoric acid  solution and none of them  
rose. Sodium  fluoride is not so detrim ental, as m ay 
be seen from  the follow ing results:
B read  N o ......................  1338 1339 1340 1341 1342 1343
G ram s N a F ................. 0 .0  0 .1  0 .2  0 .4  0 .8  1 .6
V olum e, cc ...................  1515 1555 1525 1485 1475 1505
P e r  c e n t in c re a s e   0 .0  + 2 . 6  + 0 . 6  — 1 .9  — 2 .6  — 0 .6

T h e dim inution in volum e observed in this series is 
not significant.

C A L C IU M  S A L T S

T h e results of our experim ents w ith  calcium  salts, 
which h ave alread y been m entioned in connection 
with their occurrence in natural w aters, will now  be 
ta k en  up in detail. T heir effect will be given  both 
when used alone and in conjunction  w ith other salts. 
T h e effect of calcium  chloride is indicated in the fo l
low ing table:

B rea d  N o ............... 609 610 611 612 613 614
G ram s  C a C li............ 0 .0 0 .5 1 .5 2 .5 3 .5 4 .5
L o a f vo lum e, c c . . . , 1830 1935 2040 2070 2090 2 1 1 0
P e r  c e n t in c r e a s e . . . 0 .0 5 .7 1 1 .4 13.1 14 .2 15 .3
G a s ............................... . 348 361 380 393 391 385
P e r  c e n t in c r e a s e . . . 0 .0 3 .7 9 .1 12 .9 12 .3 10 .6

T here was a decided increase in volum e and gas 
production w ith the increase in th e calcium  chloride 
conten t of th e doughs. T h e texture, flavor, and 
general appearance of the bread were im proved, as 
well. T h e  loaf volum e was increased considerably 
more th an  th e gas production, w hich would indicate 
th a t calcium  chloride has an effect upon th e gluten 
of the dough as well as upon the yeast. In  th e light 
of som e experim ents conducted b y  H ardy upon the 
effect of e lectrolytes on the stren gth  of w heat flour, 
this seems h igh ly  probable.

T h e effect of calcium  chloride upon the ferm entation  
of cane sugar is shown in the ta b le  below. In each 
of the six experim ents, 100 g. of w ater, 10 g. of sugar, 
and 2 g. of y east were used.

E x p e r im e n t N o ........... 1 (co n tro l)  2 3 4 5 6
G ra m s  C a C lt ............... 0 .0  0 .5  1 .0  2 .0  4 .0  8 .0
G a s i n 6 V i h r s ............. 344 391 408 418 429 281
P e r  c e n t in c r e a s e . . . .  0 .0  + 1 3 .6  + 1 8 .6  + 2 1 .5  + 2 4 .7  — 18.2

T h e accelerating effect of calcium  chloride in bread, 
like th a t due to  am m onium  salts, can best be taken  
a d van tage of b y  reducing th e  am ount of yeast ordi
narily  used. As w ith  th e use of am m onium  salts, 
the am ount of yeast th a t  can be saved depends upon 
th e length of the ferm entation  period. In a 4V2-hr. 
dough, about 25 per cent of th e yeast can be saved.

T he effect of other calcium  salts is v e ry  sim ilar to 
th at of th e  chloride. T h e results given  below w ith 
calcium  b im alate indicate th a t it is eq u ally  effective.

B read  N o ............................ 573 574 575 576 577 578
G ra m s  ca lc iu m  b i-
. m a la te .......................... 0 .0  0 .5  1 .5  2 .5  3 .5  4 .5
L o a f v o lu m e .c c   1770 1850 1970 2005 2020 2110
P e r  c e n t in c re a s e   0 .0  4 .5  1 1 .3  1 3 .3  14 .1  1 9 .2

T h e increase in volum e is' even greater th an  w ith 
calcium  chloride. H ow ever, as calcium  b im alate is 
s ligh tly  acid, th e tw o salts are not s tr ic tly  com parable.

T h e sulfates of calcium  in the follow ing series of 
experim ents, in which C a S 0 v 2 H 20  and C a S 0 < V 2 H 20  
were com pared in m olar quantities, increased the
volum e rather less than  the chloride, esp ecially  w ith 
the larger quantities.

B r e a d G ram s G ram s L o a f V o l u m e
N o. C aS 0 4 .2 H j0 C aS O i.V iH iO Cc. %  In c re a se

3916 (con tro l) 0 .0 0 .0 1670 0 .0
3917 0 .5 0 .0 1710 2 .4
3918 0 .0 0 .4 2 2 1723 3 .2
3919 1 . 0 0 .0 1726 3 .4
3920 0 .0 0 .8 4 4 1796 7 .6
3921 2 . 0 0 . 0 1863 11.5
3922 0 .0 1.68 8 1826 9 .4
3923 4 .0 0 .0 1830 9 .6
3924 0 .0 3 .3 7 6 1853 1 1 . 0
3925 (con tro l) 0 .0 0 .0 1676 0 .4

In the follow ing series of experim ents th e  sulfate
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and chloride were com pared carefu lly, using sm all 
quantities:

B r e a d  L o a f  V o l u m e
N o .  G k a m s  S a l t s  C c . %  Increase
1060 0 .0  1830 0 .0
1061 1 C aC lj 1915 4 .6
1062 1 C aS O i.V iH jO  1945 6 .2
1063 2 C aC lj 2045 11 .7
1064 2 C a S O i.'/sH jO  2065 1 2 .6

In each case it will be noticed th a t th e sulfate gives 
a sligh tly  larger loaf volum e. In sm all quantities, 
then— say, abou t 2 oz. per 60 lbs. of w ater, or ap 
proxim ately  160 lbs. of bread— the sulfate gives 
eq u ally  good, if not b etter results than  the chloride. 
In practice there is used not more than  2 oz. per 160 
lbs. of bread and as calcium  chloride, ow ing to  its 
extrem ely hygroscopic nature, can not be used satis
factorily , because it can not be con ven ien tly  sh ip ped  
or kept in the d ry  state, the su lfate is preferable for 
com m ercial use.

T h e n itrate and phosphates of calcium  have also been 
used successfully. Of the phosphates, C a (H 2PO.)}2 
and. C aH P O i are m ost suitable, as the norm al salt is 
both alkaline and difficu ltly  soluble.

Since both calcium  and am m onium  salts accelerate 
ferm entation  and im prove bread, experim ents were 
m ade w ith both salts in conjunction  w ith bread- 
m aking. T h e results of one series of experim ents 
were :

B r e a d G ram G ram s *<oHÎ V o l u m e
N o. (N H 0iSO < C aC b Cc. %  In c rea se
548 (con tro l) 0 .0 0 .0 1800 0 .0
549 0 .5 0 .0 1800 0 .0
550 0 .5 0 .5 1985 1 0 . 1
551 0 .5 1 .5 2050 1 3 .9
552 0 .5 2 .5 2065 14 .7
553 0 .5 3 .5 2115 17 .5
554 0 .5 4 .5 2120 17 .7

T h irty  per cent less yeast was used w ith  these salts. 
I t  w ill be seen th a t in conjunction  w ith am m onium  
sulfate calcium  chloride gives a further increase in the 
loaf volum e. Since this was found to  be true, a series 
of experim ents w as m ade to  determ ine how much 
y ea st could be saved b y  the use of both salts in bread. 
T h e results were as follow s:

L o a f  V o l u m e  M ean  P e r  ce n t
B r e a d  Gram s Gram Y east Ferm ented: Loaf Increase

N o. C aCli NH«C1 Used 3 Va hrs. 4.V* hrs 51/* hrs.. Vol. in Vol.
555 (control) 0 .0 0 . 0 N orm al 1915 1820 1890 1875 0 .0
556 0 .0 0 .5 3 0 %  less 2000 1920 2070 1995 6 .4
557 2 .0 0 .5 3 0 %  less 2130 2270 2365 2255 2 0 . 2
558 2 .0 0 .5 40%  less 2000 2165 2195 2120 13.1
559 2 .0 0 .5 5 0 %  less 1965 2060 2270 2095 11 .7
560 2 .0 0 .5 6 0 %  less 1800 1880 2055 1910 1 . 8

W ith both salts, as w ith the use of an am m onium  
sa lt alone, th e am ount of y ea st th a t can be saved 
depends upon the ferm entation  period em ployed. 
A fter 3V2 hrs. ferm entation, only 50 per cent of the 
norm al am ount of yeast could be saved  w ith ou t a 
sacrifice in loaf volum e, while after 4V2 hrs. 60 per 
cent could be saved. A fter 51/: hrs. ferm entation, 
the batch  w ith 60 per cent less yea st produced a loaf 
viplume th a t was decidedly larger than  th e control, 
indicating th a t still more yeast could have been saved.

T h e fa ct th a t th e gas production  is grea tly  increased 
tow ard the end of the ferm entation  period b y  the 
yeast nutrim ents, was observed also b y  collecting th e 
gas from  60-g. portions of tw o doughs over a 
saturated  solution of calcium  chloride in Bunsen gas 
holders. T h e follow ing d ata  will serve to illustrate 
this point:

G a s  P r o d u c e d  d u r in g  V a r io u s  P e r io d s  
T im e  9 :4 0  1 0 :4 0  1 1 :4 0  1 2 :5 0  1 :5 0  2 :5 0  3 :5 0  T o t a l

C o n tro l 0  55 67 85 89 74 77 447 cc .
1643 0 28 43 62 73 75 80 361 cc .

It  will be noticed th at dough 1643 (w ith 50 per cen t 
of the usual q u an tity  of yeast, 1 g. of C a C l2 and 0.5 g. 
of (N H 4)2S 0 4) evolves gas on ly  abou t half as rap id ly  
as the control in th e initial ferm entation, b u t th a t after 
6 hrs. it exceeds the control in the. rate of gas pro
duction. T his is indeed significant, for it is at the 
end of the ferm entation  period when the dough has 
been m oulded into loaves th a t a ctiv e  production of 
gas is required and m ost needed. If the yeast weakens 
when th e dough is in the proof box or oven, the bread 
w ill not have the “ sprin g”  necessary to produce a 
well-risen loaf w ith a good shape and texture.

In this connection, it should be m entioned th a t 
others h ave experim ented w ith am m onium  salts in 
connection w ith research on flours. J. T . W illard and 
C. 0 . Sw an son 1 found th a t am m onium  chloride pro
duced a beneficial effect on th e baking qualities of 
flour, while the phosphate had no effect, and the 
ta rtra te  and acetate had a detrim ental effect upon the 
texture. T h e application  of am m onium  chloride or 
other am m onium  salts to effect econom ies in yeast in 
connection w ith bread-m aking are not m entioned in 
the report of those investigators.

A. J. J. V an dervelde, L. Bosnians, F. Le Perre, J. 
M ason and A . R e v ig u 2 state th a t am m onium  chloride 
and n itrate have only a slight action and th a t calcium  
n itrate exerts a ve ry  un favorab le action. In our 
opinion, the quan tities used were excessive, and, m ore
over, such discrepancies in the literature on bread 
are not uncom m on and are to  be. explained, no doubt, 
b y  in accu racy in experim entation  and b y  the fa ct th a t 
so m any factors, such as tem perature, age of dough, 
strength of flour, stiffness of dough, etc., affect the 
results; consequently, th e y  are often m isinterpreted 
and im portant results are som etim es overlooked.

T h e fa ct th a t th e initial ferm entation  w ith y east 
nutrim ents w ith a reduction in the usual am ount of 
y east is much slower than th at of a norm al dough has 
an interesting econom ic significance. It  is well know n 
th a t during the norm al ferm entation  of bread there is a 
considerable loss of d ry  m aterial, due to the decom 
position of th e constituents of the dough into vo latile  
products. These losses as determ ined b y various 
investigators are: Voorhees,3 4.3 per cent; H eeren,3
1.57 per cent; Fehlin g,3 4.21 per cent; C ro eger,3 2.14 
per cent; Jago,4 2.50 per cent; and Snyder and V o o r
hees,5 2 to  6 per cent or even 11 per cent, in cases of 
prolonged ferm entation.

One of us, in a previous paper,6 dem onstrated th a t 
the losses in bread-m aking depend to  a large extent 
upon the am ount of ferm en tation  which the dough 
undergoes. In  a norm al ferm en tation  th e losses were 
found to  be 5.15 per cent, while w ith the sam e flour

1 K an sas  A gr. E x p e r. S ta .,  B ull. 190, 2 4 8 -251 ; E x p . S ta . Record  
M arch . 1912, 356.

* Rev. g in . chitn .. 16, 123. 136.
3 U . S . D e p t. A gr.. O ffice of E x p e r im e n t S ta t io n s . B ull. 35.
4 J ag o , “ T h e  S cience a n d  A r t of B re a d -M a k in g ,” p . 361.
* U . S . D e p t. A g r.. B u ll. 67, 11 a n d  28.
6 K o h m a n .  T h is  J o u r n a l , 4 (1912), 20 -30  a n d  100-106.
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the to ta l losses were on ly  1 .8 u  per cent, when the 
loaves were placed into pans at once upon mixing. 
T he bread obtained in this w ay  was decidedly poor, 
as is a lw ays the case when it  is ver}' much under
ferm ented, and it  was m ade in this w a y  m erely to 
detect an y difference in losses due to  ferm entation. 
In salt-rising bread th e losses were found to  be only 
0.44 per cent. T his difference in the losses in th e tw o 
typ es of bread was explained as follow s: (1) Y e a st
produces 1.04 parts of alcohol for ev ery  part of carbon 
dioxide, both of w hich are large ly  driven off during 
th e process of baking, while in salt-rising bread there 
is no alcohol produced. (2) I t  is necessary _to fer
m ent yeast bread in the sponge and dough stages from  
5 to  8 hrs., and, as it is allow ed to rise in loaf form  
in the pans b u t one hour or less, only a sm all part 
of the total gas produced is a ctu a lly  used in aeration, 
while salt-rising bread is m ade into loaves and placed 
in the pans im m ediately  upon m ixing the dough and 
v e ry  little  gas is lost. (3) T h e gases produced b y 
yeast consist of carbon dioxide, while those produced 
b y  the salt-rising b acterium  consist of abou t V j carbon 
dioxide and */» hydrogen, which is on ly  V22 as h ea vy  
as the former.

T h e fa ct th a t the losses in ordinary bread are de
pendent upon the am ount of ferm en tation  led us to 
suspect th a t w ith th e use of y ea st stin iu lan ts the de
com position of sugar w ould be less th an  in a norm al 
dough, because the initial' ferm en tation  is m uch slower 
and the to ta l gas production  is less. W ith  th is idea 
in mind, we m ade three norm al doughs and three w ith 
a  reduction of 50 per cen t in the usual am ount of 
yeast and with 0.5 g. am m onium  sulfate and 1.2 g. 
calcium  chloride in 1000 g. of flour. T he gas evolved  
in th e usual tim e from  50-g. portions of th e doughs 
was collected in Bunsen gas holders, and from  the total 
w eight of gas produced th e  q u a n tity  of sugar decom 
posed was calculated, assum ing th a t th e carbon dioxide 
ev o lve d  represented 45 per cent of the loss in sugar. 
T he results of these experim ents are given  below :

B r e a d  N o . C c. G a s  F o r m e d

1135 396 4 .2 5
C o n tro ls 1137 404 A v. 403 4 .3 4

1139 409 4 .3 9
NH<C1 1136 333 3 .5 8

a n d 1138 353 A v. 345 3 .7 9
C aC U 1140 348 3 .9 4

P e r  c e n t  L o s s  i n  S u g a r  
C alcu la ted  on  F lo u r

A v. 4 .3 3

A v. 3 .7 0  

D i f f e r e n c e  0 .6 3

I t  will be noticed th a t th e consum ption in sugar is 
considerably higher in the control dough th an  in the 
on e w ith added salts. The difference represents the 
savin g in sugar th a t is effected b y  the use of am m onium  
and calcium  chlorides in bread.

U S E  O F P O T A S S IU M  B R O M A T E

In connection with th e use of these salts as yeast 
nutrim ents in bread-m aking, w ith special reference 
to the losses, m ention will be m ade b riefly  of p o ta s
sium  brom ate as used in conjun ction  w ith them . T he 
functions of th e la tter  salt w ill'b e  more fu lly  treated  
in a subsequent paper, inasm uch as it is not a yeast 
nutrim ent b u t acts upon the dough, im partin g to it  
■very desirable properties.

In the ferm entation  of bread, a tw ofo ld  ob ject is

accom plished; nam ely, the m aturing, or aging, of the 
dough, and th e aeration of th e bread. T h e form er is 
accom plished during the ferm entation  period, which 
takes from  4 to 6 hrs. in th e best practice, and th e 
la tter  during the proofing period, which requires from  
Vs to  1 hr. A fter the dough is sufficiently m atured, 
or aged, it passes through the d ivid ing and m oulding 
m achines, which press out p ractica lly  all of th e gas. 
T hen it  is put into pans and allowed to proof, and only 
the sm all fraction  of the total gas which is produced 
while th e bread is in the pans a ctu a lly  functions in 
aeratin g the bread. T h e effect of the potassium  
brom ate upon th e dough is essentially an aging, or 
m aturing, effect and is characterized  by the exceedingly 
sm all quan tities required. T h e follow ing series of 
experim ents will serve to  illustrate th e changes in loaf 
volum e w ith increasing q uan tities of potassium  
brom ate:

B rea d  N o .............................  4547 4548 4549 4550 4551
G ra m  p o ta ss iu m  b ro m 

a t e ......................................  0 .0 0 0  0 .0 1 5  0 .0 3 0  0 .0 6 0  0 .1 2 0
L o a f v o lu m e .c c ................  1735 1785 1755 1605 1375
P e r  c e n t in c re a s e .............. 0 .0  4-218 4 -1 .1  — 7 .4  — 2 1 .3

T he m axim um  volum e occurs w ith 0.015 g' Per 
b atch  of 1000 g. of flour, and it will be noticed th a t with 
0.06 and especially with 0.120 g. there is a m arked 
dim inution in volum e. T his influence upon th e loaf 
volum e is not due to an y change in the rate of fer
m entation or gas production, but to the pronounced 
aging, or m aturing, effect of the sa lt upon the dough 
itself. Sim ilar changes in volum e are effected by 
va ryin g  the am ount of ferm entation  to which the 
dough is subjected. Up to a certain  point, the gas- 
retaining pow er of dough and the loaf volum e are in 
creased b y  ferm entation; then the dough becom es 
“ ro tte n ,”  i. e., it no longer retains the gas- well and, 
accordin gly, the volum e is greatly  reduced.

A  desirable q u an tity  of potassium  b rom ate— say 
0.015 g- per b atch  of dough containing 600 g. of w ater—  
ages the dough so decidedly th a t 25 or 30 per cent of 
the usual am ount of yeast can be saved  w ithout im 
partin g to th e bread an y of the characteristics of under
ferm entation, such as heaviness, dark color and 
coarseness in texture. In fa ct, the brom ate in these 
quan tities im proves the bread w ith respect to texture 
even though th e yeast is reduced b y  25 per cent. 
This pronounced effect is a ttrib u ted  to  the oxidizing 
pow er of this salt, for it has been found th a t b y  passing 
oxygen  through the dough a sim ilar m aturing action 
is obtained, b u t to  a lesser degree. This is probably 
due to  th e condition of the oxygen— in one case wre 
have m olecular oxygen  and in the other we have 
nascent oxygen— the nascent oxygen being more 
powerful than  th e m olecular, and, therefore, would 
h ave a greater m aturing action on the dough. T he 
effectiveness of the nascent oxygen is indeed su r
prising, for the q u an tity  of the potassium  brom ate is so 
sm all th a t th e to ta l available oxygen is less than  1 cc. 
per loaf of bread.

W hen potassium  brom ate is used in addition to 
am m onium  and calcium  salts, it effects a savin g in 
yeast of 25 to  30 per cent of the am ount required 
w ithout it. For instance, when 50 per cent of th e usual
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am ount of y east can be saved w ith th e yeast stim u
lants, the savin g m ay be increased to  65 per cent w ith 
th e addition of potassium  brom ate.

T h e aging, or m aturing, effect of potassium  brom ate 
upon the dough, w ith ou t increasing the rate of fer
m entation or th e sugar consum ption b y  the yeast, 
results in a m uch greater savin g in sugar th an  th a t 
due to th e yeast stim ulants alone.

T o  determ ine this savin g, three norm al doughs 
were m ade and three w ith  0.5 g. am m onium  sulfate, 
1.2 g. calcium  chloride, and 0.015 g- p f potassium  
brom ate in 1000 g. of flour and 35 per cent of the usual 
q u a n tity  of yeast. T h e gas evolved  from  50 g. portions 
of the doughs was used as the basis for calcu latin g the 
losses in sugar due to  ferm entation. T h e results of 
these experim ents m ay be th us sum m arized:

P e r  c e n t  L o s s  in  S u g a r
B r e a d  N o . C c . G a s  F o r m e d C alcu la ted on  F lo u r

223 7 415 5 . 6 4 ‘
C o n tro ls 2 2 3 8 45 2 A v. 4 4 0 6 .1 5 A v. 5 .9 8

2 2 3 9 4 5 2  , 6 .1 5
N e w 2 2 4 0 22 5 3 .6 2
P rocess 2241 ... A v. 26 6 A v. 3 .6 2

2 242 2 6 7  . 3 .6 2
D i f f e r e n c e ...................................  2 . 3 6

T h e results of a sim ilar series of experim ents are 
tab u lated  below ; these show the losses a t the end of 
5, 6 and 7 hrs., respectively.

L oss in  S u g arC c. G as
DifT. in  L oss 

be tw een  N ew  &

B r e a d  N o .
[2 2 5 1  

C o n t r o ls  > 2 2 5 2  
225 3

f 2 2 5 4

G a s  i n C c . b e tw e e n P e r  c e n t O ld P ro c e s s
5 6 7 6 th  & 5 6 7 5 6 7

h r s . h r s . h r s . 7 th  h rs . h r s . h rs . h r s . h r s . h r s . h r s .
3 0 9 3 7 3 4 3 5 62 5 .2 6 6 .3 4 7 .4 4
3 1 0 375 4 4 0 65 5 .2 6 6 .3 8 7 .5 0
31 2 37 9 44 2 63 5 .3 0 6 .4 2 7 .5 0

3 1 0 3 7 5 4 3 9 64 5 .2 7 6 .3 8 7 .4 8
184 2 5 0 3 2 2 72 3 . 1 2 4 .2 5 5 .4 4
177 2 3 9 3 0 2 63 3 . 0 0 4 .0 7 5 .1 0
178 2 4 0 3 0 9 69 3 .0 2 4 .0 7 5 .2 5

180 243 311 6 8 3 . 0 4 4 .1 3 5 . 2 6 2 .2 3 2 .2 5 2 .2 2

N ew  
P rocess  { 225 5  

1 2 2 5 6

Six hours’ ferm en tation  is th e approxim ately  norm al 
period in th e best b ak in g practice, 5 hrs. in th e dough 
sta te  and 1 hr. after th e bread is m ade up into  loaves. 
T h e  range betw een 5 and 7 hrs. ferm en tation  will cover 
m ost variation s in b akin g processes, due to  the re
quirem ents of different flours and the ty p e  of bread 
desired. It  is clear from  th e results cited  above th a t 
th e  losses increase as the ferm en tation  proceeds and 
th a t th e y  are un iform ly low er in th e  new process. 
T h e differences in th e average losses betw een the tw o 
processes are 2.23, 2.25, and 2.22 per cent in 5, 6 and 
7 hrs., respectively , which is p ra ctica lly  a constant. 
T h is is to be explained b y  th e fa ct th a t  a fter 5 hrs. 
the rate of ferm en tation  in the tw o processes is p rac
tic a lly  the sam e. T h e difference in decom position of 
sugar occurs m ostly in th e in itia l stages of the fer
m entation before the nutrim ents greatly  accelerate the 
a c t iv ity  of the yeast.

In another series of experim ents, the losses were 
determ ined b y  direct weighing, as had previously been 
done b y  one of u s,1 and also b y  collecting the gas. 
B oth  batches were set w ith 1000 g. of flour, and, after 
m ixing, were d ivided into tw o equal portions. One- 
half was used for the determ ination of th e  losses b y  
w eighing and from  th e other half three portions of 
40 g. each were taken  b y  collecting th e gas. T h e

1 K  oh m an , Loc. cit.

results given  in th e  follow ing table represent the mean 
of the three results obtained:

M o is t u r e -
F r e e  M a t e - L o s s  P e r  c e n t

r ia l  P u t  D r y  P e r  L o s s  b y  G a s
B r e a d  N o . in t o  B a t c h  B r e a d  G r a m s  c e n t  C o l l e c t io n

3 : 3 0  p.m . 4 : 0 0  p.m .
2 3 4 0  ( C o n t r o l ) . .  . 4 9 4 .7 8  g . 4 5 8 .7  g . 3 6 .0 8  7 .2 1  6 .1 2  6 .5 9
2 341  (N ew

P r o c e s s ) . .  4 9 3 .7 5  g . 4 6 9 .7  g . 2 4 .0 5  4 .8 1  3 . 9 8  4 .3 8

T h e losses1 were calcu lated  from  the gas collected 
at 3 : 30 o ’clock, when th e bread was put into the 
oven, and again  a t 4 : 00 o ’clock, when it  was taken  
out. T h e ferm en tation  w as com pletely  arrested be
tw een the tw o tim es, of course, and th e results ob
tained b y  direct w eighing can more s tr ictly  be com 
pared w ith those calcu lated  on the gas a t 4 : 00. 
R ath er low er results were obtained b y  collecting th e 
gas th an  b y  direct weighing. T h e solution of gas in 
th e liquid of the dough m ay in part accoun t for th is 
and it  is also suggested th a t the losses m ay not be due 
en tirely to th e decom position of sugar b y  th e yeast. 
H ow ever, the agreem ent is fa irly  close, show ing th a t 
m ost of th e m aterial lost is due to  the destruction  of 
sugar b y  th e yeast.

Sugar analyses were m ade of breads prepared w ith 
and w ithout added salts and th e results afford addi
tion al confirm ation of the destruction  of sugar b y  the 
yeast. T hree batches were made, one each b y  the 
tw o processes w ith th e regular am ount of sugar and 
one b y  the new process w ith 2.25 per cent less sugar 
(calculated on the flour), which represents the differ
ence in sugar consum ption b y  the tw o  processes, as 
determ ined b y collecting the gas. T h e results follow :

P e r  c e n t  S u g a r  i n  B r e a d  C a l c u l a t e d  o n  F l o u r  
H rs .  C o n t r o l  W it h  A d d e d  S a l t s

F e r m e n t a t i o n  N o r m a l  S u g a r  (25  g .)  N o r .  S u g .  (25  g .)  2 .2 5 %  le s s  S u g a r
5 1 .7 0  3 .4 1  2 .7 0
6  1 .5 6  3 . 0 2  1 .9 6
7 1 .3 7  2 . 6 6  1 .6 3

It will be noticed th a t w ith the norm al am ount of 
sugar and added salts th e bread is m uch richer in this 
substance th an  the' control, while if 2.25 per cent less 
sugar is used in th e b atch , th e bread is s ligh tly  richer 
in sugar th an  th e control bread.

T o  confirm  th e reduction  in the destruction  of fer
m entable m aterial in bread b y the use of the new pro
cess, gas-collection experim ents were conducted in a 
large b ak ery  where it  is in operation. T h ree portions 
of 50 g. were ta k en  from  each of the tw o doughs 
(1600 lbs.) set b y  th e new and old process, resp ectively . 
T h e losses, representing th e mean of the three de
term inations, were as follows:

P e r  c e n t  L o s s  S u g a r P e r  c e n t  S u g a r T im e
N e w  P ro c e s s O ld  P ro c e s s S a v e d F lo u rs

0 .2 4 0 .3 9 0 .1 5 I 1/*
0 .4 3 0 .6 9 0 . 2 6 2
0 .5 5 0 .9 7 0 .4 2 2 i/*
0 .6 9 1 .2 7 0 . 5 8 3
0 .8 2 1 .5 8 0 .7 6 3 »/*
1 .1 0 1 .9 6 0 .8 6 4
1 .3 8 2 . 3 6 0 .9 8 4 i /*
1 .6 4 2 .6 8 1 .0 4 5
1 .8 4 3 .1 3 1 .2 9 5»/*
2 .2 5 3 .4 8 1 .2 3 6
2 .4 9 3 . 8 5  • 1 .3 6 6*/«
2 .8 1 4 .1 8 1 .3 7 7
3 .0 3 4 .3 5 1 .3 2 7*A

T h e difference in th e destruction  of sugars in these

1 I t  is assu m ed  th a t  th e  ca rb o n  d iox ide re p re se n ts  45 p e r  c e n t of th e  
su g a r  d e s tro y e d  b y  th e  y ea st.
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experim ents was 1.37 per cent a t the tim e the bread 
was rem oved from  th e oven, which was considerably 
less than  th a t obtained in the lab oratory. This, we 
th in k, is due to the fa ct th a t less y east in proportion 
to  the dough b atch  is required in th e bakery. I t  is 
com m on practice to use abou t tw ice as m uch yeast in 
laboratories as is required in bakeries to  m ature dough 
in th e sam e tim e. T his is to be explained in part, 
at least, b y  the fa ct th a t a b atch  of 1600 lbs. rises from  
3 to  6° C. in tem perature, due to  the ferm en tation, 
while a sm all b atch  containing 1000 g. of flour remains 
p ra ctica lly  constant in tem perature. T h e authors 
h ave freq u en tly  observed a difference in tem 'perature 
of 5 to  6° C . betw een the center and outside of a 
large dough b atch . T his is a ttrib u tab le , no doubt, to 
the evap oration  of w ater on the surface of the dough, 
as the tem perature of the room is the sam e as th a t of 
the dough a t th e tim e of its settin g; n atu rally , then, 
the cooling effect will be much more pronounced in 
the case of a sm all dough. T h e sm all am ounts of 
dough (50 g.) taken  for collecting th e gas from  the 
large mass of 1600 lbs. in the b ak ery, would be espe
cially  su b ject to this cooling effect. Hence,' we are 
inclined to regard the results obtained in the lab oratory  
as nearer the tru th  than  those obtained in the bakery, 
p articu larly  when it is com m on know ledge th a t much 
higher proportions of yeast are required in lab oratory  
batches.

T h e curves in Fig. I illustrate graphically  the losses 
in bread-m aking due to  th e destruction of sugar. 
B y  means of the curves, the losses can be calcu lated  
at a n y  desired tim e, which is im possible in determ ining 
the losses b y  direct weighing. In connection w ith the 
determ ination of the losses in bread-m aking, it should 
be m entioned here th a t the m ethod in volvin g the 
collection  of the gas given  off from  an aliquot portion 
of the dough batch  is novel.

A n  a ttem p t was m ade to estim ate the consum ption 
of th e sugars in bread b y  m aking sugar determ inations 
upon the dough at intervals as th e ferm en tation  pro
ceeded. Such determ inations were made upon large- 
scale doughs set both b y  the old and new processes. 
Sugar determ inations were also m ade upon sam ple 
loaves of bread th a t were tak en  from  th e batches at 
in tervals and allow ed to rise to  the usual height in 
the pans and baked. T h e results are given  in th e 
follow ing table:

P e r  c e n t  S u g a r  C a l c u l a t e d  o n  F l o u r  
D o u g h ---------------------- *   B r e a d -

O ld N ew O ld N ew
T im e P rocess T im e P rocess T im e P rocess T im e P rocess
9 : 50 5 .2 1 9 : 30 4 .7 2 12 : 00 5 .3 2 1 : 10 4 .8 2

11 : 50 5 .6 7 11 : 40 5 .1 6 1 : 10 5 .1 4 2 : 25 4 .5 8
1 : 55 5 .2 2 1 : 30 5 .4 4 3 : 20 4 .1 2 3 : 50 4 .3 5
3 : 30 5 .1 3 3 : 05 5 .2 9 5 : 00 3 .4 7 4 : 45 4 .2 2
5 : 05 4 .2 7 4 : 55 4 .8 8

It  is interesting to  note th a t for several hours there 
is an increase in th e sugar content of the dough, the old 
process reaching a m axim um  abou t 2 hrs. after the 
dough is set and th e  new one at about 4 hrs. In the 
ligh t of th is fa ct, it  is evid en t th a t  sugar analyses upon 
dough can not serve as an index to  sugar consum ption 
b y  the yeast. T h e results are of interest, how ever, 
in dem onstrating th e a c t iv ity  of d iastatic enzym es. 
In  the new process th e sugar content is higher at the

end of the ferm entation  period than  a t th e beginning, 
show ing th a t th e production of sugar is greater than 
the consum ption; in the old process, this does not 
obtain , as there is nearly 1 per cent less sugar at the 
end. T h e difference in the sugar conten t betw een the 
tw o doughs at the beginning is due to the fa ct th a t 
less sugar is regu larly  used in the new process.

F i g . I — L o s s  i n  B r e a d - M a k in g  C a l c u l a t e d  p r o m  C O - E v o l v e d

T h e curves in Fig. II  present grap h ically  th e changes 
in sugar con ten t of the doughs during th e ferm en tation  
period. As th e curves cross, it is dem onstrated clearly 
th a t  although 1 per cent less sugar w as used in th e new 
process, th e bread b aked  after the usual ferm en tation  
period was a ctu a lly  about 1 per cent richer in sugar 
than th a t m ade b y the old process.
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F i g . I I — C h a n g e s  in  S u g a r  C o n t e n t

T he econom ic savin g possible b y  th e proper use 
of n utrient salts, in th e  ad ven t of a rath er general 
adoption, sums up to  surprising figures. T a k e , for 
exam ple, th e savin g in sugar on th e average flour 
production of the S tate  of K ansas— say 20 million 
barrels, or nearly 4 billion pounds. A  savin g of 2 per 
cent on this am ount is 80 million pounds; and it is 
m ain ly sugar th a t is decom posed and thus lost in 
bread-m aking. T h e  econom ies in the yeast are greater 
than  those in the sugar. E ven  a m oderate use of 
such a process means a considerable savin g to the 
cou n try  and is a step tow ards conservation of re
sources. A t  th e present tim e, this process is used 
com m ercially in th e m anufacture of more than a million 
loaves daily.

A  further a d van tage incident to th is process of bread- 
m aking was observed in the increased s ta b ility  and 
stiffness of the dough. T o  one fam iliar with doughs 
this is easily discernible to the to u ch ’; it  w as also de
term ined more accu rate ly  and with num erical d a ta  b y  
m eans of the dough viscosim eter (see Fig. III) .

T h e  viscosim eter consists essen tially  of a cylinder 
havin g a graduated  piston which forces th e dough 
through an aperture at th e bottom . T h e stiffer and 
m ore tenacious the dough, th e slower is th e descent



788 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. 8, No. 9

of the piston. T h e tim e th a t elapses while the piston 
descends the distance betw een tw o chosen m arks is 
determ ined b y  means of a stop-w atch . T his reading 
in seconds represents com parative viscosities of the 
doughs. In  the stu d y  of flours, the authors have 
found the viscosim eter v e ry  valuable.

F ive  doughs were m ade, four b y  the new process 
and a control. T h e w ater content of th e four doughs 
was varied  betw een 60 and 63 per cent, while the con
trol was m ade w ith 60 per cent w ater. T h e viscosities, 
which represent the mean of five readings and the per
centage of w ater used, are ta b u la ted  below :

C o n tro l N ew  P rocess
JBr s a d  N o ............................................... 239 1  2 3 9 3  2 3 9 4  2 3 9 5  2 3 9 6
P e r  c e n t w a te r ...................................... 60 60 61 62 63
V isco s ity .................................................. 13 21 18 17 9

T h e control w ith  60 per cent of w ater is decidedly 
lower in v iscosity  than  N o. 2393, w hich has the sam e 
am ount of w ater. I t  will be noticed, further, th a t to 
obtain  a dough of norm al stiffness and sta b ility , from  

2 to  3 per cent more w ater m ay be 
added, another evidence of the con
servation  of flour in the dough batch  
from  th e use of these yeast foods. 
T h e resistance to softening of flour 
during the progress of the ferm en ta
tion  is of great significance in the 
m anufacture of bread, and the greater 
stiffness and sta b ility  obtained b y  the 
new prpcess is a va lu able  feature.

D uring the ferm entation  of the 
dough, the gluten is softened and 
p artially  broken down b y  the yeast 
as well as gas and alcohol being 
form ed from  the sugar. T h e differ
ence in sugars decom posed betw een 
the old process and the new process 
is abou t 2 per cent when figured on 
th e flour used. B y  using the new 
process, we are thus able to decrease 
the q u a n tity  of flour used b y  2 per 
cent and still have a dough of the 
same stiffness. T h i s  p r o b a b l y  
accounts for the fa ct th a t in the 
b ak ery  we can use 1.5 per cent more 

w ater or are able to  decrease the am ount of flour 2 
per cent and still have a dough of the desired or usual 
stiffness.

T h e new process has been used for breads of various 
typ es, such as pan breads, .Vienna and French breads; 
also, for rye, G raham  and whole-wheat breads. L ike
wise, it has been used w ith  spring, w inter and K ansas 
flours, and the different grades of flour, and has been 
found to  be u n iversally  applicable.

In connection w ith the different grades of flour, it 
should be said th a t the process can not be used to  give 
bread the appearance of being m ade from  a higher 
grade of flour th an  is actu ally  em ployed: T h e im 
provem ent in color w ith  the use of the new process 
is due to the im provem ent in texture and can not be 
regarded as a bleaching process. The grayish  color 
of the lower grades of flour rem ains in the bread m ade

b y  the new process ju st as it does in the usual process. 
B y  an y process, the color of the crum b is im proved b y 
ferm entation  up to  a m axim um  and in th e new process 
the same changes are noted; m uch less yeast, how ever, 
is required to accom plish the desired results.

T h e practical application  of the new process has m et 
w ith  success and it is now in operation in a large num ber 
of bakeries. A  num ber of these are under th e direction 
of one superintendent, who claim s th a t th e process 
has been of m aterial aid in stan dardizin g the m anu
factu re and m aintaining u n iform ity of the bread in th e 
different localities. As already stated, certain  differ
ences were noticed in the bread in a chain of bakeries, 
although all the raw m aterials were identical. These 
have been p ractica lly  overcom e b y  th e new process, 
which v irtu a lly  standardizes the w ater used for the 
baking purposes. T his would be expected, because 
the required nutrim ent is supplied b y  means of these 
salts used as yeast food, and the addition of further 
mineral m atter, either through th e w ater or otherwise, 
has less and less effect as th e  quan tities increase. It 
is a general rule th a t, in th e addition  of nutrim ents or 
activators in steps, the first portion added has* a 
correspondingly greater effect than the succeeding 
portions.

For the sake of convenience and accu racy  in the use 
of these salts, th e y  are in practice m ixed w ith  flour 
and salt, so th a t it requires 8 oz. of th e m ixture for 
60 lbs. of w ater, or approxim ately  160 lbs. of bread. 
A n average b akery  batch  (1200 to  1500 loaves) con 
tains abou t 480 lbs. of w ater, which requires 4 lbs. of 
th e yeast food, a q u a n tity  th a t m ay be con ven ien tly  
weighed w ith accuracy. T h e product has also been 
prepared as a liquid, in which case the salts are dis
solved in w ater, so th a t 8 oz. of the solution for 60 lbs. 
of w ater deliver the required amo.unt. F or the d ry  
product th e  sulfate of calcium  is preferred, while in the 
solution the chloride is used. T h e use of either product 
introduces about 2 oz. of a calcium  salt, 'a  little  less 
than  1 oz. of am m onium  chloride and 0.02 oz. of 
potassium  brom ate into th e b atch  for 60 lbs. of w ater 
used or for 160 lbs. of bread. In practice, th e  yeast 
food is first dissolved in th e w ater used in th e dough 
b atch.

I t  is b u t natural to inquire: W h at becom es of the
chem icals during the ferm en tation  and baking of the 
bread? T he purpose of the am m onium  salt, as a l
ready stated, is to  sup ply  the nitrogen required b y  th e 
y ea st and it is of interest to  know  w hether an y of it 
rem ains in the bread.

T h e follow ing table , showing the analyses in public 
laboratories of five com m ercial breads of greater 
B oston, will answer this question.

R e s u l t s  ( P e r  c e n t ) o p  A n a l y s e s  o f  V a r io u s  B r e a d s

B r e a d  N o . M o is tu re A sh L im e (C aO ) SO* A m m o n ia  (N
I ........... 4 0 .1 2 1 .1 6 0 .0 2 6 0 .0 3 7 0 .0 0 5 3
I I . .  4 0 .1 9 1 .04 0 .0 2 9 0 .0 1 6 0 .0 0 4 4
I I I ....... , .  4 1 .2 9 1 .14 0 .0 1 9 0.0 22 0 .0 0 3 7
IV ......... . .  38 .3 1 0 .9 3 0 .0 1 7 0 .0 1 4 0 .0011
V ........... , .  4 1 .0 6 1.05 0 .0 1 5 0 .0 1 9 0 .0 0 6 9

B read N o. I was m ade b y  the new process and it 
will be observed th a t it is not as high in am m onia as 
N o. V , made w ith ou t yeast n utrim ents. N one of the 
breads has an am m onia content th a t is at all significant.
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A ddition al analyses in our own laboratories confirm 
th e above results.

It  will be noticed, also, th a t N o. II is higher in lim e 
than  N o. I. T h e state  of com bination  of the calcium  
in the bread is scarcely  su b ject to question. I t  has 
been shown b y  T eller1 th a t th e phosphoric acid in 
flour exceeds b y  ten tim es the calcium  and it m ay be 
safely  said th a t, even b y  the use of the new process, 
the bread contains several tim es as much phosphoric 
acid as is required to com bine w ith the calcium . 
Under these conditions, the potassium  phosphate of 
the w heat un doubtedly interacts w ith the calcium  
sulfate, as it does in w ort,2 in a cco rd a n ce 'w ith  the 
follow ing equations:

K H 2PO< +  C a S 0 4 = C aH P O j +  KH SO* 
2K2HPO4 +  3CaS0., =  C a3(P 0 4)2 +  K ,S 0 4 +  2K H S 0 4

It is know n3 th a t the calcium  requirem ents of the 
b od y can be supplied b y  inorganic as well as b y  m ilk 
calcium . A bderhalden 4 has dem onstrated th a t the 
com plicated  organic substances of our foods are re
placeable b y  the sim plest structural m aterials and th a t 
these are b uilt up into various tissue substances. It 
should be m entioned in connection w ith the use of 
calcium  salts in bread th a t R udolph Em m erich and 
Oscar Loew 5 ad vocate  the use of calcium  salts in 
bread from  a purely  d ietetic standpoint. In fact, 
the deficiency of calcium  in our food is indicated 
clearly  in Experim ent Station Record, 20, 68. A  de
ta iled  discussion of th is subject, w ith special reference 
to white bread, was published recently b y  one of 
us.6

T h e increased lim e content of bread b y  the use of 
the new process is a ve ry  h ap p y coincidence, even 
though incidental. U n fortunately, in modern m ethods 
of m illing, the greater part of the m ineral constituents 
of w heat is lost to w hite flour. As indicated by 
T eller ,7 seven-eighths of the phosphoric acid and eleven- 
fourteenths of the potash and lim e of w heat are found 
in th e stock  feed; consequently, a partial restoration 
of th e lim e in w hite bread m ust be considered h igh ly 
desirable.

C O N C L U S IO N S

I— B y  the use of m inute quan tities of am m onium  
and calcium  salts and potassium  brom ate in bread, 
from  50 to  65 per cent of the usual am ount of yeast 
can be saved.

II— Incident to the econom y in yeast thus effected, 
there is a savin g of about 2 per cent of ferm entable 
carbohydrates, calcu lated  upon the to ta l flour used, 
due to  the grea tly  dim inished consum ption of these 
b y  th e yeast.

I I I— T h e proper use of n utrient salts for the yeast 
gives greater control over the dough batches and aids 
in the production  of b etter and more uniform  bread, 
regardless of th e locality .

1 A rk . A gr. E x p t . S ta ., B ull. 42, 70.
2 M a tth e w s ’ “ M a n u a l of A lcoholic  F e rm e n ta t io n ,"  p p . 194 an d  195.
3 Biochem . Z .,  9, 185-207.
* W ien . med. W och., 63, 177.
‘ Z . H ygiene, 77, 311 -28 .
* K o h m an , B akers' Review , 31 (1914), 61-62.
1 A rk . A gr. E x p t. S ta ., B u ll. 42.

IV — The added salts conserve the inherent qualities 
of the dough and consequently m aintain its s ta b ility  
and stren gth  to  a far greater degree than b y  the old 
process.

V — T h e finished loaves are im proved in q u ality , 
flavor, texture, bloom  and uniform ity.

M e l l o n  I n s t it u t e  
U n iv e r s it y  o f  P it t s b u r g h

A STUD Y OF TH E SYRUP PRECIPITATE IN W H ITE 
SUGAR MANUFACTURE

B y C h a r l e s  E . C o a t e s  a n d  h .  C . ( S l a t e r  

R eceived  M a y  9, 1916

A lthough the m anufacture of w hite sugar d irect 
from  the cane has been carried on to  some extent in 
Louisiana for nearly a cen tury, for certain  reasons 
this ind u stry  has la te ly  taken  on a new lease of life 
and at th e present tim e is of great im portance. T o  
such a degree is this true, th a t most of th e larger 
Louisiana sugar houses are now equipped for the direct 
m anufacture of w hite sugar w ithout the intervention  
of th e bone-black refinery and in m any instances have 
installed apparatus w hich has proven valuable in th e 
m anufacture of beet sugar.

T he experience of the la s , few  years, how ever, 
would indicate th a t there are not only different chem i
cal difficulties to overcom e, b u t also certain m echanical 
differences in the m anufacture of w hite granulated 
beet sugar and cane sugar, which make special detailed 
atten tion  to  the latter exceedingly necessary. For 
instance, leavin g aside the im portant question of 
clarification, it has becom e evident th a t filtration  of 
the clarified cane juice is im perative, b u t the m ethod 
of filtration  and the num ber of fi trations are points 
still som ew hat in dispute.

Some sugar houses allow the clarified ju ice to settle  
and pass th e decanted, clear ju ice  through b ag filters. 
O ccasionally the filtered ju ice is filtered again  before 
final evaporation, b u t ordinarily it passes direct to  
th e effects, where it is evap orated  to  a B rix of from  
50 to 55°. There is considerable difference of opinion 
as to  the proper subsequent treatm en t of this syrup. 
Som etim es a little  sulfur dioxide or phosphoric acid 
is added to  restore the initial a cid ity , but u su ally  
th e syrup is passed into tanks, where it  is allow ed to  
settle from  2 to 4 hrs., gradually  falling in tem perature 
during th a t tim e. W hen the syrup is finally  drawn 
from  the tan ks, there is a lw ays to be found a precipi
ta te , w hich is separated as well as possible b y  décan
tation . In  certain  houses th e attem p t has been m ade 
to filter th e syrup through leaf presses. T his gives a 
bright filtrate, b u t th e process, being tedious and 
expensive, is ordinarily dispensed w ith, though som e
thin g is alw ays rem oved from  the syrup. If w hat it 
rem oves does no harm  in the subsequent m anufacture 
of w hite sugar from  the cane it is evident th a t syru p  
filtration  could be safely  om itted and the cost of m anu
factu re lessened.

T h e syrup precipitate is prob ab ly not present in th e 
solid form  in the freshly evap orated  syrup , inasm uch 
as it  will form  in the course of several hours in syru p  
which has been previously  filtered, hot, through paper.
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It is n ot easy  to  get a sa tisfa cto ry  sam ple of. the pre
cip itate, which is gum m y and difficult to  obtain  in a 
state  of p u rity , b u t owing to  th e courtesy of tw o  fa c 
tories th e writers succeeded in obtainin g sam ples for 
prfeliminary investigations.

In F a c to ry  No. 1, the process of clarification was as 
follow s: T h e juice was obtained b y  9 rollers and a
crusher, about 5 per cent m aceration being em ployed. 
T h e extraction  was re lativ ely  low, being 77 per cent 
on th e w eight of the cane. T he p u rity  of the ju ice 
was fa irly  high for Louisiana, being abou t 83. Sulfur 
dioxide was run into the raw  juice until the a cid ity  
was raised to  th e eq uivalen t of 4 cc. of N /10  potassium  
hydroxide for every  10 cc. of juice, phenolphthalein  
being used as an indicator. S laked lim e was next 
added until the acid ity  was reduced to  x cc. T h e 
juice was then heated, passed through a continuous 
settling apparatus and the clear juice filtered over sand. 
T h e filtrate was not p articu larly  bright. T h e juice 
was next passed to  the effects and concentrated to  a 
B rix of about 53 °. I t  was then  run to  the settlin g 
tan ks, where, in the course of a few  hours, a gelatinous 
precip itate settled. These settlings were rem oved, 
as far as possible, b y  decantation  and it is th is pre
cip itate  w hich is th e subject of this study.

In  F a c to ry  N o. 2 there were also 9 rollers and a 
crusher, w ith a saturation  of about 10 per cent and 
extraction  of about 79. T h e ju ice had a p u rity  of 
about 84.5. I t  was sulfured to an a cid ity  of 9 cc., 
which w as exceedingly high (in the w riters’ judgm en t, 
considerably too high), then lim ed back to  an acid ity  
of 1 cc. and passed through heaters to  a continuous 
settlin g apparatus. T he clear juice was passed through 
b ag filters and thence to the feed tan ks for th e effects, 
where phosphoric acid was added until the acid ity  
was raised to  1.4 cc. It  was then passed to  the triple 
effects where it  w as evap orated  to  a B rix of about 
S3 °. T h e syrup was then heated to boiling w ith  live 
steam  and slow ly passed through a b a tte ry  of inclined, 
continuous separators, being about 4 hrs. in transit. 
D uring this tim e a precip itate settled  a t th e bottom  
of the separators, which precipitate is the second one 
included in this study.

B oth  of these factories m ade w hite sugar. It will 
be noted th a t in the first fa cto ry  no phosphoric acid 
was used in the clarification. In  the second factory, 
phosphoric acid was added to the clear juice after it 
had passed through th e bag filters. O rdinarily, 
when phosphoric acid or sodium  phosphate is used it is 
added before the ju ice is filtered. T h is precipitate 
seems, how ever, to occur norm ally in the syrup at all 
sugar houses. It  form s quite slow ly, usually  tak in g 
several hours before it  can be noticed. In one instance 
a p erfectly-b righ t, bag-filtered syrup stood 5 hrs. in a 
test tub e before the precipitate becam e evident, 
though it ev en tu a lly  deposited a fa irly  large q u an tity . 
As stated, in order to get rid of this precipitate, the 
syru p  is som etim es filtered through som e form  of leaf 
filter press b u t after a tim e the filter cloths get hard 
and crack, thus necessitating a considerable expendi
ture for filter cloth. M oreover, the gelatinous nature

of the filtrate m akes filtration  slow, so th a t m any 
factories prefer to  om it syru p  filtration  entirely.

T h e sam ple of the settlings obtained from  F a c to ry  
No. 1 was filtered through paper and washed w ith  cold 
w ater until th e filtrate was p ra ctica lly  w ith ou t optical 
rotation. T h e precipitate was then rem oved, shaken 
several tim es w ith cold w ater and refiltered, th e fil
trate  finally  running clear. T h e sam e process was 
repeated w ith the settlings from  F a c to ry  N o. 2. T he 
results are indicated  in the follow ing tables of analysis. 
For the sake of clearness, each set of analysis w ill be 
follow ed b y  the com m ents bearing on it specifically.

T a b l ii I
F a c to ry  N o . 1 F a c to ry  N o . 2

T o ta l a m o u n t of w et p re c ip ita te   7 1 .5  g. . . . .
T o ta l a m o u n t of a ir  d r y ......................................................... 32 g.
W a te r .................................................................  45 p e r  ce n t 13 p e r  c e n t
T o ta l a m o u n t of d r y  m a t t e r ................... 3 9 .3  g . 2 7 .7  g.

It  was im possible to estim ate ju s t how m uch of the 
original syrup this p recip itate represented. In N o. 2, 
how ever, we received a 50 1. carb o y  of th e settlings 
from  which we secured 27.7 g. dry precipitate. T a kin g  
the specific g ra v ity  of th e syrup a t 1.25, 50 1. equals 
62,500 g. T h e precip itate therefore is abou t 0.04 
per cent of the settlings and as these represent a much 
larger am ount of juice, it is probable th a t the percentage 
of precipitate in th e unfiltered syrup w ould be less 
than  0.01 per cent. T h e precipitate is so volum inous 
th a t th e am ount present seems m uch greater th a n  it 
really  is.

T h e d ry  precipitate was pulverized, extracted  with 
ether and ignited, th e loss in w eight on ignition being 
taken  as organic m atter. T h e ether ex tra ct proved 
to  be largely, if not en tirely, cane wax.

T a b u i  I I  
F a c to ry  N o . 1 F a c to ry  N o . 2

A sh in p e rc e n ta g e s ....................................... 58 7 5 .6
O rgan ic  m a tte r  in  d ry  p p t .......................  42 2 4 .4
K th e r  e x t r a c t .........................................................  2 . 6

T h e excess of ash in No. 2 over No. 1 proved to be 
m ainly calcium  phosphate as shown in T a b le  I I I ,  
due to  the use of phosphoric acid  in clarification in 
one case and not in the other.

P art of the precip itate was ashed, boiled w ith  con
cen trated  hydrochloric acid, and evap orated  to  d ry 
ness. T h e silica was filtered off and the filtrate m ade 
alkaline w ith  am m onia. T h e am m onia precip itate 
was filtered off and weighed. In  each case considerable 
copper was found in the filtrate.

T ab l b  I I I
P b r c e n t a g b s  in  A sh  F a c to ry  N o . 1 F a c to ry  N o . 2

S iO i.....................................   7 5 .3  5 3 .7
A m m onia  p re c ip ita te  (P iO s.C aO .F ejO s.A ljO j) 5 .3  3 4 .5
C aO  in  f i l t r a te ................................................................. 8 .0  4 .1
C u ......................................................................................  1 1 .3  1 .2
T o ta l P 2O 5.........................................................................  0 .6  13 .5
(S O O ....................................................................................  4 .0  0 .0

T he large excess of silica in No. i m ay have been 
due to  the use of sand filtration. It seem s to  have been 
present as colloidal silicic acid. T h e large am ount of 
copper in N o. i w as doubtless due to  an im perfect 
sulfur stove, which delivered the gas hot and p rob ab ly  
w ith  an excessive am ount of SO3: the resulting sul
furic acid seems to  have a tta ck ed  the various copper 
coils in th e subsequent flow of th e ju ice and syrup. 
As a m atter of fa ct th e copper was found b ad ly  pitted
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at the end of the cam paign. Just how the copper was 
finally  precip itated  is not clear, especially since 50 g. 
of th e m other liquor from  the settlings ga v e  no test 
for copper when ashed. In No. 2 w here the sulfur 
sto ve w as w orking well, the am ount of copper in the 
precip itate w as sm all, although there was an excessive 
am ount of sulfur dioxide added in th e sulfuring. T his 
view  is borne out b y  th e fa ct th a t there w as a fair 
am ount of S 0 4 (probably as CaSO O  in No. i ,  which 
was absent in No. 2.

In  discussing th e sulfitation  process for w hite sugar 
m aking, th e objection  has been raised in Ja v a  th a t the 
sulfurous acid  corrodes the coils. T his has .not 
been the L ouisiana experience. W hen such corrosion 
does appear in excess it has been ascribed b y  some 
to  sulfuric, rather than  to  sulfurous acid. This 
does not seem  v e ry  probable, in our opinion. It 
m ight be noted here, how ever, th a t the coils used in 
sulfitation  and the effect tubes as well are uniform ly 
m ade of copper in Louisiana. In one instance brass 
tubes were substituted ' for copper tubes in a quadruple 
effect, evap oratin g  ju ice of abou t 5 cc. initial acid ity . 
These brass tubes corroded b ad ly , though th e writers 
understand brass has been successfully used in alkaline 
clarification  in the beet sugar houses.

In T ab le  III , the am m onia precip itate in Sam ple 
No. 1 proved, on analysis, to  be m ainly oxides of iron 
and alum inum  togeth er w ith  w h at phosphoric acid 
was present. T h e excessive iron content was probably 
due to the poor sulfitation. In Sam ple No. 2 th e pre
cip itate contained little  iron. Since in tricalcium  
phosphate th e ratio  of (C aO )3 to the (P2O5) is 168 to 
141, th e precip itate is p rob ab ly  tricalcium  phosphate 
w ith a little  iron and alum inum  phosphate and possibly 
som e calcium  silicate. As no sulfuric acid  w as pres
ent, it  is evident th a t the excess calcium  in th e filtrate 
m ust h ave been originally present as insoluble salts 
of som e organic acids.

A fter filtering off th e first settlings through paper, 
the filtrate  from  N o. 2 was corked and heated on a w ater 
b ath  in order to  sterilize it. A fter an hour or so, a 
second p recip itate  separated  out. This was filtered 
off, w ashed un til th e washing showed no op tical a c t iv 
ity , dried and analyzed  w ith  the follow ing results:

T a b l b  IV
T o ta l A m o u n t of 

D ry  P re c ip ita te
1.6 g.

A sh 
67.8 %

O rgan ic 
M a t te r  
32.2 %

SiO* 
in  A sh 
26.4 %

T h e filtrate from  th e S i0 2 gave a h ea v y  precipitate 
w ith  am m onium  hydroxide w hich proved to  be tr ica l
cium  phosphate. T h e filtrate from  this in turn  con
tained a q u a n tity  of calcium . The determ inations 
of calcium  and phosphoric acid were acciden tally  
lost, b u t it will be noticed th a t in addition to  the 
calcium  phosphate there was also an excess of calcium  
which m ust h ave been present as calcium  silicate, 
or as calcium  salts o f  organic acids. W h y this pre
cip itate  form ed at all is not clear. T he syrup stood a 
couple of days before it  was heated and was perfectly  
bright. T h e flocking of th e  precipitate too k  place as 
soon as the tem perature of th e  w ater b ath  was reached. 
A  possible inference from  this m ight be th a t when

syrup is run into settling tan ks and allow ed to  stan d, 
th e  p recip itate will form  faster and more com pletely 
if the syrup is k ept hot.

In order to  get some clue as to  the n ature of the 
organic m atter present in the precipitate, th e follow ing 
tests were m ade, th e calculations being reduced to  th e  
basis of d ry  m atter. T h e polariscope readings are in 
degrees V en tzke, for 10 g. of d ry  m atter in 100 cc. 
reading in a 20 cc. tube. R educing sugars were de
term ined b y  w eighing the reduced copper.

T h e m oist p recip itate was shaken thoroughly  with 
cold w ater and filtered.

T a b l e  V
F a c to r y  N o . 1 F a c to r y  N o .  2

D i r e c t  r e a d i n g ..........................................  . . . .  — 0 . 4 °
I n v e r t  r e a d i n g ..........................................  . . . .  — 0 . 3 °
R e d u c in g  s u g a r s ...................................... T r a c e  0 . 0  p e r  c e n t

Som e of the m oist settlings were boiled 6 hrs. on 
th e  w ater b ath  w ith  frequent shakings, cooled and 
filtered from  th e insoluble precipitate. The filtrate  
gave the follow ing figures:

T a b l b  V I
F a c to r y  N o .  1 F a c to r y  N o .  2

D i r e c t  r e a d i n g ................................................ — 0 . 3 °  — 0 . 5 °
I n v e r t  r e a d i n g ................................................ — 0 . 4 °  — 0 . 6 °
T o t a l  s o lid s  in  s o lu t io n ...................................  1 .7  p e r  c e n t  3 . 9  p e r  c e n t
A s h  in  s a m e ................................................   0 . 4  p e r  c e n t  2 . 0  p e r  c e n t
R e d u c in g  s u g a r s ................................................ A b s e n t  0 .0 3  p e r  c e n t
R e d u c in g  s u g a r s  w h e n  h y d r o ly z e d

hs f o r  d e x t r i n ............................................................................  0 .1 1  p e r  c e n t

From  th e com position of th e aqueous extracts in 
T ables V  and V I , it  m ay be inferred th a t th e organic 
m atter of the settlings contained little  or no soluble 
sugar, gums or dextrins, b u t th a t  a fa irly  constant 
q u an tity  of a levo -ro tato ry  substance was present, 
which was not a sugar. T h e residues from  the w ater 
extracts were washed into a beaker w ith dilute h y d ro 
chloric acid, heated on the w ater b ath  for 3 hrs. and 
filtered from  the insoluble residue. T h is filtrate was 
made neutral w ith sodium  h ydroxide and filtered 
from  the resulting precipitate. T h e results were as 
follows:

T a b l e  V I I — H y d r o c h l o r ic  A c id  D ig e s t i o n

F a c to r y  N o .  I F a c to r y  N o .  2
P o la r i s c o p e  r e a d i n g ....................  0 . 0 °  0 . 0 °
R e d u c in g  s u g a r s ...........................  0 . 1 8 2  p e r  c e n t  0 .2 5 6  p e r  c e n t

T his digestion effected only a slight h yd ro lysis as 
indicated b y  the slight increase of reducing sugars, 
which m ay have come from  fragm ents of fiber.

T a b l e  V I I I — S o d iu m  H y d r o x id e  P r e c ip i t a t e  
P e r c e n t a g e s  F a c t o r y  N o .  1 F a c to r y  N o .  2

A m m o n ia  p r e c i p i t a t e ................................................  . . . .  1 9 .0
C a O  in  f i l t r a t e ...............................................................  . . . .  2 . 4
T o t a l  C a O , in  a m m o n ia  p r e c i p i t a t e ...............  . . . .  6 . 1
T o t a l  P 2OS, in  a m m o n ia  p r e c i p i t a t e   . . . .  4 . 0

T his precipitate was redissolved in hydrochloric 
acid  and aliquot portions analyzed.

T h e ratio of the P2O5 and the to ta l C aO  to the to ta l 
am m onia precipitate, m akes it  probable th a t  more th an  
half the calcium  was present as a sa lt of som e organic 
acid.

T h e residue insoluble in dilute hydrochloric acid  was 
washed, dried at no® C ., extracted  in ether, and 
ashed.

T a b l e  I X
P e r c e n t a g e s  F a c t o r y  N o . 1 F a c t o r y  N o .  2
O r g a n ic  m a t t e r ......................................... P r e s e n t  1 6 .8
A s h ...................................................................  P r e s e n t  8 3 .2
E t h e r  e x t r a c t ................................*...........  P r e s e n t  5 .1
S iO i in  a s h ................................................... 9 6 .5  9 8 .1
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T h e ether extract was recrystallized  from  hot alco
hol. I t  proved to be a saturated  alcohol of high 
m olecular w eight, m. p. 8 1 0 C . It  w as clearly  cane 
wax, p rob ab ly  present in a fine em ulsion and carried 
down b y  the coagulated  silicic acid. In ashing the 
residue there was an odor som ew hat like th a t of 
burning feathers, b u t there was not enough m aterial 
at hand to carry  the in vestigation  further.

A s m entioned before, th e filtrate from  No. 2 settlings 
gave a second precipitate on being heated (see T able  
IV ). P art of this precipitate was heated on the w ater 
b ath  for several hours w ith dilute hydrochloric acid 
and filtered from  the insoluble residue which was 
alm ost en tirely silica. T h e filtrate was m ade alkaline 
with sodium  hydroxide w hich gave a p recip itate as 
before. T his w as filtered off, redissolved in h yd ro 
chloric acid and analyzed. T h e filtrate from  the so
dium  hydroxide precip itate showed neither optical 
a c tiv ity  nor the presence of reducing sugars, but 
showed 4.2 per cent CaO.. T h e precip itate p roved  
to be n early  pure tricalcium  phosphate. A  rough 
proxim ate analysis of P recip itate  2A would be as 
follows:

Tablk x
SiCbi......................................................................................... 25 p e r  ce n t
T ric a lc iu m  p h o s p h a te .................................................... 40 p e r  ce n t
C a lc iu m  sa lts  of o rgan ic  a c id s ................................... 35 p e r  ce n t
G u m s an d  s u g a rs .............................................................  A b se n t

In  every  instance th e  filtrate  from  the sodium  
hydroxide precip itate in 2A w as colored, the alkaline 
solution being stron gly  purple; in neutral solution, 
it was b righ t green, in acid, ligh t reddish yellow . 
T h e color change was exceedingly sharp. It  was 
th ought at first th a t this coloring had been developed 

.b y  hydrolysis, possibly of some m em ber of the com plex 
anth ocyan  group, which is known to  be present in 
the rind of the cane. T h e coloring m atter w as v e ry  
soluble in w ater, b u t when th e solution was evap orated  
to dryness, it proved to  be insoluble in chloroform , 
ether, alcohol-ether, alcohol or m ethyl alcohol and was 
different in m any w ays from  an th ocyan . T he residue 
was heated with concentrated  hydrochloric acid and 
then w ith concentrated caustic soda in order to  de
stro y  an y traces of carbohydrates which m ight have 
been present. W h at was le ft proved to  be largely  a 
copper salt, which seems to  h ave been transform ed 
b y th e sodium  hydroxide into some soluble alk-oxide 
or protein com pound. The original color was d ou b t
less due to this copper com pound togeth er w ith pos
sib ly  a sm all am ount of an unknow n natural indicator. 
T here was not enough of the substances to  perm it of 
an extensive in vestigation , b u t the high coloring 
power m ay not be w ith ou t significance in w hite sugar 
m anufacture.

C om p a ratively  little  w ork has been done on th e 
syrup precipitate. P rinsen-G eerligs1 gives an analysis 
of it in his book on cane sugar. Geerligs concludes 
th a t the p recip itate is p ra ctica lly  identical in com 
position w ith th e scale from  different evap oratin g 
vessels and th a t it can not be rem oved b y  filtration  
ow ing to its gum m y nature. On com paring th e analy-

1 " C a n e  S u g a r a n d  I t s  M a n u fa c tu re ,”  1909, p . 211.

ses of the precipitates from  Factories Nos. i and 2, it was 
n oticed th a t th e y  were quite different from  each 
other and from  th a t an alyzed  b y  Geerligs, who found 
b u t 27 per cent silica. Here the silica ran 75 per 
cent and 54 per cent. T h e character of the precipitate 
clearly  differs as the m ethod of clarification differs. 
W ith the sulfitation  m ethod as practiced  in L ouisian a 
it was found quite possible to filter the syrup on a 
large scale. If a little  kieselguhr was throw n into the 
press first so as to  coat the cloths, the precipitate 
could be washed from  th e cloths w ithout m uch diffi
c u lty  and a leaf press w orking w ith a head of about 
6 ft. give a perfectly  bright filtrate. B u t even when 
w orking under most ad vantageous conditions the 
process proved expensive and w as freq u en tly  om itted 
when there was an y pressure upon th e filtering cap ac
ity  of the house. N um erous experim ents were made 
w ith  a view  to im provin g the filtering q u ality  of the 
precipitate, m ainly b y  th e addition of phosphoric 
acid or a phosphate in order to precipitate the calcium  
salts. T h e fa cto ry  practice showed no particular 
im provem ent under this procedure, w hich m ay be 
readily  understood b y  noting the com position of 
precipitate (T able IV ). Here th e filtered syrup stood 
for several days at abou t 12° before it  was heated on 
th e w ater bath , but when heated there was a h ea vy  
precip itate of tricalcium  phosphate and silicic acid. 
C learly  these substances, though insoluble in the 
ordinary sense, were held possibly in colloidal so lu 
tion  b y  the h ea v y  syrup. T h is being the case, the 
addition  of phosphates can not be expected  to bring 
down th e theoretical am ount of calcium  in th e short 
tim e availab le in fa cto ry  practice.

In  F a cto ry  No. r, using no phosphates, the pre
cip itate was, essentially, 40 per cent organic m atter, 
30 per cent silica, the rem ainder being calcium  phos
ph ate, copper, iron and alum inum  salts. In F a c to ry  
N o. 2, using phosphates, the p recip itate was 25 per 
cent organic m atter, 30 per cent silica, 25 per cent 
calcium  phosphate, the rem ainder being copper, 
iron and alum inum  salts. T h e copper seems to have 
been com pletely  precip itated  from  th e syrup.

T h e organic m atter present in the p recip itate does 
not yield  reducing sugars b y  hydrolysis and is prob
a b ly  m ain ly a calcium  salt of organic acids.

T a kin g  into  account the exceedin gly sm all w eight of 
th e  syrup precipitate in spite of its apparent volum e, 
and considering .also the fa ct th a t nothing in th e pre
cip itate  w ould affect m aterially  the finished product, 
the practice of filtering th e syrup w ould hard ly  seem  
to  do sufficient good to  w arran t th e increased expense. 
T h e best procedure is to allow the hot syrup to settle 
for a t least 4 hrs. and as th e p recip itate  form s m ost 
com pletely  and settles m ost q u ick ly  a t high, te m 
peratures, it is well to  h ave th e settlin g  tan ks sheathed 
to preven t radiation  as far as possible. T h e clear 
syrup can be decanted and th e bottom s run b ack  
to the lim ed ju ice where th e am ount of the precip itate 
is not sufficient to interfere w ith  the subsequent bag 
filtration.

L o u is ia n a  S t a t e  U n iv e r s it y , B a t o n  R o i/ g e
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A CONTRIBUTION TO  TH E CH EM ISTRY OF 
LAUNDERING 

I— TH E RESU LTS OF RELATIVE SURFACE TENSIO N
M EASU R EM EN TS OF SOLUTIONS OF SOAP AND 

OF SOLUTIONS OF SO AP AND VARIOUS 
A LK A LIES1

B y H . G . Eu.itDC.ij a n d  J .  J . I s h u r w o o d  

R eceived  M ay  3, 1916

D urin g the course of an investigation  of the various 
wash-room  reagents which are em ployed in power 
laundries, the senior author was called upon to m ake a 
com p arative  stu d y  of various alkalies and alkaline 
m ixtures m arketed under trade names.

A m ong those exam ined were found sodium  car
bonate, m ixtures of sodium  carbonate and bicarbonate, 
m ixtures of sodium  carbonate and borax, trisodium  
phosphate, m ixtures of disodium  phosphate and borax, 
and a m ixture of 3 per cent soap, 6 .3  per cent caustic 
soda, 8 .7  per cent soda ash, 36.3 per cent sodium  
silicate and sodium  alum inate, and 4 5 .7  per cent 
w ater. Under various trade nam es, these m aterials 
were sold to  the power laun dry trade, each w ith ex
tra v a g a n t claim s as to its excellence above all others. 
T o  the purchaser who desired to  know  the com posi
tion thereof, th e y  were usually  com posed of a “ sodium  
b ase”  and m ystery  in equal proportions.

T h e m ystery w as rea lly  resolved b y a priori kn ow l
edge, to the satisfaction  of the writers. H erbert 
Jackson 2 had shown th a t the values of the alkaline 
salts of w eak acids— sodium  carbonate, trisodium  
phosphate and borax— were equal when chem ically 
eq uivalen t weights were considered, and th a t sodium  
bicarbon ate was either valueless or, w ithin the lim its 
of his observations, one-fiftieth of th a t of the others 
m entioned. It  seem ed desirable, how ever, to  secure 
more evidence of a q u an tita tive  nature. Then, too, 
it was regarded as im portant to  obtain  q u an tita tive  
data regarding the suitable proportions of alkali 
and soap to be used, and to dem onstrate clearly to 
launderers th a t because of the hydrolysis of soap in 
dilute solutions, the use of a certain  q u an tity  of alkali 
in excess of th a t required to precipitate the calcium  
and m agnesium  salts, is indicated b y  reasons of econ
om y. T hese considerations induced the work reported 
in this com m unication.

T h e apparatus used was th a t described b y  H. W. 
H illyer.3 T his apparatus consists of a 5 cc. cap acity  
dropping pip ette w ith cap illa ry  stem , which term inates 
w ith a perfectly  plane surface, 10 mm. in diam eter,
upon w hich the drops form  in a bath  of kerosene.
The reservoir containing the kerosene is equipped
with an overflow  in such a m anner th a t the drops of
the aqueous, solution sink to th e bottom  and áre dis
charged, leavin g th e kerosene undisturbed, through
out the experim ent. A  glass beaker w as used for a 
w ater b ath  to  control the tem perature. A cknow ledg
m ent is hereby m ade for Dr. H illyer’s courteous ad
vice  on the construction of the apparatus and for 
his com m unication of certain  precautions regarding

1 P re se n te d  a t  th e  U rb a n a  M e e tin g  of th e  A m erican  C hem ica l S ocie ty , 
A pril 20. 1916.

* “ C a n to r  L e c tu re s ."  1907.
1 J .  A m . Chem . Soc.. 25 (1903), 511. 524, 1256.

the necessary m anipulation in counting the drops.
A  0 .4  per cent solution of soap was made w ith 

distilled w ater and a good grade of com m ercial chipped 
soap, which, upon analysis, was found to be free from  
excess of alkali. A  0 .5  per cent solution of sodium  
carbonate was made up from  calcined sodium  b i
carbonate and distilled w ater. Solutions of trisodiu'm 
phosphate, sodium  hydroxide and sodium  bicarbonate 
were m ade eq uivalen t to  a 0 .5  per cent sodium  car
bonate solution, in order to  facilita te  the preparation 
of the solutions to  be tested.

A  field was plotted, w ith soap solutions as ordinates, 
in 0.05, 0 .10 , 0 .15 , 0.20 and 0.25 per cent, and the 
alkalies as abscissa in units of 0 .10 , 0 .15 , 0 .20 and 
0 .25 per cent. Solutions of the percentages indicated 
b y each intersection were then prepared and the drop 
num ber was read for the tem perature of io o °  C. T h e 
results obtained are indicated in Fig. I.

G4 132 . 188 3 8 5 ?

51 9 4 154 £.34

39 82 . 127 190 2.19

31 Go 9 0 125 1 5 2

22 4 3 6 4 7 5 9 Z

17 17 17 17 IT 18

000 0.0s 010 a ir  o z o  o.zs
P e r cerrh Sodium Carbonate

F ig . -L-D rop Numberefor Soap and 
Sodium Carbonate Solutions.

L am p black  is a substance v e ry  com parable to  street 
dirt. It is com posed of finely divided particles of 
carbon, associated w ith various hydrocarbons w hich 
m ay be condensed on them . T h e sam e description 
is applicable to the sm oke resulting from  furnaces 
wherein bitum inous coal is used. B y  placing weighed 
am ounts of lam pblack on filter papers of uniform  
texture, treatin g them  w ith  equal volum es of th e 
various solutions of alkali and soap, and w eighing the 
filter papers w ith the residue of lam pblack th a t was not 
washed through, we were able to show more or less 
q u an tita tive ly , th a t solutions of th e highest drop 
num bers would, under stan dard conditions, carry 
through a filter paper (S. &  S. N o. 589) the greatest 
am ount of lam pblack. W ater and th e Solutions of 
alkalies used would not ta k e  a n y  of the lam p black  
through. I t  -was therefore concluded th at solutions 
giving the highest drop num ber have the greatest 
detergent value w ith respect to  unsaponifiable dirt.

T his conclusion lends support to the contention 
of a num ber of investigations since the th eo ry  of
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C hevreul has been disproved, th a t alkaline solutions 
are in no sense detergents in the absence of free fa tty  
acids or soap .1 W ater solutions of sodium  hydroxide, 
sodium  carbonate and trisodium  phosphate, in the 
concentrations studied, showed ve ry  little  changes 
in drop num bers w ith  alterations in concentration. 
W ithin  th e lim its of error of our observations, the 
changes in surface tension were about the sam e for chem 
ical equivalen ts of the three solutions m entioned. T h e 
d ata  for all are abou t as shown for sodium  carbonate 
in the bottom  row of F ig. I. A lon g w ith the facts 
m entioned, these results show th a t w ithin  th e field 
exam ined th e greater th e q u an tity  of alkali added 
to a soap solution, the b etter the detergent proper
ties. T his is lim ited in practice b y  the harm ful 
effects on fabrics of large concentrations of the hyd roxyl
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droxide is of no practical interest, because it  is, for 
obvious reasons, seldom  used in pow er laundries. 
These facts indicate th a t, of th e alkaline salts of w eak 
acids, one is as efficient as th e other as a wash-room  
reagent, excepting, of course, sodium  bicarbonate, 
which, in cold solutions, does not affect the drop n um 
ber of soap a t all. T his conclusion is in harm ony 
w ith the findings of Jackson, cited above.

From  the foregoing data, one is able to elim inate 
all of the m ystery  in th e “ trade nam e”  washing sodas 
m entioned. T his is a prelim inary report on work 
being conducted in the M ellon In stitu te  of Industrial 
Research for the L au n d rym en ’s N ational A ssociation  
of A m erica, and it is the intention  of the authors to  
stu d y  further the field outlined above as to  the effect 
of these solutions on the breaking strength  of cloth.

M e l l o n  I n s t i t u t e  o r  I n d u s t r ia l  R e s e a r c h  
P it t s b u r g h

0 0.05 0.10 0.15
Per cerrt* C o o p

ion; F aragher has shown th a t these effects are alm ost 
negligible in th e case of sodium  carbonate and c o t
ton, up to  a 1 per cent solution of sodium  carbonate, 
provided careful rinsing is em ployed. T his figure 
is from  s to  10 tim es th e am ount u su ally  em ployed in 
pow er laundries.

In  Fig. II there are shown the effects of equivalen ts 
of sodium  carbonate, trisodium  phosphate and sodium  
hydroxide on the drop num bers of soap solutions 
at a tem perature of io o °  C . B ecause of a change in 
the dropping p ipette, these d a ta  are not to  be com 
pared num erically w ith  those presented in Fig. I, 
but th e y  show th a t th e values of eq uivalen t w eights 
of sodium  carbonate and trisodium  phosphate are 
equal, w hile th a t of sodium  h ydroxide is different 
w ithin  th e field studied. T h e case of sodium  hy-

1 See F a ra g h e r , R ogers  a n d  A u b e r t 's  " In d u s tr ia l  C h e m is try ,”  2 n d  E d .;  
H illy e r. Op. cit., a n d  Ja c k so n , O p. cit.

NO TES ON SO M E PH YSICAL CH ARACTERISTICS OF 
PIG M E N TS AND PAINTS

B y  H e n r y  A. G a r d n e r  

R eceived  A u g u st 4. 1916

H ID IN G  P O W E R  O F  P IG M E N T S  

T he op acity  or hiding pow er (covering ability) 
of a paint pigm ent depends upon its fineness, refrac
tiv e  index, and oil absorption. These physical prop
erties are responsible for the fa ct th a t a coat of w hite 
lead in oil hides a dark surface better than  a coat of 
silica in oil.

f i n e n e s s — P ain t pigm ents, if produced in sufficiently 
large size particles, would be more or less tran sparen t 
like a lum p of glass, since all such products allow 
the light to  be tran sm itted  in va ry in g  am ounts. If 
an y one of them , how ever, is broken dow n and pow 
dered, the finely divided particles reflect th e  ligh t in 
all directions and only a sm all am ount of ligh t is 
tran sm itted; th e pow dered substance thus appears 
opaque. Therefore, it m ay be stated  th a t the opacity 

• ° f  pigments increases with fineness of division. W ith  
some pigm ents, how ever (produced b y  th e fum e 
process), there m ay be a point beyond which increas
ing fineness m ay result in a low ering of o p acity .

r e f r a c t i o n — T h e refractive  index of a p igm en t 
determ ines the am ount of ligh t th a t will be tra n s
m itted b y  it. T h e higher the refractive index, th e 
greater th e reflection and consequent hiding power. 
A  laye r of w hite lead will reflect more light than  a 
layer of finely ground silica, since the refractive  in
dex of the lead is higher than the refractive  index 
of silica. W hen either of these pigm ents are ground 
in w ater, the sam e phenom enon holds true, b u t both 
are less opaque th an  in d ry  form  becau.se w ater has 
a higher refractive  index than air. / li the refractive 
index of the vehicle approaches that of the pigment, 
opacity dim inishes, an optical condition being produced 
b y  the film around the particles, th a t allow s the 
passage of light, thus decreasing th e reflection. W hen 
turpentin e is used as a binding m edium , th e pigm ents 
show the sam e relative  differences in hiding power, 
b u t both  are less opaque th an  when in w ater, since 
turpentin e is more h igh ly  refractive  than  w ater. W hen
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linseed oil is used as a m edium , still less op acity  is 
shown b y the resulting paints, as linseed oil has a 
greater refractive  index th an  turpentine. T he resulting 
silica paint will now be p ra ctica lly  transparent, since 
the refractive index of the m edium  is su b stan tia lly  
the same as th a t of the pigm ent. T h e lead paint, 
how ever, will still be opaque, since w hite lead has a 
refractive  index greater than  th a t of the oil.

o i l  a b s o r p t i o n — Opacity increases inversely with 
the amount of oil absorbed, by the pigment. T his is 
shown b y  com paring th e hiding power of lead and zinc 
whites. These pigm ents have su b stan tia lly  the sam e 
refractive  index and th eoretically  should hide equally. 
As a m atter of fa ct, how ever, a w orkable lead paint 
has greater hiding power, since it m ay be produced 
b y  grinding 70 parts of lead in 30 parts of oil, while 
a w orkable zinc paint will contain 50 parts of zinc and 
50 parts of oil. M ore light w ill, pass through a film 
of the zinc paint th a n  through the lead paint, on ac
count of th e greater q u a n tity  of oil present in the form er. 
This accounts for th e difference in th e hiding power 
of th e tw o paints. T h e preponderance of oil in the 
zinc paint, how ever, accounts for the much greater 
d u rab ility  of those paints which contain zinc oxide 
in com bination  w ith  lead pigm ents, since abundance 
of oil is recognized as a necessity in exterior paints.

I t  is apparent from  th e above considerations th a t 
the hiding power of a w hite pigm ent is pleasurable 
b y  determ ining its ph ysical characteristics. V arious 
m ethods for determ ining fineness and oil absorption 
have been in use, b u t no m ethod has ap p aren tly  been 
adopted for determ ining th e refractive  index of p ig
ments. I t  occurred to the writer th a t some applica
tion of the petrographic m icroscope m ight be made 
for this purpose. A  series of pigm ents were therefore 
prepared and subm itted  to test, the readings being 
m ade b y  Dr. Frederick E. W right, of the C arnegie 
G eophysical L ab orato ry  of W ashington. Sm all par
ticles of the pigm ent under observation were rubbed 
up w ith media of known refractive  indices, covered 
w ith glass, and subm itted  to  exam ination. Some of 
the readings are shown below:

Q u a r tz  s il ic a .......................  1 .55  B asic  ca rb o n a te —-w hite lead  2 .0
B ariu m  s u lfa te ..................  1 .6  B asic  su lfa te— w h ite  l e a d . . .  2 .0
Z inc o x id e ............................ 1 . 9 +  Z inc  su lfid e ..................................... 2 .2  to  2 .3 7

O P A Q U E  A D S O R P T IO N  P IG M E N T S

One of the most interesting pigm ents exam ined was 
lithopone. D ifficu lty  was experienced in gettin g an 
exact reading, as it consists of a subm icroscopic m ix
ture of aggregated particles. I t  is possible th a t the 
average refractive  index m ight be considered as being 
between 1.9 and 2.0. This pigm ent is prepared b y  
the resulting interaction  of chem ically equivalen t 
am ounts of zinc sulfate and barium  sulfide solutions. 
T h e precipitated  pigm ent is calcined, quenched, 
washed and dried. It  consists of approxim ately  70 
per cent barium  sulfate and 30 per cent zinc sulfide. 
W hen barium  sulfate, which has a refractive index 
of 1.6, and zinc sulfide, which has a refractive  index 
of 2.2 to  2.4, are mixed in the above nam ed propor
tions, a pigm ent is produced which is deficient in hiding 
power. It  is apparent, therefore, th a t the precipita

tion  process of preparing these pigm ents produces 
some physical change which is of great im portance. 
I t  is the w riter’s opinion th a t the effect is due to  ad 
sorption of the zinc sulfide b y  the barium  sulfate p a r
ticles. M icroscopical exam ination indicates th a t each 
particle of finely divided barium  sulfate is coated over 
b y  adsorbed particles of- opaque zinc sulfide. E x 
perim ents have been m ade w ith va ryin g  stren gths of 
barium  sulfate and zinc sulfide liquors in va ryin g  
am ounts, to determ ine w hether it would be possible 
to produce even more opaque types of lithopone b y 
increasing th e am ount of the zinc sulfide present. 
W hen lithopones are m ade containing as high as 50 
per cent zinc sulfide, the hiding power has not been 
found su b stan tia lly  greater than  th a t of lithopone 
which contains from  28 per cent to  38 per cent of zinc 
sulfide. B elow  28 per cent of zinc sulfide, th e hiding 
power of the pigm ent decreases. I t  is, therefore, be
tween the lim its of 28 per cent and 38 per cent zinc 
sulfide th a t the greatest hiding powers are obtained, 
and the increased hiding power of lithopone containing 
38 per cent is hardly  greater'th an  th a t shown b y  those 
containing th e theoretical equivalen t of 30 per cent. 
R a p id ity  of precipitation, strength of solution, and 
tem perature control are factors which also aid in 
the production of fine grained particles th a t g ive the 
pigm ent great op acity.

The phenom enon of surface adsorption shown b y  
certain  lake bases in the presence of organic coloring 
m atters is also interesting, and explains w hy the 
highly colloidal pigm ents are often preferred for this 
purpose. A  measure of the degree of dispersion of p ig
ments m ight be based on their color adsorption values.

S U S P E N S O ID  P IG M E N T S

The adhesive properties and cementing values of 
paint pigments apparently increase with approach to 
colloidal form. T h a t all paint pigm ents are to  som e 
exten t colloidal, is th e  assum ption of the w riter as the 
result of ’ some recent tests. These were first sug
gested b y  some previous experim ents in which a 
num ber of w hite pigm ents were ground in clear linseed 
oil. A fter standing for a year, the oil upon the surface 
of the settled  paints was exam ined and found to 
be m uch higher in ash than the original oil. This 
condition could easily be accounted for in the case of 
the lead and zinc paints b y  the presence of dissolved 
m etallic linoleates form ed b y  reaction betw een the 
pigm ents and the free fa t ty  acid of the oil. N o ex
planation, how ever, was offered as to th e cause of 
the high ash in those paints made of silica, barium  
sulfate and other pigm ents which it was th o u gh t could 
exert no chem ical effect upon the vehicle. A  sam ple 
of th e oil from  one of th e inert pigm ents (blanc fixé), 
after standing in a bottle  for a further aging period, 
becam e viscous and th ick , later on developing a 
peculiar cloudiness. E xam ination  showed th a t the 
pigm ent had prob ab ly been held in colloidal suspension 
and previous to  its precipitation  had effected a change 
in the oil th a t had caused the gelatinous condition. 
A s a result of these observations, th e w riter prepared 
a series of paints b y  grinding in a clear linseed oil
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a num ber of standard w hite pigm ents, including basic 
carbonate- and basic sulfate-w hite lead, zinc oxide, 
lithopone, and china clay. A fter settlin g for a period 
of tw o weeks, the clear oil was rem oved from  each 
paint. T h e oils were exam ined u n d e r. the u ltra
microscope b y D r. E . C. E. Lord, of th e U. S. Office 
of P ublic R oads, and the w riter. P articles were 
visible but apparen tly  in a quiescent state. This 
condition was un doubtedly due to the v iscosity  of 
th e oil media which exerted a cohesive force upon 
the particles, binding them  together in aggregates 
and th u s im peding their m otion so th a t the B row nian 
m ovem ent w as not observable. These liquids, how 
ever, after dilution w ith 4 volum es of redistilled 
900 benzol (disperse free) were again exam ined. T he 
visco sity  of the m edia thus being reduced, great 
rap id ity  of m otion of the particles w as shown. This 
Brow nian m ovem ent was observed in ev ery  liquid 
and indicated  th a t all of the above pigm ents m ay con
tain  particles th a t act as suspensoids in oil. A  sam ple 
of the original oil used in m aking th e paint was also 
exam ined and although B row nian m ovem ent was 
observed therein, th e  num ber of particles present was 
not com parable to  those shown b y  th e oils rem oved 
from  th e paints. T h e particles present in the original 
oil were p rob ab ly  due to  the “ foo ts”  present, regarding 
w hich reference is m ade below.

For the sake of convenience, the w riter has given 
the name of “ Linosols”  to pigm ent suspensoids, since 
paint pigm ents are alm ost un iversally  used in con
junction  w ith linseed oil. W hen a condition is produced 
b y  these pigm ents, w hereby the oil assum es the state 
of a gel, as in the case of the blanc fixé pigm ent m en
tioned above, th e product of reaction m ight be called 
a “ L in ogel.”  The precipitation  of the blanc fixé 
which was first visible as a cloudiness in the oil m ight 
possibly have been caused b y absorption of oxygen 
b y  the oil, and would then be com parable to the pre
cipitation  of silica when carbon dioxide is absorbed 
b y  a sol of hydrated  silicic acid. The term  “ Linoxy- 
gel”  m ight, therefore, be more acceptable for such a 
product.

E xperim ents were then m ade w ith th e sam e series 
of pigm ents ground in various oils, including a h ea vy  
bodied linseed oil of v e ry  high v iscosity. In the latter, 
separation of th e pigm ent from  the oil, even  after 
standing for tw o  m onths, was only partial. A fter 
the paints were diluted w ith  4 volum es of benzol, 
only the coarser particles subsided, the liquid  above 
rem aining cloudy and suggestive of a true colloidal 
condition— th e subdivided particles no longer showing 
a n y  ten d en cy to settle. E ven  after standing five weeks, 
the sam e cloudy condition was observed. I t  was ap
parently  im possible to clarify  the tu rb id  liquid b y  sedi
m entation, even w ith the aid of a high-speed cen tri
fuge. A ttem p ts were then m ade to precipitate th e 
Linosols. I t  was found th a t b y  m ixing tw o of th e cloudy 
paints (zinc oxide and silica), a fa irly  clear liquid 
could be produced. T h e explanation  of this phenom 
enon m ight be th a t th e pigm ents being oppositely 
charged had neutralized each other and thus disturbed 
the disperse phase, resulting in precipitation.

C O L L O ID A L  C O L O R  P IG M E N T S

In order to  stu d y  the condition of finely divided 
colored pigm ents, several were selected, including 
Prussian Blue, Chrom e Green, Chrom e Y ello w , U ltra- 
m arine Blue, L am p black, and P aran itran ilin c Red. 
These were ground in the sam e ty p e  of oil th a t was 
used w ith the w hite 'p igm en ts, and treated  in the sam e 
fashion. T h e clear liquid shown after settlin g was 
diluted w ith 4 volum es of benzol (disperse free) and 
exam ined. It  is of interest to  record the fa ct th a t th e 
oil obtained from  the settled Para Red pigm ent was 
only sligh tly  colored, but when benzol was added, it 
becam e a bright, c lear'red . It is probable th a t part 
of the pigm ent present as a suspensoid was brought 
into actu al solution b y  the solven t power of th e  benzol 
upon the organic coloring m atter present in th e pigm ent, 
thus accounting for the increase in color. W hen the 
liquids were exam ined tinder th e ultram icroscope, 
B row nian m ovem ent was exhibited  b y  each, the green 
and blue being most a ctiv e  and ap p aren tly  containing 
m any tim es the num ber of particles present in th e 
others. C om paring the blue rough ly  w ith a counted 
solution of colloidal asphalt, it is probable th a t x cc. 
of the liquid contained over a hundred million particles.

M an y of the particles or aggregates in the oil from  
the Chrom e Green were colored crim son, orange, green, 
and blue. T h e colors were ap p aren tly  perm anent and 
did not change as would be the case if due to refrac
tion. Since it is supposed th a t u ltram icroscopic 
particles sim ply  reflect light and therefore do not 
show colors, the above result is in terestin g and should 
w arrant some extended w ork on th e subject.

P R E F E R E N T I A L  A D S O R P T IO N  E F F E C T S

T he effect shown b y  carbon b lack is w o rth y  of stu d y. 
This pigm ent is supposed to be one of th e m ost inert 
to linseed oil. I t  is probable, how ever, th a t it is 
really  one of the most activ e  in som e w ays. T h e great 
surface which its particles present, on accoun t of their 
extrem e fineness of division, p rob ab ly  gives to it  very  
high adsorptive properties. T h e purest pigm ent o b 
tainable b y  burning oil m ay be free of other solids 
and yet, according to  F . P. In ga lls ,1 contain  only 
from  80 to  90 per cent of carbon, the balance consisting 
of carbon m onoxide, carbon dioxide, hydrocarbon 
com pounds, nitrogen, oxygen, and w ater, all of which 
have been adsorbed b y  th e carbon particles during 
the process of m anufacture. T h a t these substances 
are firm ly locked to the particles is apparent, since 
vacuum  treatm en t of th e pigm ent fails to rem ove 
them . W hen ground in oil, how ever, th e w riter 
believes th a t th e gas is rem oved from  th e pigm ent and 
the oil is adsorbed in place thereof b y  a preferential 
adsorption action  of th e  pigm ent. C lifford R ich ard 
son has shown, for instance, th a t asphalt particles have 
the pow er of adsorbing some of the heavier constituents 
of a liquid b y  preferential adsorption. T he present 
w riter has sim ilarly  noticed th a t som e finely d ivid ed  
pigm ents m ay adsorb the heavier constituents of an 
oil medium. T his m ay be shown b y  dissolvin g a 
very  h ea v y  bodied linseed oil in benzine and grind-

1 P r iv a te  co m m u n ica tio n .
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ing it w ith lithopone. A fter a period of tim e, a re
action will be effected, w hereby the oil is adsorbed 
b y  the settled  pigm ent, leavin g a clear, oil-free benzine 
floating on top. V e ry  stron gly oxidized and bodied 
oils m ay even show precipitation  upon stan din g after 
being mixed sim ply w ith benzine. It  is a question, 
therefore, w hether a n y  true solution of th e oil has 
origin ally  taken  place. It  is ve ry  likely  th a t the ap 
p aren t m iscib ility of the benzine is due in this instance 
to  a sponge-like process of im bibition which m ight be 
com pared to the absorption of benzol b y  rubber, or 
th e sw elling of gelatin  in w ater (these effects, however, 
are illu strative of em ulsoids). T h e preference shown 
b y  pigm ent particles for various liquids is a p tly  illus
trated  in the m anufacture of pulp lead. T he white 
lead, which contains a large am ount of m oisture, if 
ag ita ted  w ith linseed oil will im m ediately unite w ith 
the oil, and the w ater will be throw n out, floating on 
the surface of the paste paint. Other pigm ents and 
liquids m ay show a sim ilar reaction. W hen zinc oxide 
or lithopone, for instance, are ground in alcohol and 
subsequently a gitated  w ith  linseed oil, the oil will 
im m ediately  unite w ith  the pigm ents and the alcohol 
will be found floating on the surface of the paste. It 
is probable th a t these reactions have been made 
possible b y  a low ering of surface tension b y the intro
duction of the oil.

S U S P E N S O ID S  I N  O IL  A N D  V A R N IS H

T h e “ foo ts”  present in linseed oil offers another 
exam ple of w hat m ight be term ed a “ Linosol.”  When 
freshly crushed from  the flaxseed, the oil will be ap 
p aren tly  clear. If heated to  io o °  C ., it will become 
cloudy and a large precipitate will form. This is 
referred to as “ foo ts”  and consists of mineral m atter 
— lim e, silica, phosphoric acid, etc.— adm ixed w ith 
album inous m atter. T h e mineral m atter is present 
in th e raw oil as a suspensoid1 and is agglom erated 
and precipitated  when the album en is coagulated b y  
the heat. T h e aging of oil m ay accom plish a som e
w hat sim ilar effect, but sufficient tan kage space is 
not a lw ays availab le to th e crusher, and, therefore the 
raw  oil is often m arketed im m ediately after it has been 
produced. In th e w riter’s opinion, such oil is not fit 
for use in high-grade paints, and the grinder should 
dem and a b etter product. If  the crusher should heat 
the raw  oil to  io o °  C . and then centrifuge it, this 
m ethod m ight tak e the place of tan kin g and would, 
at th e sam e tim e, accom plish the destruction of fat- 
sp littin g en zym es2 which m ight be present in the oil.

Varnish constitutes another organic product th a t 
m ay contain mineral suspensoids. T an kin g of clear, 
n ew ly m ade varnish  alw ays results in a slow precipi
tation  of “ fo o ts.”  C en trifugal force will bring about the 
result more rapidly. I t  is gratify in g to note th a t the 
centrifuge has becom e a part of the equipm ent of every  
modern varnish plant, and its use in this industry is 
bound to be more extended in the future. E. E . A yres3

1 "R e fin in g  V egetab le  a n d  A n im a l O ils ,” C h as . B askerv ille , J .  F rank lin  
In s t.,  J u n e , 1916.

8 " C h a n g e s  O ccu rring  in  O ils a n d  P a s te  P a in ts , D u e  to  A u tohyd ro ly sis  
of th e  G ly ce rid es ,”  H . A. G a rd n e r , J .  F ra n k lin  In s l . ,  M a y , 1914.

* “ T h e  A pp lica tio n  o f  C en trifu g a l F o rce  to  S uspensions an d  E m u l
s ions .”  E . E . A yres, J .  Soc. Chem . In d .,  J u n e , 1916, p . 676.

has recen tly  com m ented upon the clarification of 
pyroxylin  varnishes b y  centrifugal action, and has 
m entioned the rem arkable effect of a precipitan t 
such as tricalcium  phosphate. Sim ilarly it is probable 
th at the addition of certain  m ineral m atter to freshly 
made varnishes, ju st previous to centrifuging, m ay 
effect more rapid and perm anent clarification.

I n s t i t u t «  o p  I n d u s t r ia l  R e s e a r c h , W a s h in g t o n

COUM ARONE RESIN AND ITS USES
B y  C a r l e t o n  E m . is  a n d  L o u is  R a b in o v it z  

R e c e iv e d  M a y  9, 1916

Resinous bodies obtained b y  the polym erizing 
action of sulfuric acid  on indene (C 9H8) and coum^rone 
(CjHisO) occurring in the fraction  of coal-tar n aphtha 
boiling betw een 160 and 180° C ., are found in th e 
m arket under the nam e of coum arone resin. V arious 
attem p ts have been made, w ith som e measure of su c
cess, to  sub stitute these polym erization  products for 
certain  of the natural resins. T his paper aim s to 
g iv e  a brief review  of the su b ject and a rdsumd of some 
experim ental work carried out b y  us on coum arone 
resin.

Coum arone (or cum arone) resin was obtained b y  
K raem er and Spilker, during their in vestigation  on 
indene and coum arone in coal-tar n ap h th a ,1 b y  the action  
of strong acids, p articu larly  sulfuric,, on coum arone; 
th e y  called the product para coumarone. Som ew hat 
la te r2 th e y  subjected  this resin to a more thorough in 
vestigation  and found th at when pure coum arone which 
has been diluted w ith benzol is treated  w ith a m oderate 
am ount of sulfuric acid, the greater part of the cou
m arone is converted into  a resin soluble in benzol, 
while a lesser portion is transform ed into a b od y 
insoluble in benzol and is carried down b y  the sulfuric 
acid, from  which it m ay be rem oved b y  treatm en t 
w ith  water.

T h e investigations of these chem ists show th a t 
polym erization  begins w ith an acid strength  of 80 per 
cent (m onohydrate). W ith th is strength  of acid th e 
soluble resin is obtained alm ost exclusively. A s - th e  
concentration of the acid is increased more and more 
of the insoluble resin form s. Increase in th e propor
tion of the acid  acts in a sim ilar m anner. W ith acid 
of 95 per cent strength  applied in sufficient am ount 
to  a 2 per cent solution of coum arone in benzol the 
insoluble resin is form ed alm ost q u an tita tive ly . W hen 
using 50 per cent of acid, calculated  on the coum arone 
taken, about 25 per cent of soluble resin is form ed 
while w ith four tim es the am ount of acid no insoluble 
resin is form ed.

Indene behaved ve ry  much like coum arone, only 
in th a t case th e resinification was accom panied b y  a 
rise in tem perature. T h e coum arone resin was found 
to  m elt between 107 and 1080 C.

B y  the treatm en t of coum arone w ith  a re lativ e ly  
large proportion of sulfuric acid ,3 at first a soft p a sty  
mass was obtained w hich soon hardened to  a b rittle  
and infusible b ody, insoluble in all solvents. K raem er

■ Btr.. 23 (1890), 78, 3276.
•-Ib id .. 33 (1900), 2257.
1 Ibid.. 23 (1890), 81.
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and Spilker were unable to  state w hether th is body 
corresponded in com position to th a t of coum arone. 
I t  had a specific g ra v ity  of 1.25 a t 19 0 C. Its  m o
lecular w eight was four tim es th a t of coum arone and 
on heatin g th e resin decom posed betw een 300 and 
3 5 ° °  C.

Indene was found to g ive a resin sim ilar to th a t 
obtained in the case of coum arone arid the product 
was obtained b y  them  in various m odifications, of 
differing m elting points and m olecular weights. From  
pure indene th e y  obtained a resin w hich melted at 
210 0 C . B y  treatin g the purified fractions th a t cam e 
over a t 15 5 -15 8 ° C . w ith  sulfuric acid and steam  
distilling the solven ts, th e y  obtained a crude indene 
resin which was in m any respects v e ry  sim ilar to  the 
coum arone resin.1

L ater K raem er and Spilker analyzed  the insoluble 
and infusible m odification of coum arone resin and 
found th a t sulfur which th e y  previously  had noted 
and had regarded as a mere im p u rity  was in fa ct 
chem ically com bined.2

In 1890 K raem er and Spilker3 called atten tion  to 
th e industrial possibilities of “ para coum arone”  or 
“ coum arone resin.”  T h e y  noted th a t it form ed a 
coating for wood and m etal surfaces which on account 
of its resistance to  acids and alkalies possessed certain  
advantages over the ordinary resin solutions and 
varnish  coatings em ployed for th is purpose.

W endriner, who has done a considerable am ount of 
work on coum arone resin, describes a process for the 
m anufacture of a light-colored resin, as well as a w hite 
solven t naphtha, from  coal-tar n ap htha distilling at 
160-180° C ., b y  rem oving first th e acidic and basic 
constituents of the oil w ith 3 to  5 per cen t b y  volum e 
of 60° B<§. sulfuric acid under constan t agitation  and 
then treatin g  the naphtha w ith  0.25 to 0.4 per cent 
b y  volum e of concentrated sulfuric acid in a thin  stream  
until th e tem perature rises to 110 -12 0 ° C . A fter 
th is treatm en t the acid is rem oved from  th e oil and th e 
la tter  containing th e  dissolved resin is n eutralized, 
dried and distilled from  the resin w ith superheated 
steam . A less pure coum arone resin is prepared b y 
treatin g solven t n aphtha in the presence of its  acidic 
and basic im purities w ith 0.5 per cent instead of 0.25 
b y  volum e of concentrated sulfuric a cid .4 W endriner 
m odified the process b y  om ittin g the use of 60° Be. 
acid  and carryin g out the polym erization  under cooling 
and under slow introduction  of concen trated  acid. 
H e m entions th a t care should be taken  to  use an am ount 
of concen trated  acid equal to  0.25 to  0.4 per cent 
b y  volum e of th e n ap htha treated  and th a t th e te m 
perature should not rise above 40-50° C. T h e a d va n 
tages of this process are: A  savin g of 3 to  5 p e rc e n t of
6o° Bd. sulfuric acid; avoidance of the danger caused 
b y heating of th e  vo latile  n ap htha; a product in ap 
pearance som ew hat resem bling a light Congo resin 
m elting betw een S o - io o °  and havin g a color va ryin g  
from  yellow  to am ber, depending on the care exer-

> Ber., 33 (1900). 2257.
’• Ib id ., 34 (1901), 1888.
» Ib id ., 23 (1890). 81.
4 G erm an  P a te n ts  270,993 an d  281,432; J .  Soc. Chem . In d ., 1914, 474; 

C hew . A b s.,  1914, 2248; 1915, 2001; Z . angew. Chem ., 27, 2582.

cised in carryin g out the reaction. A ccording to W end
riner it is im portant to  avoid  sulfonation w hich has 
an influence on the color and boiling point of the 
naphtha yielded b y  th e operation.

K n u p p e l1 states th a t a hard  b rittle  resin is obtained 
b y  blow ing air through para coum arone and para 
indene for 3 to 5 hrs. at a more or less high tem 
perature. A ccording to  K n uppel, the product is 
not ta c k y , dries w ith  a high lustre and increases the 
dryin g pow er of th e varnish prepared from  it.

F ehringer2 prepares a bronzing liquid  or bronze 
powder varnish b y  dissolving coum arone resin in 
benzine, gasoline, benzol, chlorethylene or a m ixture of 
these solvents.

Varnishes are prepared from  cellulose esters b y  
dissolving them  in m ethyl alcohol, acetone oils, ke
tones or the like, w ith the addition of polym erization  
products of coum arone or indene, dissolved in benzol, 
alcohol or like so lven ts.3 T h e resulting varnish is 
stated  to  be oily, lustrous, to d ry  uniform ly, form ing 
a v e ry  elastic coating which is stab le in air and light. 
For instance, 1 p art b y  w eight of coum arone resin 
is dissolved in 5 parts benzol and added to  a liquid 
consisting of a solution of 3 parts of collodion and 0.5 
p a rt of acetone oil, 10 parts each of alcohol and k e
tones: the resulting com position is diluted w ith 30 
parts alcohol, 30 parts benzine and 10 parts m ethyl 
alcohol. Or, x part of coum arone resin is dissolved 
in a m ixture of 2.5 parts each of fusel oil and tetra- 
chlorethane; this solution is added to a m ixture of 
60 parts acetone and 30 parts m eth yl alcohol; 40 parts 
of a cety l cellulose are dissolved in th is liquid. (See 
also U. S. P ate n t 1,185,514, M a y  30, 1916, to  L eh 
mann and Stocker.)

E ich ler4 describes th e sim ple preparation  from  the 
polym erization  products of coum arone of a prim er 
and varnish  which is im pervious to w ater vapors, 
caustic alkalies, am m onia and efflorescence. For 
exam ple, para coum arone is m elted and com pounded 
with a solven t while heat is applied, whereupon the 
varnish is form ed. The consistency of the varnish 
of course depends upon the q u an tity  of so lven t em 
ployed. U sually  equal parts b y  w eight of the resin 
and solven t are used. The prim er and varnish m ay 
also be added to ordinary varnish to  render the latter 
more im pervious to  w ater and more resistant to alkali. 
Benzine, gasoline, benzol or turpentine are good sol
vents for the resin. E ichler5 also refers to the applica
tion  of coum arone resin in linseed-oil varnishes in 
lieu of ord inary varnish resins.

Lender and K och 6 note th a t coum arone resin m ay be 
used in a varnish  base for the m anufacture of varnishes, 
enam els and paints and as a  binder in th e m anufacture 
of linoleum , lincrusta and oil cloth. T h e y  sta te  th a t 
all objections encountered in the preparation of paints 
or varnishes b y  incorporating Chinese wo&d oil with 
ordinary resins are overcom e, if in place of these the

1 G erm an  P a t  253,437. 1912; Z . annew  Chem ., 25 (1912). 2506.
'-C hem . A bs., 1915, 3369; U . S. P a te n t  1,157,768, O ct. 26. 1915.
s Ib id .,  1915, 1850; G erm an  P a te n t  281,265, 1913.
‘ U . S. P a te n t  1,133,432, M a rc h  30, 1915.
‘ U . S. P a te n t  1,133,433, M a rc h  30, 1915.
a U . S. P a te n t  1,019,666, M arch  5, 1912.
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polym erization  products of coum arone and indene, 
nam ely, para coum arone' and para indene, are em 
ployed. A  varnish of this ty p e  is prepared as follows: 
10 kg. of Chinese wood oil are heated to 220-240° C. 
and a q u an tity  of the polym erization  products of cou
m arone and indene to  suit the conditions of use, gen
era lly  an equal w eight, is added; the product is a 
hom ogeneous mass which is hard when cold. This 
m aterial is th e base from  which varnish, lac, enamel 
or sim ilar coating m aterial are made. This base is then 
heated and m ixed w ith  a suitable solvent such as 
liquid hydrocarbons, e. g. benzine, benzol, ligroin, 
turpentine, etc., and also chlorinated hydrocarbons. 
T h e am ount of solven t used is dependent upon the 
consistency of th e product desired and the use to  be 
made of it. I t  m ay be thinned at will. T o  the m ix
ture of the base and solven t m ay be added a n y  desired 
coloring m atter and th e varnish or paint is stated  to 
d ry  rap id ly  to a brilliant elastic coating im pervious to 
liquids and u n attack ed  b y  gases. I t  is unusually 
resi'stant to w ater, acids, heat and cold. A  varnish 
paint or other sim ilar product of this character is 
claim ed to  have a wider range of use than  an y other 
sim ilar product or a n y  product consisting of Chinese 
wood oil and ordinary resins, especially as it does not 
becom e ta c k y  and does not set or liver b y  the addition 
of such pigm ents as lead or zinc com pounds.

L en der1 states th a t a varnish can be prepared from  
indene or coum arone, or both, w ith or w ithout the 
addition  of vegetab le  or animal oil, b y  heating with 
sulfur or sulfur chloride under pressure or at ordinary 
pressure, and dissolving th e product in a vo latile  sol
vent.

P R O P E R T I E S  O F  C O U M A R O N E  R E S IN

B o ttler,2 w ho has investigated  the properties of 
ciammercial coum arone resin, states th a t the resin 
of com m erce varies w idely in character. Some v a ri
eties w hich he exam ined were solid and more or less 
brittle , others were soft and p asty . A  rough and ready 
m ethod for the determ ination of the hardness of a 
resin according to  B o ttler is to  scratch  the surface of 
th e resin w ith  a needle. On soft resins the needle 
traces a sm ooth and even line. On hard resins the 
line is rugged and rough.

Som e of the coum arone resins, B ottler notes, were 
of a dark brow n color, som etim es even black while 
others varied  from  a yellow -brow n to  a brow n color. 
T h ey  occurred in lustrous noli-transparent lum ps 
h avin g a sh in y fracture. Some of the sam ples gave a 
light yellow , others a dark brown powder. T h ey  
possessed a tar-like odor. T h e yellow  and brown 
resins in pow der form  a ttracted  m oisture from  the air 
on stan din g over night. In  some cases it was found 
necessary to  use a sp atu la  to rem ove th e powdered 
m aterial from  the m ortar; T h eir m elting point varied 
over a considerable range. Some of the yellow -brow n
and brow n varieties m elted at 60 and 6 =
T h e darker varieties generally m elted higher, softening 
at about 85° C . and m elting com pletely at 98, 100 
and 108° C. T h e y  fused more easily than  various

1 G e rm an  P a te n t  277,605: Z . angew. Chem ., 27 , I I  (1914), 583.
1 K unsts to ffe , 1916, 277.

n atural resins. The fused m aterial usually  solidified 
v e ry  q u ick ly  to  a resin of the original color.

A  sam ple of brown coum arone resin, made in this 
coun try, w as exam ined in this lab o rato ry  and found to 
m elt com pletely a t 65° C.

A C T IO N  O P  A L K A I .IE S

A  5 per cent sodium  carbonate solution, a 1 and a 5 
per cent solution of sodium  hydroxide and 10 per cent 
am m onia w ater did not affect coum arone resin. O nly 
on prolonged w arm ing w ith 5 per cent caustic was the 
resin som ew hat acted upon, and the solution shows 
signs of frothing. A t an y rate no saponification took
place.

S o l u b il it ie s  o f  C o u m a r o n e  R e s i n s , E t c .
H a r d  C o u m a r o n e  

S o l v e n t  R e s i n  (B o t t l e r ) C o l o r  o p  S o l u t io n

A lc o h o l .......................................  S l ig h t ly  so lu b le  L ig h t  y e llo w
A b s o lu te  a lc o h o l .  . ........... E a s i l y  s o lu b le  Y e llo w
C a r b o n  t e t r a c h l o r i d e . . . .  C o m p le te ly  s o lu b le  Y e llo w  to  b ro w n
T r ic h l o r e t h y le n e    C o m p le te ly  s o lu b le  Y e llo w
B e n z i n e . ................................  C o m p le te ly  s o lu b le  Y e llo w  t o  r e d - b r o w n
T u r p e n t i n e ............................. S o lu b le  ( s l ig h t  r e s id u e )  Y e llo w
L in s e e d  o i l ...............................  S l ig h t ly  s o lu b le  ...................................

S o f t  C o u m a r o n e  R e s in  (B o t t l e r )
E t h e r ......................... ...............S o lu b le  Y e llo w
C a r b o n  t e t r a c h lo r id e   C o m p le te ly  s o lu b le  B ro w n is h  y e llo w
T r ic h l o r e t h y le n e .................. C o m p le te ly  s o lu b le  B ro w n  c o lo r
B e n z i n e . ..................................  E a s i ly  s o lu b le  B ro w n is h  c o lo r
T u r p e n t i n e ............................. A lm o s t  c o m p le te ly  so l. Y e llo w is h  b r o w n  c o lo r
E t h e r  a n d  9 0 %  a lc o h o l .  T h e  r e s in  is  p r e c i p i t a t e d ...................................

C o l o r  o p  F il m  o n  T in  
P l a t e  ( B o t t l e r )

E t h e r  ........................................................................................ L u s t r o u s  a n d  y e llo w
C a r b o n  t e t r a c h lo r id e  a n d  t r i c h lo r e th y l e n e .................. L ig h t  y e llo w  o r  y e llo w
B e n z i n e , ............................................................................................  B ro w n is h  r e d
T u r p e n t i n e .  .................................................................................  Y e llo w  a n d  lu s t r o u s
E t h e r  a n d  t r i c h lo r e th y le n e ...................................................  Y e llo w

K raem er and Spilker state  th a t para coum arone 
is easily  soluble in ether, benzol and chloroform  but 
difficultly soluble in b en zol.1 T h e films obtained 
from  different varieties of resin in either carbon te tra 
chloride, trichlorethylene, benzine and turpentine 
possessed a certain  degree of elasticity. It  is stated  
th a t the resin possesses dryin g properties when ex
posed to air in th in  layers.2

P R E P A R A T IO N  O F P U R E  I N D E N E

K raem er and Spilker3 describe a process for the 
purification of indene b y  means of picric acid. A c 
cording to  this m ethod th e fractions of crude n ap h th a 
boiling betw een 176 -18 2 ° C . are trea ted  w ith  as much 
picric acid as is necessary to  com bine w ith  all the un 
saturated  bodies present. The crystallin e precipitate 
form ed contained the picrates of coum arone and 
naphthalene as well as th a t of indene. On steam  dis
tillation  th e indene p icrate is decom posed and indene 
distills over. Ten kg. of crude n ap htha boiling be
tw een 176 -18 2 ° gave 3 kg. of crude indene. T he pro
cess is not w ithout danger as these picrates are h igh ly  
explosive.

W eisberger4 describes several m ethods of a • m ore 
p ractical nature, for the preparation of pure indene. 
Sodium  am ide is treated  w ith  the crude indene fraction  
boiling betw een 175—185° C. Am m onia is evolved  
and am ide is converted  into a dark h ea v y  oil. T he 
m ixture is heated for 2 hrs. under agitation  a t n o -  
1 7 5 0 C. I t  is then distilled at 20-30 mm. pressure

1 B n .,  23 ( 1890), 81.

* S tiftn .-7 .lt., 1913, 289, 344, 694.
» Ber., 23 ( 1890), 3276.
i  Ib id .,  42  (1 9 0 9 ). 5 6 9 , a n d  G e r m a n  P a t e n t  2 0 5 ,4 6 5  (1 9 0 8 ), a n d  2 0 9 ,6 9 4  

(1 9 0 9 ).
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to  rem ove the unchanged hydrocarbons which come 
over at 110 -13 0 ° C . T h e solid am orphous mass left 
behind and to  which W eisberger assigned the form ula

^ C H  is decom posed b y  w ater into indene

and sodium  hydroxide. T h e indene is recovered b y  
steam  d istillation. A  rough fraction ation  of this 
product yields pure indene.

A  still purer product m ay be prepared b y  treatin g 
the crude indene w ith  th e  theoretical q u a n tity  of 
m etallic sodium  and passing a slow stream  of am 
m onia into the m ixture at 120-130° C . for 5 or 6 hrs. 
T h e indene sodium  com pound obtained b y  this process 
resem bles rosin in appearance, is v e ry  sensitive to  the 
action of air and is easily  decom posed b y w ater y ie ld 
ing a v e ry  pure indene.

B y  heatin g th e indene and sodium  above 130° C . 
in the presence of sm all am ounts (2 per cent) of basic 
bodies such as aniline, toluidine or pyridine, pure 
indene m ay be obtained w ith ou t th e use of am m onia 
gas. W eisberger states th a t b y  this m ethod th e  yields 
of indene obtained from  the fraction  of h ea v y  benzol 
boiling betw een 17 5 -18 5 ° C. am ounted to 35 per cent.

T h e m ethods for preparing pure coum arone are more 
in vo lved  and are of scientific rather th an  of practical 
interest.

T H E  P R O P E R T I E S  O F  I N D E N E  A N D  C O U M A R d N E

Spilker and D om b row sky1 describe indene prepared 
from  the sodium  com pound as m elting a t 92° C ., 
and boiling at 182° C ., havin g a specific g ra v ity  of 
1.0002. Pure indene absorbs oxygen and becom es 
acid. T h e oxidized indene is insoluble in alcohol and 
cannot be distilled b y  steam .2 It  com bines w ith  m er
curic sulfate, g iv in g an indene m ercuric oxide com 
pound.3

B izzarri4 describes coum arone as a colorless liquid 
boiling at 169° C. and v e ry  resistive tow ards chem ical 
agents or heat. Aniline or alcoholic am m onia has no 
action on it. A lum inum  chloride was found b y  Heus- 
ler5 to  act v io len tly  on coum arone and indene w ith 
the production of a resin soluble in hydrocarbons. 
He states th a t it is im possible b y  a single treatm en t 
w ith  sulfuric acid to  rem ove com pletely  the indene 
and coum arone from  coal-tar n aphtha, b u t th a t b y  the 
action  of alum inum  chloride these twro bodies m ay be 
com pletely  resinified. T w o and one-half per cent of 
alum inum  chloride is sufficient for th is purpose. T h e 
indene and coum arone resins rem ain dissolved in 
the naphtha.

E X P E R I M E N T A L  W O R K

In som e experim ental w ork carried out b y  us, the 
fraction  of varnish m akers’ solven t n aphtha which 
boiled betw een 160 -180 ° C . was treated  w ith 1 per 
cent of 66° Bd. sulfuric acid and was stirred for several 
hours at room  tem perature. T h e tem perature of 
the m ixture did n ot rise above 35° C . T h e product

1 Ber., 42 (1909). 573.
* W eger a n d  B illm ann , Ib id ., 3$ (1903), 640.
* P harm .-Z ts., 1915, 46.
4 J . C kem . Soc . [A & s.] ,.1 8 9 1 , 5 6 6 .
* Z . angew. Chem ,, 1896, 319.

w as then washed free from  acid and steam -distilled 
w ith  superheated steam . There was left in th e vessel 
a p a sty  m aterial w hich gave on d ryin g on the steam  
b ath  a tran sparen t brow n substance of th e consistency 
of molasses. Six hours of steam  distillation  w ith  super
heated steam  did not m aterially  affect th e hardness 
of this product. Som e of th is soft resin was heated  
for 15 to  20 min. to 220° C. w ith abou t 10 per cent of 
sulfuric acid  (66° B6.). T h e resin darkened consider
a b ly  and carbonized w ithout undergoing a n y  change 
in hardness. A n other portion was subjected  to  th e 
action of anhydrous zinc chloride and also to  stannic 
chloride at 200° C . w ithout undergoing a n y  change. 
Chlorine com bined readily  w ith th e coum arone resin 
giv ing a fa irly  hard, dark product. D arken in g was 
th e  only visib le effect th a t a pow erful u ltrav io let ligh t 
had on coum arone resin after a 3-hr. exposure.

T h e effect of other polym erizing agents on solvent 
n ap htha containing coum arone and indene was in
vestig ated  in this lab oratory. In one case, the n ap htha 
was heated  to  boiling w ith  reflux condenser for 6ne 
hour w ith  silver oxide. A  p art of the silver oxide was 
reduced to m etallic silver w ith  th e form ation  of a 
b righ t mirror on the w alls of the vessel. T h e liquid 
was filtered and steam -distilled. A  dark brow n m ate
rial w as left in th e vessel which was considerably 
harder th an  the resin obtained w ith sulfuric acid. 
Phosphorus trichloride, phosphoric acid, chrom ic 
acid, hydrochloric acid, am m onium  dichroriiate, for
m aldehyde and potassium  hydroxide did not polym erize 
coum arone or indene in solven t naphtha, under th e 
conditions tried. Zinc chloride at th e boiling point 
of solven t n ap h th a ga v e  rise to a sm all am ount of resin. 
T h e action  of anhydrous stan nic chloride w as sim ilar 
to  th a t of zinc chloride, while iodine was w ithout 
effect.

S oft coum arone resin was distilled at 29 in. vacuum . 
W hen the tem perature rose to  160° C . th e  distillation  
was stopped. T h e resin le ft in the flask w as rather 
dark and m elted com pletely  a t 60-65° C. I t  softened 
in th e hands to  a flexible mass w hich was not ta c k y .

T w e n ty  gram s of th e soft coum arone resin were d is
tilled at 29 in. vacuum .

W eigh t o f D is til la te  W e ig h t of R es id u e  T e m p e ra tu re
9 .0  g . 1 0 .5  g . to  168° C .
2.5 g. 8 .5  g . 1 6 8 -180° C .

From  th is data  it can b e seen th a t  57.5 per cent of 
the soft resin w ent over into  th e d istillate . T h e hard
ness and m elting point of th e residue of resin increased 
w ith  th e am ount of m aterial distilled. T h e d istillate 
w as a h igh ly  viscous liquid w hich was som ew hat 
brown in color. T his coloration  was due to  th e sm all 
am ounts of resin th a t -were carried over m echanically 
during the distillation. T h e distillate is p rob ab ly  
an interm ediate polym erization  product. Its  iodine 
num ber w as found to  be 28.5.

T h e resin obtained in th is w a y  becam e plastic  at 
38° C . and m elted com pletely  a t 7 1°  C . Its  saponi
fication num ber did n ot exceed 0.2. T h e iodine 
num ber of th e hard resin w as 38 to 43.5, which, it 
will be noted, is higher th an  th e  iodine num ber of the 
distillate.

/CH
c 6h /

CH
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In  another case a sam ple of crude solvent naphtha, 
25 per cen t of w hich boiled above 160° C ., w as treated  
w ith 1 per cent of sulfuric acid of 98 per cent strength 
and th e m ixture was agitated  for 2 hrs. I t  was then 
freed from  acid and distilled under ordinary atm ospheric 
pressure at 190° C. T h e residue from  this d istillation  
w as distilled to  165° C . under a vacuum  of 29 in. and 
the residue from  this second distillation was a thick, 
v e ry  viscous substance, dark in color and possessing 
a strong unpleasant odor which was quite different 
from  the harder resin obtained from  the solvent 
n ap htha fraction  (b. p. 160-180° C.) used above. 
T h e yield  of th is viscous m aterial am ounted to 1.9 
per cent of the solven t n aphtha taken.

A n interesting observation  on the unsaponifiable 
n ature of the coum aronc resin was m ade w ith one of 
th e harder sam ples obtained in this investigation. 
Solutions of th e resin in benzol, etc., were applied to 
glass to  form  a th in  film of the resin and when dry the 
plates were im m ersed in a liquid m ade b y  agitating 
P ortlan d  cem ent w ith  w ater during the setting period. 
A  th in  paste of th e cem ent and w ater was obtained in 
this w a y  which was alkaline in reaction. T he effect 
of this alkaline extract on the coum arone resin film 
was com pared w ith ' the results obtained b y  sim ilar 
treatm en t of films of dryin g oils and acid resins. 
In the case of the saponifiable bodies, the de
stru ctive  effect of the alkali was quickly  observed, 
b u t w ith the films of coum arone resin no disinte
grating action  w as noticed even after exposure 
to th e  alkalin e liquid  for a period of several days. 
T h e films clouded and in some cases turned white, 
b u t the hardness and in tegrity  of the coating did not 
appear to  be affected. T his property of the resin 
is of interest in connection w ith the production of a 
coating for concrete and stucco which is en tirely re
sistan t to  th e action  of concrete a lk a li.1

9 2  G r e e n w o o d  A v e n u e

M o n t c l a ir , N e w  J e r s e y

ON CALAM ARY OIL
B y M it s u m a r u  T s u j im o t o  

R eceived  A u g u st 2. 1915

T his oil (Japanese: “ Ik a-ab u ra” ) is obtained from  
the internal organs, especially  th e livers, of various 
species of cuttle-fish, am ong others the calam aries 
(the genera Ommaslrephus and Loligo), and is a b y 
product of the m anufacture of' the so-called “ dried 
cuttle-fish”  (Japanese: “ Surum é” ). A lthough the
annual production of the latter in Japan am ounts to 
about 9,375,000 kg., the oil has been brought into 
m arket rather lately . A ccording to a report of the 
Y o ko h am a  Fish Oil C om pany, the production of the 
oil in H okkaido and other d istricts of Japan has 
ann ually  increased, and it  is stated  th a t the Iw até 
district (the northeastern coast of Honshiu) alone 
produced abou t 50,000 kg. of the oil in 1913. If  all 
the fish used for th e dryin g purpose were utilized, 
the production  of th e oil would be increased v e ry  con
siderably.

T h e oil is prepared b y  boiling the organs of the fish 
w ith  w ater. T h e process appears to  be rather prim itive

1 See U . S. P a te n ts  to  E llis . N os. 999,439, 999,708 a n d  1,005,818.

and rough, judgin g from  the q u ality  of the com 
m ercial oil. T h e  oil-content is recorded as abou t 
2 to 3 per cent of the w et raw  m aterial.

J. Lew kow itsch, in his w ell-known work on oils, 
fats and waxes, has described the livers of decapods 
to be v e ry  rich in oil, b u t hitherto a n y  further in 
form ation  on such oils seems*to have been lacking.

T h e sam ple of calam ary oil exam ined b y  the author 
was obtained from  the Y o ko h am a Fish Oil C om pan y; 
it w as produced in M iyako-chd in the Iw atd pre
fecture. T h e oil is a brownish red liquid of a ve ry  
unpleasant odor; when spread on skin, a fishy smell 
peculiar to fish oils was observed. T h e ta ste  is also 
v e ry  disagreeable. Cooled b y  ice, it solidified in a 
few  hours. W ith  concentrated sulfuric acid, a dark 
brown coloration w ith  a slight purple tin ge was form ed. 
The chief properties of the oil were determ ined w ith  
the follow ing results:

Specific g ra v i ty  (15 ° / 4 ° C . ) . .  . 0 .9 3 1 6  U n sapon ifiab le  m a t te r . . 1 .1 4 %
A cid  v a lu e ...................................... 3 .8 8  G lyce rine  (ex trac tio n
S apo n ifica tio n  v a lu e .................. 189 .64  m e th o d )  ............. 1 0 .2 4 %
Io d in e  v a lu e  (W ijs ) ...................  177 .02  O xidized  a c id s .................... 0 .6 9 %
R e fra c tiv e  ind ex  (20° C .)   1 .4806  M e ltin g  p o in t of th e
B u ty ro  re fra c to m e te r  (20° C .) 8 4 .0  m ixed f a t ty  a c id s . . . .  . 3 5 -3 6 °C .

P o ly  b ro m id e  of th e
m ixed  f a t ty  a c id s . . .  5 7 .4 5 %

T h e polybrom ide was obtained b y  dissolving the 
mixed fa tty  acids in ether, and dropping brom ine 
into the ice-cooled solution. It  is a w hite powder, 
turning brown a t 200° C . and decom posing a t 240- 
250° C . w ithout previous m elting. Its brom ine con
ten t was determ ined to  be 70.91 per cent b y  the 
C arius m ethod.

C alam ary  oil dries in th e air when exposed in a thin 
layer, the dryin g prop erty nearly corresponding to 
th a t of sardine oil.

The oil is not refined b y  K am bara earth w ith good 
results. I t  is best refined b y  alkali in the follow ing 
w ay:

T o  100 g. of the oil, 5 cc. of 20 per cent aqueous 
solution of caustic soda is added and stirred well. On 
gentle w arm ing to  about 60-70° C . th e brown em ul
sion “ breaks,”  w ith the separation of a dark viscous 
precipitate of coloring m atters and im purities (the 
brown coloration is prob ab ly due to  the soaps of 
oxidized acids). A  little  further heatin g suffices, and 
the oil is then filtered from  th e precipitate. T h e 
refined calam ary oil is pale yellow ; its sm ell som ew hat 
recalls th a t of cod liver oil, the unpleasant odor being 
n early  rem oved.

T he Y o ko h am a Fish Oil C om pan y values the 
calam ary oil as about equal to herring oil. T h e  re
fined calam ary oil m ay be used as a su b stitu te  for 
cod liver oil, a lthough its m edicinal effects require 
som e investigation. T h e oil m ay also be used for 
tanning, burning and soap-m aking purposes.

T h e oil, especially th e refined, is easily h ydrogen ated  
b y  nickel catalyzer, giving, according to  th e au th or’s 
experim ent, a w hite ta llow -like fa t of m. p. 43-44° C. 
and iodine value 49.25.

T h e chief use of th e  oil w ill, therefore, p rob ab ly  be 
as a raw  m aterial for hardened oils, as its price is b e
low th a t of other fish oils.

I n d u s t r ia l  E x p e r im e n t  S t a t io n  
T o k y o , J a p a n
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ON HARDENED CH RYSALIS OIL
B y  M it s u m a r u  T s u j im o t o  

R eceived  A u g u st 2, 1915

R a w  chrysalis oil is unsuitable for the purpose of 
hydrogenation, as its nitrogenous and other im 
purities largely  affect th e a c tiv ity  of the catalyzer, 
even if we neglect the ddrk color and bad odor of the 
oil. H ow ever, the refining of chrysalis oil is b y  no 
m eans an easy one; b u t the process proposed b y the 
author, which essen tially  consists in heatin g th e oil 
w ith  5 to  io  per cent b y  vol. of dilute sulfuric acid 
(sp. gr. 1.39) and then treatin g it w ith Kg.m bara 
earth, gives an excellent resu lt.1 T h e refined oil 
hardened b y  nickel catalyzer is a w hite fa t which m ay 
be used as a useful raw  m aterial for soap-m aking.

T h e com position of chrysalis oil has been as y et 
little  investigated . T h e results of experim ents p u b 
lished b y  th e author some years ago appear to  be the 
only report on this su b ject.2 A ccording to this re
port, the fa tty  acids of chrysalis oil consist of about 
25 per cent saturated  and 75 per cent un saturated  
acids (iodine value 178.73). A m ong the saturated  
acids, palm itic acid was identified; stearic acid is 
p rob ab ly  not present. T he un saturated  acids consist 
of oleic, linolenic and isolinolenic acids; besides them , 
som e isomers of linolic acid are present in a som ew hat 
large q u an tity .

If the conclusion of the above-m entioned in vestig a 
tion be really  the case, th e final product of the h y 
drogenation of these unsaturated  acids m ust be stearic 
acid. A  stu d y  o f the product is im portan t from  the 
point of view  of u tilizing th e hardened chrysalis oil for 
technical purposes. T h e author m ade' a few  experi
ments w hich are described below.

I  H Y D R O G E N A T IO N  O F  T H E  U N S A T U R A T E D  (L I Q U I D )

F A T T Y  A C ID S  O F  C H R Y S A L IS  O IL

F ifty  gram s of chrysalis oil3 were saponified in a 
flask w ith  38 cc. of 50 per cent aqueous solution of 
K O H  and 113 cc. of 96 per cent alcohol, b y  w arm ing 
on a w ater b ath ; the excess of alkali was neutralized 
w ith  acetic acid and 500 cc. of 7 per cent aqueous 
lead a cetate  solution was stirred into. T h e resulting 
lead soap was tw ice washed w ith  500 cc. of hot w ater 
and treated  w ith 500 cc. of ether at 10 0 C . and then 
filtered (T ortelli and R u ggeri’s m ethod). T h e filtrate 
was then  treated  w ith  dilute HC1, in order to  decom 
pose the lead soap, and was well washed w ith  w ater: 
250 cc. of the ethereal solution of the free un saturated  
acids thus obtained, which contains abou t 20 g. of 
the acids of iodine valu e 176.17, were transferred into 
a strong glass b o ttle; 0.3 g. of L oew ’s p latinum  b lack 
was added.

T he b ottle  was then connected to  a hydrogen 
holder.4 On expelling the air from  the b ottle  b y  
hydrogen, it was stron gly  shaken b y  means of a

1 J .  Chern. In d . ,  T okyo , 17, N o . 191; Chem . jR *r./1914, 58.
2 J .  Coll. E n g ., Tokyo , 4 (1908), N o . 3; J .  Soc. C hem . In d .,  1908, 455.
* T h is  sam p le  of th e  oil w as p ro cu red  from  a n  o il fa c to ry  in  Ib a ra k i  

p re fec tu re . I t  h a d  th e  fo llow ing p ro p e rtie s : ac id  v a lu e  104.84, sap o n ifica 
tio n  v a lu e  187.03, a n d  iod ine v a lu e  (W ijs) 140.33.

4 H y d ro g en  w as p re p a re d  b y  p u re  zinc a n d  d ilu te  HsSO», a n d  passed  
th ro u g h  th e  w ash  b o tt le s  c o n ta in in g  c o n c e n tra te d  p o ta ss iu m  p e rm a n g a n a te  
so lu tio n  a n d  c o n c e n tra te d  H 1SO 4.

m echanical contrivance. A fter 3V0 hrs. shaking, a 
loss of abou t 2900 cc. of hydrogen was observed on the 
holder. Here the hydrogenation  was stopped for a 
tim e. On evap oratin g  off the ether, a residue am ount
ing to  17.52 g. was obtained. It  was a brow n-yellow  
crystallin e mass w hich when m elted form ed a brow n- 
red liquid; it m elted at 56.2° C ., havin g the n eu traliza
tion  value 188.92 and iodine value 45.91. T h e h y 
drogenation was ap p aren tly  incom plete; b u t before 
continuing the operation, it was found b etter to rem ove 
the unsaponifiable and coloring m atters from  the 
product.

E leven  gram s of the above product were saponified 
w ith 50 cc. of 8 per cent alcoholic solution of N aO H ; 
then 5 g. of N a H C 0 3 and abou t 50 g. of pure sand 
were th o rou gh ly  m ixed w ith it. ■ T h e mass was dried, 
powdered and exhausted in a Soxhlet extracto r w ith 
petroleum  ether.

T h e crude unsaponifiable m atter thus extracted  was 
2.22 per cent. T h e soap in the extracto r was dissolved 
in hot w ater and decom posed w ith  dilute H C 1 and 
then taken up w ith ether. T h e ethereal solution of 
the fa t ty  acids which appeared brownish yellow , was 
decolorized with anim al charcoal, and m ade up to 
250 cc. b y  adding ether; then adding 0.3 g. of the 
p latinum  black, it was hydrogen ized  for 2 hrs. in the 
sam e w ay  as before (the reading of th e volum e of 
hydrogen was om itted).

•On evap oratin g off th e ether, 8.3 g. of the h y d ro 
genated acids were obtained. T h e w hite crystallin e 
mass had a m elting point of 68 to  68.5° C ., n eu traliza
tion value 195.19 and iodine value o. T his product 
is therefore a satu rated  com pound, w hich in its m. p. 
and n eutralization  valu e n early  coincides w ith  stearic 
acid (m. p. 69.3° C ., n eutralization  valu e 197.5, 
m olecular w t. 284). A  m ixture of th e product w ith 
abou t an equal q u a n tity  of pure stearic acid m elted 
at 68 to  68.3° C.

In order to perform  the fraction al crysta llization
of th e acids, 5 g. of th e h ydrogen ated  product were
dissolved in 100 cc. of 90 per cent alcohol and separated
into three portions successively  as follow s:

»
(1) 4.27 g .; w h ite  la m in a e  w ith  p e a rly  lu s te r ;  m . p . 69.5 to  70° C .; 

n e u tra liz a tio n  v a lu e  197.82; m e an  m ol. w t. 283.59. A m ix tu re  w ith  p u re  
s te a r ic  ac id  m e lted  a t  69.5 to  69 .7 °  C .

(2) 0.21 g .; m . p . 6 8 °  C .; n e u tra liz a tio n  v a lu e  197.20.
(3) R esidue  le f t o n  e v a p o ra tin g  th e  m o th e r  liq u o r, 0.41 g .; a  l i t t le  

co lo red  so lid ; m . p . 5 0 °  C .; n e u tra liz a tio n  v a lu e  177.42.

T h e low  m. p. and neutralization  value are prob
a b ly  due to  th e accum ulation  of th e im purities in this 
part and also to  the esterification of the acids on 
evap oratin g off alcohol.

T h e  result of the elem entary analysis of ( i)  was as 
fo llo w s:

0.1245 g a v e  0.3487 CCh a n d  0.1439 H iO ; C  -  76.39; H  -  12.84.
CisHaaOi req u ire s  C  =» 76.06; H  — 12.68.

Therefore, the substance w as confirm ed to  be 
stearic acid.

From  the above experim ent, it  w as concluded th a t 
th e hydrogen ated  product of th e un saturated  fa tty  
acids of chrysalis oil consists m ain ly of stearic acid.
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• I I  O N  T H E  S A T U R A T E D  (S O L ID )  F A T T Y  A C ID S  O F

C H R Y S A L IS  O IL

A lth ough  th e satu rated  acids have no direct relation 
to  hydrogenation, an experim ent supplem en tary to th e 
form er in v estig a tio n 1 w as perform ed as follow s: T he
im pure lead soap of the solid fa tty  acids obtained in 
the previous experim ent on th e liquid acids, was 
carefu lly  detached from  the filter paper and heated 
in a beaker w ith dilute H C 1. T h e acids were then 
dissolved in ether and decolorized w ith anim al char
coal. T h e crude solid acid which was left on evap ora
ting off the ether, form ed a yellow  colored crystalline 
mass. T h e yield  am ounted to  n . 5 g.

B y  dissolving in 100 cc. of 96 per cent alcohol, it was 
fraction ally  crystallized  into five parts.

(1) 3 .78  g .; g ra n u la r  c ry s ta ls ; on m elting , solidifies to  a  g ray ish  w h ite  
m ass; m . p . 5 5 -5 5 .5 °  C .; n e u tra liz a tio n  v a lu e  205.09.

(2) 1.40 g .; m . p . 5 5 .5 -5 6 °  C .; n e u tra liz a tio n  v a lu e  209.30.
(3) 0.77 g .; so m ew h a t g ra n u la r  c ry s ta ls , fa in t ly  yellow ; m . p. 56 .5 °  C .; 

n e u tra liz a tio n  v a lu e  210.70.
(4) 0.21 g .; p a le  yellow  la m in a e ; m . p . 5 7° C .
(5) 3.61 g .; re s id u e  from  th e  m o th e r  liq u o r; an  orange-yellow  so ft m ass.

A m ixture of 3 g. consisting of 2.2 g. of (1) and 0.8 
g. of (2) was dissolved in 100 cc. of 96 per cent alcohol 
and fractio n ally  precip itated  w ith  m agnesium  acetate 
into the follow ing fractions:

(1) 0.9895 g .; m . p. 55 .5 °  C .; n e u tra liz a tio n  v alue  203.22; m ean  m ol. 
w t. 276.05.

(2) 0 .4920 g .; m . p . 5 6 °  C .; n e u tra liz a tio n  v alue  205.43; m ean  m ol. w t. 
273.09.

(3) 0.4305 g .; m . p . 5 9 °  C .; n e u tra liz a tio n  v a lu e  207.98; m ean  m ol. 
w t. 269.74.

(4) 0 .4785 g .; m . p . 6 0 .5 -6 1 °  C .; n e u tra liz a tio n  v alue  215.25; m ean  
mol. w t. 260.16.

(5) N o  p re c ip ita te  w as o b ta in e d  b y  ad d in g  an  excess of th e  p re c ip ita n t. 
T h e re fo re , i t  w as a b a n d o n ed . (T h e  ac id  co n ta in ed  in  th is  p a r t  co rresponds 
to  0.6095 g.)

T h e result is not decisive, b u t it is certain th at an 
acid or acids higher than  palm itic are present. T h e 
mean m olecular w eight of abou t 270 seems to point 
to the presence of daturic acid, C17H34O2. B u t as b y  
repeated precipitations, the m. p. and neutralization 
values are regu larly  changed a little , it is more prob
able th a t the substance under exam ination consists 
of an eutectic  m ixture of stearic and palm itic acids.

I l l  D E T E C T IO N  O F  H I G H E R  S A T U R A T E D  F A T T Y  A C ID S  IN

H A R D E N E D  C H R Y S A L IS  O IL

T o  decide w hether th e hardened chrysalis oil con
tains satu rated  acids higher th an  stearic, the author 
applied the m ethod proposed b y  H. K reis and E. 
R o th 2 which had been m odified and applied to the 
analysis of the hardened oil b y  W . N orm ann and E. 
H ugel.3

Ten  gram s of the m ixed fa t ty  acid obtained from  a 
hardened chrysalis oil4 (an oil from  N agano prefecture 
hardened b y  means of nickel catalyzer) were dissolved 
in 100 cc. of 96 per cent alcohol in a flask. B y  h eat
ing it  on a w ater b ath , 0.75 g. of lead acetate dissolved 
in 50 cc. of alcohol was added. On cooling the solu
tion- to  the room  tem perature (200 C .), it was soon

1 Loc. cil.
2 C hem .-Z tg ., 1913, 58.
' I b id . ,  1 9 1 3 , 815 .
4 Chem . Rev., 1914, 58. T h is  sam p le  is th e  N o . B h a rd e n e d  oil. I t s  

p ro p e rtie s  a re  a s  follow s: m . p . 5 6° C .; ac id  v a lu e  57.16; sapon ifica tion  
v a lu e  190.71; iod ine  v a lu e  35.81.

filtered through a filter paper; the precipitated  lead 
sa lt was washed well w ith alcohol and decom posed 
b y  dilute hydrochloric acid. T h e free acid was taken  
up w ith ether, and washed free from  the m ineral 
acid; th e ether was then evap orated  and a w hite solid 
acid was left.

I t  was dissolved in 25 cc. of 90 per cent alcohol and 
cooled to room tem perature for 30 min. T h e 
m other liquor was filtered off; the deposited crystals 
were dried b y  pressing betw een dry filter papers. I t  
was then tw ice dissolved in 12.5 cc. and 6 cc., re
sp ectively , of 90 per cejit alcohol b y  repeating the 
sam e treatm en t as above.

T h e final deposit weighed 0.35 g. and consisted of 
nacreous lam inae; m. p. 69.5-70° C .; neutralization  
value 194.76. This substance was, therefore, identified 
as stearic acid. No saturated  acid higher th an  stearic 
was found in th e hardened chrysalis oil. This result 
is in a good accordance w ith th a t obtained in the 
previous experim ent.

IV  I N N E R  I O D I N E  V A L U E  O F  H A R D E N E D  C H R Y S A L IS

O IL

It  has been shown b y  J. M arcusson and G. M eyer- 
heim ,1 th a t the inner iodine values of hardened fish 
oils are higher th an  100, whereas lower values are 
found in the cases of hardened terrestrial anim al oils. 
W ith a sam ple of “ T a lg o l”  which is of fish oil origin, 
th e y  found a value of 107.

W hile belonging to a class of terrestrial anim al oils, 
as chrysalis oil has a high iodine value, it appears not 
un likely  th a t the inner valu e of the hardened product 
still exceeds 100, and so in this respect it  m ay resem ble 
fish oils. T o  determ ine this, the author used the 
follow ing tw o oils for exam ination:

(A) T h e sam e sam ple used in the previous exp eri
m ent III .

(B) A  hardened oil havin g th e follow ing properties: 
m. p. 56-56.5° C .; acid value 57.46; saponification 
value 191.08; iodine value 45.53. [The original 
chrysalis oil was th e sam e as (A ), th e  tim e of h y 
drogenation only being different.]

T hree gram s of th e sam ple were treated  in a manner 
equivalen t to T ortelli and R u ggeri’s m ethod. A fter 
keeping a t 6 to 10° C . for 21/2 hrs., the ether solution 
of the lead soap was filtered off and decom posed w ith 
hydrochloric acid.

T h e iodine values were determ ined b y  W ijs’ m ethod. 
T h e inner iodine value of Sam ple A 2 was 87.60; of 
Sam ple B, 103.22, n early  approaching th a t of 
“ T a lg o l.”

In  spite of the low iodine value (45.53) of Sam ple B, 
the inner value was com paratively  v e ry  high. So, 
for a sam ple of the hardened chrysalis oil w hich has 
an iodine value near to th a t of “ T a lg o l”  (iodine va lu e  
65 to 70), a still higher inner va lu e  m ay be expected.

Of course, the process of hydrogenation, i. e., the 
catalyzer, tem perature, tim e, and method, of stirring, 
etc., will essentially influence the inner iodine valu e

1 Z . angew. C hem ., 1914, 201.
5 T h e  liq u id  f a t ty  ac id s  of th is  sam p le  o b ta in e d  as  a b o v e , solidified 

a t  th e  room  te m p e ra tu re . I t  seem s, th e re fo re , to  h av e  co n ta in e d  m ore o r  
less so lid  f a t ty  ac ids.
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of the product. T h a t hydrogenation  takes place b y  
degree according to  the unsaturation  of the fa t ty  acids, 
w ill not a lw ays be anticipated. It  will be, therefore, 
unsafe to atta ch  too  m uch im portance to the inner 
iodine value of a hardened oil w ith ou t ta k in g  into 
accoun t the iodine value of th e oil itself. For hardened 
chrysalis oil of an iodine value above 50, an inner 
iodine value exceeding 100 m ay p rob ab ly  be expected.

v — S U M M A R Y

T h e results of th e present in vestigations m ay be 
sum m arized as follows:

I— T h e hydrogen ated  product of the unsaturated  
fa tty  acids of chrysalis oil consists m ainly of stearic 
acid.

II— Besides palm itic acid, some higher saturated  
acid or acids are present in chrysalis oil. T h is su b 
stance is p rob ab ly  an eutectic m ixture of stearic and 
palm itic acids.

I I I— B y  th e K reis and R o th  m ethod, no saturated  
acid higher than  stearic was found tn th e  hardened 
chrysalis oil.

IV — A n  inner iodine valu e exceeding 100 m ay prob 
a b ly  be expected in the case of a hardened chrysalis 
oil havin g the iodine valu e above 50.

I n d u s t r ia l  E x p e r im e n t  S t a t io n  
T o k y o , J a p a n

TH E USE OF D IPH EN YL G LYOXIM E A S AN INDICATOR 
IN TH E VOLUM ETRIC D ETERM IN ATION  OF 

N ICKEL B Y  F R EVER T’S M ETHOD
B y G . L . K e l l e y  a n d  J .  B . C o n a n t  

R eceived  D ecem b er 2, 1915

A  volum etric m ethod for determ ining nickel in iron 
and steel as devised b y  H. L. F revert was published 
in B la ir ’s “ Chem ical A n alysis of Iron ,”  7th edition, 
1912. Since th a t tim e th e m ethod has been con
sta n tly  in use in th is lab oratory, b u t inasm uch as 
som e sm all changes have been m ade from  tim e to  tim e 
it  seems best to  republish the m ethod w ith  these m odi
fications. A ccord in gly  we give below  F re v e rt’s m ethod 
as originally proposed, except for the m odifications 
m entioned above, and follow  it w ith  a discussion of 
th e use of diphenyl glyoxim e as an indicator.

F R E V E R T ’S M E T H O D  F O R  T H E  D E T E R M IN A T IO N  O F  N IC K E L  

I N  S T E E L

( a )  s o l u t i o n  o f  t h e  s a m p l e — F or ordinary nickel 
steels, a i-g . sam ple is tak en , b u t w ith less than  
0.10 or more than  5 per cent of n ickel, larger or sm aller 
sam ples m ay be taken . In the absence of more th an  
sm all am ounts of chrom ium , solution is m ost rapid 
in 50 cc. of hot dilute n itric acid (sp. gr. 1.13), b u t 
w ith  chrom ium  present in am ounts greater th an  0.5 
per cent, or under circum stances where chrom ium  
carbides are present, more satisfa cto ry  results are 
obtained b y  dissolving th e sam ple in 60 cc. of dilute 
hydrochloric acid  (1 : 1) w ith  the aid of heat. W hen 
solution is com plete, the iron and th e carbides are 
oxidized b y  adding nitric acid, drop b y  drop, until 
effervescence ceases. B oiling rem oves the products 
resulting from  th e decom position of the n itric acid 
after which the solution is cooled. T h e quan tities

of acid given  here are those w hich are convenient for 
use w ith sam ples of 1 g. or less.

( b )  P R E C I P I T A T I O N  O F N IC K E L  D IM E T H Y L  G L Y O X IM E ----

T h e solution obtained, as described above, is rap id ly  
cooled b y  the addition of a lum p of ice, after which 
are added in succession, 12 g. of citric  acid  or e q u iv a 
lent solution, 20 cc. am m onia w ater (sp. gr. 0.90), 
sufficient solution of d im ethyl glyoxim e to precipitate 
all n ickel present and enough more am m onia to  m ake 
the solution d istin ctly  am m oniacal. T h e m ixture 
is thoroughly  stirred after each of these additions. 
T h e solution of d im ethyl glyoxim e is prepared b y  dis
solving 20 g. of the reagent in 1300 cc. of am m onia 
w ater (sp. gr. 0.90), after w hich enough w ater is added 
to bring the volum e up to  2000 cc. T en  cc. of this 
solution allow  sufficient excess to  com pletely  pre
cip itate 1.5 per cent of n ickel in a i-g . sam ple, i. e., 
about 0.0150 g. of nickel.

(C )  T R E A T M E N T  O F  N IC K E L  D IM E T H Y L  G L Y O X IM E  P R E 

C IP IT A T E — W hen the am ount of n ickel is sm all (0.10 
per cent or less), tim e m ust be allow ed for com plete 
p recip ita tio n — an hour is u su ally  am ple. W ith  
am ounts larger than this, no danger of low  results 
atten ds im m ediate filtration. F or this purpose an 
asbestos m at on a 2-in. perforated porcelain plate 
or a Buchner funnel m ay be used. T h e solution con
tain in g the suspended precip itate will usually  h ave a 
volum e of 200 to 250 cc. I t  should be stirred th or
oughly and poured on to  the asbestos m at in such a 
w ay  th a t the funnel a lw ays rem ains p a rtly  filled with 
liquid. Strong suction should be avoided. Q uan
tities of precip itate corresponding to  less th an  5 per 
cent of nickel in a i-g . sam ple rarely  cause trouble 
in filtering, but the difficu lty  rap id ly  increases w ith 
larger am ounts. W hen all of th e precip itate has been 
transferred to the asbestos, it is th o rou gh ly  washed 
w ith w ater. B oth  wash w ater and filtrate are dis
carded, although th e  la tter  m ay be tested  w ith dim ethyl 
glyoxim e if it is believed th a t all of th e nickel m ay not 
h ave been precipitated.

( d )  S O L U T IO N  A N D  D E C O M P O S IT IO N  O F  T H E  P R E C I P I -  

T A T E ~ T he receiving flask and tip  of th e funnel are next 
well rinsed w ith w ater. W ith  th e m at still in place, 
b u t w ith suction off, enough nitric acid  is added to 
cover th e asbestos to  a depth of '/s in. A fter a m inute, 
suction  is applied, th e acid drawn through th e  filter 
and abou t as m uch more added, tak in g care to cover 
the entire surface. A t  this point there should rem ain 
no visible trace of th e red precipitate. T h e m at is 
now to be thoroughly washed w ith  w ater, th e washings 
being collected in th e flask w ith the acid. T h e solu
tion  so obtained is then  transferred to a 400 cc. beaker 
in w hich it  is heated  to boiling. Here the solution 
is allow ed to  cool sligh tly  to fa cilita te  th e addition of 
1 g. of either potassium  chlorate or ammonium- per
sulfate. T h e solution is boiled until clear; this usually 
in volves a considerable reduction in bulk, often as 
much as 50 per cent. Insufficient boiling m ay cause 
trouble (1) through failure to decom pose the dim ethyl 
glyoxim e, which would reprecipitate when th e so lu 
tion  is subsequen tly  m ade am m oniacal, or (2) because 
if th e solution is not freed from  oxidizing products



Sept., 1916 T U 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 80s

of th e chlorate or persulfate decom position the indi
cator which is used to  determ ine the presence .of an 
excess of am m onia m ay be destroyed.

A cheaper and som ew hat sim pler device for dis
solving and decom posing th e dim ethyl precipitate 
consists in treatin g  it  w ith  50 cc. of a m ixture m ade up 
of 40 cc. of hydrochloric acid  and 10 ce. of n itric acid. 
This acid filtrate and th e wash waters when evaporated  
to  a b ulk  of 50 cc. will be found to be free from  di
m ethyl glyoxim e and ready for the next step, the 
n eutralization  w ith  am m onia.

( e )  T H E  N E U T R A L IZ A T IO N  O F  T H E  A C ID  N I C K E L  S O L U 

T IO N  w i t h  a m m o n i a — T he cooling of the acid solution 
m ay be hastened b y  adding ice. N eutralization  need 
not be m ade w ith great care, but it is well not to  have 
the excess of am m onia indefinitely large: 5 cc. of strong 
am m onia w ater in excess of th a t necessary to  neu
tralize 300 cc. of solution causes no harm , but quan ti
ties larger th an  this interfere. Out of several indi
cators tried, rosolic acid  showed more sta b ility  in this 
solution than  a n y  other. Strong, am m onia is usually 
added rap id ly  in excess. D ilute n itric acid and dilute 
am m onia are then used to com plete neutralization, 
leavin g a sligh t excess of am m onia. T h e red color 
of the indicator seems to have a beneficial effect upon 
the subsequent titration  of the nickel. T he volum e 
should be 250 cc.

( f ) t i t r a t i o n  o f  t h e  a m m o n i a c a l n i c k e l s o l u t i o n —  

T itratio n  is m ade w ith potassium  cyanide, using 
silver iodide as indicator, fn  this connection solu
tions containing 8.0 g. potassium  iodide, 0.5 g. silver 
n itrate, and 4.6 g. potassium  cyanide per liter are used. 
T he stren gth  of th e  potassium  cyanide solution is so 
adjusted  th a t 1 cc. of th e  solution is equal to  0.0010 
g. of nickel. T his is accom plished b y  comparison 
with a n ickel solution of known nickel content, or w ith 
a standard steel.

T o  m ake th e titra tio n , exactly  10 cc. each of the 
potassium  iodide and silver nitrate solutions are added 
(with stirring), follow ed b y  the potassium  cyanide. 
T he first additions of potassium  cyanide increase the 
tu rb id ity  of the solution, and up to this point the addi
tion of th e  cyan ide m ay be rapid. From  then on, it 
is added in rapid drops (w ith stirring) until the tu r
b id ity  is abou t the same as before adding an y cyanide. 
T h e last 15 to 20 drops are added slow ly, the end-point 
being taken  as the disappearance of the ast trace of 
tu rb id ity . T h e cyan ide added of course titrates the 
silver iodide as well as th e nickel, and the result there
fore m ust be corrected b y  the subtraction  of a blank. 
To determ ine th e b lan k, add 10 cc. each of the potas
sium iodide and silver n itrate solutions to a nickel 
solution which has been titra ted  and w hich has the 
volum e a t which titrations are usually m ade, and 
titrate w ith K C N . B y  repeating this several tim es 
with the sam e solution an average blan k will be ob
tained w hich m ay be regularly  used where these condi
tions apply. In  this lab oratory  th e blan k has been 
found as 1.00 cc. of potassium  cyanide solution, and 
this blan k is accordin gly subtracted  from  all titration s 
before calcu latin g the result. T h e form ula for calcu
lating percentage of nickel in th e sam ple is

N um ber of cc. of K C N  —  blank , . , ,
_       --------- — —  = per cent of nickel.
N um ber of gram s m sam ple X  xo

( g )  s o m e  d e t e r m i n a t i o n s  o f  n i c k e l  i n  s t e e l — ■ 

Sam ple A is a sam ple of steel prepared as a p rivate  stan d
ard w hich has been analyzed  in th is lab oratory  b y  a num 
ber of m ethods and found to h a ve  3.03 per cent nickel. 
This sam ple is analyzed  b y  this m ethod tw ice d aily  
as a check on the determ ination. The last fifty  
determ inations m ade average 3.03(06) with the highest 
value 3.08 and the lowest 3.01.

Sam ples 32 and 33 are sam ples prepared at the
B ureau of Standards. Our analyses w ith the official
figures are given  below:
B u rea u  o f  S ta n d a rd s  S am p le  O f f ic ia l  P e r  c e n t  N i  F o u n d

N o .  N a m e  V a l u e  F o u r d e te rm in a tio n s
32 C h ro m e N ick e l S tee l 1 .6 2 %  N i 1 .63  1 .64  1 .62  1 .64
33 N ick e l S tee l 3 .3 3 %  N i 3 .3 4  3 .3 2  3 .3 4  3 .3 2

T H E  U S E  O F D IP H E N Y L  G L Y O X IM E 1 AS A N  IN D IC A T O R

In outline, the m ethod consists in adding a measured 
excess am ount of standard potassium  cyan ide solution 
to  an am hioniacal solution of the nickel salt. A  
q u an tity  of the indicator is then added and the excess 
of potassium  cyan ide titra ted  w ith  standard nickel 
su lfate solution. In  th e early  w ork on th e m ethod, 
the more w idely used dim ethyl glyoxim e was em 
ployed as an indicator. T his was suggested b y  Lun- 
dell2 in an article in w hich he uses this m ethod in the 
analysis of cyan ide solutions. Our experience w ith  
this reagent dem onstrated th a t it was unsuited to 
use as an indicator in the determ ination o f ' nickel 
because th e results were found to  v a ry  w ith  the con
centration  of the indicator in the solution and w ith 
th e excess of cyan ide used. T h eo retically  diphenyl 
glyoxim e is open to th e sam e objections as the above 
reagent except in one respect, viz., th a t owing to  the 
low er solubility  of its nickel com plex it is not necessary 
to  use the indicator in as high concentrations as was 
found to  be necessary w ith  dim ethyl glyoxim e.

A  solution of the diphenyl glyoxim e was obtained 
b y  dissolving i g. in a solution of 5 g. N aO H  in 100 
cc. of w ater. This was d iluted to 1000 cc. W ettin g 
the diphenyl glyoxim e w ith alcohol before treatin g it  
w ith the sodium  hydroxide often helps in obtaining 
more rapid solution. A  solution of nickel su lfate 
was prepared which contained about 0.001 g. of nickel 
per cc. This was a convenient stren gth, for in w orking 
w ith  a 1 g. sam ple of steel 0.1 cc. corresponded to  
0.01 per cent of nickel. It was standardized b y  t i 
tration  against p o ta ssiu m . cyan ide solution of known 
strength, using silver iodide as indicator. T h e t itra 
tion  b y  the m ethod described here w as m ade b y  m aking 
th e nickel solution alkaline w ith  am m onia, adding a 
m easured excess of potassium  cyan ide solution, fo l
low ed b y  a q u an tity  of the indicator, and titra tin g  
w ith stan dard nickel su lfate solution. A ll titration s 
were carried on in a volum e of 250 cc., and w ith ev ery  
change in the am ount of indicator solution used a 
new blank was' determ ined, using the sam e volum e of 
w ater and 5 cc. of am m onia (sp. gr. 0.90).

F A C T O R S  U N F A V O R A B L E  T O  T H E  M E T H O D  E a r ly  in
1 T h is  re a g e n t w as recom m ended  a s  a  q u a n t i ta t iv e  p re c ip ita n t fo r N i 

b y  A tac k , J .  Chem . Soc., 103, 1317.
2 T rans. A m . EUclrockem. Soc., 25 (1914), 369.
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the work on this m ethod it was noted th a t it is un
fa vo ra b ly  affected b y  (1) the presence of salts of strong 
acids or bases in more than  sm all am ounts (2 to 4 per 
cent), (2) b y  strong bases, (3) b y  w eak bases to  a less 
extent, and, of course, (4) b y  acids. Salts such as the 
chlorides, nitrates and sulfates of sodium , potassium  
or am m onium , in quan tities of more than  4 per cent 
in the solution to be titrated , caused precipitation  of 
th e indicator and prevented its reaction w ith the 
nickel salt when this was present in excess. Strong 
alkalies, such as sodium  hydroxide, in am ounts greater 
than  traces, en tirely  preven ted  the reaction  between 
the nickel salt and the indicator. Q uantities of am 
m onia corresponding to a concentration greater than  
tw o parts of strong am m onia in 100 parts of solution, 
m ade the end-point un satisfactory. T h e fa ct th a t the 
titration  depended upon th e form ation of the double 
cyanide of course made the absence of free acid neces
sary.

T H E  C O N C E N T R A T IO N  O F  T H E  IN D IC A T O R  I n  t h e

results showing the variation  in values obtained upon 
the nickel sulfate solution itself w ith  a constant con
centration of am m onia and differing concentration of 
indicator and nickel, the cyan ide solution was of such 
strength th a t each cc. w as equivalen t to 0.001 g. of 
nickel; the nickel sulfate solutions contained 0.00106 
g. of nickel per c c .; all titration s were m ade at room  
tem perature in a volum e of 250 cc. T he results clearly 
indicated th a t 1 cc. of th e indicator was too little  to 
use. As we increased the concentrations of the indi
cator a point was reached where the end-point tended 
to  appear too soon b y  larger and larger am ounts. 
T itra tin g  in a volum e of 250 cc. w ith nickel solution 
of th e concentration used here, 5 cc. of th e indicator 
solution appeared to us to  be the best am ount. It 
is probable, how ever, th a t in titra tin g  in sm aller 
volum e or w ith  more concentrated nickel solution, 
it w ould be desirable to  use less indicator; and on the 
other hand a larger am ount of indicator would prob ab ly 
prove convenient if the titration  w ere . carried on in 
larger volum e, or if a more dilute nickel solution were 
em ployed. T h e conditions which determ ine the 
am ount of indicator and th e concentration of nickel 
solution are th a t the am ount of indicator shall be such 
as to  give a definite color indication, y e t avoid  such 
concentrations in either nickel solution or indicator 
as w ill cause the precipitation  of the nickel diphenyl 
glyoxim e com plex as a consequence of the m om entary
appearance of a local excess of nickel during the
titration .

t h e  c o n c e n t r a t i o n  o f  a m m o n i a — B elow  are given  
results showing th e effect of m oderately high concen
trations of am m onia upon the titration . In these 
experim ents the indicated  quantities of am m onia 
(sp. gr. 0.90) were added to  10 cc. portions of a solutio.n 
of n ickel salt Which had previously  been m ade barely 
alkaline w ith am m onia. T h e volum e at titration  
was 250 cc., containing 5 cc. of indicator, 11 cc. of 
K C N  solution and 0.106 g. nickel.

A m m o n ia  u s e d ................  5 cc. 5 cc. 10 cc. 10 cc. 15 cc. 15 cc.
N ick e l found  ( g . ) -------- 0 .0 1 0 7  0 .0 1 0 8  0 .0 0 9 2  0 .0 1 0 4  0 .0 1 0 0  0 .0 0 8 9

It is evident from  these results th a t there is a m axi

m um  above w hich the concentration  of am m onia 
should not go. A  large num ber of determ inations 
not shown here lead th e authors to  believe th a t eq ually  
good results m ay be obtained from  an y concentration  
from  th e m inim um  necessary to  m aintain  the a lka lin ity  
of th e solution during th e addition  of the nickel solu
tion, up to  s cc. of am m onium  hydroxide (sp. gr. 0.90) 
in 250 cc. of solution. T his wide m argin m akes 
neutralization  com p aratively  easy, for in w orking 
w ith d ilute am m onia several cc. in excess m ay be added 
w ith ou t harm  and the sense of smell is a sufficien tly  
good indicator.

T H E  P R E P A R A T IO N  O F  T H E  N I C K E L  S O L U T IO N  F O R

t i t r a t i o n — T he nickel in the sam ples is separated 
from  the iron and other constituents of the steel as 
described above under F re v e rt’s m ethod, Sections A , 
B and C . T h e solution of th e p recip itate is different 
from  th a t given  under Section D , how ever, w ith the 
ob ject of avoid in g a high concentr.ation of salts in the 
resulting solution. C on centrated  hydrochloric acid 
containing 10 per cent n itric acid  is poured over the 
precip itate to  dissolve it. Solution proceeds less 
rap id ly  than  when nitric acid is used, b u t if the suction 
is not strong, no difficu lty  will be encountered in dis
solving th e p recip itate in- abou t 50 cc. of acid. C are 
m ust be taken  th a t every  visible trace of the red pre
cip itate  has disappeared before proceeding to the next 
step w hich consists in w ashing the asbestos w ith  about 
100 cc. of w ater. T h e to ta l filtrate, h avin g a volum e 
of 150 cc., is now evap orated  to sm all bu lk. T h e com 
bination  of n itric acid and hydrochloric acid  serves to 
oxidize the dim ethyl glyoxim e w hich w ould otherw ise 
precip itate as the nickel com plex upon subsequent 
addition of am m onia. T h e evap oration  is carried 
alm ost to dryness in order to  keep the concentration 
of am m onium  salt, w hich will be fofm ed when am m onia 
is added, down to the low est possible value. If some 
separation of salt has occurred, a drop of either n itric 
or hydrochloric acid  m ay be added, along w ith  w ater 
enough to  ta k e  it up. T h e volum e of th e solution is 
raised to 150 to  200 cc. b y  the addition  of w ater and 
abou t 5 cc. of d ilute hydroxide solution (1 to  3) added. 
(If this am ount of am m onia w ater is not enough to 
render th e solution alkaline, evap oration  has n ot been 
carried far enough and trouble m ay be m et later 
through precipitation  of th e indicator.) T h e solution 
is now  rea d y  to  titra te  and accordin gly standard 
potassium  cyan ide solution is added w ith  stirring 
u n til th e opalescence (or bluish tinge) disappears, 
after which a further q u an tity  of abou t 15 cc. is added. 
T h e next addition  is of 5 cc. of the indicator solution 
which is follow ed b y  titra tio n  w ith  stan dard  nickel 
solution.

t h e  a n a l y s i s  o f  s a m p l e s  o f  s t e e l — In T ab le  I 
are given  results obtained in the analysis of steels 
w ith  and w ithout added nickel solution.

T a b l e  I — A n a l y s is  o f  S t e e l s  
G ra m  N ick e l P e r  c e n t N i F o u n d  P e r  ce n t N i

S am p le  A d d ed  • D u p lic a te s  T h e o re tic a l
A ................................................... N o n e  3 .0 3  3 .0 3  3 .0 3
A ................................................... 0 .0 0 5 3  3 .5 8  3 .5 7  3 .5 6
A ..................................................  0 .0 1 0 6  4 .0 8  4 .0 7  * 4 .0 9
A ................................................... 0 .0 2 1 2  5 .1 8  5 .1 8  5 .1 5
B. of S . N o . 3 2 ..................... N o n e  1 .63  1 .6 4  1 .62
B . o f S . N o . 3 3 ..................... N o n e  3 .3 0  3 .3 1  3 .3 3
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S U M M A R Y

I— In th e  foregoing paper, F re v e rt’s excellent m ethod 
for the determ ination of nickel has been restated  in 
am plified form  and m ethods for avoiding all of the 
ordinary difficulties have been indicated.

II— A  new indicator has been suggested for use in 
the titration  w hich m ay find favor with some who prefer 
the appearance of a color as an end-point to the dis
appearance of an opalescence.

II I— B oth  m ethods are more accurate than an y 
vo lu m etric m ethod for determ ining nickel in steel 
which does not in volve the separation of the iron, 
and more rapid and less laborious than  those which do. 
B y  F re v e rt’s m ethod a single determ ination of the nickel 
in a sam ple of steel m ay be made in 25 min. even in 
the presence of chrom ium . A  trained operator can 
m ake 50 or more determ inations in a d ay of 8 hrs. 
T he m ethod em ployin g diphenyl glyoxim e as indicator 
requires 35 to 40 min.

IV — W hile th e m ethods are perhaps sligh tly  less 
accurate th an  th e m ethod which involves weighing 
the precip itate of N i-dim ethyl glyoxim e, the greater 
speed w hich is possible in routine determ inations 
more th an  com pensates for so sm all a loss in accuracy.

R e s e a r c h  D e p a r t m e n t , M id v a l e  S t e e l  C o m p a n y  
P h il a d e l p h ia

TH E DETERM INATION OF SM ALL AM OUNTS OF 
ALCOHOL AND W ATER IN ETH ER FOR 

ANAESTHESIA
B y  E d w a r d  M a l l in c k r o d t , J r . ,  a n d  A . D . A l t  

R e c e iv e d  J u n e  5 , 1916

A  recent stu d y  of the m ethods for th e detection of 
the com m on im purities in eth yl ether b y  one of the 
w riters m ade it seem  desirable, on th e grounds of 
com pleteness, to h ave a m ethod for determ ining 
q u a n tita tiv e ly  the am ounts of alcohol and w ater in 
anaesthetic ether. No claim s for origin ality  are made 
for th e m ethod given  in the follow ing pages since it 
is a developm ent of one already used. Pure ether dis
solves on ly  abou t i per cent of w ater. A naesthetic 
ethers in this cou n try  never contain  more than  3 or 4 
per cent of alcohol. O bviously, therefore, we are 
dealing w ith  sm all quantities and extrem e accuracy 
cannot be claim ed. T he results obtained b y  applying 
the m ethod to five w ell-known brands of anaesthetic 
ether are given.

Of the num erous m ethods proposed for th e de
tection of wrater in ether, only the colorim etric pro
cedure w ith  rosaniline acetate ,1 the bluing of a n h y
drous copper su lfate when brought into contact w ith 
m oist eth er,2 the evolution  of gas b y  am algam ated 
alum inum ,3 and the determ ination of the density before 
and after dehydration  b y potassium  Carbonate,'1 ap
peared to  be applicable to  the q u an titative  estim ation 
of w ater in fa irly  pure ethers.5

1 S qu ibb’s E phcm eris, 2 (1884), 594.
3 A drian , M o n . Sci., 44, ii. 835.
1 W islicenus a n d  K au fm an n , Ber.. 28 , 1325.
* R eg n a u ld  a n d  A drian , J . P harm . el Chem ., [3] 45 (1864), 193.
® P ro f. F ra n k fu r te r 's  v a lu ab le  te s t  (J . A m . Chem. Soc., 37, 2566) fo r 

th e  d e tec tio n  of w a te r  in  e th e r  w as n o t p ub lished  u n ti l a f te r  th e  expe ri
m en ta l w ork  in th is  p a p e r  h ad  been  com p le ted . A few  tr ia ls  in d ica te  th a t  
i t  is fa r  m ore d e lica te  th a n  th e  know n  te s ts . I t  w ould  be  desirab le  to  m ake 
th e  p ro ced u re  q u a n t i ta t iv e  if possible.

A  set of standard ethers containing respectively  
o.r, 0.25, 0.5, 0.75 and 1.0 per cent w ater b y  w eight was 
prepared. F iv e  m illigram s of dried rosaniline acetate 
were placed in a d ry  test tube and ro cc. of ether added. 
T h e colors varied  but the differences were not suffi
cien tly  m arked to allow placing some seven ethers 
containing va ry in g  am ounts of alcohol and w ater in 
betw een know n mem bers of the series using the eye 
to judge the tints.

A n hydrous ether containing 0.1 per cent of absolute 
alcohol gives a w ine-yellow  color different from  the 
above colors. It  would require considerable stu d y  to 
perfect the m ethod even if the tin t produced b y  alcohol 
could be shown not to  interfere.

T en  m illigram s of copper sulfate finely powdered 
and well dried at 220° C. were shaken w ith 10 cc. of 
each of the above stan dard ethers. A fter 15 min. the 
copper su lfate showed no change from  its original 
light gra y  color in ether containing 0.1 per cent w ater, 
but in ether containing 0.5 per cent w ater, the salt 
becam e bluish and the difference betw een the ethers 
containing 0.5 per cent, 0.75 per cent and 1 per cent 
could be detected. A fter about half an hour the sam 
ple containing 0.25 per cent could bq placed in its 
proper position below the 0.5 per cent sam ple. The 
seven unknow n ethers could be placed in this series 
more satisfactorily  than in the previous m ethod, 
but the procedure is at best only an approxim ation.

C on tra ry  to  the experience of B ask erville ,1 we had 
no success w ith am algam ated alum inum  although 
considerable effort was spent upon this reagent be
cause it  is stated  to have the ad van tage of being un 
influenced b y  alcohol. W e have observed the evolution  
or disengagem ent of sm all bubbles even when the am al
gam  is placed in pure ether rendered anhydrous b y  
m etallic sodium  and ether containing 0.1 per cent of 
w ater showed no evident increase in th e am ount of 
gas liberated. I t  is not easy, therefore, to  distinguish 
w hat degree of bubbling indicates the presence of w ater. 
B ein ,2 w orking w ith a d ilatom eter filled w ith pure 
ether at 25°, experienced great d ifficulty due to the 
disengagem ent of sm all gas bubbles from  the slightest 
jarrin g of th e instrum ent. T h e am algam  offering 
m any sharp points m ight be expected to  have a greater 
effect.

In passing, m ention m ay be made of the fa ct th a t 
the test for the detection of w ater in ether b y  shaking 
w ith  carbon bisulfide is valueless, for, where alcohol is 
present, little  or no tu rb id ity  is produced.3

W e also tried subjecting ether to a tem perature of 
about — 700 C. produced b y carbon-dioxide-snow and 
acetone, in order to freeze out the w ater as a hyd rate 
of eth er.4 T h e presence of about 0.1 per cent of added 
w ater m ay be detected in alcohol-free anhydrous

■ T h is  J o u r n a l , 3 (1911), 312.
5 W . B ein , " Z u r  A usdehung  d es  A e th y la e th e rs  u n d  e in iger m ischungen  

des A eth e rs  m it A e th y la lk o h o l"  W issenschaftliche  A b h an d lu n g e n  d e r 
K aiserlichen  N o rm al-E ich u n g s-K o m m issio n . M e tro n o m isch en  B e itrage , 
H e ft. V I I I ,  p . 11.

a S q u ib b  (Squibb 's E phem eris, 2 (1884), 594) s ta te s  t h a t  a b so lu te  e th e r  
a f te r  th e  ad d itio n  o f 0.1 p e r  c e n t of " w a te ry  a lco h o l'' does n o t show  th e  
fa in te s t  cloud iness u p o n  a d m ix tu re  of eq u a l vo lum es o f o il of c o p a ib a  o r  
ca rb o n  d isu lfide.

4 B e rth e lo t. C om pt. rend., 86, 765; also  F ra n c h im o n t, Ber., 10, 830.
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ether b y  the appearance of a slight cloudiness, but 
the presence of a few  per cent of alcohol destroys the 
sensitiveness of the reaction.

T y r e r 1 found th a t the am ount of w ater present in 
alcohol-free “ w et”  ether could be accu rate ly  determ ined 
b y  m easuring the so lu b ility  of cadm ium  iodide in the 
ether since the solu b ility  is greatly  influenced b y  sm all 
additions of w ater. T he m ethod is not applicable, 
how ever, when alcohol is present because alcohol in
creases the solu b ility  of cadm ium  iodide considerably 
and after prelim inary trials we abandoned it altogether.

R E G N A U L D  A N D  A D R IA N ’S R E S U L T S

O bviously  th e density of ether is influenced both 
b y  the presence of alcohol and of w ater, and affords 
no insight into th e proportion in which th e y  exist in 
a n y  given  sam ple. T his proportion is dependent upon 
laws of distillation. A t 250 C. according to  our ex
perim ents, the addition  of 0.1 per cent of w ater to 
pure ether increases th e specific g ra v ity  abou t 0.0004, 
or four tim es as m uch as the sam e am ount of pure 
alcohol. R egnauld  and A d rian 2 determ ined th e w ater 
from  the change in density produced after absorbing 
th e w ater b y  means of a dehydratin g agent. T he 
den sity  of the resulting m ixture w hich then  consisted 
only of ether and alcohol indicated th e  q u a n tity  of 
alcohol present. T h e y  found th a t while potassium  
carbonate, which proved to  be the best dehydratin g 
agent for the purpose, rem oved the w ater com pletely 
from  ether in the absence of alcohol, it was unable in 
the presence of alcohol to  d ehydrate th e alcohol b e
yond 98 per cent b y  volum e. T h is conclusion rested 
upon th e fa ct th a t the densities of m ixtures containing 
respectively  5 cc. of alcohol (98 per cent b y  volum e) +  
95 cc. of pure ether and 35 cc. of (98 per cent b y  v o l
ume) alcohol +  65 cc. of pure ether showed no change 
after treatm en t w ith  anhydrous potassium  carbonate. 
Since their densities were expressed only to  th e third  
place, havin g been taken  b y means of a hydrom eter, 
it seem ed desirable to  test the point more accurately, 
especially since it can be shown th a t the effect of 2 per 
cent of w ater in th e 5 cc. of alcohol of th e first m ixture 
is of sufficient m agnitude to  increase th e den sity  only 
ab ou t three in the fourth  place.

H avin g convinced ourselves b y  som e prelim inary 
trials th a t potassium  carbonate is insoluble in ether 
containing 4 per cent of absolute alcohol and th a t it  
rem oves w ater, if present, more com pletely  than 
R egnauld  and A drian  believed, we proceeded to test 
this point q u an tita tive ly . T o  100 cc. of pure ether 
containing 2 per cent absolute alcohol, 0.5 per cent 
of w ater was added and shaken. T his m ixture, before 
the addition of the w ater, as will be seen from  the den
sity  curve, had a specific g ra v ity  of 0.71205, ether and 
w ater both at 250 C. F orty-five  gram s of potassium  
carbonate dried for 5 hrs. a t 240 to  280° were added 
and th e m ixture allow ed to  stand for 20 hrs. w ith  oc
casional shaking, a fter which the specific g ra v ity  was 
found to  be 0.71201. T h e experim ent w as repeated 
\vith ether, containing 4 per cent absolute alcohol,

1 Chem . Soc. Proc., V t  (1911), 142-143.
* Loc. cit.

which had a specific g ra v ity  of o .71424.1 One-half 
per cent of w ater was added and th e m ixture dried b y  
potassium  carbonate after w hich th e specific g ra v ity  
was 0.71425. It  is evid en t th a t w ater is rem oved 
q u a n tita tive ly  from  ether containing as m uch alcohol 
as is like ly  to  occur in anaesthetic ethers, b u t R e g
nauld and A d rian ’s contention th a t potassium  car
bonate does not act q u an tita tive ly  when 35 per cent 
of alcohol is present is true as the follow ing exp eri
m ents show.

T h e specific g ra v ity  of a m ixture of 300 cc. of pure 
ether and 162 cc. of absolute alcohol (99.8 per cent) 
was found to  be 0.7435, pycnom eter fu ll of w ater and 
ether weighed in air2 at 250. No change in th e d en sity  
was produced b y  treatm en t w ith  potassium  carbonate. 
T o  reduce the strength  of the alcohol to abou t 98 per cent 
2.743 g- ° f  w ater were added. C arb on ate of potassium  
in the usual proportion of 45 g. per 100 cc. of m ixture 
was added and th e m ixture allow ed to  stand w ith oc
casional shaking for 44 hrs. T h e pycnom eter now 
showed a specific g ra v ity  of 0.7447 and further tre a t
m ent w ith  potassium  carbonate did not lower it. 
T hese results, how ever, do not agree w ith  the s ta te
m ent of th e above authors th a t  potassium  carbonate 
is unable to d ehydrate th e alcohol in such a m ixture 
beyond 98 per cent b y  volum e since th e specific g ra v ity  
is w ithin 0.0012 of th e original figure before the addi
tion  of w ater. Since 0.1 per cent of w ater raises the 
g ra v ity  in anaesthetic ether 0.0004, 100 g. of the m ix
ture should still contain  abou t 0.3 g. w ater; in other 
words, approxim ately  tw o-thirds of the w ater has been 
rem oved.

T H E  D E T E R M IN A T IO N  O F  W A T E R

W e determ ined th e w ater d irectly  b y  w eighing the 
potassium  carbonate although the m ethod of R e g
nauld and Adrian appears to  be fu lly  as satisfactory. 
T h e procedure for determ ining the w ater is best illus
trated  b y  th e follow ing experim ent:

T o  94 g. of pure ether, dried over sodium , 
0.7588 g. of distilled w ater was added b y  sealing the 
w ater in a glass bulb and breaking under the surface 
of the ether. Solution therefore contained 0.80 per 
cent w ater. P otassium  carbonate was dried for 5 
hrs. a t 250° C. and cooled in a desiccator. A bout 
24 g. of this were put into a glass-stoppered Erlen- 
m eyer flask and then weighed. S ev en ty  gram s of the 
ether-w ater m ixture were introduced and the flask 
vio len tly  shaken on a shaking m achine for 8 hrs. 
I t  w as then rem oved and allow ed to  stand for 28 hrs. 
A  calcium  chloride tube bent dow nw ard h avin g been 
fitted  b y  means of a cork to  avoid th e entrance of m ois
ture from  w ithout, the flask was p a rtia lly  subm erged 
in w ater at 50° C. and the ether distilled off through 
th e calcium  chloride tube. W ith o u t -rem oving the 
calcium  chloride tub e, the apparatu s was then ' put

1 T h e  d en s ity  of th is  m ix tu re  does n o t  co incide  w ith  th e  o th e r  p o in ts  
on  th e  cu rv e . A n e rro r  w as e v id e n tly  m a d e  in  th e  a m o u n t of a lcoho l added  
in  m a k in g  u p  th e  m ix tu re  r a th e r  th a n  in  th e  d e n s ity  d e te rm in a tio n  since 
th e  d e n s ity  a f te r  t r e a tm e n t  w ith  p o ta ss iu m  c a rb o n a te  ag rees  w ith  th a t  
befo re  t r e a tm e n t. S u ch  a n  e rro r, how ever, does n o t in v a lid a te  th e  expe ri
m e n t since th e  p o in t h e re  in v o lv ed  is th e  rem o v a l o f w a te r.

2 T h e se  d e te rm in a tio n s  w ere n o t red u ce d  to  th e  v a c u u m  b asis , a ll o th e rs  
w ere so  red u ced .
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in an electric oven a t 60 0 C. and dried for about 12 
hrs. T h e calcium  chloride tube was rem oved and a 
gentle stream  of air was drawn through the flask for 
30 sec. in order to sweep out the ether vapor. T he 
flask was now stoppered and weighed after cooling in 
a desiccator.

T h e calcium  chloride tub e was replaced and the ap
p aratu s again heated for 3 hrs. at 600 C . A ir was 
drawn through as before. The w eight was constant 
to w ithin 1 mg. T h e increase, due to the absorption 
of th e w ater, was 0.5717 g., corresponding to 0.82 per 
cent found as against 0.80 per cent added.

A n a ttem p t was m ade to apply  the same m ethod to a 
sim ilar m ixture but containing in addition 3 per cent 
of alcohol, b u t no constant w eight could be obtained 
on dryin g the potassium  carbonate, due to the reten
tion of some alcohol. W hen the tem perature of the 
oven was raised sufficiently to drive out the alcohol, 
some w ater was lost. This difficulty was overcom e 
b y w ashing the alcohol from  the potassium  carbonate 
w ith pure anhydrous ether as the following experim ent 
shows: T o  243 g. of pure ether, dried over sodium ,
2.536 g. of distilled w ater and 13 cc. of absolute alcohol 
were added corresponding to 0.99 per cent and 4 per 
cent, respectively.

A b o u t 20 g. of freshly dried potassium  carbonate 
were introduced into  a sm all flask h avin g a lo n g , narrow 
neck and a ground glass stopper. A  glass wool plug 
was fitted  into the neck and the apparatus weighed. 
F ifty  gram s of the above m ixture were then run in 
and th e flask shaken for 5 hrs. and allowed to stand 
over night. T h e ether was filtered out through the 
glass wool plug but did not com e clear, so it was evap o
rated  and the w eight of th e suspended potassium  car
bonate added to the calculation. T he potassium  car
bonate w as washed successively w ith three portions of 
xo cc. each of absolute ether, introduced and expelled 
b y  a ltern ately  cooling and w arm ing the flask. T h e 
flask w as then  dried at 600 C. to constant w eight, air 
being draw n through for 30 sec. to  rem ove ether vapor 
as in the previous experim ents. In duplicate deter
m inations the w ater found was 0.5263 g. and 0.4887 g., 
corresponding to  1.05 per cent and 0.98 per cent, 
respectively.
D E T E R M IN A T IO N  O F  T H E  D E N S IT IE S  O F  E T H E R -A L C O H O L  

M IX T U R E S

H avin g shown th a t the w ater m ay be determ ined 
d irectly  b y  w eighing the potassium  carbonate, it 
rem ained to  construct a curve for alcohol-ether m ix
tures from  w hich, havin g given the specific gra v ity  
of an y m ixture after dehydration, the percentage of 
alcohol m ay be read off. M ixtures containing by 
w eight i ,  2, 3 and 4 per cent were made b y  breaking 
glass bulbs containing th e absolute alcohol of 99.9 
per cen t1 under pure ether. The latter was prepared 
b y  shaking 10 liters of anaesthetic ether five tim es w ith 
V2 its volum e of distilled w ater. T he ether was then 
shaken w ith 3000 cc. of 0.5 per cent N aO H  solution

1 A ssum ing  th a t  in  th e  o p e ra tio n  th e  a lcohol h a d  a b so rb ed  m o istu re  
sufficient to  low er i ts  p e rce n tag e  to  99 .8 , th e  effec t on  th e  p e rce n tag e  of 
alcohol in  th e  m ix tu re  is  neglig ib le , be in g  less th a n  0.5 p e r ce n t of th e  a b 
so lu te  .am o u n t of a lcohol p resen t.

in which was dissolved 2 g. of perm anganate of po tas
siu m .1 This was done three tim es, lettin g  th e per
m anganate stand in contact w ith the ether until re
duced to  a brown color. A fter separating, the ether 
was dried tw ice over C aCU  and then over sodium - 
potassium  alloy  until no reaction was observable 
on the alloy. I t  was- now distilled from  the alloy  
through a three-section Y o u n g  colum n, discarding the 
first and last 10 per cent. Before using, the pure ether 
was tested  for peroxide w ith  cadm ium  potassium  
iodide and for aldehyde w ith am m oniacal silver n i
trate  solution. T h e ether, ju st after preparation, w as 
w ithout effect upon both reagents b u t later it was found 
to  contain a trace of eth yl peroxide, not more than 
0.002 per cent as estim ated b y  producing the sam e tin t 
w ith aqueous hydrogen peroxide. Such traces are 
w ithout sensible influence on th e specific g ra v ity .

■ T h e determ inations of the specific g ra v ity  were 
m ade w ith a 50 cc. “ S q u ib b ”  pycnom eter havin g a 
cap illary  neck in tegra l'w ith  the b ody. T he upper end 
of the neck term inated  in the usual enlargem ent pro
vided w ith a ground glass stopper. T h e b o d y  of th e 
pycnom eter was cylin drical and about 1 in. in diam eter.

Owing to  the high coefficient of expansion of ether, 
we th o u gh t it desirable to  define the tem perature at 
which we w orked quite accurately. O bviously  the 
curve of gravities for different percentages of alcohol 
in ether would be of most general use if the tem p era
ture were defined b y  th e international hydrogen scale. 
For som e, how ever, it m ay be easier to construct 
their own den sity  curve than  to  reproduce in their 
therm ostat the tem perature of 250 C . on the hydrogen 
scale.

Since th e density determ inations were made in sum 
mer, i t ’ was necessary to  provide a room  havin g a con
sta n t tem perature in which to  place th e therm ostat 
and balance for weighing. A n insulated room which 
was designed for cold storage purposes was provided 
w ith  an iron ta n k  filled w ith ice and tw o large electric 
heater lam ps controlled b y  a four-bulb glass th erm o
sta t filled w ith  ether electrically  controlling th e heating 
current b y  means of a telegraph relay. T h e air was 
circulated  b y  an electric desk fan on a shelf in one 
corner and directed against the wall near the corner 
diagonally opposite and also tow ard  th e ceiling. T h e 
tw o heating lam ps were placed under th e fan  and 
sligh tly  forw ard so th a t th e ascending warm  air was 
at once distributed b y  th e fan. T h e tem perature of 
th e room  could be held a t 250 easily  w ithin 0.5°.

An enam elled iron pot 15 in. in diam eter and 12 in. 
deep served as the constant tem perature b ath  or 
therm ostat proper. I t  was surrounded b y  another 
vessel of galvan ized  iron 3 in. larger in diam eter and 
1V2 in. deeper, thus leavin g a space all around of 1V2 
in. which was packed w ith ground asbestos-m agnesia 
steam  pipe covering. M olten ta r  was poured on top 
of this covering to  preven t the absorption of m oisture. 
Circulation  was m aintained in th e  w ater b y  a propeller 
wheel revolving at high speed, driven  b y  an electric

! W ade a n d  F innem ore , J .  Chem . Soc. (L ondon), 95, 1846. F o r  
ex trem e  p u r ity  fu r th e r  w ash ing  w ith  w a te r  w ould  be  ad v isa b le . T h e  e th e r  
p rep a re d  as abo v e , how ever, co m p ares  fav o ra b ly  a s  to  d e n s ity  w ith  p u re  
e th e r  p rep a re d  b y  o th e r  ex p e rim en te rs . See W . B ein , Loc. ti l . ,  p . 20.
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T a b l e  I — F u l l  D a t a  f o r  C u r v e  o f  S p e c i f i c  G r a v it ie s  o f  A l c o h o l - E t h e r  M ix t u r e s

- J u n e  1914- -D e c e m b e r  1915— A p ril

P er  ce n t e th e r :
P e r  ce n t alcoho l:

W e igh t of fu ll p y c n o m e te r .

A v erag e .

C o rrec tio n  fo r e v a p o ra tio n  loss.

T e m p e ra tu re  w hen  w eighed (H y d ro g en  S cale): 24 .99°
100 99 98 97 96 

(W ate r)  (6) 0  1 2 3 4 
f  . . .  . . .  . . .  6 4 .2 9 9 6

7 8 .6 5 7 2  6 4 .1 9 6 6  6 4 .2 4 9 2  6 4 .3 0 2 8  6 4 .3 5 0 5  6 4 .4 4 1 2  
I 78 .6571  6 4 .1 9 5 4  6 4 .2 4 8 4  6 4 .3 0 3 5  6 4 .3 5 1 5  6 4 .4115

25° 
0 . 100

64]1928

( a )
97
3

64'.3487 
6 4 .3 4 8 8

24.93°
100

0

64! i 9 6 1(a) 
6 4 . 1954(6)

24.94°
96
H e)

6 4 .3 9 9 4
6 4 .4 0 0 6
6 4 .4 0 2 6

78 .6572
+ 0 .0 0 0 7

6 4 .1 9 6 0  
+  0 .0 0 0 7

’ 6 !Ô6Ô5

6 4 .2 4 8 8  
+  0 .0 0 0 7

* 6 ! 0 6 6 5

6 4 .3 0 1 9
+ 0 .0 0 0 7

"6 !6 6 i i

6 4 .3 5 1 0  
+  0 .0 0 0 7

.0!ÔÔ09

6 4 .4 1 1 3  
+  0 .0 0 0 7

0.ÔÔ09

+  0 .0 0 0 8  

o ! o 6 o i

6 4 .3 4 8 8  
+  0 .0 0 0 7  .

o ! 66o 3

+  0 .0 0 0 7  
Î 0 .0 0 0 7 (a )  
1 0 .0 0 0 5 (6 )

6 4 ,4 0 0 9  
+  0 .0 0 0 7

o ! 06o 2

7 8 .6579
2 8 .8665

6 4 .1 9 7 2
2 8 .8665

6 4 .2 5 0 0
2 8 .8665

6 4 .3 0 3 9
2 8 .8665

6 4 .3 5 2 6
2 8 .8665

6 4 .4 1 2 9
2 8 .8665

6 4 .1937
2 8 .8665

6 4 .3 4 9 8
2 8 .8665

6 4 .1 9 7 0  
2 8 .8665

6 4 .4 0 1 8
28 .8665

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

3 5 .3 3 0 7
0 .0 5 5 0

3 5 .3 8 3 5
0 .0 5 5 0

3 5 .4 3 7 4
0 .0 5 5 0

3 5 .4861
0 .0 5 5 0

3 5 .5 4 6 4
0 .0 5 5 0

3 5 .3 2 7 2
0 .0 5 5 0

3 5 .4 8 3 3
0 .0 5 5 0

3 5 .3 3 0 5
0 .0 5 5 0

3 5 .5 3 5 3
0 .0 5 5 0

4 9 .8 4 4 4
• ( d )

3 5 .3 8 5 7 3 5 .4 3 8 5 3 5 .4 9 2 4 35 .5411 3 5 .6 0 1 4 3 5 .3 8 2 2 3 5 .5 3 8 3 3 5 .3 8 5 5 3 5 .5 9 0 3

B- 0.70991 0 .7 1 0 9 7 0 .7 1 2 0 5 0 .7 1 3 0 3 0 .7 1 4 2 4 0 .7 0 9 8 5 0 .7 1 2 9 9 0 .7 0 9 8 4  ’ 0 ,7 1 3 9 6

C o rrec tio n  fo r red u c in g  to  v a c u u m . .

W t. in vac . p y c n o m e te r  c o n te n ts . . . .
V o lum e of p y c n o m e te r  =  49 .9904 cc 
S p . g r. =*°/«° «
W t. e th e r  +  1.040533 +  0.9970795 

49 .8444 +  1.040550 +  0.9970770
(а) T h e se  d e te rm in a tio n s  w ere  m a d e  a  y e a r  a n d  a  ha lf la te r  in  a n o th e r  th e rm o s ta t .  T h e  th e rm o m e te r , w h ich  w as g ra d u a te d  in  te n th s  of a  d eg ree  an d  

re a d  b y  a  te lescope, h a d  been  co m p ared  w ith  th e  s ta n d a r d  th e rm o m e te r  a  m o n th  p rev io u s , a n d  th is  co rrec tio n  u sed  to  b r in g  th e  th e rm o s ta t  to  e x a c tly  25°. 
T h is  te m p e ra tu re  is p ro b a b ly  a c c u ra te  to  0 .01°.

(б) F re sh ly  bo iled  d is tille d  w a te r.
(c) A fte r  th e  d e te rm in a tio n s  of A pril, 1916, th e  p y c n o m e te r  w as fo u n d  to  w eigh w ith in  0.2 m g. o f th e  o rig in a l w e ig h t w hich  h a s  th e re fo re  been  used  

th ro u g h o u t fo r th e  sak e  of u n ifo rm ity . T h e  v o lu m e of th e  p y c n o m e te r  w as n o t  red e te rm in e d .
( 3 )  T h e  v o lum e as  d e te rm in ed  a  y e a r  p rev io u s  b y  th re e  w eighings a t  2 5 .04° h y d ro g en  scale w as 49 .9914 cc. D en s itie s  of w a te r  ta k e n  from  C ircular  19 , 

B u re a u  of S ta n d a rd s , T a b le  I .
(«) T h e  th re e  figures reco rd ed  in  th is  co lum n  re p re s e n t successive w eigh ings of th e  fu ll p y c n o m e te r  a f te r  co m p le te  e m p ty in g  a n d  refilling  w ith  fresh  

p o rtio n s  of th e  m ix tu re .

m otor, .an d  forcing a current dow nw ard against the 
bottom  of the b ath , thus spreading it in all directions. 
T h e cooling due to  surface evaporation  was found suffi
cient. T h e heatin g coil was m ade of nichrom e wire 
w ound on m ica and covered w ith a ja ck et of copper 
foil. T h e heatin g coil was controlled b y  a tw o-bulb 
regulator, filled w ith  ether and havin g a side tub e 
connected b y  a glass stopcock- so th a t th e approxi
m ate ad justm ent of th e m ercury level could be m ade b y  
this means. T h e stopcock was in th e  portion  filled 
w ith  m ercury and no d ifficulty was encountered on 
account of leakage. T h e final ad justm ent was m ade 
b y  a p latinum  wire contact controlled b y  a finely 
threaded screw. T h e surface of the m ercury m akin g 
the electrical con tact was protected b y  a layer of g ly c 
erin. B y  means of the resistance of various sizes 
of incandescent lam ps in the circuit, the tem perature 
of th e heating elem ent w as ad justed  so th a t the heat 
was ju st insufficient to  m aintain  the desired tem pera
ture in the bath . T h e regulator controlled, b y  means 
of a relay, an additional heating current sufficient 
to  w arm  the b ath  slow ly, sligh tly  above the desired 
tem perature. In this w ay  th e tem perature fluctuation  
was sm all and th e lag  due to  heat transference was 
reduced to a minim um .

T h e therm om eter used was a B audin  Standard  N o ., 
17730, graduated  in o .i° ,  and calibrated  b y  the In ter
national Bureau of W eights and M easures a t Sevres. 
It  was carefu lly  ad justed  to vertical position b y  means 
of a  sm all plum b bob, and was read b y  a leveled cathe- 
tom eter. T h e therm om eter could be easily read to 
0.002° and th e va riatio n  of th e  b ath  during a n y  de
term ination  never exceeded 0.005 V  T h e coefficient 
of expansion of ether is such2 th a t a change of 0.01° 
C . in the tem perature changes the den sity  a little  more 
than  0.00001. Since it m ay be questioned w hether 
th e fifth  decim al figure is en tirely  significant in the

1 F o r  th is  degree o f a c cu racy  i t  w as th o u g h t  sufficient to  r e a d  th e  
m e rcu ry  co lum n  from  th e  f ro n t  in s te a d  of ta k in g  th e  av e ra g e  o f b o th  f ro n t 
a n d  b ac k  re a d in g s  in  o rd e r  to  e lim in a te  ir re g u la rit ie s  in  th e  th e rm o m e te r  
s tem .

1 B ein , Loc. cit.

determ ination of the density of such a vo latile  liquid 
as ether, it  is ev id en t th a t th e tem perature of the b ath  
w as defined w ith  sufficient accu racy. T h e m ercury 
colum n projected  out of th e  w ater 12°. A  therm om 
eter placed close to  th e stan dard  th erm om eter was ob
served not to v a ry  more th a n  0.5° during th e actu al 
determ ination, which gives a stem  correction of 
0.0010 C.

T h e details of the tem perature calcu lation  are as fo l
lows :

2 5 .1 5 0 ° .................................in  ice (a) +  0 .1 0 0 °

+  0.020  — 0.001

T h e rm o m e te r  rea d s  in  b a t h . .

C o rrec tio n  fo r c a lib ra t io n .
C o rrec tio n , ex te rn a l p re s 

su re  (b) (b a ro m . =  751 m m .
+  159 m m . H 2O ) .................... — 0 .0 0 0 3  (b aro m . +  64 m m . HsO) + 0 .0 0 0 4

C o rrec tio n , in te rn a l p re ssu re .. + 0 .0 2 9  + 0 .0 0 8

C o rrec tio n , ze ro  p o in t . 3 .107

2 5 .0 9 2

+  0 .1 0 7

C o rrec tio n , fu n d a m e n ta l in te r 
v a l ..................................................... ■ 3 .006

T ru e  te m p , on  m e rcu ry  sca le . 2 5 .0 8 6  
C o n v e rtin g  to  h y d ro g en  scale  — 0 .0 9 5

F in a l te m p e ra tu re  of th e  b a th
o n  h y d ro g en  sc a le ...................  2 4 .9 9 1 °

U n c e r ta in ty  fo r exposed s te m  =*=0.001
(а) T h e  ice p o in t w as m ade a f te r  co m p le tin g  th e  series of w eighings 

a t  th e  en d  of th e  second  d ay .
(б) T h e  b a ro m e te r  on th e  second  d a y  re a d  753 m m . b u t  since a  d ifference 

o f 10 m m . affec ts  th e  te m p e ra tu re  rea d in g  o n ly  0 .001°, th e  te m p e ra tu re  
o f th e  b a th  in th e  second  dec im al w ould  n o t b e  affec ted . All co rrec tio n s  
w ere ap p lied  as in d ic a te d  in  th e  p a m p h le t a n d  ta b le s  acco m p an y in g  
th e rm o m e te rs  s ta n d a rd iz e d  b y  th e  I n te rn a tio n a l B u reau .

T h e corrected tem perature of th e b ath  while the 
ad justm ent of the pycnom eter was being m ade was 
therefore 24.99° on the international hydrogen scale 
for th e first six colum ns of T a b le  I. T h e check de
term inations in th e seventh and eighth  colum ns were 
made a year and a half later in another therm ostat 
provided w ith  a therm om eter w hich had been com 
pared a m onth previous with th e B audin  standard 
therm om eter. T h e therm ostat was then adjusted 
to  ex a ctly  25°, using this correction. T h e therm om eter 
could be read to 0.01 b y  a sm all telescope and th e  tem 



Sept., 1916 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

perature m ay be assum ed to be defined to  this degree 
o f accuracy. For th e check determ ination in the last 
tw o  colum ns, the sam e therm ostat was used w ithout, 
how ever, ad justing to e xa ctly  25° since the standard 
therm om eter was em ployed, hence the tem peratures 
24.93 and 24.94 are entitled  to the sam e confidence as 
24.99 in th e original series; th e corrections, being 
sim ilar to the above, are om itted.

T h e pycnom eter w as filled with the ether m ixture 
and suspended in the therm ostat for 45 m in.1 T h e 
tem perature was observed three tim es during this 
in terva l and if there was any variation  the determ i
nation was started  over. T he adjustm ent of the 
pycnom eter was m ade while it was in the bath. It  was 
then  rem oved, dried and weighed, takin g care th a t the 
final ad ju stm en t of th e rider was made exactly  10 
min. after rem oving from  the bath. A fter standing 
an additional 10 min. in the balance case, the pycnom -

efficient of expansion of eth er1 to calcu late the volum es 
1.040533 cc. and 1.040550 cc. which 1 cc. of ether at 
o° would have at 24.99° and 25°, resp ectively , the 
rem ainder of the expression giving the densities of 
w ater at these tem peratures. I t  applies to th e first 
six colum ns. F or the rem aining colum ns the calcu 
lation is' sim ilar: these colum ns show determ inations 
made at a later date to check the density of the 3 
and 4 per cent m ixtures since th e density as first found 
for th e 4 per cent m ixture did not lie on the curve.

T h e original of the plot (Fig. x) was m ade suffi
c ien tly  large to  show variations of one in th e fifth  place, 
and it was seen th a t the densities fell even ly upon the 
curve w ith th e exception  of the first determ ination on 
the 4 per cent m ixture which we believe m ust have 
received more than  4 per cent of alcohol through som e 
error in preparation. T h e curve is very  n early  a 
stra igh t line. Since a variation  of 0.0001 in den sity,

!&
It

eter was again weighed. T h e difference betw een the 
first and second weighings represents loss b y  evap o
ration in 10 min. and was added to th e first weighing. 
T h e balance, being in a constant tem perature room, 
was never more th an  0.5° different for the bath . In  • 
order to ascertain  if the m oisture adhering to the 
pycnom eter was different at the end of 10 min. and 20 
m in., respectively, tw o  series of weighings were made 
on the em p ty  pycnom eter, after w ettin g and drying 
at 10, 20, and 30 m in.; alt weighings checked to  
0.0001 g.

T ab le  I gives the full data. A s will be seen, at 
least tw o weighings were made on each m ixture, 
in some cases three. W hen the am ount of the sam ple 
perm itted, the pycnom eter was em ptied, and re
filled, otherwise it w as sim ply replaced in th e b ath  and 
readjusted  to the m ark. Since the weighings were 
m ade a t tem peratures sligh tly  below 25°, it was nec
essary to  correct for the slightly  lower densities which 
ether and w ater would have h a d  if weighed a t exactly  
25°, the expansion of the pycnom eter itself being neg
ligible. T h e expression given m akes use of th e co-

1 A  p y c n o m e te r  w hich  h a d  a  th e rm o m e te r  a t ta c h e d  fo r ta k in g  the  
te m p e ra tu re  of th e  liq u id  w ith in , b u t  s im ila r in  o th e r  re sp ec ts  w hen filled 
w ith  e th e r  a t  15° C . a n d  im m ersed  in  th e  th e rm o s ta t ,  w as found  to  h av e  
ac q u ired  th e  b a th  te m p e ra tu re  in  15 m in .

or one of the sm all divisions on the coordinate paper, 
corresponds to  o .i per cent of alcohol in the m ixture, 
it is evident th a t the curve is of am ple accuracy for the 
purpose of th e analysis.

D IR E C T IO N S  T O R  T H E  C O M P L E T E  A N A L Y S IS

T he flask used (Fig. 2) was a 100 cc. R egn ault pycn o m 
eter for takin g th e density of solids. I t  is best to 
have tw o  and m ake the analysis in duplicate.

F ifteen  gram s of potassium  carbonate dried a t 200 
to  250° are placed in th e bulb A and accurately  w eighed 
after replacing the stem  B. R em ove the stem  and in tro 
duce q u ick ly  50 cc. of the ether for analysis. R eplace 
stem  and allow  the flask to stand 14 hrs. w ith frequent 
shaking. B y  rem oving th e stopper and holding the 
inverted  flask in the warm  hand, th e ether can be 
filtered out through the cotton  plug X . C are m ust 
be used to insure a clear filtrate, otherwise there will be 
a loss of potassium  carbonate. E xam ine the filtrate 
after standing to see th a t no finely d ivided carbonate 
has separated out. F ill the upper enlargem ent B 
w ith absolute ether and cause it  to  be draw n in b y  
pouring some of th e ether over the bulb. Shake well

1 T h e  coefficien t of expansion  of p u re  e th e r  h a s  been  u sed  in  th e  case 
of th e  m ix tu res  c o n ta in in g  a lcoho l since o w in g  to  th e  close p ro x im ity  of th e  
te m p e ra tu re s  to  2 5° th e  e rro r  so in tro d u c e d  is neglig ib le . See B ein , Loc. 
cit.. p . 15.
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and expel the ether as before. W ash four tim es in 
this m anner, which rem oves the alcohol from  the salt. 
N ow  dry the flask, w ith cap C  rem oved, at 50° until 
th e carbonate can be shaken down into the flask. 
R em ove the stem  and replace it w ith  a dryin g tub e filled 
w ith  carbonate of potassium  to  prevent access of external 
m oisture and dry for 1 hr. a t 50°. R em ove the 
dryin g tub e and after sweeping out the rem aining 

/> ether vapor w ith  gentle suction for 15
(e) sec., replace the stem  and cool in a

desiccator and weigh. Since it does 
not require m uch ether vapor to affect 
the w eight, care is required to secure its 
com plete rem oval w ithout introducing 
m oisture from  an excess of air. A 
second w eighing should be m ade after 
drying again  for half an hour. T he 
w eights should be constant within 
about 4 mg. T h e difference betw een 
th e w eights of the potassium  carbonate 
before and after treatm en t w ith ether is 
the w eight of w ater in the sam ple taken.

F or th e alcohol analysis, treat 100 g. 
of th e sam ple with 40 g. of freshly 
dried potassium  carbonate for 14 hrs. 

in a glass-stoppered flask, shaking frequen tly. T h e 
p ycnom eter is filled w ith the clear ether and the 
specific g ra v ity  is determ ined a t e xa ctly  25° on the 
hydrogen scale. T h e per cent of alcohol m ay then  be 
read off from  the curve. O b viously if this curve 
is to be used, th e  g ra v ity  m ust be made in a b ath  a t 
e xa ctly  25° on th e international hydrogen scale or 
else a new curve m ade b y  the operator at th e tem 
perature of his therm ostat, which is a sim ple m atter.

O w ing to the fa ct th a t ether deteriorates w ith age, 
unless protected  carefu lly  from  the effects of air and 
light, only fresh sam ples should be used for analysis. 
A s th e accu racy of this m ethod depends to  a consider
able extent on the m anipulation, strict adherence to 
the procedure, as given, cannot be too stron gly 
recom m ended.

T a b l e  I I — A n a l y s e s  o p  K n o w n  M ix t u r e s  (1 t o  13, a n d  18) a n d  M a r k e t  
A n a e s t h e s ia  E t h e r s  (14 t o  17, a n d  19) b y  D i f f e r e n t  A n a l y s t s

D e t e r 
m i n a t i o n s

M a d e  in  sam e 
T h e r m o s t a t  
a s  used  fo r 
th e  D e n s ity  
C u rv e

P e r  c e n t
A l c o h o l P e r  c e n t  W a t e r

A n a ly s t N o. A dded  F o u n d A dded F o u n d
M r. A. 1 0 .8 2 0 .8 5 0 .2 2 0 .2 5 8  0 .2 3 4

2 3 .1 7 3 .2 8 0 .7 5 0 .7 5 6  0 .751
3 2 .8 5 2 .9 0 0 .2 7 0 .2 6 9  0 .2 7 7
4 3 .3 2 3 .3 8 1 .10 1 .07  1 .08

M r. C 5 3 .4 0 3 .6 7 0 .7 5 0 .8 3 4
6 3 .6 3 3 .5 7 0 .6 0 0 .5 4 5
7 2 .51 2 .4 7 0 .3 0 . 0 .3 2 7
8 2.01 2 .0 0 0 .21 0 .2 2 9

’ M r .  P . 9 2 .9 4 2 .9 3 0 .4 6 0 .3 9
10 3 .1 1 3 .0 0 0 .6 3 L o s t
11 2 .8 6 2 .7 0 0 .41 0 .3 9
12 3 .8 5 3 .8 3 0 .7 9 L o st
13 4 .0 2 3 .9 3 0 .5 3 0 .5 3

M r. A. 14 1 .42 1 .0 8  1 .08
15 0 .8 5 1.21 1 .22
16 0 .1 2 0 .1 2  0 .1 1
17 4 .2 5 0 .3 6  0 .3 6
18 1 ! 70 1 .62 i.io 1 .12  1 .19
19 0 .3 2 0 .2 6  0 .2 5

tire ly  from  the directions as given  above. N ev er
theless, the agreem ent betw een th e am ounts found and 
a ctu ally  added dem onstrates th a t th e m ethod is re
liable and sufficiently accurate for th e analysis of 
anaesthetic ether.

C O N C L U S IO N

In his classic articles on ether, S q u ib b 1 estim ated 
th a t the 4 per cent of aqueous alcohol rem aining in 
his ether contained abou t 90.75 per cent of pure alcohol. 
It  is interesting to  note from  the ta b le  th a t the w ater 
and alcohol exist in proportions w hich are more nearly 
equal than  Squibb believed. T his is in accordance 
w ith the experim ents of W ade and Finnem ore2 who 
have shown th a t ether and w ater form  a constant 
boiling m ixture containing 1.3 per cent of w ater which 
boils 0.35° lower th an  pure ether. T h e y  also showed 
th a t alcohol and ether form  no such m ixtures, neither 
is this th e case if all three com ponents occur together. 
C on sequently, the m ixture rich in w ater is th e one 
w hich distills most readily. T h e am ount of alcohol 
which persisten tly accom panies the constan t boiling 
m ixture depends largely  upon th e efficiency of the 
fraction ation  process em ployed.

It  is questionable w hether ether can be m ade b y  the 
usual process of distillation  w hich will com ply strictly  
with the requirem ents of the present P harm acopoeia 
th a t it shall consist of 96 per cent eth yl oxide and 4 per 
cent of alcohol containing a little  w ater. E th er of 
such com position m ight be prepared b y  a special 
d istillation  process if it could be shown to  possess an y 
superior qualities which, in our opinion, is extrem ely 
im probable. Specim en N o. 14 had the proper specific 
g ra v ity  b u t contained 1.4 per cent alcohol and 1 per 
cent w ater. Specim en No. 17 p rob ab ly  had had alcohol 
added to  it.

M a l l in c k r o d t  C h e m ic a l  W o r k s , S t . L o u is

M a d e  in  O rd i
n a ry  L a b o ra 
to ry  T h e rm o 
s ta t

T ab le  II gives the results obtained b y  three different 
experim enters in our lab oratory  on know n m ixtures 
and five w ell-know n m arket brands of anaesthetic 
ethers. T h e com positions of these m ixtures were 
unknow n to the experim enters. M r. C . and M r. P. 
had never used the m ethod before and w orked en

THE AN ALYSIS AND CO M PO SITIO N  OF SOM E 
CIGARETTE PAPERS

B y  S t r o u d  J o r d a n  

R ece iv ed  F e b ru a ry  4, 1916

R ecen t reports on cigarette papers3 contain some 
v e ry  va lu able  inform ation as to  the process of m anu
facture, ash values and alkaloidal tests. O n ly a ve ry  
general description is given  and some of the necessary 
details are om itted  in the foregoing papers, so th a t 
it has been th o u gh t expedient to  publish som e a n alytica l 
results on tw o of the more com m on papers used b y  the 
m anufacturers of cigarettes.

T h e sam ples reported in this article were ta k en  from  
reels actu ally  running on cigarette m achines and 
N um bers i ,  2 and 3 represent A ustrian  papers of the 
ty p e  know n as “ Sunshine,”  m ade b y  Stefan  R obitsek  
of V ienna. These papers come in lengths of 3900 
m eters to the reel, have an average w idth of 31 mm. and 
weigh from  19.4 to 22.1 g. to  the square m eter, corre
sponding to a thickness of 0.0014 to  0.0016 in. 
N um bers 4 and 5 were both  of th e French ty p e , know n

1 Loc. eit., p . 596.
* Ib id ., p . 1850.
* P aper , N o . 24. 15 (1915), 19-31 ; W och. P ap ierfabr., 45, 2296 -2302 , 

Z en tr. oeslerr-ungar. P ap ier in d ., 32 (1914), 623—4 ; a n d  in  B ull. 2, Agr. 
C om m , of O hio, D a iry  a n d  F ood  D iv ., B u rea u  of D ru g s.



Sept.,  1916 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 813

as “ V ierge E g y p tie n ”  (com bustible), and measure 
abou t 1560 meters to the reel. The average w idth 
of these papers is 30 mm., havin g an average w eight 
of 18.75 g. to the square meter and a corresponding 
thickness of about 0.0014 in -

METHODS OF ANALYSIS

m o i s t u r e  determ inations should be m ade accord
ing to  Bureau of C hem istry, Bull. 107, 14.

a s h — -The sam ple used for m oisture determ ination 
was incinerated over a T irrill or Bunsen lam p, using 
a v e ry  low  flam e, then  the ash rem oved to a b last 
flam e and incinerated until no further loss in w eight 
was observed. [This ash should show only a slight 
effervescence or none at all, when it  is suspended in 
w’ater and treated  w ith a few  drops of concentrated 
hydrochloric acid (absence of carbonates).]

f i b e r  (p u l p )— 10.000 g. of finely cut paper were 
w eighed into a liter E rlenm eyer flask and 500 cc. of 
distilled w ater and 10.o cc. of hydrochloric acid (sp. 
gr. 1.20) were added. The mass was boiled over a 
free flam e for 1 hr. or until the whole was well pulped, 
then filtered on a B uchner funnel, using a tared, acid- 
washed filter, and- washed w ith w ater until a drop 
of the filtrate showed only a slight opalescence when 
tested  in th e usual m anner for chlorides. T he filtrate 
was preserved for determ ination of the constituents 
of the ash. T h e pulp was washed three tim es w ith 95 
per cent alcohol, packed well w ith a glass rod, rem oved 
to  a dryin g oven and dried to constant w eight at 
105° C . ,

T h e pulp was then reduced to  ash and the ash 
found su b tracted  from  the w eight of the pulp, along 
w ith  the w eight of the filter paper used, from  which 
an y ash value it m ight have had has been subtracted. 
T h is gives the w eight of pulp b y difference.

m i n e r a l  f i l l e r  is c a lcu la te d  b y  difference, b y  s u b 
tr a c t in g  th e  c o m b in e d  w eigh ts  of  m oisture, fiber and  
size fro m  100 per  cent.

As a check on th e determ ination of m ineral filler, 
the constituents of the ash were calculated to  the 
com pounds occurring in the paper and this to ta l weight 
com pared w ith th e filler as found b y  difference.

s i z i n g , c o a t i n g , k i n d s  o f  f i b e r , e t c .— These 
constituents were determ ined according to the m ethods 
laid  down in A llen ’s “ Com m ercial Organic A n alysis,”  

1, 4 7 3 -4 7 9  (4th E d.).
A n a l y t ic a l  R e s u l t s  ( P e r c e n t a g e s )

S a m p l e : 1 2 3 4  5
M o is tu re    4 .0 5  4 .1 4  3 .9 9  4 .3 0  4 .6 2
A sh (as  o x ide 's ) ................................    12 .25  12 .07 12 .95  4 .9 5  5 .1 2
F ib e r  ( p S )  ...............    71 .0 7  7 1 .3 5  72 .5 7  8 7 .0 8  8 5 .7 4
F i l e r      2 4 .8 8  2 4 .1 0  2 3 .1 9  8 .6 2  9 .6 4
S ize (ieśs t h a n ) .............................. 1 .0 0  1 .00  1 .0 0  0 .1 0  0 .1 0

c o n s t i t u e n t s  o f  t h e  a s h — T he com pounds which 
occurred in the ash were calculated in the usual manner 
b y  the official m ethods as laid down in Bureau of 
C hem istry , Bull. 1 07, e. g., CaO  (p. 15), M gO  (p. 16) 
and (Fe -f- AVJjOa (p. 15)*

As a check on the above ash determ ination, the 
filtrate  from  the fiber determ ination w as evaporated  
to  dryness and the acid expelled. This residue was 
taken  up in a convenient volum e of w ater and the 
com pounds present determ ined as above.

C o m p o s it io n  o f  t h e  A s h  ( P e r c e n t a g e s )
S a m p l e : 1 2  3 4  5

C alcium  o x id e ................................................ 1 2 .0 6  1 1 .7 4  1 1 . 0 1 *  4 .3 9  4 . 3 0
M ag n es iu m  o x id e ....................................... 0 .1 7  0 . 2 6  1 .2 9  0 . 2 0  0 .2 4
A lu m in u m  o x id e ........................................... T ra c e  T ra c e  0 .2 4  0 .3 0  0 .1 1
I ro n  o x id e .......................................................  T ra c e  T ra c e  T ra c e  T ra c e  T ra c e
S i l i c a . . . . . .....................................    T ra c e  T ra c e  T ra c e  T ra c e  T ra c e
H jS  p r e c ip ita te .............................................  N one N o n e  N o n e  N o n e  N o n e
S u lfa te s ............................................................. N o n e  N o n e  N o n e  N o n e  N one
N it r a te s ......................... e ................................ N o n e  N o n e  N one N o n e  N o n e
C h lo rid e s .........................................................  T ra c e  T ra c e  T ra c e  T ra c e  T ra c e

As a check on th e above results, Sam ples i and 2 
were com pared w ith the com pounds found in th e filtrate  
from  the pulp determ ination. T h e follow ing gives a 
com parison:

S a m p l e : 1(a) 1(6) 2(o) 2(6)
C alc ium  o x id e ..................................................  12 .0 6  11 .7 6  11 .7 4  11 .6 9
C alc ium  c a rb o n a te ........................................  2 1 .5 2  2 1 .0 0  2 0 .9 5  2 0 .8 7
M ag n es iu m  o x id e ............................................  0 .1 7  0 .1 5  0 . 2 6  0 .3 3
M ag n es iu m  c a rb o n a te (c ) .............................  0 .3 6  0 .3 1  0 .5 4  0 .6 7

(c) R e s u lt from  ash . (6) R e s u lt  from  f il tra te  from  p u lp . T h e  o th e r  
tra ce s  show ed  up  th e  sam e in  b o th  sam p les, (c) 3 M g C O j.M g(O H )? .4H iO .

f i b e r  a n d  s i z i n g — A ll fibers were found to be linen. 
Sizing in the first three were found to be dextrine and 
the last tw o carried traces of starch but no dextrine.

c o m p o s i t i o n  o f  t h e  p a p e r

T h e com position of the papers appears to be: linen 
fiber sligh tly  sized w ith starch  or dextrine and filled 
w ith th e carbonates of m agnesium  and calcium . T h e 
filler in the first three averaged 24.05 per cent, while 
the last tw o showed an average of 9.13 per cent.

T h e fillers were calculated  to the carbonates, w hile 
it is possible th a t a portion of the m agnesium  w as 
added as the peroxide or oxide for accelerating the 
burning of the paper. T his change would not affect 
the resulting weights appreciably.

s u m m a r y

N othing injurious was found in th e ash, filler or 
pulp. T h e paper burns to  a clean w hite ash w hich 
shows good com bustion and the absence of com pounds 
form ed b y  destructive distillation. T h e filler is not 
m aterially  changed when the paper is burned, so has no 
effect except to  prom ote com bustion and to m ake th e 
papers “ tig h t.”  No tests were found for alkaloids 
or alkaloidal salts. No poisonous m etals were found 
(absence of hydrogen sulfide precipitate). No bad 
effect was had from  th e sm all am ount of sizing, as is 
evidenced b y  th e good burning qualities and the ab
sence of com pounds form ed b y  destructive d istillation.

C h e m ic a l  D e p a r t m e n t , T h e  A m e r ic a n  T o b a c c o  C o m p a n y  
6 0 -62  F r a n k l in  A v e ., B r o o k l y n , N e w  Y o r k

TIN IN CANNED FO O D S
B y W . D . B ic e l o w  

R eceived J u ly  17, 1916

It  has long been know n th a t th e acids o f canned 
fruits dissolve more or less tin from  the container, 
the am ount depending p a rtly  on the age of the product 
and the tem perature of storage. It  is also well known 
th a t some foods h avin g but a sligh tly  acid reaction, 
such as pum pkin, string beans, and shrim p, a tta ck  
tin  to  a considerable extent. T his has been show n 1 
to be due in some cases at least to  the presence of am ino 
bodies in the food. T h e tin in canned foods has usually  
been assum ed to be in solution. A rticles on this su b 
ject and reports of analytical work freq u en tly  refer

1 Bigelow  a n d  B acon , B u reau  of C h e m is try , Circ. 79.
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to the tin  contained in the food as “ soluble tin sa lts .”  
I t  was pointed out b y  the w riter1 som e tim e ago th a t 
th e tin in canned food was largely, som etim es chiefly, 
in spine insoluble form .

I t  is a com m on experience in the lab oratory  th a t 
com pounds of tin  separate out from  reagent solutions 
of tin chloride. T his is ordinarily prevented b y  the 
use of strong hydrochloric acid. T h e sam e separation 
occurs w ith solutions of com pounds of tin w ith or
ganic acids. It- appears, therefore, th a t the acid 
acts as a carrier dissolving the tin  from  th e coating 
of the container and carryin g it  into the food where 
the tin  separates in an insoluble form , leavin g th e acid  
free.

W ith  nonacid or slightly  acid foods of the types 
m entioned above, this deposition of tin in insoluble 
form  prob ab ly occurs to  a greater extent than w ith the 
acid fruits. In both cases it appears th a t a consider
able proportion of the soluble tin  salts is carried w ithin 
th e solid particles of food before being hydrolyzed.

It  is conceivable th a t the higher tin content of the 
drained solids th an  of the liquor m ight be due to m eta
thesis, the tin  replacing calcium  or m agnesium , for 
instance, in its insoluble com pounds within the solid 
particles of food. T h e prop erty of solutions of tin 
salts, how ever, to deposit insoluble tin com pounds, 
and especially  the prop erty  of stannous solutions to 
yield  insoluble basifc stannic com pounds, appears to 
afford a more probable explanation  of the presence of 
insoluble in place of soluble tin  com pounds in canned 
foods. In either case the drained solids of canned foods 
contain a m aterially  higher am ount of tin  than the 
liquor, and this difference increases w ith the age of the 
sam ple. T hus the high tin  content of old canned 
foods is largely due to  insoluble com pounds of tin 
w hich are presum ably less lik e ly  than soluble com 
pounds to  be absorbed from  the intestinal tract.

T h e figures given  in T able  I were obtained b y  de
term ining the am ount of tin  in drained solids and liquor, 
respectively, and calculatin g the am ount of tin  in 
the- original sam ple from  the figures thus obtained and 
from  the w eight of drained solids and liquor, respec
tiv ely .

T a b l e  I
M il l ig r a m s  T in  p e r  K il o g r a m  in  

T o ta l
V a r ie t y  o f  F o o d  L iq u o r  sam p le  D ra in e d  so lids

C ra n b e rr ie s ...................................  33 170 254
R a s p b e rr ie s ................................... 39 194. 294
C h e rr ie s ..........................................  52 107 163
P e a c h e s ........................................... 86 193 251
P e a r s ................................................ 99 130 151
P lu m s ..............................................  43 125 180
S h r im p s ..........................................  67 224 381
S p in a c h ........................................... 35 86 131

T h e relation  of th e tin  conten t of the drained solids 
to th a t of th e liquor of certain  canned foods is brought 
out more defin itely in T ab le  II. T h e sam ples shown 
in this table were taken  from  an experim ental pack  
in which the various cans were as uniform  as th e y  could 
be made. A t  intervals after th e food was packed, 
sam ple cans were exam ined to determ ine th e tin  con
ten t of the food. A t least tw o cans were ta k en  for 
each sam ple. T h e drained solids and liquor were 
w eighed separately, the tin  determ ined in each and

1 R e sea rc h  L a b o ra to r ie s . N a tio n a l C a n n e rs ' A ssocia tion . B ull. 2, 
A ugust, 1914.

expressed in term s of m illigram s per kilogram  of 
drained solids and liquor, respectively. From  these 
figures, the tin  content of the original sam ple was 
calculated.

B y  a stu d y  of this d ata  we are able to form  a rough 
approxim ation of the am ount of tin which is in soluble 
form . For this purpose it is necessary to assum e th a t 
the tin of th e liquor is all soluble. T h is is p rob ab ly  
not the case. It  is extrem ely un likely th a t th e solu
ble tin  com pounds all find their w ay  into the solid 
particles of the food before th e separation of the tin  
in insoluble form . It  is m uch more like ly  th a t a con
siderable portion of the tin  in the liquor is a finely 
divided insoluble oxide, h yd rated  oxide, or basic salt 
of tin . I t  is altogether probable th a t the am ount of 
soluble tin  in these sam ples did not increase after the 
first analyses were made, and th a t th e subsequent 
increase of tin in the liquor was due to the separation 
of finely d ivided insoluble com pounds of tin . The 
th o u gh t also suggests itself th a t a considerable portion 
of th e tin  th a t appears to be in solution is p rob ab ly  
in colloidal form . If we assum e all th e tin  of the 
liquor to  be soluble, therefore, th e am ount of tin  calcu
lated  as insoluble will be less than  th e am ount actu ally  
present in th a t form  and the results will at least be 
conservative.

T a b l e  I I
M il l ig r a m s  T i n  p e r S o lub le In so lu b le S o lub le

A ge of K il o g r a m  i n : tin  in tin  in tin  in
V a r ie t y  o f sam ple T o ta l D ra in e d d ra in e d d ra in ed to ta l

F o o d Y r. M o . sam p le so lids L iq u o r  so lids(a) solids(&) sam p le (a )
A s p a ra g u s . . . 8 280 322 200 193 129 196

1 5 433 489 252 248 241 249
2 7 470 554 238 229 325 233

L im a b e a n s .. . . . 9 80 99 46 38 61 41
2 9 173 254 40 33 221 35

S tr in g  beans. . . .  . 2 124 169 63 60 109 62
7 130 174 64 61 113 63

1 3 299 442 97 93 349 95
1 8 250 382 102 98 284 100
2 6 434 658 132 127 531 130

W ax b e a n s . . . .  . 3 93 143 39 38 105 39
7 116 176 52 50 126 51

10 139 251 55 53 198 54
1 3 230 391 72 69 322 71
1 8 217 359 87 84 275 86
2 4 347 616 88 85 531 86

(a) T h e  figures in th e se  co lum ns a re  d o u b tle ss  h ig h e r th a n  th e y  sho u ld  be 
as th e y  a re  b a sed  o n  th e  a s su m p tio n  th a t  th e  t in  of th e  u n filte red  liq u o r  is
all in  so lu tion .

(¿>) F o r  th e  rea so n  g iven  in  fo o tn o te  (a ) , th e  figures in  th is  co lum n  a re  
d o u b tle ss  low er th a n  th e y  sho u ld  be.

T h e figures given  in T ab le  II  in the colum n headed 
“ Insoluble tin  in drained solids”  were obtained in the 
follow ing m anner, takin g, as an exam ple, the sam ple 
of asparagus w hich was exam ined 2 yrs. and 7 mos. after 
packing. T h e liquor in th is sam ple contained 5.2 
per cent of solids or 94.8 per cent of w ater. One 
kilogram  of th e liquor, therefore, contained 948 g. 
of w ater. Since a kilogram  of. liquor contained 238 
mg. of tin and 948 g. of w ater there was in the liquor 
238 -f- 948 = 0.25 mg. of tin  for each gram  of w ater. 
T h e drained solids were found to contain  8.3 per cent 
of solid m atter or 91.7 per cent of w ater. One kilogram  
of the drained solids, therefore, contained 917 g. of 
w ater.

N ow  it  is fair to assum e th a t th e relative  am ount of 
w ater and dissolved tin  in th e drained solids is su b 
s ta n tia lly  th e sam e as in th e liquor. F iguring on th a t 
basis, the am ount of soluble tin  in the drained solids 
is 914 X  0.25 =  229 mg. per kg. Since the to ta l tin 
content of the drained solids was found to  be 554 m g.
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per kg., it follows th at 554 —  229 = 325 mg. per kg. 
m ust be in an insoluble form.

As stated  above, this am ount m ust be well w ithin 
th e truth . If a n y  considerable am ount of th e tin  of 
th e  liquor is insoluble, th e insoluble tin  of th e drained 
solids m ust be considerably more than 325 mg. per kg. 
T h e rem aining figures in the colum n m arked “ In 
soluble tin  in drained solids” were all calculated  in 
the sam e m anner, using average figures for the w eight 
and w ater content of drained solids and liquor as th e 
individual determ inations were not made.

T h e colum n headed “ Insoluble tin  in drained solids”  
is of particu lar interest although, as stated  above, it 
is believed th a t th e  figures in this colum n are som ew hat 
less than  the tru th ; the relative am ount reported as 
insoluble tin  in sam ples of different ages shows th a t the 
process of h yd ro lyzation  is a continuous one.

T h e figures given  in the last colum n headed “ Soluble 
tin  in to ta l sam ple”  were obtained b y adding together 
th e figures in th e colum ns headed “ M illigram s tin  per 
kilogram  liquor” and “ Soluble tin  in drained solids,”  
after calcu latin g these respective figures to m illigrams 
of tin  per kilogram  of tin  of original sam ple. I t  is 
interesting to  note th a t th e figures in this colum n are 
alm ost identical w ith th e  figures in the colum n headed 
“ M illigram s tin  per kilogram  liquor.”  It  is probable, 
therefore, th a t  an approxim ate idea of the am ount of 
soluble tin in a sam ple of canned food can be obtained 
b y  determ ining th e am ount of tin in the liquor of the 
food, although th e  figure so obtained will obviously 
include an y insoluble tin which m ay be present in the 
liquor in a finely divided state and also an y tin  th a t 
m ay be present in colloidal form.

R ecent workers agree th a t the ideas of the earlier 
writers on th e to x ic ity  of tin were erroneous. It 
is now know n th a t th e to x ic ity  of soluble tin  com 
pounds is at least v e ry  much less than it  was form erly 
supposed to  be. I t  is evident, however, th a t the re
sults obtained in th e stu d y  of soluble tin  salts cannot 
be used as a criterion on which to judge th e tox ic ity  
of tin  in canned foods. W hatever the insoluble 
com bination in which tin  occurs in canned foods 
it is in all p rob ab ility  less like ly  to be absorbed from  
the intestin al tract than  soluble tin  com pounds. T h e 
sam e is true, perhaps to a less extent, of tin in colloidal 
form. A t  a n y  rate, the need of experim ental work on 
the to x ic ity  of tin  as it occurs in canned foods is obvious.

N a t io n a l  C a n n e r s ' A s s o c ia t io n , W a s h in g t o n

TH E  EFFECT OF CURING ON THE AROM ATIC CON
STITU ENTS OF VANILLA BEAN S1

B y F r a n k  R a b a k  

R eceived  M arch  13, 1916

T he fru it of vanilla  has long been used as a flavoring 
■ agent. T h e plant is n ative to M exico, where it is 
at present extensively  cu ltivated  for the production 
of th e van illa  beans of commerce. It has been intro
duced into a num ber of other tropical and subtropical 

•countries where it is also profitably cu ltivated . Am ong 
the other sources are South Am erica (G uadaloupe),

1 P u b lish ed  b y  perm ission  of th e  S ec re ta ry  o f A gricu ltu re .

T ah iti, Reunion, M adagascar, Com ores, Seychelles, 
and M auritius.

V an illa  beans as found on the m arket are described 
b y  th e  U nited States P harm acopoeia1 as the “ cured, 
full grown, but im m ature, fru it of Vanilla planifolia , 
Andrew s. (F am ily orchidaceae.)”

V an illa  is used for flavoring purposes in th e  form  
of the so-called extract or tin cture of van illa , which is 
prepared b y  extractin g  the coarsely com m inuted beans 
w ith a hydroalcoholic m enstruum  va ryin g  in stren gth  
from  45 to  65 per cent.

T h e arom a of van illa , to  which the flavor is a ttr i
buted, does not preexist in the beans but is form ed b y  
a chem ical reaction induced during the dryin g or 
curing process to which the beans are sub jected  after 
harvesting.

Behrens2 states th a t ripe van illa  beans have little  
or no odor but becom e strong in odor b y  curing,

C o m m e r c ia l  V a n il l a  B e a n s

due to the sp litting up of an existing glucoside w ith 
the form ation of th e com pound vanillin. T h e above 
statem ent regarding the odor of van illa  was confirm ed 
b y  Busse,3 who states th a t vanillin  is form ed from  a 
nonodorous body partakin g of the n ature of a g lu co
side.

In an extensive research w ith van illa , L ecom te4 
found th a t th e fru it of van illa  contained, besides 
the glucoside coniferin, tw o  ferm ents, one an oxidase 
and the other a h yd ro lyzin g agent. T h e latter  con-

1 U n ited  S ta te s  P h arm a co p o e ia , E ig h th  D ecenn ia l R ev isio n , 1900, 497.
3 J .  B ehrens, " U e b e r  d a s  V orkom m en  des V an illin s  in  d e r  V an ille ,"  

Der T r  open Pflanzer, 3 (1899), 299.
3 W . Busse, “ V anille— C hem ie  d e r  v an ille  F ru c h t. A rb e iten  au s  dem  

K aiserlichen  G e s u n d h e itsa m te ."  B erlin , X V , 1898 b is  1899, p . 101.
4 H . L ecom te, " S u r  la  fo rm a tio n  d u  p a rfu m  de la  v an ille ,"  C om pt. 

rend., 133 (1901), 745.
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verts the glucoside coniferin into coniferyl alcohol 
and glucose, th e form er oxidizing this alcohol into 
vanillin .

L ater investigations have shown th a t th e agreeable 
arom a of va n illa  is not due alone to  th e com pound 
vanillin  b u t is stron gly  influenced b y  other substances 
of en tirely  different character.

W a lb a u m 1 states th a t th e valu e of van illa  beans 
does not depend solely bn th e van illin  content. T h e 
oleoresinous constituents of th e beans were exam ined 
and found to  contain  anisaldehyde and anisic alcohol 
besides other com pounds which could not be id en ti
fied, b u t which possessed a characteristic  agreeable 
odor.

T h e presence of other odorous constituents in van illa  
beans is also m entioned b y  Iserm an,2 who states th a t

uents w hich are know n to  im part m uch of the pleasant 
flavor to  the cured beans.

C U R IN G  O F  B E A N S

As has been previously  stated, the flavor of van illa  
beans is brought about b y  a curing process w ith a con
sequent developm ent of the true flavor upon which 
the efficacy of the beans as a flavoring m aterial de
pends.

T h e curing process varies som ew hat according to 
th e source of th e beans, the prim e ob ject, nam ely, 
the evaporation  of the m oisture and the form ation 
of th e flavoring constituents, being attained  in every  
case. T h is is accom plished in a general w ay  b y  a 
process of heatin g and subsequent sw eating, the de
tails of which v a ry  in the different producing coun
tries.

Tw o general m ethods are in vogue for the curing

L a b o r a t o r y  C u r e d  V a n il l a  B r a n s

th e  special arom a and taste is p rob ab ly  due to  van illa  
resins. Busse3 states th a t vanillin  is present in 
the livin g fruits on ly  in insignificant quan tities and is 
m ainly produced in the process of curing. V anillin  
is not th e sole criterion of q u a lity  and does not repre
sent the n atural arom a of th e fru it. Besides vanillin  
there is present in the beans van illic  acid, resin, oil, 
sugar, m ucilage, and tannin.

Up to the present tim e atten tion  has been largely  
directed tow ards the vanillin  content of th e beans, 
on ly  bare m ention being m ade of th e resinous constit-

1 H . W a lb au m , “ D as  V o rkom m en  von  A n isa lkoho l u n d  A n isa ldehyde 
in  d e r  F rü c h te n  d e r  T a h iti -van ille . F e s tsc h r if t , O tto  W a llach . Z u r 
E rin n e ru n g  a n  se ine  F o rsc h u n g en  a u f  dem  G eb ie te  d e r  T e rp e n e  in  den  
J a h re n  1884-1909 .”  p . 649.

5 S. I s e rm a n . “ V an illa  B ean s: C h em is try  a n d  C h a ra c te r  of C o n s tit
u e n t s ,”  TVeslern D ruggist, J u ly , 1910, 358-362 .

s H . B usse, “ S tu d ie n  u eb e r d ie  V an ille ,”  A po th . Z e it., 13 (1898), 894.

of van illa  beans, the d ry  and th e hot w ater m ethods.

T h e d ry  m ethod, in use in M exico, consists essen
tia lly  of placing th e freshly gathered beans in the sun 
for several hours, after w hich th e y  are wrapped in 
woolen cloths to  prom ote sw eatin g, and th e process 
of heatin g and sw eating is continued for several days 
until most of the m oisture has evap orated . T h e final 
drying is usually  com pleted in th e shade. In un
favorable w eather a dryin g oven is em ployed, in which 
the beans are sw eated a t a tem perature of 60° C . 
The curing process is continued until the beans are 
soft and supple and have acquired a chocolate-brow n 
color, the com plete length of tim e required being fre
q u en tly  as long as 5 mos.

T h e hot w ater m ethod, used in R eunion, consists 
in p lacin g th e beans in hot w ater (go to 1000 C.)
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for 10 to 30 secs., after which th e y  are w rapped in 
woolen blankets or placed in a box lined w ith  blankets, 
where th e sw eating process takes place. Subsequently 
the beans are exposed to th e sun and later the curing 
is com pleted in a dryin g room  un til the finished beans 
h ave the proper color and texture. This process 
requires from  1 to  2 mos. for com pletion.

T h e curing process is difficult and precarious, call
ing for a high degree of skill and experience. W eather 
conditions also h ave m uch to do w ith th e rap id ity  
and success of the process. T h e exact details of the 
tw o m ethods differ greatly  according to  locality . 
T h e general m ethod of procedure for both processes 
is considerably m odified in the minor details, the one 
o b ject being to  produce finished beans which will 
h ave the m axim um  am ount of flavor of superior 
q u ality  and a t th e  sam e tim e will have had rem oved

T r e a t m e n t

N o n e

T e m p :, 4 0 °  C .

P eriod , 30 sec. 
In te rv a l, 1 m in .

T e m p ., 6 0 °  C . 
P erio d , 20 sec. 
I n te rv a l, 1 m in .

T e m p ., 8 0° C. 
P eriod , 10 sec. 
In te rv a l, Vs m in .

T e m p ., 9 0 °  C . 
P erio d , 10 sec. 
In te rv a l, l/% m in .

T e m p ., 100® C . 
P erio d , 10 sec. 
In te rv a l, l/ j  m in .

T a b l e  I — T r e a t m e n t , L o s s  i n  W e ig h t  a n d  C u r in g  o f  V a n il l a  B e a n s  
Im m ers io n  in  w a te r  th r e e  successive tim es  a t  te m p e ra tu re  g iven , 

B e a n s  C u r e d  a t  R o o m  T e m p e r a t u r e  
P e r  c e n t C u ring  
L oss in  P erio d

N o . W e ig h t D ay s  R e m a r k s  N o.
1 5 3 .0  14 C u rin g  progressed  slow ly fo r 7 d a y s  2

6 6 .4  24 a f te r  w hich  co lo r deve loped  ra p id ly  to
un ifo rm  b row n ; b ean s  w ell cu red  in  14 
d ay s . A t en d  of th is  tim e , how ever, 
b ean s  w ere w rapped  in  w ax p a p e r  a n d  
allow ed  to  d ry . C u red  b ea n s  w ere 
d a rk  b row n  in  co lor, so ft, p liab le  an d  
possessed fine a ro m a.

C u rin g  p roceeded  a b o u t sam e, as  N o. 1. 8
A fte r su b jec tin g  to  sw eating  process 
fo r 14 d ay s  beans w ere un ifo rm ly  
b row n in co lor. B eans w rap p ed  in  
w axed p ap e r an d  allow ed to  d ry  u n ti l 
th e y  p re sen ted  a  w rink led  ap p e a ran ce  
an d  p ro p e r  p liab ility . B eans possessed 
v e ry  fine arom a.

B eans becam e yellow ish  green  a f te r  6
th ird  d a y . A fte r  11 d a y s  a ll w ere 
u n ifo rm ly  b row n  in  color an d  h ad  
ch a ra c te r is tic  w rink led  ap p e aran ce .
B eans w rapped  in  w axed p a p e r  an d  
allow ed  to  d ry  to  p ro p e r flex ib ility .
B ean s ch a ra c te rized  b y  s tro n g  an d  
excep tio n a lly  fine odo r.

B eans assum ed  b row n  color a n d  de- 4
veloped  od o r m ore  ra p id ly  th a n  a n y  of 
abo v e . A fte r 12 d a y s ' sw e a tin g  bean s  
w rap p ed  in  w axed  p a p e r  an d  se t 
a s ide  to  d ry . A fte r  12 d ay s  of d ry in g  
b ean s  possessed  a  m o s t exqu isite  
a ro m a , deep  b row n  color a n d  fine 
te x tu re .

B eans w ere a ll p liab le , w rink led  a n d
b row n in  10 d a y s  w ith  od o r fa irly
s tro n g ly  deve loped . A llow ed to  d ry  
in  a ir  for 18 d ay s . B eans p liab le  an d  
w rink led  w ith  on ly  fa in t od o r a n d  
p a le  b row n color.

B eans becam e lig h t b row n  a n d  s o f t on  
th ird  d ay . T a k e n  from  tow el on  10th 
d a y  a n d  allow ed  to  d ry  in  a ir  fo r 8 
d ay s . O d o r p ro m in e n t b u t  n o t 
s tro n g . C o lor pa le  b row n.

3 9 .3
6 8 .5

3 6 .5
66.0

4 0 .7
66.2

2 3 .3  
6 6 . 1

3 5 .2
6 4 .0

curing van illa  beans were made. I t  was also desired 
to ascertain whether the long-continued curin g as 
now  practiced is absolutely  necessary for the p roduc
tion of beans of com m erce and w hether shorter tim e 
of curing n oticeably affects th e percentage of vanillin  
in the cured beans.

A  com parison of th e efficacy of the tw o general 
m ethods of curing, nam ely, the d ry  m ethod and the 
hot w ater m ethod, and the effect of tem perature 
upon th e curing was sought. Furtherm ore, it was 
desired to  stu d y  the effect of the various curing m eth
ods upon the form ation of the oleoresins of va n illa  
which are present in all cured beans and which agree
a b ly  m odify the flavor of the beans.

L A B O R A T O R Y  C U R IN G  E X P E R I M E N T S  

A  sm all q u an tity  of green beans was obtained from

a t  R o o m  T e m p e r a t u r e  a n d  in  t h e  W a t e r  O v e n  
fo r pe rio d s  in d ica ted , a t  in te rv a ls  n o te d

B e a n s  C u r e d  i n  W a t e r  O v e n  (4 0 -6 0 °  C .)
P e r  ce n t C u rin g
L oss in P erio d

, W e ig h t D ay s  R e m a r k s

3 2 .5  8 B ean s  becam e u n ifo rm ly  b row n  in  6 d ay s ,
6 7 .0  33 sw e a tin g  co n tin u o u s  u n ti l 8 th  d a y  w hen

b ea n s  w ere w rap p ed  in w axed  p a p e r  an d  
allow ed to  d ry  u n ti l s o f t a n d  p liab le . 
B eans possessed  c h a ra c te r is tic  b u t  m ild 
a ro m a .

14
46

11
33

12
24

10
28

10
18

10

12

from  them  sufficient m oisture to preven t m olding when 
the beans are finally  packed for the m arket. A s a 
general rule from  5 to 7 lbs. of the fresh beans are re
quired to produce 1 lb. of cured beans.

I t  is stated  b y  E llisJ th a t the tem perature of the 
w ater into which the pods are dipped before curing 
has m uch to  do w ith the successful curing of vanilla.

T reatm en t w ith  hot w ater supposedly kills the 
pods and prevents dehiscence. It is, how ever, es
sential th a t the tem perature be not sufficiently high 
to destroy th e action  of the oxidase which is present 
in th e pericarp. A  destruction of the oxidase would 
seriously interfere w ith the form ation of th e odorous 
constituents of the cured beans.

T h e ob ject of this investigation  was tw ofold. A  
num ber of m odifications of the process now used in

1 F . R . E llis, " V a n il la ,"  The C hem ist and Druggist, 67 (1905), 593.

4 9 .6  8 B eans  a ll b ro w n ish  co lor in 5 d a y s  w ith  good
6 6 .6  28 od o r d eve lop ing . A fte r  8 d a y s ’ sw e a tin g  in

w a te r  o ven  bean s  w ere w rap p ed  in  w axed 
p a p e r  a n d  a llow ed to  d ry  slow ly  u n ti l  p ro p e r  
te x tu re  w as a t ta in e d . O d o r w as fine 
v an illa -lik e  c h a ra c te r is tic  b u t  n o t espec ia lly  
s tro n g .

4 1 .4  8 A fte r 5 d ay s  b ea n s  w ere u n ifo rm ly  b row n in
6 6 .2  33 color w ith  p ro n o u n ced  o d o r a n d  a p p a re n tly

cu rin g  ra p id ly . A fte r  8 d a y s ' sw e a tin g  
b e a n s  w ere t r e a te d  a s  ab o v e  a n d  d rie d  
to  p ro p e r  p lia b ility . O dor w as s tro n g , 
v an illa -lik e . • •

3 1 .2  8 U n ifo rm ly  b ro w n  a f te r  4 d a y s ’ sw e a tin g ,
6 4 .0  29 cu rin g  m ore ra p id ly  th a n  a n y  of ab o v e  an d

becom ing  so ft a n d  p liab le . A fte r  sw e a tin g  
8 d ay s  b ea n s  t r e a te d  as  ab o v e . F in a l 
a p p e a ra n c e  excellen t b o th  a s  re g a rd s  co lo r 
a n d  p lia b ility . O d o r s tro n g .

3 0 .0  3 B eans possessed  a  u n ifo rm  d a rk  b ro w n  co lo r
6 6 .3  25 in  2 d ay s  w ith  p ro m in e n t o d o r d eve lop ing .

A fte r  3 d a y s ' sw ea ting  b ea n s  w ere exposed 
to  a ir  a n d  d rie d  u n ti l p ro p e r  deg ree  of 
p lia b ility  w as reac h ed . S tro n g  b u t  u n 
p le a s a n t o d o r  n o te d .

4 4 .0  3 B eans u n ifo rm ly  b row n b u t  pa le  a f te r  1 d a y 's
6 9 .0  17 sw eating . O dor o n ly  fa ir  a n d  co lo r pale

b ro w n  a f te r  3 d ay s . B eans allow ed  to  d ry  
sufficiently , th e  cu red  b ea n s  being  v ery  
lig h t in co lo r w ith  fa in t odor.

M exico th rou gh  a prom inent m anufacturer of va n illa  
extract. T h e sm all ends of the beans were v e ry  sligh tly  
yellow  b u t were p ractica lly  devoid of odor.

T h e curing experim ents were conducted w ith tw elve  
lots of beans, one-half of which were cured at room  
tem perature and th e other half in a w ater oven a t 
som ew hat higher tem perature. E ach  of th e six lots 
cured at room tem perature were given different tre a t
m ent prior to  th e sw eating and drying. T h e tre a t
ment consisted in dipping the green beans into w ater 
at various tem peratures up to th e boiling point. 
E ach lot was kept wrapped in a soft tow el and placed 
on the lab oratory  shelf to undergo th e  sw eatin g and 
d ryin g process.

T he duplicate lots of beans cured in the w ater oven 
at a tem perature of 40-5 5° C .'r e c e iv e d  ex a ctly  th e 
sam e treatm en t as those cured a t room  tem perature.
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A  description of th e treatm en t, loss in w eight, 
and tim e of curing of the green beans a t room  tem p era
ture and in th e w ater oven is given  in T ab le  I.

T h e general treatm en t in the curing a t room  tem 
perature and in the w ater oven was sim ilar to  th a t 
em ployed in the com m ercial curing of th e beans. 
T h e processes of sw eating a n d ’ dryin g were applied, 
how ever, under v e ry  different conditions th an  those 
obtaining at localities where the beans are cured com 
m ercially. D urin g the sw eating process the beans 
were w rapped in soft tow els and later in w axed paper 
to com plete the drying.

T h e treatm en t of th e tw o sets of sam ples was iden
tica l in th a t 'o n e  sam ple in each set w as cured w ith 
out previous treatm en t, w hile th e rem aining five 
sam ples were subjected  to  the action of hot w ater at 
increasing tem peratures up to  th e b oilin g point. T h e 
subsequent treatm en t of each sam ple was iden tical 
in every  case.

I t  will be noted th a t the tim e of sw eatin g or the 
length  of tim e required- to produce the brow n color 
and th e characteristic odor of the cured beans de

w axed paper, placed in tig h t containers, and allowed 
to stan d  for a period of 2 mos. A fter this tim e 
the sam ples were carefu lly  exam ined and com pared 
w ith  regard to  average w eight and length , also color, 
odor, and general appearance, w ith  several com m er
cial sam ples of cured beans, and th e results tabu lated , 
as shown in T ab le  II.

T h e average w eight and length  of the lab oratory  
cured beans com pare v e ry  fa vo ra b ly  w ith  th e com m er
cially  cured sam ples. In color and odor several of 
the lab oratory  sam ples were superior to  the com 
m ercial sam ples. T h e presence of crystals of vanillin  
on th e surface of the beans usually  occurs when beans 
w ith  high content of this constituen t are kept in a 
confined space for a period of tim e. C rysta ls of 
vanillin  were observed to  be m ost prevalen t in th e 
sam ples cured at room  tem perature, an entire absence 
of crystals being noted in the sam ples cured in the 
w ater oven w ith 'o n e  exception, th a t of Sam ple 2, 
on w hich a few  crystals were observed.

A  decided red-brown color was apparent in th e

C u r e d  B e a n s

cross section of the beans cured a t room  tem pera-

T a b l e  I I — G e n e r a l  C o m p a r is o n  o p  L a b o r a t o r y  C u r e d  a n d  C o m m e r c ia l l y  C u r e d  V a n il l a  B e a n s

S a m ple
1

A v. A v. 
W t. L e n g th  
G . M m .

B row n
C olor O dor D e s c r ip t io n  op  W h o l e  B e a n s

D e s c r ip t io n  o p 
C u t  B e a n s  (C ro ss  S e c t io n )

4 .1 19 C h o co la te F ra g ra n t ,  van illa -lik e U n ifo rm ly  co lo red , so ft, p liab le . A  few U n ifo rm ly  red -b ro w n , in n e r  p o rtio n

7 5 .1 19 .5 P a le F in e , f ra g ra n t
sm a ll v an illin  c ry s ta ls  on  su rface  

S o ft a n d  p liab le , w rink led . N o  c ry s ta ls
re d d e r  th a n  su rface  

R ed d ish  b row n , in n e r  p o rtio n  red d e r 
th a n  su rface  

R ed d ish  b row n , in n e r  p o r tio n  re d d e r5 4 .9 18 C h o co la te F in e , m ild P lia b le  a n d  w rink led . A  few  c ry s ta ls  on

3 5 .1 19 .5 D a rk E sp ec ia lly  fine
su rface

N e a r ly  cove red  w ith  v an illin  c ry s ta ls
th a n  su rface  

D a rk  b ro w n , so m ew h a t lig h te r  th a n

9 4.4 19 L ig h t choco la te V ery  m ild N o  c ry s ta ls
su rface  

U n ifo rm ly  b row n
11 5 .2 19 .5 R ed d ish L a ck in g  fineness N o t  u n ifo rm ly  co lo red . A  few  c ry s ta ls  a t  

ends
A few  c ry s ta ls  a t  one end

L ig h te r  b u t  u n ifo rm ly  b row n

2 5 .2 19 .5 D a rk G ood, s tro n g In n e r  p o rtio n  lig h te r  b ro w n  th a n  s u r 

8 5 .1 20 C h o co la te M ild , f ra g ra n t U n ifo rm ly  co lo red . N o  c ry s ta ls
face. C h a rre d  od o r 

U n ifo rm ly  choco la te -b ro w n
6 5 .6 20 P a le P ru n e-lik e N o  c ry s ta ls U n ifo rm ly  pale  b row n
4 4 .7 19 C h o co la te G ood, b u t  la ck ing  b o u q u e t N o  c ry s ta ls In n e r  p o r tio n  p a le r  th a n  su rface

10 4 .8 18 .5 C h oco la te V ery  m ild N o t  u n ifo rm ly  co lo red . N o  c ry s ta ls L ig h te r  in  cross sec tion
12 4 .8 18 P a le P ru n e -lik e N o t  u n ifo rm ly  co lo red . N o  c ry s ta ls U n ifo rm ly  b row n

M ex . A 5 .1 23 D a rk S tro n g , n o t ag reeab le P liab le , s tic k y . N o  c ry s ta ls M u ch  lig h te r  b ro w n  th a n  su rface .

T  a h i ti 3 .2 18 D a rk S tro n g C on sp icu o u s pale , lo n g itu d in a l s tr ip e s
O d o r so m e w h a t to b acco -like  

U n ifo rm ly  b row n . O d o r so m ew h a t

S . A m er. 3 .9 20 V ery  p a le M ild , sw eet N o t p liab le . A few  c ry s ta ls
tobacco -like  

In n e r  p o rtio n  red d ish  b row n
B o urbon 2 .7 17 A lm o st b la ck P le a sa n t V ery  p liab le . N o  c ry s ta ls In n e r  p o rtio n  lig h te r  b ro w n  th a n  

su rface  
U n ifo rm ly  p a le  b row nO ld  (a) 2 .5 16 P a le V ery  fa in t N e a rly  d ry . N o  c ry s ta ls

(a) B eans  sev e ra l y ea rs  o ld .

creases w ith  th e increase in tem perature of the w ater 
in which the green beans were im m ersed. Indications, 
therefore, point to increased a c t iv ity  of the oxidases 
w hich supposedly bring abou t the changes. W hether 
this increased a c t iv ity  is favorab le  or detrim ental to 
th e production  of color and odor will be apparent later.

A fter th e sw eating process, the tim e required for 
dryin g to the proper appearance and textu re varied 
som ew hat according to the previous treatm en t w ith 
hot w ater. T h e beans were dried until th e  proper 
pliableness was obtained, or un til th e loss of m ois
ture was from  64 to 69 per cent. In a general w ay  
the drying increased in rap id ity  as th e tem perature to 
which the beans were origin ally  subjected  was increased.

T h e form ation  of th e brow n color as well as the 
van illa  odor was seem ingly m ost rapid  in the sam ples 
sub jected  to th e h ottest w ater. These changes were 
also most m arked and rapid in th e sam ples sw eated 
in th e w ater oven at a tem perature ranging from  40 
to 6o° C. ,

The various lots of cured beans were w rapped in

ture, w ith a decreasing ten den cy as the tem perature 
of the w ater increased into w hich th e beans were im 
mersed.

P h ysica l tests being insufficient and inadequate to 
determ ine accu rate ly  th e q u ality  of beans cured b y  
the various m odifications of th e m ethods, a chem ical 
exam ination w as necessary. N ot on ly  was it  de
sired to  ascertain  th e respective qualities of the beans 
w ith regard to  van illin  content, b u t also the oleoresin 
content, which is considered an im portan t ad ju n ct 
to  the flavor of the beans.

P R E P A R A T IO N  A N D  P R O P E R T I E S  O F  E X T R A C T S

In order m ore a d van tageou sly  to  judge the q u ality  
of th e cured beans and to  m ake a thorough com parison 
of th e  various sam ples w ith th e com m ercial beans, 
extracts w ere m ade from  th e  sam ples according to 
th e directions in th e U nited  States P harm acopoeia1 
for the preparation  of tin ctu re of ■ van illa . T h e re
sultin g extracts afforded an excellent means for com-

1 U n ite d  S ta te s  P h a rm a co p o e ia , E ig h th  D ecenn ia l R ev ision , 1900, 484..
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paring the general physical and chem ical properties 
of the individual sam ples w ith those prepared from  
com m ercial va n illa  beans. These com parisons are 
shown in T ab le  III.

T h e general physical properties of the extracts 
from  th e sam ples cured at room  tem perature were 
superior to those cured in the w ater oven at som e
w hat higher tem perature. T h e colors of the form er 
were d istin ctly  more red and brownish red than  the 
latter. A ll the lab oratory  extracts were more a ttrac
tiv e  in color th an  the extracts from  the com m ercial 
beans. T h e deeper color of the extracts from  the 
lab oratory  cured beans was perhaps due -Jo the pres
ence of van illa  resins which possess a color of deep 
red to brown.

T h e odor and taste of th e extracts from  the 
beans cured a t room  tem perature were superior to 
those from  th e oven cured beans. T h e presence of 
a d istin ct flow ery or fru ity  odor and taste was apparent. 
E xtra cts  from  the com m ercial beans seemed lacking 
in th is respect.

In  van illin  content less difference is noted between 
the extracts from  the com m ercial beans and the lab ora
to ry  cured beans. T h e extracts from  the beans cured 
at room  tem perature assayed considerably higher in

pies were next in order, follow ed b y  th e T a h iti and 
the old sam ple.

In order p a rtly  to  obtain  more expert ju d g m en t 
and p a rtly  to verify  the w riter’s judgm en t of th e s a m 
ples, a sam ple of each extract was subm itted  to  a 
prom inent m anufacturer of flavoring extracts, who, 
w ithout h avin g an y know ledge of the id en tity  of a n y  
of the 18 sam ples subm itted, made the follow ing re
port on the color, odor, and ta ste:

c o l o r — South American, the best. ,
o d o r — Nos. 3, 5, 1 and 7 ranked highest; Tahiti, No. 11, 

and South American, next; Mexican A, Nos. 9, 8, and 2, Bourbon, 
4, 6, 10, and 12, Mexican B and old sample follow in order.

t a s t e — Nos. 1 , 2 and 3  ranked first; South American, Nos. 
1 1 , 7 , 9 ,  and 8, were next in rank, followed by Tahiti, Mexican A, 
No. 2, Bourbon, Nos. 4, 6 and 10; No. 12, Mexican B, and 
old sample were stated to contain a foreign taste.

A ccording to the report the color of th e extract 
from  th e South Am erican beans w as considered 
best. T his is in close accordance with the colors 
as described in T able II I . E xtracts  1 and 3 possessed 
about the sam e color as the South Am erican, n am ely, 
a bright wine-red, while Nos. 5 and 7 were sligh tly  
darker. T h e rem ainder of the lab oratory  extracts 
possessed an adm ixture of brown, this color being more 
prom inent in some than in others.

T a b l e  I I I — P h y s ic a l  a n d  C h e m ic a l  C o m p a r is o n  o f  V a n il l a  E x t r a c t s  f r o m  L a b o r a t o r y  C u r e d  a n d  C o m m e r c ia l B e a n s

S a m p l e  C o l o r
1 W ine-red
7 D eep  w ine-red
5 V ery  deep  w ine-red
3 W ine-red
9 W ine-red , s lig h t b row n ish  t i n t

11 W ine-red , s lig h t b row n ish  t in t
2 W ine-red
8 B row n w ith  red d ish  t in t
6  L ig h t w ine-red , b row n ish  t in t
4 B row n  w ith  on ly  tra c e  of red

10 W ine-red , d is tin c t b row n ish  t in t
12 W ine-red , d is tin c t b row n ish  t in t

M ex . A L ig h t b row n
M ex. B W ine-red . w ith  b row n ish  tin t
T a h it i  V ery  pale  b row n
S. A m er. W ine-red
B o u rb o n  W ine-red , w ith  b ro w n ish  t in t
O ld B row n

- P h y s ic a l  P r o p e r t i e s  o f  E x t r a c t s -  
O d o r

P lea sa n t, f ru ity , v e ry  fra g ra n t
P le a sa n t, f ru ity
P le a sa n t, less f ru ity
V ery  p le a san t, flow ery
P le a sa n t, v an illa -like
M ild , p le a sa n t
P lea sa n t, ag reeab le
S tro n g , p le a sa n t
M ild , la ck ing  frag ran c e
P le a sa n t, f rag ran c e  lack in g
M ild , ch a ra c te r is tic
M ild , ag reeab le
P lea sa n t, ch a ra c te r is tic
S tro n g , van illa -like , la ck in g  frag ran c e
S tro n g , e x trac t-l ik e , la ck in g  frag ran c e
P le a sa n t, ag reeab le , v an illa -like
P lea sa n t, ag reeab le , v an illa -like
M ild , v an illa -like

P e r  C e n t  
T a s t e  V a n il l in

V ery  ag reeab le , f ru ity , la s tin g  0 .2 5 5
A greeable, van illa -like  0 .2 5 3
M ild , ch a ra c te r is tic , p le a s a n t 0 .2 1 0
V ery p le a sa n t, f ru ity  0 .3 1 7
A greeab le, n o t f ru ity  0 .2 1 2
A greeab le, s lig h t 0 .2 1 2
M ild  an d  p le a sa n t 0 .2 1 5
S tro n g , la s tin g  0 .2 5 2
C h a ra c te r is tic , p le a sa n t 0 .2 2 8
P le a sa n t, la s tin g  0 .2 0 1
C h ara c te r is tic , less ag reeab le  0 .2 3 9
P le a sa n t, s lig h tly  p ru n e -lik e  0 .2 2 5
A greeab le, n o t f ru ity  0 .2 5 9
S tro n g , h a rsh , n o t f ru ity  0 .2 9 1
S tro n g , u n p le a sa n t, licorice-like 0 .2 0 0
S tro n g , ag reeab le , van illa -lik e  0 .2 6 8
C h ara c te r is tic , n o t f ru ity  0 .2 4 8
M ild , n o t ag reeab le  0 .1 9 6

general average than from  the beans cured at higher 
tem peratures.

C onsiderable variation  in vanillin  content exists, 
how ever, in sam ples prepared from  the beans which 
had received the hot w ater treatm en t before curing. 
It  is v e ry  probable th a t the effect of this treatm en t 
as regards com position of the beans will be more 
pronounced in other constituents than in the vanillin.

T o  the w riter th e lab oratory  cured beans and also 
the extracts appeared to possess a b etter odor and 
taste th an  a n y  of th e com m ercial beans or extracts. 
T h e color of the extracts in every  case also d istin ctly  
excelled in color those from  the beans cured at higher 
tem peratures.

Judging from  a purely physical standpoint of color, 
odor, and taste, the extracts from  Sam ples i and 3 
were considered th e finest, followed b y  Sam ples 5, 
7, 9 and 11 . . Sam ples 2, 8, 6, 4, 10 and 12 were all 
lower in color estim ation and slightly  inferior in odor 
and taste. Of th e extracts from  the com m ercial 
beans, the South Am erican sam ple was d istin ctly  
superior to the others in every  respect and more 
nearly corresponded to  Samples 1 and 3 of the labora
to ry  cured beans. T h e Bourbon and M exican sam-

N ot only was the ratin g of the various sam ples b y  
the m anufacturer w ith respect to  odor and taste  in 
close accordance w ith th e w riter’s selections, b u t it 
is a singular fa ct th a t three of the lab oratory  cured 
sam ples were stated  to  excel in point of odor and taste  
the extracts from  the com m ercial beans and in n early  
all cases th e beans cured at room  tem perature were 
superior to  those cured in the w ater oven.

In order to  ascertain whether the various m odifica
tions of the curing process produced a n y  effect upon 
the com position of th e beans, an analysis of the resi
dues rem aining from  the preparation of the extracts 
was exam ined.

E X T R A C T IO N  O F  T H E  R E S IN S

Since it is generally conceded th a t resins or oleo- 
resins tend  stron gly to  m odify the agreeable odor of 
van illa  beans, it is ve ry  probable th a t the superior 
arom a and flavor of several of the cured sam ples of 
beans were due to the presence of these odorous resin
ous substances. These substances are for th e most 
part soluble in alcohol, to a less exten t, how ever, 
in hydroalcoholic solutions. In preparing th e ex
tracts described 65 per cent alcohol was used. N ot 
all of the resinous constituents of th e  beans were dis-
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solved b y  alcohol of this stren gth  but it is assumed 
th a t approxim ately the sam e percentage of these con
stitu en ts was extracted  from  each sam ple. P rovided 
th a t  more resinous constituents were present in some 
sam ples th an  in others, and grantin g th a t the 65 per 
cent alcohol extracted  on ly  a sm all portion of these 
constituen ts, the residues from  the preparation  of the 
extracts still contained much of th e un extracted  
resinous substances.

These residues were therefore sub jected  to  extra c
tion  w ith 94 per cent alcohol in order to  obtain  the 
residual resins. T h e residues rem aining from  the 
alcohol extraction  were further extracted  w ith  ether. 
T h e percentages of alcohol and ether extracts, and 
descriptions of each, are given  in T a b le  IV .

T h e q u an tity  of alcohol-soluble constituents rem ain
ing in the beans after the preparation of th e extracts 
is considerable. W hile a num ber of constituents 
are no doubt present in these extracts, a large portion 
p rob ab ly  consists of van illa  resins, together w ith  some 
vanillin.

T h e percentage of alcohol extracts from  the sam 
ples of beans cured in the lab o rato ry  at room  tem pera
ture is un iform ly higher th an  from  those cured in

E X A M IN A T IO N  O F  R E S IN S  E X T R A C T E D  W IT H  A L C O H O L

In order to  obtain  further know ledge of th e alcohol 
extracts obtained from  th e residues, th e chem ical 
constants, acid, ester, and saponification num bers 
were determ ined. T h e results are shown in T a b le  IV .

Considerable variation  exists in th e acid, ester, 
and saponification values of th e  alcohol extracts o b 
tained  from  the residues of the lab oratory  cured beans. 
T h e general average of these constants is higher than  
th a t of th e com m ercial beans, as w as also th e percen t
age of extract. T h e content of free acid constituents 
of the resinous extracts is high in n early  all instances, 
signifying the presence of considerable resin acids. 
T h e ester values are likew ise high, showing the pres
ence of saponifiable resinous com pounds. T h e resin 
acids and th e com bined saponifiable resins seem  to 
h ave been form ed to  a greater extent in the beans 
cured in the lab oratory  th an  in the com m ercially 
cured sam ples. P rovided these substances tend to 
add fragrance to  the odor of the van illa  bean and 
therefore also to the extract m ade from  th e beans, it 
w ould seem  th a t m ethods which would insure a high 
percentage of these resinous substances should be 
preferred. D oubtless a certain  percentage of these

T a b l e  IV — A l c o h o l  a n d  E t h e r  E x t r a c t s  p R o rf  V a n il l a  R e s id u e s

A l c o h o l  E x t r a c t  o p  V a n i l l a  R e s i d u e s  
* D e s c r i p t i o n ----------------

P e r V a n il l a
S a m p l e ce n t C o l o r S t a t e O d o r

1 19.23 D a rk  red Sem i-so lid F in e
7 2 7 .2 5 B row n ish  red N ea rly  solid F in e
5 18 .22 B row n ish  red N e a r ly  so lid F in e
3 2 0 .8 0 R ed d ish  b row n S em i-so lid M ild
9 21 .4 1 R ed d ish  b row n S em i-so lid P ro n o u n ced

11 16 .07 B row n ish  red N e a r ly  solid F in e
2 2 3 .1 9 P a le  b ro w n ish  red P a r t ly  liqu id  

N e a r ly  so lid
Y es

8 13 .3 0 R ed d ish  b row n P ro n o u n ced
6 17 .1 8 B row n ish S em i-solid F a in t ,  ag reeab le
4 2 1 .2 8 P a le  b row n N e a r ly  solid M ild

10 13.11 B row n ish S em i-so lid F a in t
12 15 .5 0 B row n P a r t ly  liq u id F a in t

M ex . A 19 .6 0 B row n L iq u id F a in t ,  f a t ty
M ex . B 12 .7 6 B row n S em i-solid Y es
T a h iti 6 .4 3 P a le  b row n Solid F a in t
S. A m er. 2 7 .2 0 D a rk  red -b ro w n S em i-solid P le a sa n t
B o u rb o n 19.75 D a rk  b row n N e a rly  so lid G ood
O ld 13 .35

C h e m ic a l  C o n s t a n t s  o p  
A l c o h o l  E x t r a c t  o p  R e s id u e s

A cid
V alue
13 .4
2 7 .0  •
14 .3
1 4 .6
3 9 .0
3 6 .0
3 4 .3
3 4 .0
6 0 .1
4 8 .3
5 3 .2  
4 0 .0
2 5 .8
1 2 .9
3 9 .7  

8 .4
3 8 .2
2 8 .2

E s te r
V alue
170 .5
182 .3
169 .0
180 .0
161 .4
167 .5
12 4 .6
13 2 .0
126.1
134 .5  
127 .3
142 .2
145 .6
155 .3

*8516
15 5 .0
134 .2

S ap o n .
V alue
183 .9
2 0 9 .3
183 .3  
19 4 .6
2 0 0 .4
2 0 3 .5
158 .9  
16 6 .0  
186 .2  
18 2 .8
180 .5  
18 2 .2
17 1 .4  
168 .2

*93 .4
193 .2
162 .4

E t h e r  E x t r a c t  o p  V a n il l a  R e s id u e s
P e r
c e n t
4 .1 4
4 .5 0
5 .3 4
3 .7 3
3 .7 1
3 .8 8
4 .8 6
3 .3 3  
4 .9 9
4 .3 3  
4 .3 8  
3 .7 0  
4 .0 1  
4 .1 1  
6 .0 3  
2 .81  
4 .4 6  
4 .2 2

C o l o r  
R ed -b ro w n  
B row n ish  red  
P a le  b row n  
P a le  b row n  
P a le  yellow  
P a le  b row n ish  red  
P a le  b row n  
B row n ish  red  
P a le  b row n  
P a le  yellow  
P a le  b row n  
P a le  b row n  
R ed -b ro w n  
D a rk  b row n  
D a rk  red -b row n  
D a rk  b row n  
Y ellow
P a le  b row n ish

D e s c r i p t i o n - 
S t a t e  
O ily 
O ily 
O ily  
O ily  
O ily  
O ily 
O ily  
O ily  
O ily 
O ily 
O ily  
O ily  
O ily 
O ily  

• O ily  
O ily 
O ily 
O ily

O d o r
F a t ty
B alsam ic

F a t t y  (a)
S lig h t f a t ty  
M ild , p le a s a n t 
S lig h t b a lsam ic  
S lig h t v an illa  
N e a r ly  odorless 
F a in t  v an illa  
F a in t  
F a in t  
F a t t y  (o)
F a t t y
F a in t  b a lsam ic  
S lig h t v an illa  
F a in t  
F a in t

(a) F a t t y  ta s te  as  w ell as  odor.

th e w ater oven. L ikew ise those extracts were con
siderably deeper and richer in color. I t  w ould seem, 
therefore, th a t curing a t room  tem perature is more 
conducive to  th e form ation  of van illa  resins and color
ing m atter.

T h e highest percentage of alcohol extract (van illa  
resins) in th e com m ercial beans was in th e  South A m er
ican sam ple. This sam ple also produced a van illa  
extract w ith  th e  deepest color. The residues from  
the M exican and B ourbon beans also contained a 
high percentage of alcohol-soluble substances, and 
likew ise a h igh ly colored extract. These fa cts  are 
significant of the effect of curing upon th e color of 
prepared extracts and also of th e com p aratively  large 
q u a n tity  of flavoring resins w hich rem ain in th e resi
dues.

T h e ether extracts were found to  consist largely  of 
fa t ty  oil and were n early  devoid of odor. Som e of 
the less soluble resinous constituents are doubtless 
present in these extracts. T h e percentages of ether 
extra ct seem to  bear no direct relationship as regards 
treatm en t during curing. Some va riatio n  is apparent, 
how ever, am ong th e sam ples from  different sources.

substances are extracted  b y  the hydroalcoholic m en
struum  used in preparing th e extracts of com m erce, 
the q u a n tity  in solution depending large ly  upon the 
stren gth  of the alcohol em ployed.

C O N C L U S IO N S

From  the results reported herein it m ay  be said 
in general th a t the curing process as a t present com 
m ercially applied to va n illa  beans is unnecessarily 
long and extended, requiring on an average several 
m onths for the tran sform ation  of the green to  the 
cured beans.

In the lab oratory  experim ent conducted it has 
been shown th a t th e beans can be cured in a m uch 
shorter tim e b y  means of a m uch less tedious process. 
I t  has fu rth er been dem onstrated th a t the process is 
sim plified to  the ad van tage rather th a n  to th e d etri
m ent of the arom atic constituen ts. In -order to p ro
duce u n ifo rm ity  in the com position of th e beans, 
and th ereb y  insure more uniform  extracts , the im 
portation  and curing of th e green beans are suggested.

W hile the am ount of vanillin  in th e beans was not 
increased appreciab ly , as com pared w ith com m ercial 
beans, it m ay be stated  w ith assurance th a t the beans
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cured in the lab oratory  were in most cases superior 
in van illa  resins and coloring m atter. T his is sig
nificant since van illa  resins and coloring m atter are 
considered im portant adjuncts to  the q u ality  of van illa  
beans. T h e superior flavor of the extracts prepared 
from  the lab o rato ry  cured beans m ay therefore be 
ascribed to the resinous constituents. A  considerable 
proportion of th e va n illa  resins are left un extracted  
when the m enstruum  is less than 65 per cent alcoholic 
strength.

Curing the green beans at room tem perature either 
w ithout previous treatm en t or after treatm en t w ith  
w ater up to  90° C. for a short period o f'tim e  ap p ar
en tly  produces beans of the best q u ality , as judged 
b y  the flavoring extracts prepared from  th e sam ples.

B u r e a u  o p  P l a n t  I n d u s t r y , W a s h in g t o n

A STU D Y OF TH E STEREO -ISOM ERISM  OF A 
FERM EN TATIO N  LACTIC ACID

B y  S t a n l e y  J u d s o n  T h o m a s  

R ece ived  D ecem b er 21, 1915

In vestigation s of the isomerism of lactic  acid soon 
follow ed P asteu r’s fam ous work w ith tartaric  acid. 
In  1890, L ew kow itsch 1 showed th a t am m onium  
lacta te  when exposed to the action of P enicillium  
glaucum  for several weeks becam e op tically  active. 
In  1892, Professor T . Purdie proved, b y  direct ana
ly tica l evidence, th a t com m ercial lactic  acid can be 
resolved into tw o oppositely active  isom eric acids.2 
T h e  results of experim ents of various writers on the 
kind of lactic  acid form ed in n aturally  soured milk 
do not agree. Som e found inactive acid, some dextro-, 
and som e laevo-rotatory  acid. Dr. P. G. Heinem ann 
cleared  up m ost of this conflicting testim on y b y  show
ing th a t different bacteria  produce different kinds of 
acid. As a sum m ary to an excellent paper on the 
su b ject, he says: “ R acem ic lactic  acid is the result
of th e form ation  of pure dextro acid and pure laevo 
acid b y  a t least tw o different species of m icroorgan
ism s. R acem ic (inactive) lactic  acid is not known 
to  be the product of one species o n ly .” 3

T h e ob ject of this paper is to  discuss the kind of 
lactic  acid present in M atzoon, an Arm enian a rti
ficially soured m ilk, and to give the results of an in
vestigation  of its optical powers.

M atzoon  is a beverage prepared from  cows' milk 
w ith  the aid of an appropriate ferm ent. From  this 
ferm ent, or “ sta rter,”  th e author isolated a bacillus, 
a  streptococcus, and a yeast. T he bacillus was deter
mined as a m em ber of the B . bulgaricus group, corre
sponding more closely to B. caucasicus (Flugge) than 
to  a n y  other member. T he streptococcus isolated 
was Sir. kefir (K u n tze), a m ember of the Sir. lebenis* 
group. T h e yeast was determ ined as Saccharomyces 
kefir: th is organism  is unable to ferm ent m ilk or lac
tose, excepting a slight production of alcohol.

L actic  acid was discovered b y  Scheele. I t  exists

> Ber., 16, 2720.
’ J .  Chem . Soc., 1892, 754.
« J .  B io l. Chem .. 2, 612.
* F reu d en re ich , L andw . Jahrb . d. Schw ciz., 10 (1896), 1.

in sour m ilk, hum an gastric juice and in m uscle. 
It  has been found in the vegetab le kingdom  in th e 
peduncles of Solatium dulcamara.1 T here are four 
lactic  acids, three havin g the form ula CH 3.CH O H .- 
C O O H , and one the form ula C H s O H .C H jC O O H . 
In active or ethylidene lactic  acid (a-h yd roxy pro
pionic acid) m ay be prepared b y  treatin g  a-chlor- 
propionic acid w ith potassium  hydroxide: it form s a zinc 
la cta te  th a t crystallizes w ith three m olecules of w ater 
of crystallization . Sarco- or dextro-lactic acid (C H 3- 
C H O H .C O O H ) is found in m eat: the zinc lacta te  
m ade from  this acid crystallizes w ith  tw o m olecules 
of w ater of crystallization .

L aevo-lactic  acid (C H 3C H O H .C O O H ) differs from  
the dextro acid only in its optical powers: its zinc 
lactate  crystallizes with tw o m olecules of w ater of 
crystallization .

B eta  h yd ro xy propionic acid (hydracrylic  or ethylene 
lactic  acid) has the form ula C H 2O H C H 2C O O H . 
W hen heated it liberates w ater and form s an un sat
urated  acid, acrylic  acid, C H 2C H C O O H .

T hus we have three lactic  acids havin g the sam e 
structural form ula but different properties. T h is 
is know n as stereo-isom erism , physical isom erism , or 
optical isomerism. E th ylen e lactic  acid, CH2OHCH2- 
C O O H , is in active under all circum stances.* E th y l
idene lactio  acid, C H 3 C H O H C O O H , on the other 
hand, m ay exhibit optical a ctiv ity . On close ex
am ination the latter is found to contain a carbon 
atom  in its m olecule which holds four other atom s 
or groups of atom s, all different from  each other. 
O p tically  active  substances, w ithout exception, con
tain  one or more such carbon atom s in their m ole
cules, and th e property of turning the plane of polar
ization bears a close relation to  th e structure of a sub 
stance. O ptical a c tiv ity  is, therefore, due to the 
presence of a carbon atom  in a molecule which holds 
four dissim ilar groups w ith its four bonds. Such a 
carbon atom  is known as an asym m etric carbon atom . 
Furtherm ore, an op tically  active  substance m ay show 
dextro-rotation, th a t is, turn  the plane of p o lariza
tion to  the right; or laevo-rotation, th a t is, turn th e 
plane of polarization to the left, A  closer exam ina
tion of the lactic  acid molecule m ay show w hy the 
acid exhibits both dextro-rotation and laevo-rotation .

L et us now exam ine th e lactic  acid m olecule. If 
we attem p t to draw  a picture of the m olecule in space 
w»e m ay have:

H00C / '  - - 3  'OH 

(a)Uextro Lactic Acid

'COOH 

(b)Laevo Lactic flcid

T h e difference betw een these form ulae is on ly  
th a t of an ob ject and its  im age in a mirror. If  b be 
superim posed upon a, we will find th a t th e OH  group

1 S tandard  D ispensatory.
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of b w ill lie on th e  C O O H  group of a. I f  we take 
the groups in order, C H 3, H, OH , we find th a t in the 
first (a) th e y  travel 'counter-clockw ise, while in the 
second (b) th e y  tra v e l clockw ise.

As we m a y  see, if these tw o activ e  lactic  acids are 
m ixed in equal proportions, in active la ctic  acid will 
result. I f  we m ake lactic  acid  sy n th etica lly  from  
sym m etrical substances we a lw ays get th e in active 
la ctic  acid. T hus propionic acid ev id en tly  yields 
an in tim ate m ixture of dextro- and laevo-rotatory  
acids and th e product is therefore in active .

A m ong the earliest m ethods of obtaining lactic  
acid  on a com m ercial scale was th a t proposed b y  
B eu sch :1 6 lbs. of cane sugar and */* oz. of tartaric  
acid  (w hich serves to convert the cane sugar into 
dextrose) are dissolved in 26 lbs. of boiling w ater. 
A fter 2 days, 2 lbs. of chalk  are added, together w ith 
4 oz. of putrid  cheese suspended in 8 lbs. of sour m ilk. 
T h e m ixture is then  set aside at a tem perature between 
30 and 3 5 0 C. and well stirred every  d ay until, in 
the course of 6 or 8 days, it is converted into a th ick  
paste of calcium  lactate . T h is paste is boiled for 
V i  hr. w ith y s oz. of quicklim e and 20 lbs. of w ater, 
th e  solution strained through cheesecloth and ev a p 
orated  to  a syrup . T h e crystalline mass w hich first 
forms iy pressed b y  itself, then  th r e e ' or four tim es 
after havin g been each tim e stirred up w ith  Vio part 
of cold w ater, and the lacta te  of calcium  thus puri
fied is dissolved in tw ice its w eight of boiling w ater. 
T o  32 parts of th e  solution of the calcium  salt is added 
a  m ixture of 7 parts of sulfuric acid  and 7 parts of 
w ater. T h e la ctic  acid thus for.med is strained through 
linen while still hot to  separate it from  the sulfate 
of lim e, and boiled w ith x3/s parts of zinc carbonate 
for i s  min. L a stly , one part of th e zinc sa lt is dis
solved  in 7V2 parts of boiling w ater and trea ted  w ith 
su lfu retted  hydrogen until zinc sulfide ceases to  pre
c ip itate. T h e filtrate, containing th e pure lactic  
acid , is evap orated  on th e w ater bath .

T h e m ethod used in th is experim ent was as follow s: 
A syn th etical culture m edium  was prepared consist
in g  of asparagin 10 g., m agnesium  sulfate 0.2 g., 
d ipotassium  phosphate 1 g., sodium  chloride 0 .5  g-. 
potassium ^nitrate 0 .2  g., dextrose 20 g. to  each liter 
of distilled w ater: to  this solution were added 15 g. 
o f pure calcium  carbonate per liter. T o  the m edium  
th u s prepared, wras added a sm all am ount of previously 
prepared M atzoon  as a starter, and th e m ixture a l
low ed to  incubate a t 3 7 .5 °  C . for 2 wks. A t  the 
en d of th a t tim e th e ferm entation  product was filtered 
and washed. A  residue of unused calcium  carbonate 
together w ith a slight am ount of calcium  oxalate re
m ained. T h e filtrate contained the calcium  salts of 
vo latile  and nonvolatile organic acids. T his filtrate 
w as b arely  acidified w ith  sulfuric acid, heated, and 
filtered to get rid of th e calcium  as calcium  sulfate. 
T h e filtrate was then distilled to  one-half volum e, 
and steam  passed through the residue in the flask 
so as to  separate th e vo latile  acids from  th e non
vo la tile  acids.

1 A n n . C hem ic P harm ., 61, 174.

t e s t s  f o r  v o l a t i l e  a c i d s — T h e distillate was 
treated  w ith sodium  hydroxide (care being taken  to 
avoid  an excess) and heated gen tly . T h e solution 
was evap orated  on the w ater b ath  and th e crystals 
of th e sodium  salts of the vo latile  acids were obtained.

f o r m i c  a c i d  was tested  for in four w ays: ( i)  T o
a sm all portion of the d ry  residue in a test tu b e was 
added a little  sulfuric acid. T h e m ixture was heated  
gen tly  while th e m outh of the tube was covered. 
C arbon m onoxide would be liberated during the h ea t
ing if form ic acid  were present. C arbon m onoxide 
burns w ith a characteristic blue flame. T h e reac
tion  which takes place is: H C O O N a  +  H 2SO.i =
N aH SO i +  H20 +  CO . (T his test should be tried 
in a dark room.) W here a large am ount of form ic 
acid  is present it  is not necessary to  heat th e m ixture.

(2) T o  a sm all portion of th e salt were added a little  
alcohol and a drop of sulfuric acid. If form ic acid 
were present eth yl form ate would be form ed which 
has a characteristic odor. T he follow ing reactions 
show w h at takes place:

H C O O N a  +  HsSOj = NaHSO., +  H C O O H , 
H C O O H  +  C 2H 5OH  = H C O O C ,H s +  H20

(3) T o  a- solution of the salt was added a little  sil
ver n itrate. On heating, a form ate, if present, would 
reduce the silver n itrate to  free silver.

(4) A  little  of the d ry  form ate was m ixed w ith soda 
lim e (C aO  +  N aO H ) and th e m ixture heated. H yd ro 
gen would be liberated  were a form ate present, as

C aO  +  H C O O H  = C a C 03 +  H 2.
B y  none of these tests could the author show the 

presence of form ic acid.
a c e t i c  a c i d — Since no form ic acid was present, 

acetic acid was tested  fo r-b y  th e follow ing m ethods:
(1) A  sm all portion of the solid was ju st acidified 

w ith sulfuric acid  and a drop of alcohol was added to 
the m ixture. A cetic  acid  was shown to be present by 
the odor of eth yl a cetate  which was given  off. T he 
odor is sim ilar to  th a t of bananas. T h e reactions 
w hich ta k e  place are:

C H jC O O N a  - f  H2S04 = C H 3C O O H  +  N a H S04 
and

C H 3C O O H  +  C 2H5OH = C H 3C O O C 2H s +  h 2o

(2) T h e cocodyl test. A  little  of th e d ry  salt was 
m ixed w ith arsenious oxide (As203) in a hard glass 
tube and heated to  a high tem perature. A  strong 
garlic-like odor of cocodyl oxide shows the presence of 
acetic acid:

4C H 3C 00N a +  A s 20 3 =
(C H 3)4A s20 +  2 C 0 2 +  2N a2C O j

(3) A  sm all am ount of th e solution of th e  sodium  
salt was treated  w ith  a drop of ferric chloride and the 
m ixture boiled. A  red-brown precip itate of basic 
ferric acetate form ed w hich showred th e presence of 
acetic acid:

C H 3C O O N a  +  F e C l3 +  H20 =
C H 3C O O (O H )2Fe - f  N a C l +  2HCI

Propionic and butyric acids were found to be pres
ent b y  the follow ing m ethod: A  rather large am ount
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of th e distillate after the first treatm en t w ith the sul
fu ric  acid w'as neutralized with b aryta  w ater and 
evap orated  to dryness. T h e residue was heated to 
boiling w ith 80 per cent alcohol, b y  which process 
the barium  propionate and b u tyra te  were dissolved, 
leavin g the barium  salts of the lower acids which are 
insoluble. The alcoholic solution was evaporated, 
the residue dissolved in w ater and decom posed b y  
silver sulfate b y  boiling. A fter filtering, the silver 
salts were dissolved in concentrated sulfuric acid 
which liberated the pure propionic and b u ty ric  acids. 
T h e y  appeared as m inute oily drops on the sulfuric 
acid. N o a ttem p t was made to separate the pro
pionic and b u tyric  acid s.1

A fter testin g for th e volatile acids the author con
tin ued  the purification of the lactic  acid. A fter the 
vo latile  organic acids were rem oved the residue con
tained  lactic  acid, succinic acid and some calcium  
sulfate wrhich continued to  separate out on concentra
tion. T his latter substance was very  hard to  rem ove: 
repeated filtrations, wrashing regularly  to keep the suc
cinic acid in solution, and concentrating on the w ater 
bath , were necessary. A fter all the calcium  sulfate 
was rem oved, the residue was a very  dark syru p y  
liquid (lactic acid and charred organic im purities) 
containing a w hite, crystalline solid (succinic acid). 
T h e succinic acid was rem oved b y  filtration with 
suction, and its m elting point determ ined as 1S30 C. 
(very  sh a rp ): a large am ount of succinic acid was 
form ed due to the use of a derivative of this acid—  
asparagin— in the original culture medium.

T h e lactic  acid, which still contained a large am ount 
of charred organic m atter, was diluted to about four 
tim es its volum e w ith distilled w ater and purified by 
boiling, under a return condenser, w ith anim al char
coal. T h e charcoal and its occluded organic com 
pounds were filtered off under suction and a clear 
solution of lactic  acid rem ained. T he colorless liquid 
obtained was diluted w ith distilled w ater and neu
tralized  w ith zinc carbonate, thus:

C H 3 C H O H C O O H  +  Z0CO3 =
(C H 3C H O H C O O )2Zn +  C 0 2 +  H20

T h e zinc lacta te  obtained was crystallized, washed 
and recrystallized  several tim es to  obtain  as pure a 
salt as possible. T h e zinc wras rem oved b y  hydrogen 
sulfide, filtered off, and the optical properties of the 
lactic  acid  determ ined b y (means of the polariscope.

T h e lactic  acid obtained from  M atzoon proved to 
be of th e usual inactive variety . T he problem  now 
presented itself to  resolve this acid into its active 
com ponents. T h e m ethod proposed b y Purdie and 
W a lker2 was the one used:

150 cc. of the lactic  acid solution were neutralized 
w ith  strychn ine. This required slightly over 28 g. 
of strychnine. Since strychnine unites w ith lactic  
acid in m olecular proportions,3 there m ust have been 
abou t 8 .5  g. of pure lactic  acid present in the 150 
cc. of the d iluted acid. T h e liquid  was then subjected 
to system atic  fraction al crystallization , the crystal-

1 See F resen iu s , " Q u a li ta t iv e  A na ly sis ,”  p . 419.
: J .  Chem . Soc.. 61, 754.
> Ib id .

line solid in each case being separated as far as possi
ble b y  the aid of suction and recrystallization  being 
carried out in a vacuum  desiccator.

A fter several successive crystallization s th e less 
soluble crystals were dissolved in w ater and the stry ch 
nine was precipitated b y  the addition of am m onium  
hydroxide. T h e filtrate was evaporated  and a slight 
excess of am m onium  hydroxide added to com pletely  
precipitate the strychnine. A fter again filtering the 
solution, it was tested in the polariscope in a 220 
mm. tube. It  gave a rotation  of + 0 . 9 0. The m other 
liquor was then treated  in the sam e w a y  w ith am m o
nium  hydroxide, filtered and tested. It  gave a ro ta 
tion of — 0 .9 0. In this w ay it was proved th a t lactic  
acid obtained from  M atzoon was capable of being 
resolved into its active com ponents.

CO N CLU SIO N S

I— -M atzoon, an A rm enian lactic  acid food, owes 
its peculiar properties to  the B ulgarian  bacillus t o 
gether w ith Streptococcus lebenis and Saccharomyces 
kefir.

II— Ferm entation  lactic  acid m ay be separated 
and purified b y  the m ethod described in this paper.

II I— T h e acid produced b y  M atzoon in a syn th etic  
culture medium  is op tica lly  inactive, b u t this in active 
acid is capable of being resolved into a ctiv e  com 
ponents.

L e h i g h  U n iv e r s it y  
S o u t h  B e t h l e h e m , P e n n s y l v a n ia

PLANT FOOD DEFICIENCIES OF COASTAL PLAIN AND 
PIED M O N T SO ILS1

B y C . B. W il l ia m s  

R eceived  M ay  1, 1916

In approaching the solution of this kind of a prob 
lem  for any section, it is necessary to conduct experi
m ental field work on the soils of known ty p e s  w hich 
occur in the area and which are im portant ones agri
cu ltu ra lly  in the sections. These facts m ay be de
term ined b y a soil su rvey  w hich had best precede, if 
possible, the ta k in g  up of field studies to determ ine 
the p la n t ‘ food deficiencies of s o i ls 'o f  th e section. 
A fter the m apping has been finished in the soil sur
ve y , a trained and experienced man is sent over the 
area to  draw  representative sam ples of soil and sub
soil for analyses from  each typ e  occurring in the area. 
These are sent to  the chem ical lab oratory  for a de
term ination of the total am ount of nitrogen, phos
phoric acid, and potash present.

W H AT CH EM ICA L A N A L Y S E S  W ILL SHOW  

From  such an exam ination it will be possible to 
calculate the to ta l am ounts of these p lant food con
stitu ents actu ally  present in the soil, but it w ill n ot 
be possible from  such an exam ination to  determ ine 
th e a va ila b ility  of these for p lant grow th. T h is can 
be satisfactorily  done only b y  well planned and care
fu lly  conducted fertilizer experim ents w ith  different 
crops on each ty p e  of soil, and carried on a sufficient 
length of tim e to  elim inate seasonal and other fa c 
tors th a t m ight occur to interfere w ith a fair deduc-

1 P re se n te d  a t  th e  52nd M ee tin g  of th e  A m erican  C hem ica l S ocie ty , 
T Jrbana-C ham paign , 111., A p ril 17 to  21, 1916.
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tion  from  one or tw o yea rs ’ results. B elow  are ta b u 
lated  the average am ounts of nitrogen, phosphoric 
acid and potash contained in th e leading ty p e s  of soil 
occurring in the C oastal P lain  and P iedm ont regions 
in which field w ork has been conducted. In the 
C oastal Plain, the N orfolk series em braces decidedly 
the m ost im portant soils of the whole South A tla n tic  
States, while in the Piedm ont section the C ecil series 
occupies the greatest area and are the soils of the 
greatest im portance agricu ltu rally . T h e d ata  show 
v e ry  strik in gly  th a t  the to ta l am ounts of phosphoric 
acid and nitrogen present in all the different typ e s of 
soil on which th e experim ental fields are located 
are each m uch sm aller th a n  is th e am ount of potash. 
From  these facts alone, w ith reference to the differ
ent types under consideration, th e only inferences 
th a t could safely  be m ade would be th a t p o ten tia lly  
most of the soils are fa irly  well supplied w ith potash, 
b u t th a t the am ounts of phosphoric acid  and nitrogen, 
one or th e  other, or both, are at present, or soon will 
be, lim iting factors in the production of large crops.

A v e r a g e  L b s .  P l a n t  F o o d  i n  S u r f a c e  62/3 I n .  o k  S o i l  p e r  A c r e  o f  S o m e  
o k  t h e  L e a d i n g  S o i l s  i n  t h e  C o a s t a l  P l a i n  a n d  

P i e d m o n t  R e g i o n s
T y p e  a n d  L o c a tio n  E x p e rim e n ta l

of Soil N P íO í K *0 F ie ld
C o a stal  P l a in

P o r ts m o u th  F in e  S a n d y  L o a m . 1660 590 7051 P an te g o
P o r ts m o u th  S ilt L o a m ................ 1131 555 28884 E d e n to n
N orfo lk  S a n d ................................... 1275 298 1978 G reenv ille
N orfo lk  F in e  S a n d y  L o a m ------ 912 546 8873 E dgecom be
N orfo lk  S a n d y  L o a m ................... 639 1439 4552 G oldsboro

P ie d m o n t
C ecil C la y .......................................... 1285 1430 17743 C h a r lo tte  N o . 1
C ecil S a n d y  L o a m ......................... 801 571 49260 G as to n ia
C ecil L o a m ........................................ 865 1512 27702 C h a r lo tte  N o . 2
Ired e ll L o a m ..................................... 909 2238 4247 Ired e ll

T h e econom ical increase of the nitrogen sup ply
of all these soils for th e production of general crops 
like corn, cotton, or oats w ill h ave to  be brought 
about largely  b y  th e grow ing of legum inous crops 
in rotation  w ith these and possibly other general 
field crops and turnin g a part of these into the soil 
for soil im provem ent. B y  this means, not on ly can 
th e nitrogen sup ply of th e soil be k ept up, w holly  or 
largely, but th e soils will be kept in good physical 
condition b y th e organic m atter turned into them . 
I t  will p rob ab ly  be necessary, w ith  m any of our soils, 
where this practice is follow ed, to add lim e in fa irly  
liberal am ounts a t in tervals of 4 to 6 years. On the 
other hand, in the case of phosphoric acid, its sup ply 
for p lant grow'th will have to  be k ep t up in most 
cases b y  additions of some m aterial carryin g the 
p lant food constituen t in more or less readily  a v a il
able form  (e. g., acid  phosphate, basic slag, phosphate 
rock or ground bone) if large crops are expected  to 
be produced. In some of the leading typ es of soil 
occurring in the South th e to ta l am ount of phosphoric 
acid is v e ry  low. P o ten tia lly  soils of the Iredell 
and H ouston series are som e of our richest in phos
phoric acid  supply. T his has been brought out both 
b y  chem ical exam ination  and b y  field experim ents.

W H A T  F E R T I L I Z E R  E X P E R I M E N T S  I N  F IE L D  S H O W '

For th e C oasta l P lain  section and th e Piedm ont 
section the follow ing general deductions which will 
h ave wide application  throughout th e Southern 
States, m ay be m ade from  d ata  obtained in field ex
perim ents:

c o a s t a l  p l a i n  s o i l s — W ith  Portsmouth fine sandy 
loam th e chief deficiency is generally for nitrogen in 
availab le form . N ext in im portance to  be supplied 
are lim e and phosphoric acid.

For the Portsmouth silt loam type, p lan t food con
stitu ents producing th e greatest returns when added 
to the soil are phosphoric acid, nitrogen and lim e 
in th e order given.

For th e  Norfolk sand type of soil, the chief defi
ciencies are shown b y  our results to be first, nitrogen; 
second, lim e; and third, potash. For the Norfolk 
fine sandy loam  the m ain deficiencies of th e soil have 
shown up to  be first, nitrogen; second, potash; and 
third, phosphoric acid and lime. T h is ty p e  of soil 
is one of th e largest in exten t and im portance of all 
the C oastal P lain  soils. F ield  observation  on the 
Norfolk sandy loam  soil has shown th a t the chief 
p lant food requirem ents are for nitrogen, lim e and 
potash in th e order given. Phosphoric acid, when 
used, seems to  have on an average caused a decrease 
in yield  of all th e crops except in the case of cotton. 
O rdinarily w ith all the N orfolk  series of soils of the 
C oastal P lain  R egion, phosphoric acid  and potash 
give little  or no increase in crop yields until nitrogen 
has been added to  the soil.

p i e d m o n t  s o i l s — T h e chief deficiencies of the 
Cecil Clay ty p e  of soil have been shown b y  the field 
results to be nitrogen, lim e and phosphoric acid. 
T h e chief p lant food requirem ents of th e  Iredell Loam  
ty p e  of soil h ave been shown to  be first, n itrogen de
cidedly; and second, potash. On an average, phos
phoric acid has seem ed to  decrease rath er than prove 
beneficial when applied to this ty p e  of soil. N itrogen, 
phosphoric acid and lim e have been shown to  be the 
chief requirem ents of the Cecil Sandy Loam  of this 
field.

In the production of grain and seed cotton  on aver
age Cecil Loam  soil, phosphoric acid was found to be 
the chief deficiency while applications of nitrogen 
gave th e greatest response when h ays were grown. 
P ra ctica lly  no grains on an average were secured 
from  the use of lim e and potash, except in the case of 
lim e, in the grow ing of oats for h ay, and in th e case 
of potash in grow ing red clover for hay.

T a kin g  th e results as a .whole for th e  leading soils 
of both  th e C oasta l P lain  and P iedm ont sections, 
w hich no doubt h ave wTide application  to  soils th rou gh 
out th e South A tla n tic  States, it will be seen th a t the 
chief needs for p lan t grow th  in the . C oastal P lain  
R egion  are generally, first, for nitrogen, and second, 
for potash and lim e. T hose soils of chief im portance 
and exten t in the P iedm ont R egion  show a lack  first, 
for phosphoric acid  and second, for nitrogen. W ith 
out the addition  of these deficient p lan t food con stit
uents, it will be im possible to  grow  large crops for a n y  
great length of tim e, for, w ith most of th e ty p e s  of 
soil of these tw o regions of the South, the grow th  
of 2500- to 3100-bu. crops of corn w ould require an 
am ount of phosphoric acid  and nitrogen equal to the 
to ta l am ount of these tw o constituents contained in 
m ost of the C o asta l P lain  and Piedm ont soils.

N o r t h  C a r o l in a  E x p e r im e n t  S t a t io n  
W e s t  R a l e ig h
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LABORATORY AND PLANT
TH E PR IN CIPLES OF COUNTER-CURRENT EXTRACTION

B y  W . K . L e w is  
R ece iv ed  M a y  2, 1916

A  large num ber of processes in chem ical engineer
ing practice in volve the transfer of some substance 
from  one to  th e other of tw o bodies. This process is 
in general spoken of as extraction. For the sake of 
clearness we shall designate th e body bringing into 
the system  or process th e m atter w hich it is desired 
to  tran sfer to  some other b od y as the “ carrier.’ ’ T h e 
m atter which th e carrier brings into the system  and 
which is to be transferred to some other body shall 
be called th e “ solutum .”1 T h e body which is to 
absorb the solutum  from  the carrier and thus tak e it 
out of th e system , shall be called the “ extractor.”  It 
is therefore the function  of the extractor to absorb from  
th e carrier, in general as com pletely as possible, the 
solutum , either for the purpose of recovering the solu
tum  in the extractor or for rem oving the solutum  from 
th e carrier, or in certain  cases for both. T o  secure 
efficiency of extraction  the principle of the counter
current m ust be em ployed, i. e., fresh carrier entering 
th e system  m ust be treated  first not w ith fresh extrac
tor, b u t w ith  extractor which is already n early  sa tu ra 
ted  w ith  solutum  from  contact w ith previous batches 
of carrier, w hile tow ard the end of th e system  fresh 
extracto r as free as possible from  solutum  m ust be 
used for final rem oval of solutum  from  the carrier.

T h e calculation  and design of system s for counter- 
current extractio n  is at present a m atter of empiric 
cism. Several years ago this lab oratory  undertook 
th e stu d y  of the problem  and a large am ount of work 
has been done upon it. T h e problem  is b y  no manner 
of means an easy one and especially from  the experi
m ental side the verification of the m ethods of calcu la
tion developed has been a difficult m atter, but our 
results, w'hile even y et incom plete, are sufficiently 
definite to  ju stify  us in presenting bur m ethods of 
calculation  and our data, especially in view  of the fa ct 
th a t these things are greatly  needed b y  the profession.

W e first present th e form ulas which we have de
veloped and later th e experim ental evidence w'hich 
we have accum ulated  indicating the v a lid ity  of our 
m ethods of calculation. T h e derivation  of the for
m ulas we shall add separately.

G E N E R A L  C O N S ID E R A T IO N S

If a carrier a n d 'e x tra c to r  be brought into con tact 
an y solutum  present will d istribute itself betw een 
the tw o and u ltim ately  an equilibrium  w ill be a t
tained. T h e concentrations of solutum  in carrier 
and extracto r w ill at equilibrium  bear a certain  rela
tion to each other and th is distribution of solutum  
b etw een th e tw o phases will usually  follow , a t least 
approxim ately, one or the other of tw o laws. If we

1 T h is  te rm , th e  w ord  fo rm erly  u sed  fo r so lu te , is em p loyed  because  
th e  th in g  tra n sfe rre d , especia lly  w hen  a  m a te r ia l su b stan ce , can  usually  
b e  conceived  a s  in  so lu tio n ; th e  use of th e  w ord so lu tum  r a th e r  th a n  solute 
w ill in d ic a te  t h a t  a  tra n s fe r  from  one p h ase  to  a n o th e r  is u n d e r  co n sid e ra 
tio n , t h a t  th e  se p a ra te  ph ases  n ee d  n o t  b e  so lu tio n s  in  th e  o rd in a ry  sense, 
a n d  th a t  th e  th in g  tra n sfe rre d  m a y  b e  e ith e r  ene rgy  o r m a tte r .

call th e concentration  of solutum  on the carrier x 
and in th e extractor y, we shall have either x — ay 
or x =  a y l/n. In  the first case the solutum  is said  
to be linearly • distributed between carrier and ex
tractor, while in the second case the solutum  is spoken 
of as adsorbed upon the carrier. The n ature of the 
extraction  process is decidedly different in th e tw o 
cases.

W hen carrier and extractor are brought together 
this equilibrium  is not im m ediately  set up, b u t, on 
th e other hand, solutum  passes from  one phase to 
th e other at a rate depending upon the specific case 
and conditions involved. It  is exclusively  this rate 
of interchange of solutum  betw een carrier and ex tra c 
tor w hich determ ines the cap acity  of an y industrial 
system .

B oth the equilibrium  conditions and the rate of 
transfer of solutum  from  one phase to the other are 
subject to  the influence of a num ber of v a ria b les  
such as th e n ature of both carrier and extractor, the 
tem perature, th e pressure, the concentration  of solu
tum  in both phases, the v iscosity  of the phases, etc. 
On the other hand, m ost of these variables are fixed 
b y  the nature of th e case. For exam ple, if we are 
extractin g  tan n ic acid from  hem lock bark  the extra c
tion  m ust be carried out w ith w ater as an extractor. 
T h e distribution  of tan n ic acid  betw een hem lock 
bark  and w ater is itself influenced b y  both  tem p era
ture and concentration, but inasm uch as extraction  
is a lw ays more rapid the higher the tem perature, 
we shall em ploy in extraction  th e highest tem pera
ture possible. T h e tem perature m ay be lim ited 
b y  the boiling point of th e solution obtained, b y  de
terioration  of th e tann in  extract, or b y  the extraction  
at too high tem peratures o f  excessive am ounts of non
tannin  m aterial. In  a n y  case, how ever, th e tem pera
ture of extraction  is d ictated  b y  considerations w hich 
are not under control of the designer of th e  extraction  
system . W hile it is also true th a t th e concentration 
influences the d istribution and the extraction, the in itia l 
concentration of the tannin  on th e bark  is deter
mined absolutely  b y  the tannin content of th e bark- 
availab le for extraction, and furtherm ore, even  the 
concentration of tannin left on th e - bark  is d ictated  
b y  th e necessity of securing as high a tannin  recov
ery as possible, so th a t the in itial, and to a t least a 
degree, th e final concentration  are n ot sub ject to 
variation . On the other hand, th e concentration  of 
the tannin in th e extract obtained can be varied  b y  th e 
designer within wide lim its b y  th e use of larger or 
sm aller quantities of w ater for th e extraction. T he 
rate of extraction  will be greater the greater th e con 
centration  difference betw een carrier and extractor, 
and it is therefore prim arily this w hich can be varied  
in a given  system . If this concen tration  difference 
becom es sm all so th a t the tw o phases are n early  in 
equilibrium , th e rate of transfer of solutum  w ill be
com e negligible and to  secure an appreciable transfer 
will require an excessive tim e. T h e tw o variables
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which the designer of a counter-current system  can 
control are in general th e ratio  of extractor to  carrier 
and the size of th e extraction  system , or w hat is eq u iv
alent to  the sam e th in g, th e tim e of contact between 
carrier and extractor. In the follow ing discussion 
we shall assum e th a t all other variables such as the 
n ature of extractor, carrier and solutum , the tem pera
ture and pressure of extraction, the distribution  law  
betw een the phases, etc., are beyond th e control of 
th e designer and are therefore fixed for th e given  case. 
T h e follow ing treatm en t is a stu d y  of th e  influence 
of the tim e of con tact and ratio  of extracto r to  carrier 
upon an y extraction  system .

In  all extraction  system s either carrier or extractor 
is a fluid: i. e., either a liquid or a gas. Furtherm ore, 
either one or th e other of these phases is finely divided, 
th e sep arate particles being more or less com pletely 
separated from  each other and offering a large surface 
of con tact, while th e  other phase, which is ahvays a 
fluid phase, fills th e voids betw een th e particles of 
the first. F or exam ple, in th e extraction  of solids 
such as tan  bark, pyrites cinder, b lack  ash, and the 
like, w ith  liquids, th e solids are a lw ays divided and 
com pletely  im m ersed in a continuous liquid m edium . 
In th e w ashing of gases, e. g., benzol and am m onia 
from  coal gas, th e w ashing liquid is separated  in the 
form  of either a  sp ray or exposed in a large surface 
for con tact w ith  th e gas. In a n y  case it  is probable 
th a t th e extraction  process consists prim arily  in the 
diffusion of the solutum  through a sta tio n a ry  layer 
of fluid w hich envelops separate particles of th e finely 
subdivided phase. T h e fluid in im m ediate contact 
w ith th e separate particles is p rob ab ly  n early  in 
equilibrium  w ith them  and th e diffusion process is 
determ ined b y  th e difference in concentration  betw een 
the satu rated  solution on the v e ry  surface of th e sep
arate particles of th e  dispersed phase and th e main 
b od y of the solution around those particles b u t o u t
side of th e station ary  surface film . Our form ulas 
are derived upon the assum ption of this m echanism .

A ssum ing th e nom enclature given  in th e list below, 
our form ulas are as follow s: F or the case of the ex
traction  of solids b y  liquids,

]° * [ Z +lo(P~ “)]=S?(P~ “)'
F or th e case of tran sfer of solutum  from  a gas to  a 
liquid  or vice versa th e y  becom e,

-  aco K V
log (P —  a ) ,

for apparatu s in w hich th e ve lo city  of gas past the 
liquid is constant (spray w ashers), or

x0 —  ac0 /3U / 
l o g — -  = pA C P - « ) ,

for apparatu s in which th e absorbing liquid  forms 
a film over a sta tio n a ry  surface.

D E R IV A T IO N  O F  F O R M U L A S

T he m echanism  b y  which the solu ium  is rem oved 
from  the carrier b y  th e extracto r is assum ed to  be as 
follow s: T h e more fluid m edium  (either liquid or.
gaseous) form s a film on the surface of the other phase,

which is p ra ctica lly  station ary. Let its consider first 
th e extraction  of a solid carrier b y  a liquid extractor. 
In im m ediate con tact w ith the carrier, on th e interior 
of this film, th e extracto r is satu rated  w ith solutum , 
the equilibrium  betw een th e carrier and th e extractor 
being p ra ctica lly  perfect at this particu lar point. T he 
concentration  of th e solutum  in th e b o d y  of th e ex
tracto r is, how ever, considerably lower than  this, 
and the solutum  diffuses through th is sta tio n a ry  film 
according to ordinary diffusion law s. A  more com 
plete discussion of the factors governing diffusion will 
be given  later.

In considering th e extraction  we m ay look at the 
m atter from  either one of tw o points of view . E ith er 
we m ay consider the decrease in concentration  of 
solutum  on the carrier or the increase in concen tra
tion  in the extractor. T h e to ta l am ount of solutum  
given  up b y  th e  one m ust of course be equal to th a t 
taken up b y  the other. If we designate, b y  t, the tim e 
of contact of extracto r w ith carrier, leavin g th e exact 
form ulation  of this q u an tity , t, for later discussion, 
we m ay w rite the equations

( 0  ^  =  k(c' —  c), and (2) ^  =  K (c ' —  c),

c being th e concentration of th e solutum  in th e liquid
extracto r a t a n y  particu lar point in the apparatus, 
x th e concentration  of the solutum  on the carrier at 
the sam e point, and c’ th e concentration  of solutum  
in the extractor in im m ediate contact w ith th e sur
face of the carrier, and therefore, from  w h at has been 
said above, in equilibrium  w ith th e solutum  on the 
carrier. T h e tw o constants k and K  will not neces
sarily  be identical, but there will exist betw een them  
a prop ortion ality  w hich will be developed later.

T h e value of c' is a function  of x, tw o cases re
quiring consideration. In the first of these the quan 
tities in th e tw o phases are proportional and we m ay 
write

(3) x = otc'.

In the case we are considering, nam ely, the ex tra c
tion  of a solid b y  a liquid, this relationship p rob ab ly  
never rig id ly  holds. On the other hand, in m any cases 
of this ty p e  this equation  is a v e ry  close approxim a
tion  of the facts and enables us v e ry  satisfactorily  
to calcu late the b ehavior of extraction  system s. T he 
tw o m ost im portan t cases are, first, those in which 
the solid carrier is a porous m aterial and holds the 
solutum  in it m erely as a solution contained in its 
pores. Such is th e case in the extraction  of copper 
su lfate from  pyrites cinder, of grease from  wool, and 
of various substances from  organic fibers b y  th e use 
of organic solvents, etc. T h e  second case is th a t  of 
a solutum  held in a gel, as for exam ple salt in skins. 
In both  these cases diffusion ou t of th e carrier is ex
perim en tally  found to  be n early  proportional to the 
difference in concen tration  of th e  solutum  in the ex
tracto r held w ithin  th e pores of th e m aterial in the 
one case, or w ithin  th e gel in the other, and th e con 
cen tration  in th e  m ain b od y of th e  extractor. In 
th e second case we have adsorption  of th e solutum  
from  th e  liquid  upon th e carrier, and in th a t case



Sept., i ç i 6  T U E  J O U R N A L  OF I N D U S T R I A L  Ä N D  E N G I N E E R I N G  C H E M I S T R Y 827

it is exp erim entally  found th a t th e relationship ex
isting betw een c' and x is

(4) x = a c,l/n,

a c' and n being constants, the latter greater th an  u n ity, 
u sually  havin g a value between 2 and 20.

In either case we m ay substitute in (1) the values 
given  for c' and obtain, when x =  a c ',

( 5 )
dc 
dt :

(6 )

!(“ 0’ and (5fl) i  = K(a“ C);
c’ l/n

and (6a) ' ^ = k (  * • - < ) .

when x = 

dc 
dt

The integration  of these differential equations gives 
us the solution of the problem  in hand.

L et us now  apply  the principle of the eq u a lity  of 
input and output in an y continuously operating pro
cess. L et us call the w eight of carrier passing an y 
section per unit tim e equal to U , and likewise the weight 
of extracto r per unit tim e equal to u. C all the concen
tration  of solutum  on the carrier and in the extractor, 
at one end or th e other of the system , in general, at 
th a t end where th e fresh extractor enters the system , 
equal to  x0 and c0, respectively. U sually  ca will be 
equal to  zero. T h e eq u ality  of input and output re
quires th a t

( * — £0)U  = ( c — c0) 11.
For the usual case where c0 =  o,

(7) x -  x0 +  uc/U.
Inserting this valu e in the above equation we obtain

dc- .(x o  . uc \ 
dt V a

( 8)

*o , UC
+  “ t t —  c a a  U

k d t(— -  
VaU

In tegratin g,

log [f +(u 'r I)c]=C _I)+
T h e lim its are as follows:

/ = o t — -o c ~  o x  =  Xo constant of inte-

const.

I = I t

(9)

t C — Ci X =  Xi

5  +(f.-
gration

0 c i ]  = é i ( 5 j _ i ) + l o g

=  I™  x°=  log

Xo
a

ADSORPTION

If *0 +  ~  be substituted for x  and p = ÿ  in Equation (6)
U

we obtain 

(10)

c

( n )

This equation may be integrated graphically but will not be 
further discussed here. In consequence of its importance we 
shall treat this case at some future time.

N A T U R E  O F D I F F U S IO N  P R O C E S S

T h e constants k and K  are in rea lity  diffusion 
constants, representing th e rate a t which diffusion 
will ta k e  place under conditions of unit difference of 
concentration and unit distance of flow. These con
stan ts will depend upon the solutum  in volved , upon 
th e fluid m edium  through which the flow takes place 
(i. e., upon the extractor), upon th e tem perature, 
and perhaps also upon still other variables-. On th e 
other hand, in general all these variables will be fixed \ 
b y  the conditions necessarily im posed upon the en gi
neer; e. g., in th e extraction  of grease from  wool, 
petroleum  n aphtha is the only solven t availab le  on 
accoun t of th e  greater expense of other m aterials. 
Furtherm ore, the tem perature to  be em ployed for 
the extraction  will be lim ited rig id ly  b y  the boiling 
point of this m aterial unless th e system  be kept un 
der pressure, and in th a t case b y  th e allow able pressure 
in the system . In the same w ay  in all cases th e ex
tracto r which m ust be em ployed, the highest tem p era
ture which it is possible to  utilize, and other such 
variables will not be at th e  discretion ©f the engineer, 
b u t beyond his control. If in an y case these things 
are capable of m odification, each new possible m odi
fication' m ust really  be considered as a separate prob 
lem , to be solved b y  the m ethods outlined in this 
discussion.

T his being the case, the only factors which the en 
gineer can control are, in the first place, the tim e of 
contact of th e carrier w ith the extracto r and, in the 
second place, the am ount of extractor used per unit 
am ount of carrier treated. It  will be developed later 
th a t th e ve lo city  w ith  which the extractor flows past 
the carrier is also an im portant factor, which is to 
a greater or less extent under the control of the 
engineer.

T he discussion of the m atter of tim e of con tact 
now becom es necessary. ' If we consider a single 
particle of the carrier passing through an y given  sy s
tem , th a t particle will rem ain in the system  a certain  
length of tim e, and th a t tim e is th e tim e of contact 
of th a t particle of solid carrier w ith th e  extractor, 
and such we m ight define it to  be. On th e other hand, 
if we consider a drop of th e  liquid extracto r flowing 
through the system , this drop of extracto r w ill also 
be in the system  'a certain  length of tim e, depending 
upon its linear ve lo city  and the length of th e system . 
T his drop will not, how ever, be in con tact w ith  the 
carrier throughout the whole of its path . Indeed, 
it is p ractica lly  im possible in this case to  define con
ta c t at all, b u t if we agree to  consider the drop as in 
con tact w ith the carrier during a n y  tim e when it is 
w ithin a certain  m axim um  distance of th e  carrier 
surface, th e drop w ill be in con tact w ith  th e  carrier 
a  certain  definite fraction  of th e to ta l tim e th e drop 
rem ained in th e system , th a t fraction  depending in 
general upon th e am ount of carrier in th e system  
and being proportional to  th a t am ount. T h u s, if 
in extractin g wool, in one case we pack  into  an ex
traction  ta n k  tw ice as m uch wool as in another case, 
a drop of solven t passing through this ta n k  will h ave 
tw ice th e chance to  come in con tact w ith  th e fiber
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and its tim e of contact will thus in a v e ry  real sense 
be tw ice as great as under the second assum ption. 
T h e a ctu al valu e of th e tim e of con tact of the drop 
of extractor w ith  th e carrier will depend upon our 
arb itrary  assum ption as. to  the lim iting distance be
tw een carrier and drop beyond which con tact is neg
lected. Inasm uch as th is assum ption would be an 
en tirely  arb itra ry  one, it  is allow able and advisable 
to  om it this particular factor a ltogeth er and to  define 
arb itrarily  the tim e of contact of the liquid w ith the 
carrier as the average tim e w hich a n y  particular 
drop of liquid rem ains in the system . T his tim e 
m ust be m ultiplied b y  the am ount of carrier per unit 
volum e of th e system  unless this q u an tity , as is usually  
true, is constant.

A nother factor influencing th e tim e of con tact is 
the surface which th e carrier exposes to  the action 
of the extractor. T hus the more finely d ivided the 
carrier, th e greater its surface per un it am ount, and in 
case th e influence of surface, or w hat is th e same 
th in g fineness of subdivision  of th e carrier, is to be 
taken  into consideration, th e  tim e of con tact m ust 
be defined as proportional to  the surface per unit 
w eight of the carrier. On the other hand, this q u an tity  
is usually  fixed, ow ing to the fa ct th a t the carrier is 
either not subdivided at all to  avoid  the expense of 
grinding, or else is subdivided as far as possible w ith 
out causing packin g of the m aterial in th e extraction  
ta n k s, resulting in interference w ith  th e extraction  
process. T his m atter of surface exposure of the 
carrier is therefore generally not one which is varied  
in a given  extraction  system .

I t  m ust be realized th a t these definitions of tim e of 
con tact are a rb itra ry  ones, th e tim e of con tact being 
rea lly  proportional to  the factors which we have m en
tioned, b u t inasm uch as the prop ortion ality  constant 
cannot possibly be determ ined except b y  m aking 
a rb itra ry  assum ptions, th e sim plest th in g  to  do—  
and a th in g en tirely  adm issible— is to  m ake the pro
p o rtio n ality  factor equal to u n ity . T im e of con tact 
m ay therefore be defined as th e tim e th e extractor 
or carrier, as the case m ay be, is in th e system , tim es 
the w eight of carrier per un it volum e of the system , 
and also tim es the. surface of the carrier per un it 
w eight. U sually  these last tw o term s are om itted  
provided th e y  are not subject to  variation .

If th e carrier per unit volum e of th e system  be con
stan t, th e vo ids betw een th e  particles of carrier will 
also rem ain unchanged, and th e tim e of con tact 
will therefore be proportional to  the to ta l volum e of 
th e extraction  system , d ivided b y  th e am ount of 
carrier or extracto r per un it tim e. W e shall th ere
fore lim it ourselves throughout to th is definition of 
tim e of con tact, i. e.,
Time of contact of carrier =  total volume of system/

amount of carrier per unit 
time.

Tim e of contact of extractor =  total volume of system/
amount of extractor per 

unit time.

R eturn ing again to  th e diffusion constants k and K ,

and in d icatin g  th e tim e of con tact of the carrier b y  tx 
and of the extractor b y  tc, E quation s (5) and (5a) become,

dJL  =  k ( X - c ) ,  and dx =  k ( - - —  c \ .. 
dtc \ a  / dtx \a  /

D ividing,
d c k dtc
dx K  dtx

H ow ever, from  the equation

(X ------  £0)U  =  (C   Co)«,
dc _ U _ k dtc
dx u K  dtx

In tegratin g, rem em bering th a t zero con tact for car-
U k tc

rier m ust also be zero contact for extractor, - =
u K  tx

T his equation  represents the relationship which
m ust exist betw een the constants k and K , the ratio 
of carrier to  extractor, and th e tim es of con tact, tx 
and tc. T h e constants k and K  are in rea lity  diffusion 
constants, as previously  pointed out, and it  is de
sirable to  have them  n um erically  identical. T h e y  will 
be num erically th e sam e provided utc — U tx. B y  
definition we h ave arb itrarily  chosen to  place

V  , V
tx =  , and tc =  .

U u

It  is evident th a t these definitions m eet the above re
quirem ent, so th a t w ith  these definitions of tim e of 
con tact the diffusion constants are th e sam e no m a t
ter w hether carrier or extracto r are under considera
tion.

It  will be show n later th a t the diffusion constan t, k, 
increases w ith  increasing ve lo city  of extractor. T he 
data on this point is inadequate, b u t seems to  ju stify  
as a prelim inary assum ption the relationship,

* - K-'3C )’■
where A  is the cross section of the extraction  system , 
and /3 a constant th e valu e of w hich depends en tirely  
upon th e carrier, extractor, and solution involved, 
the fineness of th e particles of carrier, the tem pera
ture of th e extraction, etc. T h e valu e of /3 m ust be 
determ ined for each specific case.

In sertin g these values in (9) there results,

(9a) log [~i +  Cl (p —  a ) l  =  — «)•
L *0 J  oc A 2

IN T R O D U C TIO N  OF N E W  T A N K S

T h e calcu lation  of a counter-current system  for 
extractin g  a solid carrier w ith a liquid- extractor is 
rendered com plicated b y  the fa ct th a t it  is im possi
ble to  realize perfect counter-current conditions. To 
secure absolute counter-current flow both  carrier 
and extracto r m ust enter the system  a t a uniform  rate. 
In th e extraction  of a solutum  from  a solid carrier, 
the carrier is usually  put into a ta n k , and a t definite 
in tervals of tim e, tan ks of fresh carrier are introduced 
into th e system . T h e system  is then  run w ith  con
tin ued  addition  of extractor, b u t w ith ou t th e  addition 
of further carrier un til th e next ta n k  is inserted into 
the system . T o  allow  for th is la c k  of co n tin u ity  in
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extraction, in an y exact w ay, would be v e ry  difficult, 
but an approxim ation can readily  be m ade, which 
will introduce no greater error than the other assum p
tions we h ave been com pelled to use. W hen a new 
ta n k  of fresh carrier is inserted into the system , the 
inflow of extracto r at th e other end of th e series is 
changed from  th a t ta n k  which is most n early  extracted  
and into which fresh extractor has been running, to 
the next in th e series, and the extractor continues 
to  flow into th is ta n k  until the next change of tanks 
in the system , i. e., throughout one cycle of opera
tions. A t the beginning of this cycle th e top of this 
ta n k  is th e head of the system . A t the gnd of this 
cycle th e top of the next ta n k  becom es th e head of 
th e system , and therefore it will not in volve serious 
error if we assum e th a t during this cycle the a ver
age position of the head of the system  has been at 
the middle of this tan k . In other words, during this 
cycle only one-half of this ta n k  has really  been an 
effective part in th e counter-current extraction  sys
tem .

Considering now  the ta n k  which has ju st been in
serted into the series, at first, extract from  the previous 
tan ks flows into this ta n k  until all the voids have been 
filled ; until th is stage is reached this ta n k  is not in 
a n y  w ay  a part of the real counter-current system . 
W hen this state  is reached the ta n k  becomes active 
in a sense, but, on th e other hand, during a large 
part of the rest of the tim e the liquid in this ta n k  is 
m erely being displaced b y  inflowing liquid and no ex
traction  in the ta n k  starts until th is displacem ent is 
com pleted. It  is possible to estim ate when this dis
placem ent is finished, but, on the other hand, in 
general, this ta n k  will be for so slight a tim e a really 
effective part of th e counter-current system  th a t in 
general the whole ta n k  m ay be neglected. If  we do 
this, this means th a t both this ta n k  and one-half 
of th e first tan k  are not in actual operation, and the 
net length  of the counter-current system  m ay be a p 
proxim ated b y  sub tractin g from  the total num ber of 
tan ks in operation 1 .5 . Inasm uch as one tan k  is 
out of th e system  entirely, being refilled, this means 
th a t 2. 5 less than the total num ber of tanks in the 
system  are in effective operation at an y one tim e.

F urtherm ore, th e  liquid obtained as effluent from  
the last ta n k  of such a system  cannot be considered 
as havin g the same concentration as th a t which is 
obtained from  the true counter-current system  itself.

T h e reason for this is th a t the liquid flowing from  
the real counter-current system  into th e  tan k  of fresh 
m aterial first mixes w ith  th a t m aterial, dissolves the 
solutum  from  th a t m aterial, and then delivers th e 
product of the system  as a whole before a new ta n k  is 
inserted into the series. W hile the product of th e 
counter-current extraction  system  is not of constant 
com position on account of the discontinuity of opera
tin g conditions, we m ay w ithout serious error, as
sum e it to be of a definite average com position which 
we shall call c\. T h e com position of th e liquid in 
the fresh ta n k  obtained b y adm ixture of the fresh 
charge w ith the liquid necessary to  fill the voids 
flowing upon th is charge from  the true counter-cur

rent system  we shall call c '. T h e concentration  of 
the solutum  on the carrier as it enters the 'system  
originally is x ’ and of th e solutum  on the carrier as it 
enters the counter-current system  from  the last tan k  
*1. W e shall now assume th a t there is no adsorption  
of solutum  on the carrier, but th a t the solutum  is 
held in the voids w ithin the carrier itself. As soon as 
the extractor from  the true counter-current system  
enters1 a new ta n k  of carrier w hich has ju st been in 
serted into the series, th is extracto r com pletely  dis
solves all the solutum  in th e carrier and form s a solu 
tion w hich we shall assum e to be hom ogeneous both  
in the voids of the carrier itself, and in the voids b e
tw een the particles of carrier in the tan k. U nques
tio n a b ly , in the m a jo rity  of cases th is is p ra ctica lly  
w h at happens, and th e follow ing equations apply  
only to these cases. T h e equations are m erely an 
expression of the eq u a lity  of input and output to  the 
last ta n k  in the series and to th e series as a whole.

S *=> v o lum e of p ro d u c t
P  »  v o lum e of each  ta n k  a c tu a lly  filled b y  so lid  c a rr ie r  
Q «  v o lum e of each  ta n k  occup ied  b y  v o id s  in  ca rrie r  
R  ® v o lum e of each  ta n k  occup ied  b y  v o id s  be tw een  ca rr ie r  
P  +  Q  4- R  =» th e  to ta l  v o lum e of each  ta n k  n o t  in c lu d in g  excess 

sp ace  ab o v e  th e  to p  of th e  m ix tu re
D  =  w t. of so lid  c a rr ie r  p e r  u n i t  v o lu m e of th e  c a rr ie r  itse lf 
d  =  w t. of liq u id  e x tra c to r  p e r  u n i t  v o lum e of th e  so lu tio n

In each cycle th e  to ta l carrier entering the system  
is enough to furnish the product, S, and fill th e voids 
within the carrier Q. T h e ratio p. of extracto r to 
carrier, is therefore

If equilibrium  exists betw een carrier and extractor, 
the concentration, c, of solution in all the voids both 
w ithin an d 'aroun d the carrier will be the same. T h e 
am ount of solutum  in the voids w ithin the carrier will 
therefore be dQc, the corresponding w eight of carrier 
itself being D P . Since, how ever, the concentration, 
x, of solution in th e carrier is to  be expressed as parts 
b y  w eight of carrier, it m ust be true th a t

D P *  D P
D P *  = dQc, or — — - = c, or if — be called a, 

dQ d Q
(b) c — ax.

E quations (a) and (b) hold in all cases.
T h re e  cases a ris in g  in  in d u stria l p ra ctice  m u st n ow  

be d ifferen tia ted : 
c a s e  1, S = R : When a tank of fresh carrier is inserted into 

a series the cycle through which it passes before the insertion 
of another tank can be divided into two stages: in the first, 
liquid entering from the previous tank fills all the voids in the 
charge. This liquid enters at a concentration Ci.  bringing 
in an amount of solutum d(R Q)ci, and dissolves all the 
solutum on the carrier, I ’D x ’, filling all the voids with a uni
form solution of concentration c '. Hence

(c) (R +  Q)dc‘  =  (R +  Q )dci +  P D * '
or

¿<R +  Q)(c' —  Ci) =  P D x '.

All of the solutum extracted from the carrier during the total
1 A t  th is  p o in t one  m u s t k ee p  c lea rly  in  m in d  th e  d is tin c tio n  b e tw e en  

m o tio n  of b o th  c a rr ie r  a n d  e x tra c to r  p a s t  a  sec tion  of c o n s ta n t c o n c e n tra 
tio n  a n d  m o tion  of c a rr ie r  a n d  e x tra c to r  re la tiv e  to  each  o th e r . T h e  firs t 
is  th e  essen tia l in  d e te rm in in g  p. I n  th e  ca se  u n d e r  d iscuss ion  th e  ca rr ie r  
rem a in s  s ta t io n a ry , so  t h a t  m o tio n  of th e  e x tra c to r  p a s t  a  fixed p o in t in  th e  
a p p a ra tu s  is g re a te r  th a n  th e  v a lu e  of p w ould  in d ica te .



830 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. 8, No. 9

process is equal to D P  multiplied by (* ' —  *0), the difference 
in the concentration of the solutum 011 the carrier at the be
ginning and at the end of the operation. The solutum ex
tracted is also equal to dS multiplied by (c' —  c0.) the difference 
in the concentrations of the solutum in the extractor at the be
ginning and the end of the operation. The concentration of 
the solutum in the extractor is generally zero at the start of the 
extraction; therefore,

(d) dSc' =  D P ( i ' —  *0).
c a s e  2 , S >  R : In this case during a cycle a fresh tank passes

through three stages: First, a volume of effluent from the
true counter-current system sufficient to fill the voids enters 
at a constant concentration Ci, bringing in a weight of solutum 
<ic,(R +  Q), dissolving the solutum on the charge x 'D P , and 
producing a solution of concentration c', such that, as before,

(c) d(R +  Q)(c' —  c.) = D P *'.

Second, after the tank becomes full the product begins flowing 
from the tank, and a volume, R, is collected at the concentra
tion c'. Third, in order to make up the total product, S, further 
volume, S —  R  is removed as product at the concentration 
Ci. The solution removed as product is therefore the sum of 
the two, or,

(d) c 'dR  +  cid(S —  R) = P D (* ' —  *„).
This equality represents the equality of input and output in the 
extraction system as a whole.

c a s e  3 , S < R : In this case, during a cycle a fresh tank also 
passes through three stages. When the tank enters the series 
the solution of concentration c' has not been completely dis
placed from the previous tank. There therefore enters the tank 
a volume, R  —  S, at concentration c', and the tank is then 
filled with a solution Q +  S at concentration ci, giving

(c) (R —  S )dc' +  (Q +  S)dci +  D P * ' =  (Q +  R )dc', or 
d (c' —  c,)(Q +  S) = D P *'.

Inasmuch as the product has a constant concentration, c ', 

(d) dc'S  = D P (* ' —  *0). •

B y  means of these equations one can estimate the conditions 
at both ends of any counter-current system for which sufficient 
data are available.

W A S H IN G  O F  G A S E S

W e have now com pleted the consideration of the 
extraction  of a solid carrier b y  a liquid  extractor. I t  
will be rem em bered th a t we pointed out th a t th e  ex
traction  of a gaseous carrier b y  a liquid extracto r was 
in all essentials sim ilar. T h e calculations in this 
la tter  case are indeed sim plified b y  the fa c t th a t true 
counter-current conditions are u sually  realized in in 
dustrial practice.

T h e equations expressing the rate of extraction  of a 
gas b y  means of a liquid are ve ry  sim ilar to  those pre
vio u sly  derived for the counter-current extraction  
of a solid b y  means of a liquid.

(14 ) ^  =  k ( p — a c ) .  (15 ) =  —  K ( £ — a c ) .
dtc dtx

a  is th e  so lu b ility  c o n s ta n t, *. e., th e  r a t io  of th e  p a r t ia l  p re s su re  in th e  
v a p o r  to  th e  c o n c e n tra tio n  in  th e  liqu id .

I f  th e  p ressu re  in  th e  a p p a ra tu s  b e  chosen  a s  u n ity  th e n

x

p "  1 +  V
x

is th e  m ol f rac tio n  of ab so rb ab le  c o m p o n en t in  th e  g as  a t  a n v  p o in t
1 +  x
in  th e  sy stem .

If  x  b e  sm all in  com p ariso n  w ith  1 - f  *  w e m a y  assu m e P •* x.
T h e  e q u a lity  of in p u t a n d  o u tp u t  re q u ire s  t h a t  (x  —  xo )U  =* (c —  c0)n . 
In s e r tin g  th e se  v a lu es  in  E q u a tio n  (14) a n d  in te g ra t in g  we o b ta in ,

log
ac0
a c

lo g
* o  ----- OtCo

Xo P(Co c )

k V
(p — a )  = log * P 0.

or as for V  = V!, c =  o 

Xo  —  01 c0
(16) log

¿Vx

*o PCo
(p —  a ) .

E xp erim en tally  it is found th a t k 

/3V U

i<3U;

A 2 '

(i6,o) log
*o —  a  c0

Xo PCo P  A 2 

§ 1  
PA

(p —  a )  =

(p —  a )  = log :
a c  c

If a =  o, without neglecting *  in the denominator of the mol 
fraction,

Xo (i +  *) /SUV 
A 2

(17) log -
/„ m  

l o g y  =  A  >1 * (1 +  *0)

where f  may be either the fraction or the per cent of the ab
sorbable gas at the points indicated. This is the equation to 
use where chemical- combination of solutum with extractor 
occurs, e. g., for the absorption of NH j by H2S0 4.

Equation (16a) becomes indeterminate for p — a. In this 
case, and indeed whenever p and a  are nearly equal, (16a) 
simplifies to

Co k V  0VI

x u pA
(16b)

The equation for the washing of gases can be written as 
follows:

log
\TJ u )

B ut from (7), U(P —  Po) = ~{p  —  po)

whence
1
U

a / P — P . \ 

u \ p  --- p o )

Hence log
Po —  po _  k V a / P —  Po

k V a /  Po 

u \

U  \ p  

■ P o  —  P +  P
kV

)- 
[(Po —  P o ) - (P - P ) }

or «(c —  C o )  =  k\r
[(Po —  P o )

u ( c   C o )

(P —  P)\

log -po

■p
or the amount extracted per unit time equals the diffusion 
constant k, times the volume of the apparatus V, times the 
logarithmic mean of the pressure differences of the solutum 
in gas and liquid at the two ends of the apparatus.

We have, therefore, the amount of solutum transferred pro
portional to the logarithmic mean of the pressure difference, 
an expression strikingly similar to the law for the flow of heat 
between bodies, in which case the logarithmic mean should also 
be employed. It is helpful to consider an extraction system as 
in all respects similar to a system for the transfer of heat, and 
indeed apparatus for the transfer of heat from one body to 
another which embodies the counter-current principle can be 
looked upon as a counter-current extraction system in which 
the solutum is not matter but energy in the form of heat.

It  is v e ry  im portan t to  keep in mind th e  fa c t th a t 
th e equations developed from  the differential expression 
in volvin g th e rate of tran sfer of solutum  from  carrier 
to  extractor— and in volvin g therefore th e diffusion
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constants k and /?■— are equations h avin g to do only 
w ith the ve lo city  of interchange of solutum  from  one 
phase to  the other. T h ey  are, therefore, th e equa
tions w hich determ ine the extraction capacity per unit 
volume of the system  in question. If a given system  
is operating en tirely  satisfactorily  from  this point of 
view  of cap acity  per unit volum e, and it is m erely 
desired to  change extraction  cap acity  of the system  
as a whole not b y  changing the concentration rela
tionships at different points in the system , b u t b y  en
larging the system  proportionally at every  point, 
it is unnecessary to in volve an y of the equations con
tain in g the constants k or ¡3. E quations involvin g 
the constants k or /3 are necessary only where it is 
desired to  m odify th e perform ance of the system  b y  
changing th e concentration relationships at com para
ble points w ithin the system .

W here, therefore, a given system  is operating satis
fa cto rily  and it is m erely desired to build a larger or 
sm aller system  to  accom plish the same purpose on 
a correspondingly larger or sm aller scale, it  is m erely 
necessary to  see to  it  th a t in the new system  the values 
of tim e con tact tx and tc, the ratio of extractor to car
rier, and the ve lo city  of the liquid phase through the 
system , i. e., u /A  in the case of the extraction  of a 
solid b y  a liquid, and U /A  in the case of the washing 
of a gas, rem ain constant. I t  would be unnecessary 
to m aintain  the velocities constant were it not for the 
fa ct th a t these velocities so greatly  change the value 
of th e extraction  constant k.

T o avoid  m isunderstandings in the use of the pre
ceding form ulas, the follow ing tables of definitions of 
the quantities involved  are appended.

ca «= earner 
S y m b o l  S i g n i f i c a n c e

c C oncentration of so 
in ex

x  C oncentration of so 
on ca

P P a rtia l pressure of so

a  Solubility constant

Velocity of ex

Velocity of ca

T otal volum e of ex
trac tion  system  

Tim e of con tact of ex 
Tim e of con tact of ca 

E x  em ployed per un it 
am ount of ca trea ted  

Diffusion constant 
|  Diffusion constants
Volume of product 
Volume of apparatu s 

filled by  carrier

K
k
S
P

N o m e n c l a t u r e

so =  solutum
D e f i n i t i o n  f o r  

Solid by a Liquid 
Ratio  of weight of so 

to  weight of ex in 
which it is held a t 
any  point in the sys
tem

R atio  of weight of so 
to  weight of ca on 
which it is held a t 
any point in the  sys
tem

Defined by the equa
tion x  = ac which 
holds when so on ca 
and ex are in equilib
rium . (Does not 
hold for adsorption) 

W eight of ex per unit 
of tim e 

W eight of ca per unit 
of time 

U nits of volume

lc =  V /u  
tx = V/U 
p -  u /V

ex “  extractor 
E x t r a c t i o n  o f  

Gas by a  Liquid 
Ratio  of mots of so to 

weight of ex in which 
i t  is dissolved

R atio  by  volume of so, 
in ca, to ca a t  any 
point in the system

P artial pressure of so 
in the liquid ex, 
to ta l pressure in the 
a p p a r a t u s  being 
taken as un ity

Volume of apparatu s 
filled by  voids in ca 

Volume of apparatu s  
occupied by voids 
between carrier

W eight of ex per unit 
tim e

Mols of ca per unit of 
tim e 

U nits of volume

tc =  V /u  
tx  -  V /U  
p -  u /V

0  =  fcA*/tt* P “  fcAVU2
W here k  and K  are identical; value depends on 

the particular system 
U nits of volume .
U nits of volume P artial pressure ol so

in the  gaseous car
rier. to tal pressure 
in the apparatus 
being taken as unity

U nits of volume 

U nits of volume

It  will be apparent th a t throughout this discussion 
the functions of carrier and extracto r will be reversed 
if the concentration or pressure differences be of op 
posite sign.

E X P E R IM E N T A L  IN V E S T IG A T IO N

Prelim inary work was carried out b y  M r. A . W. 
K en n ey in th e spring of 1913. The system  em ployed 
consisted of porous coke saturated  w ith sodium  h y 
drate solution. W ork w ith this indicated in a q u ali
ta tiv e  w ay the lines which the in vestigation  would 
have to  pursue, but no q u an titative  results of value 
were obtained. D uring th e next year M r. K e n n e y 1 
follow ed up the w ork w ith  a stu d y  of a counter-cur
rent extraction  system , rem oving S 0 2 from  a gaseous 
m ixture b y  the use of w ater as an extractor. A t 
first m ixtures of SO2 and air were em ployed, b u t the 
oxidation to  sulfuric acid was excessive and vitia ted  
the results. F in ally  m ixtures of S 0 2 and C 0 2 were 
used. A  great deal of difficulty was encountered in 
obtaining satisfactory  concentration gradients; this 
was u ltim ately  traced to variations in tem perature. 
T h e solubility  of SO2 in w ater changes v e ry  rap id ly  
w ith th e tem perature and very  slight tem perature 
changes profoundly influence the shape of the concen
tration  curves. It  was u ltim ately  found necessary 
to  m aintain the whole extraction  system  at constant 
tem perature b y  air jack etin g  and to saturate th e gas 
entering the tow er with m oisture b y  bubbling through 
a wash bottle in order to  avoid the • cooling effect 
due to  w ater evaporation  into the dry gas which oth er
wise occurs. T he results obtained are given  in ta b u la 
ted form  below, but at th e tim e it was im possible to 
get satisfactory  constants from  these results b y  a n y  • 
m ethod of calculation, and the problem  seem ed al
most hopeless. N evertheless, during the next year 
the work was taken  up b y  M r. V . A . S tew art, who 
studied th e absorption of C 0 2 b y  solutions of caustic 
soda in excess, using the sam e absorption system  as 
that em ployed b y  M r. K en n ey. T h e results of M r. 
S tew a rt’s2 w ork are also given  in tab u lar form  and 
again it was found im possible to  reconcile the results 
and to obtain  from  different runs constants in any 
w ay concordant. D uring th e last year a careful 
stu d y of S tew a rt’s results called our atten tion  to  the 
fa ct th a t the absorption was much more rapid the 
higher the ve lo city  of the gas through the system . 
In all previous calculations no allow ance had been 
made for variation s in gas ve lo city , but this was now 
taken into consideration and it was found th a t the 
absorption coefficient K  was proportional to  the square 
of the ve lo city  of the gas. R ecalcu latin g both  the 
results of K en n ey and of S tew art on this assum ption 
we obtain  the constants shown in the last colum n of 
each table. R ealizing th a t  these constants were o b 
tained b y  m ethods of calculation, the significance 
of which was not appreciated until more th an  a year 
after the data  were collected, and th a t' the variation s 
in conditions in the absorption system  were v e ry

1 Thesis subm itted  in partia l fulfilment of the  requirem ents for the 
S.M . degree a t  the  M assachusetts In s titu te  of Technology, 1914.

- Thesis subm itted in partia l fulfilment of the  requirem ents for the 
S.B. degree a t  the M assachusetts In s titu te  of Technology, 1915.



832 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. 8, No. 9

w ide, th e degree of coincidence is rem arkable. W e 
believe th a t the results of th is work su b stan tiate  the 
accuracy of our assum ptions and the reliab ility  of 
our m ethod of calculation.

T a b l e  I — R e m o v a l  o f  COj f r o m  A i r  b y  E x c e s s  N aO H
Mol-

fraction

N um ber of 
Sections

COi *» 
x / l  +  X

M ols Air 
per hour 

U V /3
0 . .  . 
1 ..,

0.205 
. . .  0.045 27 ’.48 260 0.000092

2 . . . . . .  0.010 340 0.000080
. 0 

1..
, . ,  0.083 
. . .  0.030

15.60
260 o .ooo io9

0 
1 ..,

0.252 
___ 0.164 1 i *34 260 0.006063

2 . .. . . .  0.082 340 0.000072
0
1 ...

0.152 
___ 0.065 1 i *88 260 0 .000 i20

2 . . .  0.015 340 0.000141
0 ..
1 ...

0.150 
___  0.093 12.30 260 0 .000065

2 . . . . . .  0 .024 340 0.000108
0 
1..

, 0.124 
___ 0.046 12.’72 260 o .ooo i3o

2 .. , . . .  0.034 340 0.000074
0
1..

0 .080 
___  0 .030

16.98
260 0.000097

T a b l e I I— R e m o v a l  o f  SO2 f r o m COi b y  W a t e r
U il c T a  x Q % loss Volume /3

3 .05 0.702 0.0988 21 
0.0955 . .  
0 .0870 . .

0 .532 0.0625 12.5 0 .260  ___
0.340  ___
0.320  0.000162

2.23 0.555 0.1057 24 
0.1012 . .  
0.0917

0.531 0.0624 22 0.260 ___
0.340  ___
0.320  0.000201

3 .86 0.621 0.1160 25 
0.1083 . .  
0 .1000 ..

0.535 0.0635 1 0.260  ___
0.340  ___
0.320  0.000166

2 .89 0.711 0.1106 21 
0 .1080 . .  
0.0922 ..

0.531 0.0665 9 0.260  ___
0.340  ___
0.320  0.000216

3 .4 0 0.577 0.1150 22 
0 .1110 . .  
0 .1010 . .

0 .532 0.0677 11.5 0 .260  ___
0.340 ___
0.320  0.000124

A t the sam e tim e another in vestigation  was being 
carried on b y  M r. T . C . P o n d 1 on th e extraction  of 
'sodium  carbonate solution from  wood pulp as is neces
sa ry  in the soda pulp process. One of th e concen
tration  gradient curves obtained b y  M r. Pond is 
given  here. T h e experim ental points represent the 
values as determ ined b y  M r. Pond; the dotted  curve 
connecting those points represents the actu al concen
tration  gradient and the fu ll curve represents the con
cen tration  gradient as calcu lated  from  our equation. 
M r. Pond had only four tan ks in series in his system  
so th a t th e insertion of a new ta n k  into the system  
introduced decided variation s in the concentration  
gradient, the flatten in g out of th e curve being em 
p h atica lly  shown in th e  divergence of the actual 
from  the theoretical curve in th e fresh tan ks in the 
series. T h is divergence, while v e ry  large in the fresh 
ta n k s in w hich the concentration  gradients have 
not y et been established, is negligible in the rest of 
the system  where th e concentration  gradient is rela
tiv e ly  unaffected b y  th e introduction  of a new tan k . 
In a  longer system  divergence would be m uch less 
than  in th e short system  em ployed b y  M r. Pond.

U T IL IT Y  OF E Q U A T IO N

W e believe th a t these figures offer experim ental 
justification  of our m ethod of calculation. On the 
other hand, it  cannot be too  stron gly  em phasized 
th a t under ord inary op eratin g conditions it is a l
m ost im possible to get a concentration  grad ien t

1 Thesis subm itted  in partia l fulfilm ent of the  requirem ents for the 
S.B. degree a t  the  M assachusetts In s titu te  of Technology, 1915.

which satisfies our expression. T he reason for this 
is th a t th e concen tration  gradient is v e ry  sensitive 
to  changes in conditions such as tem perature, rate 
of flow, etc., and these m ust be carefu lly  controlled 
if theoretical results are to  be obtained. N one the 
less, our equations do indicate the n ature of the pro
cess in volved  and while the)7 are not applicable d irectly  
to  the concentration  gradient existing in com m ercial 
system s th e y  should and in our opinion do a p p ly  to  
th e average conditions existing in a n y  continuously 
operated system . T h e diffusion constant K  for our 
equation m ust therefore be determ ined from  th e know n 
results of a system  operating under com m ercial con
ditions, ta k in g  for th e concentrations th e average 
values obtained for a re lativ e ly  long period of time. 
In order to  determ ine the constant in our equation  
it is unnecessary to  determ ine the concentration  
gradient through the system , b u t average values 
of the constant will be obtained from  the know n a ver
age perform ance of the operating system . U sing these 
constants it will be possible to predict th e effect of 
change in th e perform ance of the system  resulting 
from  increase in size, change in v e lo city  of flow, or 
variation  in the am ount of extractor em ployed.

I t  will be noted th a t th e average value of th e con
stan t from  T ab le  I is 0.000096, and from  T ab le  II , 
0.000174. In  the first case, how ever, th e inert gas 
was air and in the second CO2. E vid en ce points 
to  the assum ption th a t th e thickness of sta tio n a ry  
film is determ ined b y  th e weight of gas passing th e 
surface, rather than  b y  its linear ve lo city , i. e., to  com 
pare th e results in the first case w ith  those in the

second th e con stan t should be m ultiplied b y  the 
square of the ratio  of th e  m olecular w eights (44/29)*. 
Since, how ever, diffusion of a gas is in versely  propor
tion al to  the square root of its m olecular w eight, a
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further correction factor of V 44/64 must be applied. 
C orrected in th is w ay, the constant in the. first table 
becom es 0.000183 as com pared with 0.000174 ' n the 
second. In other words, it  is apparently  possible 
to use a single constant for th e rate of absorption in 
tw o such diverse cases as S 0 2 in w ater and C 0 2 in 
N aO H  solution, even w ith different diluent gases, 
provided differences in the densities and diffusion 
velocities be allow ed for. W hile too much w eight 
m ust not be put upon the checking of these tw o con
stants, it is still confirm atory of the correctness of 
our assum ptions and m ethod of calculation.

If d ata  are to be obtained in the laboratory for the 
design of com m ercial system s as is of course necessary 
when new processes are under investigation, th e lab ora
to ry  conditions m ust duplicate on the sm all scale, 
as n early  as is possible, the conditions which it is 
an ticipated  w ill obtain  in actual operation. W e 
do not, how ever, recom m end the laboratory m ethod 
for determ ining th e value of the diffusion constant 
in our equation where it is possible to get data from  
a large system  in actual com m ercial operation. The 
m ain value of our equations w ill be to  predict the 
effect of adding new tanks to  the system , of increasing 
th e rate of flow of extractor through the system , 
of using more extractor, and of all such changes in 
com m ercial operation.

E F F E C T  OF V E L O C IT Y

T h e m ost strikin g fact brought out in this inves
tig atio n  is th e m arked influence of ve lo city  on the 
rate of extraction. T hrough out our work on extrac
tion  for those cases where the distribution of solutum  
betw een carrier and extractor is linear, we have found 
th a t th e coefficient of diffusion K  in our form ulas is 
proportional w ithin the experim ental error to the 
square of th e gas or liquid velocities. This means 
th a t the more rap id ly the extractor is forced through 
the system  th e more rapid and indeed the more per
fect w ill be the extraction. T his statem ent would 
not a p p ly  to a gas washer using a spray, inasm uch 
as the drops of sp ray are carried w ith the gas and the 
relative  v e lo city  of th e spray past the gas rem ains prac
tic a lly  unchanged, w hatever the ve lo city  of the gas. 
In a n y  system  in which the carrier is station ary  our 
results should apply. This means th a t in the design 
of counter-current extraction  apparatus where gas 
washers or ord inary extractors are used, provision 
should be m ade to have the relative ve locity  of carrier 
and extracto r as high as it is possible to  m ake it. 
W e do n ot claim  th a t this rule, th a t rate of extrac
tion is proportional to  the rate of the ve lo city  of the 
extractor, holds under all conditions. It is m erely 
the em pirical result of our experim ental w ork, b u t it  
is in keeping w ith  our concept of the extraction  process. 
If  th e rate of extraction  be lim ited b y  diffusion through 
a sta tio n a ry  film  on the surface of the carrier, then 
high v e lo city  should tend to  rem ove this film and 
m ake it  thin ner, th ereb y  greatly  increasing diffusion. 
This result is in strikin g accord w ith all we know re
garding th e  influence of ve locity  upon flow of heat 
and diffusion processes in general, but the propor
tio n a lity  betw een K  and the square of the velocity  
is p rob ab ly  lim ited  in its application.

ILLUSTRATIONS

A single illustration of the method of employing these equa
tions will suffice. Assume that a part of the S0 2 is being re
moved from waste sulfur gases by washing with water. The 
tower used is 50 ft. high. The gases enter with 10 per cent 
SOj at 77° P., and at present one-half the SO2 is removed. 
The tower at present treats 70,000 eu. ft. of inert gas per hour, 
using therefor 30,000 gals, of water. How much higher would 
it be necessary to build this tower to recover 70 per cent of the 
SO2 instead of 50?

The equation to be employed is

log l ° ^ aC° — % — a )  =  (const.)/.

The latter form may be used because it is not proposed to 
modify the velocity of gas through the apparatus nor the amount 
of water used to dissolve the gas.

Where the gases enter the system the ratio of S0 2 to inert 
gas, or .Vo, is 10 : 90, or x0 = 0 .1 1 1 1 .  A t present half the

SO2 is removed, or at the other end of the tower x  = - ——  =
2

0.0556.
From the solubility tables it is found that at the average 

concentration and temperature in the tower the partial pressure 
of S0 2 is such that a solution of 1 g. mol per liter exerts 0.530 
atmospheres. 1 g. mol per gram, which is the same as 1 pound 
mol per pound, the unit of concentration in these equations, 
will therefore exert a thousand times as much, or a  =  530.

The tower is treating 70,000 cu. ft. of inert gas or lo/goths 
as much S0 2. Multiplied by the ratio of the absolute tem
peratures, (460 +  325/(460 -f  77), the volume of S0 2 is re
duced to standard conditions. Divided by the pound molec
ular volume under standard conditions, 359 cu. ft., gives the 
pound mois of S0 2, 1/2 of which is recovered.

This S0 2 recovered, divided by the pounds of water used,
30,000 times the pounds per gallon, 8Y3, gives the concentra
tion, Co, of the solution obtained.

(70,000) (10) (492)
=  0.0000397.Co

Hence,
(90) (53 7 ) (35 9) (2 ) (30,000) (833)

o. 1111 —  530(0.00003971
(const.) (50) =  log ------

0.0556
(const.) =0.0042.

Under the proposed conditions, x0 and a  will remain the same, 
but x  will fall to 0.3 Xo while Co will rise in the ratio of 7 to 5, 
as 70 per cent of the S0 2 will now dissolve in the water which 
at present takes up but 50 per cent. Therefore

log-

-530(0.0000397)-
5 =0.0042 I,

0.3(0.1111)

whence /= 93 ft., or the tower must be made 43 ft. higher.

SU M M A R Y

W e have developed form ulas which show  the in 
fluence of the size of an y extraction  system , th e am ount 
of extractor em ployed per unit am ount of carrier 
treated, and the ve lo city  of flow of carrier past ex tra c
tor in an y counter-current system  for th e extraction  
of solids b y  liquids or of liquids b y  gases or vice versa, 
and we have presented experim ental evidence which 
we believe dem onstrates the a p p licab ility  of these 
form ulas and justifies us in recom m ending their use 
in the interpretation  of data  collected in the stu d y  
of a n y  extraction  system  and in th e design of new sy s
tem s which it is desired to construct.

R e s e a r c h  L a b o r a t o r y  o p  A p p l i e d  C h e m is t r y  
M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y , B o s t o n
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A COM PARISON OF TH E RELATIVE EFFICIEN CY OF 
LABO RATORY REFLUX CONDENSERS

By M . V . D o v e r  a n d  J. W. M a r d b n  

Received June 23, 1916

Further than statem ents based upon q u alita tive  
separations, such as th a t made b y  C low es,1 in which 
he mentions th a t there is a considerable loss of ether 
when it is heated under a L iebig condenser used as a 
reflux, there has not been, so far as is know n to  the 
authors, a n y  system atic  com parison of the efficiency 
of different kinds and lengths of condensers.

M uch im portant chem ical work dem ands th e use of 
this apparatus, and it seem ed w orth while to  com pare 
the efficiency of those m ost com m only used. The 
aim  of this w ork is not to  obtain  great accu racy of 
results, b u t rather to gather d ata  under the ordinary 
lab o rato ry  conditions which will aid in the choice of a 
reflux condenser, when it is necessary to  heat a low- 
boiling liquid for som e length of tim e. W hen fa t is 
extracted  b y  means of a Soxhlet apparatus, the ether 
is boiled for abou t 16 hrs. Should the condenser used 
show  an efficiency of 98 per cent per hr. (th at is, if 
2 per cent of the to ta l ether were lost in 1 hr.), '/ 3 
of the to ta l ether used w ould be lost in the experim ent. 
I t  is very  obvious th a t an efficiency of even a fraction  
of 1 per cent per hr. in the condenser is well w orth y of 
consideration.

N ot long since, one of us was asked to  select a con
denser for use w ith the Soxhlet apparatus and no 
preference could be given. M an y indeed are the 
claim s for great efficiency of the various typ es now in 
use. A t th a t tim e the various kinds a t hand were 
rou gh ly  tested, using gasoline as the vo latile  liquid. 
One hundred gram s were boiled for 1 hr. under different 
condensers. T h e source of heat was then rem oved 
and the flask allowed to  cool and reweighed. T h e 
efficiency of the condenser was calcu lated  as the per 
cent of gasoline rem aining after the experim ent.

T a b l e  I — E f f ic ie n c y  o f  R e f l u x  C o n d e n s e r s  (G a s o l in e )

G entle Boiling. Flow of W ater 375 Cc. per M in.
T em peratu re  a t  inflow *  20° C .; a t  outflow *= 24° C.

Ball A ir  C o n d e n s e r
C o n d e n s e r  Allihn Liebig M etal Allihn ^-L iebig-'»  G lass Block T in

Length, cm   30 80 ___  15 48 40 150 100 (coil)
Efficiency per h r. 98.69 97 .64  9 6 .8  94.65 91 .96  8 9 .4  8 6 .4  42 .6

It  is apparent th a t the length of the condenser m akes 
considerable difference in its efficiency. In  order to 
condense an y large proportion of th e gasoline vapor, 
th e longest of th e A llihn' or L iebig condensers m ust be 
used. T his m ethod of com parison is, how ever, too 
crude, and in order to  obtain  results th a t show com 
parative values of th e various condensers now  on the 
m arket, more accurate m ethods of w ork were de
vised.

Experim ents were m ade com paring the refiuxing 
efficiencies of the follow ing kinds and lengths of con
densers: L iebig, 5 lengths; Allihn, 3; Spiral, 3; 
H opkins, 2; D avies, 3; and Friedrichs, 1. T h e sim pler 
form  of the last nam ed va rie ty  was used, n ot th a t 
h avin g an outer as well as an inner w ater ja c k e t.2

In each determ ination, 100 g. of liquid were boiled 
in a 250 cc. E rlenm eyer flask stan din g upon a concave

■ J . Soc. Chtm . I n i . .  16 (1897). 979.
'■ Z . angewi Chem.. 23 (1910) 2425.

asbestos wire gauze and heated from  beneath b y  
means of a ring burner. T his burner and gauze insure 
equal d istribution  of heat upon the bottom  of the 
flask. A fter boiling for 1/ 2 hr., th e burner was rem oved 
and an asbestos board slipped under the flask. It 
was allowed to  cool for 5 min. before weighing, the 
w ater still flowing through the jack et. D u plicate 
determ inations were m ade in every  case.

A  W oulfe bottle, carryin g a therm om eter, was 
placed betw een the w ater tap  and the condenser, 
so th a t the tem perature of th e w ater flowing through 
the ja ck et m ight be observed. T his tem perature 
during all of these experim ents did not v a ry  more 
than  about 3 0 (from 16 to 1 9 0 C .). The w ater was 
allow ed to flow at the rate of approxim ately  500 cc. 
per min. T h e rubber stopper carryin g the con
denser was covered w ith  tin foil to  preven t an y solven t 
action b y th e liquid.

It  was found necessary, in every  case, to bevel the 
lower end of the condenser tube so th a t the size of the 
drop and the rate of drop-back m ight be kept more 
n early  uniform . It  was also found early  in the work 
th a t the only w ay  in which com parable results could 
be obtained, vyas to  count the drop-back of th e liquid 
used, as a m easure of the rate of boiling.

The L iebig, Spiral and A llihn  condensers were kept 
in a vertica l position. T h e D avies, Friedrichs and 
H opkins varieties were inclined sligh tly , because in 
these ty p e s  the vapo r traverses a space betw een an 
inner and outer ja ck et: this construction  caused a 
drop-back when the condensers were held in a vertica l 
position, both from  the bottom  of th e inner jack et, 
and from  th e bevelled end of th e tub e. B y  tiltin g  the 
whole apparatus, this drop from  the b otto m  of the 
inner tu b e is m ade to  fall upon the inner surface of the 
outer tube and run down to the bevelled tip , thus 
m aking the drop returning to the flask more n early  
of th e sam e w eight as th a t in the case of the other 
condensers.

In  order to  obtain  sufficiently accurate values, it was 
found necessary to correct for th e am ount of liquid 
rem aining in the condenser a fter cooling. T o  esti
m ate rough ly  the ether adhering to  the w alls of the 
tube, it was boiled under a reflux condenser which had 
been previously  dried and weighed. (N o w ater was 
allow ed to  flow through the ja ck et during these de
term inations.) W hen th e vapor escaped freely  from  
th e top, the flask was allow ed to cool for 5 min. and the 
condenser was again weighed as rap id ly  as possible. 
T h e sources of error in this crude m ethod of pro
cedure are at once obvious. T h e results given  below 
are taken  into account in T a b le  V  and seem suffi
c ien tly  accurate for practical purposes.

T a b l e  I I — C o r r e c t io n s  f o r  E t h e r  i n  V a r io u s  C o n d e n s e r s

Ball
C o n -  Fried- (C o p -

d e n s e r  richs ✓ Davies * ✓ Liebig * Spiral Allihn per)
L ength, cm. 18 15 19 30 15 20 32 9 25 29 . .
E ther, g. 0.07 0.06 0.07 0.06 0.01 0.03 0.09 0.06 0.04 0.06 1.7

A  few  trials were m ade, allow ing th e four liquids-—  
w ater, chloroform , alcohol and ether— to  drop b ack  in 
equal quan tities b y  volum e. T h e num ber of drops
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givin g the sam e volum e at the tem perature of the 
boiling point of each were calculated from  th e respec
tiv e  surface tensions and densities given  b y  Castell
E v a n s1 using the form ula given  b y  F in d ley .2

V! N rf, M VidaN,
V 2 = N A ’ ° r> N2 =  Vjdi 

where Vi and V 2 = surface tension; N 2 and Ni = no. 
drops; and ¿ 2 =  densities.

It is evid en t th a t dilTerent liquids could not be 
com pared in the sam e condenser b y  using the same 
rate of drop-back in each case. T h e size of the drops 
is different for each liquid at a given tem perature, the 
attractio n  of th e glass varies, etc. F ive  drops of ether 
per second were here taken  arbitrarily  as a standard 
and the num ber of drops of the other liquids having 
the sam e volum e, com pared to this. These num bers 
are included in T able III.
T a b l e  I I I — E f f ic ie n c y  w it h  D r o p -b a c k  in  E q u a l  Q u a n t i t i e s  b y  

V o l u m e  ( L i e b i g  C o n d e n s e * )

N o account was taken  of the q u an tity  of substance adhering to 
condenser tube 

D rop R ate
B. P .  2 0  c m . P e r  c e n t  E f f i c i e n c y

S u b s t a n c e  ° C. ja c k e t 20 cm. 24 cm. 38 cm.
E th e r ...................... 34 5 Very low 98 .4  98.76
C hloroform   61 7 .6  93 .6  88.5 98.16
Alcohol..................  78 4 .5  97 .9  98.5 98.42
W ate r ......................  100 1.77 98 .78  9 9 .0  99.42

T h e percentage efficiencies in T able III  indicated 
too great an apparent loss in the case of chloroform . 
E ther, boiling as it does at a lower tem perature, would 
be expected  to  escape in larger quantities if conditions 
were in ev ery  w a y  com parable.

W hen it was found th a t correct results could not be 
obtained b y  refluxing equal volum es of the respective 
liquids, a com parison was made b y  weight. In order 
to determ ine the num ber of drops of each liquid having 
the sam e w eight, the respective weights of one drop of 
each were determ ined, the tem perature being as near 
the boiling point as was practicable. T w en ty  drops 
were in each case drawn from  a given orifice and 
weighed. T h e w eight of one drop of w ater, divided 
b y  the w eight of one drop of any of the other liquids, 
gives the num ber of drops of each havin g th e same 
w eight. T hese values appear in T able IV , Colum n i,
T a b l e  IV — R e l a t iv e  E f f ic ie n c y  o f  L ie b i g  C o n d e n s e r s  o f  D i f f e r e n t

L e n g t h s

S u b s t a n c e
Drop-
back B . P .

P e r  c e n t  E f f i c i e n c y  
15 cm. 20 cm. 24 cm. 37 cm.

W ate r.................. 1 100 98 .8  98.17 99.15 99.42
Alcohol................ . . .  2 .5 78 97 .3  97 .9 98.9 98 .4
C hloroform ........ .........  2 .3 61 97 .0  97.3 98.8 99 .0
E th e r ................... ......... 3 .34 34 94 94.3 96 .4 97 .0

T ab le  IV  shows the influence of the length and also 
the influence of the boiling point of the liquid upon the 
efficiency of the L iebig condenser. As would be ex
pected, the longer the condenser, and the higher 
boiling the liquid, the greater the efficiency. It  is 
n otew orthy, too, th a t the values are very  largely 
dependent upon the rate of boiling. There are m any 
sources of error in the above m ethod. A  small error 
in counting th e rate o f drop-back m ay account for 
the irregu larity  in the efficiency of the 37 cm. Liebig 
shown in T ab le  IV  for chloroform . There is also an

1 "Physical Chemical Tables.” 2 (1911), 725, Chas. Griffin & Co., 
London.

5 “ Practical Physical C hem istry ,” 1914, p. 94, Longm ans, Green & Co., 
New York.

irregularity  in this table in the values for efficiency 
in the case of ether. S light changes in external condi
tions such as draughts, etc., cause considerable v a ria 
tion in the efficiency of the shorter condensers. It 
was found b y  trial, th a t if a sm all plug of glass wool 
was placed in the upper end of the 24 cm. L iebig, the 
efficiency was changed from  96.4 per cent up to abou t
98.7 per cent. Considerable savin g of ether in the 
Soxhlet or sim ilar apparatus can be effected if air 
currents are prevented, as these which carry  a w ay  the 
vapor.

T h e relative efficiencies of a num ber of condensers 
have been com pared at tw o  different rates of drop- 
back, viz., 3.3 and 5 drops per second. R esults at the 
latter rate are given  to show th a t w ith a rapid rate of 
boiling the v e ry  short condensers cannot be used to 
advantage. As m ight be expected, our results checked 
best a t th e lower rate of drop, p a rtly  no doubt be
cause it is rather difficult to count accu rately, drops 
at the rate of 5 per second or 25 in 5 seconds. The 
results in T ab le  V  express the total condensing effi
ciency of the condensers enum erated.

T a b l e  V — A C o m p a r is o n  o f  R e l a t iv e  E f f ic ie n c y  01? V a r io u s  K in d s  
o f  C o n d e n s e r s  f o r  E t h e r

R ate  of D rop-back, 5 drops R ate  of Drop-back, 3.3 drops
per second per second

Length Per cent Length P er cent
C o n d e n s e r C m . Efficiency Price C o n d e n s e r C m . Efficiency
H opkins 37 99.03 $3 to  $4(?) Hopkins 30 98.82
Friedrichs 18 98.98 55 .00 G raham 9 .5 98 .7
Liebig 37 98.87 S I . 20 Allihn 29 98.60
G raham 25 98.80 $2.40 Allihn 20 98.58
Davies 30 98. 14 $6 .00 Friedrichs 18 98.5
Hopkins 27.5 98.02 $1 .75 G raham 16 98.5
Allihn 29 97.74 $1.50 Hopkins 27 98.48
Davies 20 97.64 $5.00 Hopkins 37 98 .4
Liebig
Davies

32 97.63 $1.00 Graham 25 98.3
15 9 7 .0(?) $4 .50 Liebig 32 98. 17

Allihn 20 97.16 $1.20 Ljebig 37 9 8 .0
G raham 16 97.12 $1.35 Liebig 20 97 .86
G raham 9.5 9 7 .0(?) Liebig 15 97.78
Ball (®) 96.64 $3.' 20 Liebig 20 97 .60
Liebig 20 73.23 $0.75
Liebig 15 0 .00

(a) D rop-back 3.2 per second. H ighest ra te  a tta inab le  with this m etal 
condenser.

The w eight of a drop of ether in the case of th e 
copper ball condenser was not determ ined. A p 
parently  it is larger than  in the case of glass tubes; 
therefore the efficiency of this condenser m ay be 
greater than  is at first sight apparent, i. e., the ether 
m ay be boiling much faster than  is necessary to obtain, 
in the case of glass, a rate of 5 drops per second.

E v id en tly , at a slow rate of boiling the lengths of 
these condensers is of little  m om ent. T h e rate of 
boiling, rather than th e length or kind of condenser, 
seems to  be the determ ining factor in efficiency.

CO N CLU SIO N S

I— It has been found th a t in order to  obtain  com 
parable results, the rate of drop-back of the liquid 
m ust be in approxim ately equal w eights per second.

II— In order th a t drops of equal w eight m ay return 
to the flask th e end of the condenser tub e m ust be 
bevelled so th a t the drop returns from  one point 
only.

II I— T he rate of boiling has ve ry  m arked influence 
upon the efficiency of the condenser.

IV — T he bore of th e condenser tube has influence 
upon .the efficiency of the condenser, as has also a
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narrow ing at the tip  or a constriction anyw here in the 
tube. (N oticed  in the. spiral ty p e  where the spiral 
is fused on to  the inner tub e.) T hese conditions tend  
to  cause choking and when th is occurs th e loss is 
a lw ays d isproportionately  great.

V — T h e length  of the condenser is a factor in its 
efficiency (especially in th e case of the Liebig) for low- 
boiling liquids. In the case of th e other form s the 
length of the ja ck et has less influence th an  seems to be 
com m only supposed.

V I— In experim ents where a long condenser can be 
conven ien tly  used, th e L iebig seems to  be preferable 
because it is a m uch less costly  condenser and can be 
easily  cleaned. W here a short condenser is required, 
the Friedrichs seems best.

V I I — T h e short L iebig or A llihn can be used to ad
van tage o n ly  when th e rate of condensation is not 
greater th a n  from  2 to 3 drops per second, or when 
som e m eans is used, such as a glass wool plug in the 
top of the condenser or a test tu b e in verted  over the 
top of th e condenser to preven t too rapid a carryin g 
aw ay  of th e vapor b y  air currents.

D e p a r t m e n t  o f  C h e m is t r y  
U n iv e r s it y  o f  M is s o u r i , C o l u m b ia

CHAIN SCREEN DO O RS
B y  H e n r y  H .  W i e g a n d  

Received June 14, 1916

W henever the ordinary door of an oven or furnace 
is opened a stream  of in ten sely  heated gases pours out 
of the upper part of th e opening, while at the bottom  
an eq uivalen t volum e of cold air rushes into the 
furnace, chilling contents and walls, entailing dam age 
thereto and loss of heat. T im e is also lost, as the 
interior m ust again be raised to  the requisite tem 
perature.

M a n y  m akeshifts have been devised to avoid  the 
adverse conditions arising from  th e opened furnace 
door, b u t until the ad ven t of th e  ingenious W iegand 
chain screen door, n othing properly served the p u r
pose. W h at was dem anded was a door or shield 
th a t would perm it a clear, unham pered view  of the 
interior of th e furnace or oven; w ould not in an y w ay  
interfere w ith  the free m anipulation of the tools re
quired to care for the interior; y e t a door th a t would 
keep the heat in and the cold air out; in other words, 
a door w hich should possess a t th e sam e tim e the 
qualities of opaqueness, tran sparen cy and penetra
b ility . T h is was a seem ing im possibility  until the 
chain door was devised b y  a B altim ore inventor.

T h ese  chain screen doors, in the form  used m ostly 
around m etal, glass and chem ical furnaces, consist of a 
m ultitude of freely  hanging individual strands of steel 
chain suspended close together from  a bar in a m anner 
to  form  a continuous sheet or curtain  of chain, not 
unlike the fam iliar Japanese screen. T h is curtain  of 
chain, hung before the uncovered opening to  a furnace 
and looking like a coat of m ail, effective ly  hinders the 
heat, glare, gases and sparks from  lea%'ing th e furnace 
and checks the entrance of cold air. T h e loosely 
hanging strands of ligh t chain are parted  w ith  ease and 
pressed aside b y  th e tools or other ob jects projected

into the furnace, only to  fa ll together again when 
entrance has been effected. T h e interstices in the 
links of chain perm it an unham pered view  of the in 
terior— in fa ct a b etter su rvey  m ay be obtained than 
under ord inary conditions, as the glare is toned dow n 
and the effect is sim ilar to  looking into a furnace 
through a piece of w ire gauze. T h is is p articu larly  
noticeable w ith  those installed  on electric furnaces.

In som e plants, when it  is necessary to  w ork in 
front of th e naked fire, th e workm en are obliged to 
stand back a great distance from  their w ork and pro
te ct their bodies from  the heat and glare w ith large 
sheet-iron shields which are supported b y  one hand 
while the other m anipulates th e tools. T his seriously 
handicaps the w orkm an and cuts his efficiency in 
half. In some industries the men are obliged to 
protect their eyes w ith  dark goggles and their bodies 
and hands with extra h ea v y  coverings. A ll such 
devices im pede the men in th e perform ance of their 
work. In those plants where th e new  chain screens 
h ave been em ployed the w orkm an has both hands 
availab le  for his w ork and m ay, w ith com fort, freely 
m anipulate his tools while stan din g w ithin  a few  
inches of his work.

In glass w orking, th e heat of th e uncovered furnace 
is intense. M easured on th e therm om eter it shows a 
tem perature of 600 to io o o °, y et when one of these 
chain screens is placed in front of the opening the 
tem perature is lowered to  such an exten t th a t the 
bare hand m ay be held w ith ou t danger or discom fort 
w ithin an inch or so of the protecting transparent 
screen.

In  a boiler room  where the W iegand chain doors 
h ave been em ployed for about three years, experi
ments were m ade to obtain  an idea of th e effectiveness 
of the device in avoid in g the losses arising from  the 
freq u en tly  opened stokin g door. A  therm om eter was 
fixed on a stan dard  in the fire room  at a point opposite 
this door and 10 in. therefrom . T his position was 
chosen as being near to the one u sually  taken  b y  the 
fireman when stokin g or cleaning the fire. W hen the 
ordinary fire door was throw n  open and the incandes
cent fire bed exposed, as is the case w henever the 
furnace is coaled or cleaned, the therm om eter rose to 
400° F. On covering the furnace opening w ith  the 
au xiliary  “ chain door,”  th e tem perature dropped to 
13 5 0 F ., and th e bare, un protected  hand could be 
held anyw here in fron t of the screened opening w ithout 
discom fort. T h is drop of 265° on th e application  
of the screen indicates th a t a great q u a n tity  of heat 
lost b y  radiation  and convection, through the ordinary 
uncovered furnace opening, m ay be saved  b y  the 
em ploym ent of such a device.

These chain screens have a great field of usefulness 
in connection w ith glass furnaces, porcelain  ovens, 
pyrites roasters, chem ical, shrapnel and annealing fur
naces, and cupolas for m elting iron and other m etals. 
Their use around the electric furnace has added much 
to the com fort of th e op eratives, when pouring.

C hain  screen doors are supplied in “ a u to m a tic”  and 
“ n on -autom atic”  form s. T h e a u tom atic  is em ployed



Sept., 1916 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

m ostly on boiler furnaces and is so constructed  th a t 
the opening of the fire door trips a catch , which per
m its th e screen to unroll from  a cylinder, and fall in 
front of the furnace opening. W hen it is desired to 
close the fire doors again, the screen is rolled up on its 
cylinder, w hich is perm anently  m ounted above the 
furnace opening. T h e “ n on -au tom atic,”  much- used 
on ovens and other furnaces th a t are not so frequently  
opened, is m uch sim pler in construction. T h e chains 
form ing the screen are suspended from  a bar and m ay 
be raised out of th e w a y  b y  a hand chain running 
through a pu lley  overhead. W hen needed the screen 
is low ered into supporting brackets fixed a t -the sides 
of the opening. In  som e plants, whose furnaces are 
provided w ith v e rtica lly  m oving doors, the chain 
screen is perm anently  attach ed  to the b otto m  of th e 
ordinary vertical door. W hen the latter is raised to 
uncover the entrance, the chain door rises and takes 
its place.

E. J. C o d d  C o m p a n y
70 0  S . C a r o l in e  S t r e e t  

B a l t im o r e , M d .

EXAM INING CO M M ERCIAL BRO M IN E

B y  E l w y n  W a l l e r  

Received June  7. 1916

R ecen tly  a sam ple of com m ercial brom ine was 
brought to .th e  w riter’s lab oratory  for exam ination. 
T h e im purities like ly  to  be present are not v e ry  nu
merous. If the m aterial has been recovered from  b y 
products in the m anufacture of substances from  aro
m atic and other organic com pounds, a m aterial am ount 
of organic substance m ay be present, e. g., R eym an n ' 
m entions finding ro per cent brom oform  in one case. 
O rdinarily, on ly  a sm all am ount of grease, wax or 
paraffin, w hich has been used in sealing the container, 
is all of the organic im p u rity  present. T h e presence 
of SO3 or H2SO4 is possible, b u t the am ount is u sually  
insignificant. T h e presence of B r h ydrates m ay per
haps occur, b u t th a t branch of th e su b ject does not 
seem to have been investigated . The occurrence of 
C l is n atu ra lly  th e chief im purity, both on accoun t of 
the association in nature, and also on account of the 
usual m ethods of m anufacture.

In testin g, some m anufacturers determ ine the p u rity  
b y  ta k in g  th e specific g ra v ity  in a sp ecially  constructed 
apparatus, and b y  reference to a table  (m ade up, I 
know  not how) read off w h at th e y  claim  is th e true 
per cent of Br in the sam ple. A p p a ren tly  it is assum ed, 
in the construction  of the table , th a t Cl is the only 
im pu rity . T he possible influence of other im purities 
would seem to render this m ethod a rather uncertain  
one, esp ecially  as the a u th orities2 are not a ltogether 
in accord, v a ry in g  from  2. 966 to  3. 1872.

T h e s a m p le re fe r re d to s h o w e d s p .g r .  a t  5 -6 °  C ................ 3.0286
a t 25° C ...............  3.0135

A sam ple m arked C. P . from a  well-known dealer a t 25° C ...............  3.1021

T itratio n  of a know n q u a n tity  w ith  standard N a2S203, 
is one m ethod recom m ended b y  m any. T h e ob jec
tion  to  it  is th a t th is perm its of w orkin g on on ly a

• B tr., 8, 792.
: Judging from the s ta tem en ts  in W atts ’ D ictionary, I ,  676.

sm all q u an tity , and the assum ption m ust also be made 
th a t only B r and Cl are present.

Friedheim  and M e ye r1 suggest the application of 
D ech an ’s process,2 which was devised for the exam 
ination of brines, m ineral w aters, etc. It depends on 
th e follow ing: W ith  a m ixture of brom ides and chlo
rides, addition of a large excess of K 2C r20 7  and 'posi
tiv e  acidification w ith H2S 0 j, on boiling gives off 
B r b u t no C l unless it  is allowed to  becom e v e ry  con
centrated, when C r 0 2C l2 m ay distil over. B y  th e aid 
of a current of steam  passed through the boiling solu
tion, all the Br can be driven into the d istillate, and 
in th e residual solution the Cl can be determ ined 
w ith A gN 03. T o  a p p ly  the process in the case of 
com m ercial Br, 0 .5  to i g. of the sam ple is weighed 
out in a thin  glass bulb, which is broken under the 
surface of N aO H  solution. W hen all B r has been 
tak en  up, 50 cc. of a 3 per cent solution of H20 2 is 
added, and the excess boiled out. Transfer to a dis
tilling flask, add 10 g. K 2C r207 in crystals, and 20 cc. 
H2S04 (1 : 1 b y  vol.). D istil until the d istillate gives 
no reaction for Br, avoiding a concentration beyond 
w h at would be equivalen t to 8 cc. concentrated H2SO< 
in 100 cc. of liquid. Then dilute the contents of the 
flask, and precipitate an aliquot portion w ith A gN O j.

T h e process was tried but proved un satisfactory. 
T o  obtain  the necessary reagents absolutely  free from  
chlorides, is, at this tim e especially, a difficult m atter. 
I t  was also found th a t unless the concentration is 
brought to a certain point, no Br w hatever will distil 
over, though m uch still rem ains, consequently constan t 
atten tion  is necessary to  keep the degree of concen
tration  in the flask between the proper lim its. T h e 
results obtained were irregular and not concordant.

E rchenbrecher3 treats 6 g. of the sam ple w ith 25 
cc. of iV/5 solution of K B r  or N aB r, evap orates on 
th e w ater bath, finally in a weighed dish, ignites gen tly  
and weighs. The C l of the sam ple displaces th e B r 
of th e salt, and b y  use of a table the proportion m ay 
be found.

T o  weigh out precisely 6 g. or an y other prescribed 
q u an tity  of Br is a troublesom e operation, so th a t th e 
use of a table would hardly  seem to be of a d van tage 
in this connection. T he principle in volved  can, 
how ever, be applied as will be seen later.

K u b iersch k y1 applies the sam e principle b y  shaking 
25 cc. of th e sam ple in a flask w ith 25 cc. of N  K B r , 
settling and ta k in g  th e specific g ra v ity  of th e super
n atan t aqueous solution. W ith  pure B r he states the 
specific g ra v ity  should be 1 .2 2 7 , and he has m ade 
a ta b le  showing th e gravities corresponding to  differ
ent percentages of Cl.

T h e application of the above principle proved  to 
be a convenient mode of conducting th e test. T h e 
m ethod pursued was to weigh out 6 to 8 g. of th e sam 
ple in a sm all stoppered flask. T his was then poured 
and rinsed into a 350 cc. beaker contain ing about 70 
cc. of w ater. T h e ob ject in using so large a beaker

1 Z . anorg. C hem ., 1, 407.
* J . Chem . Soc., 49, 682.
* Z . angew. C hem ., 1894, 636.
4 Loe. cit.
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was to avoid  loss when boiling out the Br. T o  this 
was then added, b y  means of a pip ette, 20 or 25 cc. 
of a solution of pure N a B r of 7 to  xo per cent strength. 
A t the sam e tim e, using the same pipette, the same 
am ount of N aB r solution was pipetted  into a weighed 
dish to serve as a blank.

T he beaker containing th e B r was placed on the 
boiling w ater b ath , and allow ed to  rem ain there until 
the Br had all boiled off, and m ost or all of it had 
been expelled from  the solution, when the solution 
of m ixed brom ide and chloride was transferred to  an 
other w eighed dish, and both th a t and th e blan k 
were evap orated  to dryness, th e last traces of mois
ture expelled b y  heatin g in air bath  at abou t 130°, 
ignited gen tly  and weighed. T h e salts obtained 
from  the “ m ixed”  is less than  th a t from  th e “ b la n k ”  
b y  an am ount eq uivalen t to  the difference betw een 
the com bining w eights of C l and Br.

In other words, B lan k —  M ixed = D iff., and since 

(Br) 79-92 — ( 0 1 ) 3 5 . 4 6 = 4 4 . 4 6
44.46 : 35 .46  = D iff. : C l present.

For m ost purposes, So per cent of th e difference in 
w eights gives th e Cl.

The contents of the dishes should be dissolved 
sep arately, and each diluted to  som e conven ien t bulk  
(say 250 cc.), and aliquot portions tested  b y  titration  
w ith stan dard A g N 0 3. T h e halogen eq uivalen t in 
the tw o masses of salts should be the sam e if no losses 
have occurred.

Applied to  the sam ple subm itted  the results were:

T aken w t .  of "B lan k "  W t. of ‘•M ixed” Diff. =  Cl % Cl
6.7249 1.5884 1.3206 0 .2678 0.21364 3 .18
7.2330 1.3983 1.1257 0.2726 0.21747 3 .06
8.4340 2.0737 .1 .7 4 3 4  0.3303 0.26349 3 .1 2 .

M aterial from  a dealer in lab oratory  supplies m arked 
as Brom ine C. P. was found to  contain  0. 1 9  per cent Cl.

159 F r o n t  S t r e e t ,  N e w  Y o r k  C it y

wi | ¡WO
n n

cylin der is a gu tter to serve as a 
w ater or m ercury seal. T his w ater 
seal tends to  preven t explosions 
and the escape of the solvent. T he 
bucket, B, for the m aterial to  be ex
tracted , has a siphon, B S , and an 
inside wire gauze b ucket nearly the 
sam e size as B. T h e b ucket is 
suspended b y  chains to hooks a t
tached  to  the low er part of th e con
denser, C. T he condenser, C, consists 
of a series of tru n cated  cones a t
tach ed  (as illustrated) to a lid.
T he w ater inlet is a sm all pipe,
W I, and the w ater ou tlet a shorter 
pipe, WO.

In operating th e m achine the sol
ve n t is first poured into the con
tainer; then the condenser w ith its 
a ttach ed  b u cket is lowered into the container. H eat is 
applied a t the b ottom  of the container. T h e num ber 
of extractions m ay be observed b y  the variation s in 
the level of th e liquid in the solven t gauge, SG.

R u d o l p h -S p r e c k e l s  P h y s io l o g ic a l  L a b o r a t o r y .
U n iv e r s it y  o f  C a l i f o r n i a , B e r k e l e y

A NEW  T Y P E  OF EXTRACTOR
B y J a m e s  B. M c N a i r  

Received M a y  22, 1916

T he accom pan yin g diagram  illustrates an original 
typ e of extracto r which has been used successfully 
in extractin g  p lant m aterial w ith 86° B6. gasoline. 
L ike m any other extractors, it consists of three main 
parts, viz.: a container for the solven t, a container for 
the m aterial to be extracted , B, and a condenser for 
the solven t C. T h is m achine, how ever, has advantages 
(which th e illustration  m akes apparent) over some 
other extractors; it is easily cleaned, lacks com plica
tions, retains alm ost all of the solven t, etc. T h e d ia
gram  is draw n prop ortionally  for a m achine which has 
been efficiently used w ith 86° B6. gasoline. T h e use 
of another solven t, due to  a different specific heat, etc., 
m ight necessitate a re-proportioning of the parts, 
e. g., a greater proportionate condensing area or 
the use of a different v a r ie ty  of substance in the con
denser (in th is case, copper).

T h e container is a long copper cylin der w ith a 
w ater boiler gauge, SG) a ttach ed  to its vertical 
side near th e base. Surrounding the top of the

A SIM PLE AUTOM ATIC T IM E  RECORD ER

By M a x  M o r s e  

Received F eb ruary  4, 1916

No one appreciates more than  the lab o rato ry  worker 
an y device which elim inates the personal responsi
b ility  when m any determ inations are running at the 
sam e tim e. T h e accom pan yin g figure concerns one 
such device, nam ely, an 
instrum ent which accu
rate ly  keeps account of 
the recording of tim e of 
beginning experim ents, 
the receipt of sam ples, 
etc. T h e clock, m ounted 
in a nickel fram e, oper
ates a rubber dial on the 
back. Being rubber, 
there is little  incentive 
to dam age th e clock, 
as happens som etim es 
w ith  those bearing cop
per dies b y  jam m ing 
the w orks when m aking 
an im pression. D i a l s  
are furnished either in
12- or 24-hr. cycles. A  key  is furnished, opera
tin g  the setting and winding, so th a t one m ay 
wear it  on his chain or bunch of k eys and have sole 
access to  the clock as to  w inding and setting, for the 
k e y  is individual. T h e low  cost of the apparatus, 
as com pared w ith the ordinary cum bersom e, non
p ortable ty p e  of recording clock— a difference of 
$ 27.50— is an item  for the budget. The clock has 
been used to  a d van tage in th is lab oratory.

B io c h e m ic a l  L a b o r a t o r y , C o l l e g e  o f  M e d i c i n e  
U n iv e r s it y  o p  N e b r a s k a . O m a h a
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ADDRESSES
IN TERPRETATIO N OF COAL ANALYSIS: W ITH  SPECIAL 

REFERENCE TO N O N CO M BU STIBLES1
By E. G. B ailey

The purpose of a test on coal or any other material is to 
arrive at definite conclusions by a short cut, and yet with suffi
cient accuracy that the results of the test may form the basis 
of comparison for the purchase or use of the material tested. 
The old saying “ The proof of the pudding is in the eating thereof”  
strictly applies to the burning of coal. There is 110 test, nor, 
can there be any test, that will replace results obtained from 
actual practice. B ut it is impossible to bum  two coals under 
the same conditions at the same time, and it is unnecessary 
to state that in actual practice conditions do vary, so that com
parisons based upon actual service results alone are often un
fair to one coal or the other, or at least they lead to indefinite 
conclusions.

Another kind of test where the operating conditions are more 
nearly under control is a road test, where a great many data 
covering operating conditions are accumulated in addition to 
the consumption of coal per ton-mile, so that should the condi
tions vary from one test to another, certain allowances can be 
made. No criticism can be made of carefully conducted road 
tests, but they require time and are very expensive, and it is 
desirable to have some quicker and cheaper method of checking 
up the comparative values of different kinds of coal or different 
shipments of coal from the same company.

For this purpose, the chemical analysis of coal has been very 
widely used during the past ten or twenty years by practically 
all coal consumers in the country.

The purpose and value of coal analysis should be better 
understood. The chemist, as a rule, passes his figures on to 
the purchasing agent or superintendent of motive power with 
little or no comment or interpretation. The man who is re
sponsible for the buying or burning of the coal is most interested 
in making a comparison of it with other coals which he has used 
or which are available. He accepts the figures from the chemist 
for the purpose of such comparison, and proceeds to draw 
certain conclusions as to the relative value of the two coals, 
based upon one or two constituents, such as the percentage of 
ash, sulfur or B. t. u., according to his own ideas of what the 
chemist’s figures really mean. Very often these conclusions 
are not borne out by the practical road tests or the actual use 
of the coal in regular service. T hat theory and practice do not 
always agree, has often been repeated when the results obtained 
in the actual burning of the coal did not bear out the figures 
of the chemical analysis as interpreted by the person making 
the comparison. But theory and practice should and do agree 
when they are both right. Too often one is based upon 
erroneous data, incomplete results, or else failure to duplicate 
conditions.

It  is regretted that too often the results of the chemical anal
ysis are wrong, not by insignificant fractions of one per cent, 
but by several per cent or several hundred B. t. u. Very fre 
quently the trouble is in the sampling, where the original sam
ple is not large enough to be truly representative, or else it may 
not have been properly reduced and pulverized. The sampling 
question is of much greater importance than it has usually 
been considered. This phase of the subject will not be treated 
here except to impress upon each person who has any occasion 
to depend upon coal analyses, that no matter how sure he may 
feel that his present method is right, he should look up the meth
ods of sampling and analysis recently proposed by committees

1 Presented before th e  8th  A nnual M eeting of th e  In te rna tiona l Railway 
Fuel Association, Chicago, M ay 15 to  18, 1916.

of the American Society for  Testing M aterials1 and the American 
Chemical Society. One of the most obstinate hindrances to 
progress along any line is the characteristic of human nature 
for people to feel confident that their own way is the best. It 
may be all right for a poet or a musician to have distinctive 
peculiarities of his own, but it does not work out well in chem
istry nor in the sampling of coal. The best standards should 
be rigidly followed.

HEATING VALUE

In the case of coal used for the generation of steam, whether 
in stationary, locomotive or marine practice, the primary fac
tor is the heating value of the coal. In other words, all coal 
for these purposes has as its principal object the generation of 
heat to evaporate water. The matter of primary considera
tion is to evaporate a given amount of water at the lowest cost; 
and it should be remembered that the cost of fuel alone is not 
the entire item, for the character of the fuel has a great deal 
to do with the cost of repairs to grate bars, furnace linings and 
arches; and of very great importance in the case of locomotive 
practice is the question of the capacity which can be obtained.

W ith the introduction of calorimeters for determining the 
heating value of coal, many chemists considered that the whole 
question of fuel value was summed up in the one item of B. t. u., 
and consequently comparisons were drawn between different 
coals upon the B. t. u. basis, allowing 110 consideration for their 
other characteristics. It was soon learned, however, that such 
results do not always agree with results of practice, consequently 
many practical men have become skeptical of the value of coal 
analysis for giving them the dependable information which they 
desire.

A more careful insight into this problem shows that the real 
cause of the difficulty was that the comparison was limited to 
the one factor of heating value. While this may be the item 
of primary importance, yet the effect of the noncombustibles 
upon the action of the coal in the firebox had such a modifying 
influence that very frequently the coal with the higher heating 
value gave the poorer results. Anyone who has depended 
upon coal analyses without the proper interpretation, and has 
not given full weight to the effect of the impurities which ac
company the heat-producing elements, has not been able to 
secure very much benefit from coal analysis.

The usual analysis of coal gives the percentage of moisture, 
volatile, fixed carbon, ash and sulfur, in addition to the heating 
value. The ultimate analysis, dividing the constituents up 
into their elements, gives carbon, hydrogen, oxygen, nitrogen, 
sulfur and ash. This is very seldom used, first because the 
analysis is more expensive, and second because the analysis 
really gives less information than the usual proximate analysis. 
Let us therefore confine our attention to a study of the proxi
mate analysis.

The moisture is of course a noncombustible. It  produces 
no heat, but is, on the other hand, an absorber of heat, as it 
must be vaporized and sent from the boiler as superheated 
steam at the stack temperature. Assuming a stack tempera
ture of 700°, the total heat required to vaporize and superheat 
1 per cent of moisture amounts to only '/io per cent of a 13,000
B. t. u. coal. This of itself is not a serious matter, so that the 
principal importance of moisture is that it acts as so much 
inert matter, which is paid for at the same price as coal. This 
applies only to the moisture which is in the coal at the time 
of its being weighed. It must be remembered that the per
centage of moisture as shown by the usual analysis does not in-

1 Proceedings American Society for T esting M aterials, Vol. XV, P a rt 1; 
also Y ear Book 1915.
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elude all of the water or H2O compound present in the fuel, 
for there is a considerable amount of water that cannot be dried 
from the coal even at 220 0 F., but remains in chemical combina
tion probably as a carbohydrate, and can only be driven oiT 
w ith the volatile. Therefore, a considerable percentage of im
purities is included in the volatile, although it is usually con
sidered that the moisture, ash and sulfur arc the only impuri
ties present.

BASIC IMPURITIES IN COAL 

T he real basic impurities in coal are oxygen, nitrogen and ash, 
so far as generating heat is concerned. Sulfur is generally 
classed as an impurity because its heating value is so low that 
the heat produced does not compensate for its detrimental 
qualities. According to the best authorities all of the oxygen 
which occurs in coal is combined with hydrogen, either as mois
ture, combined water, or in the form of a carbohydrate, and 
that which is not shown in the analysis as moisture is included 
in the volatile.

The following tabulated data of a typical West Virginia gas 
coal give the division of the volatile matter into its different 
elements, hydrogen, oxygen, carbon, nitrogen and sulfur. It 
is noted that in the volatile there is a total of 5.3S per cent 
of the total coal, or about 13 per cent of the volatile, that is 
water, besides some nitrogen and sulfur as noncombustibles.

A n a l y s is  o f  a  T y p ic a l  W e s t  V i r g in i a  C o a l

H eating Calcu- B .T .U ..
Value

per
Pound

lated
B .T .U .

by 
Calo

rim eter

region on a dry basis, but it is not right to compare coal of one 
character with another coal from another region of different 
character on any other basis except with their normal moisture 
content that is fairly representative of the different districts.

A  coal which normally has a high moisture content usually 
has a relatively large percentage of its volatile matter in the 
form of combined water, and is therefore just as inert and non
productive of licat as if it showed up as moisture in the regular 
analysis. The only practical way that this can be taken care 
of is through the B. t. u., for such coals show lower heating 
value per pound of combustible, or on a basis free from mois
ture and ash.

ASH:—The impurity which is always present in coal, and the 
one which is of the greatest importance, is the ash. The ash is a 
very different proposition from the moisture, for it is not only 
inert and nonproductive of heat, but it may have very marked 
effect upon both the rate and efficiency of combustion. If the 
ash in all different kinds of coal were similar in its composition 
and characteristics, it would be possible to make comparisons 
on a B. t. u. basis alone with much greater certainty than is 
actually the case.

The composition of ash varies widely. In all cases it is 
a very complex compound, consisting of alumina, silica, 
iron, lime, magnesia, titanium, alkalies, etc. Practically all

A n a l y s is  o f  a  T y p ic a l  I l l in o is  C o a l

H eating  B .T .U .
Value Calcu- by

per lated Calo-
Pound B .T .U . rim etcr

M oisture 2.01
H 0.221

2.01 w ater None M oisture 12.39 II 1.38) 12.39 w ater N one
O 1.79 O 11.01 !
H 4.86 5.38 w ater None H 4.47 9.01 w ater N one
O 4.78 4.26 available II 62,000 2 ", 641 O 8.01 3 .47  available II 62 ,000 2 , 150

Volatile 37.31 C 26.65 14,500 3,464 Volatile 36.89 C 23.19 14,500 3,363
N 0.23 None N 0.10 None
S 0.79 4,050 ’ ‘32 S 1.12 4,050 ’ 46
C 49.18 14,500 7,131 C 38.10 14,500 5,525

Fixed C arbon 52.13 N 1.20 N one Fixed C arbon 41.80 N 0.90 None
S 1.75 4,050 ” 71 S 2.80 4,050 i 13

Ash 8.55 N one Ash 8.92 None

13,339 13,811

M aking a similar division of the proximate analysis of a typical 
Illinois coal, we find that 9 per cent of the total coal occurs 
in the volatile in the form of water, or 25 per cent of the vola
tile itself is noncombustible. In the case of lignite and peat, 
the percentage of volatile which is noncombustible proportion
ately increases. So that in this we see that volatile itself is not 
an indication of rich locomotive fuel, for much depends upon 
the nature of the volatile, and how much of it is impurities 
and how much combustible. Then in the combustible itself 
there is considerable variation, depending upon the relative 
percentages of available hydrogen and carbon.

m o is t u r e — The percentage of moisture retained in coals 
varies widely with the characteristics of the coal. Lignite 
and sub-bituminous coals carry a much higher percentage of 
moisture than do the bituminous and semi-bituminous. A n
thracite coal, on the other hand, carries a slightly higher per
centage of moisture than does semi-bituminous.

This point should be taken into consideration in comparing 
coals from different fields. M any people have considered that 
the percentage of moisture was such a variable quantity, de
pending upon weather conditions, etc., that the only true com
parison was on a dry basis, and they therefore reduce all anal
yses to this basis, and make their comparisons on it. This is 
likely to lead to very erroneous conclusions. For instance, 
take Illinois coal, which may run normally with say 12 per cent 
moisture, and a bituminous coal from the Pittsburgh or West 
Virginia district, which would run normally 3 per cent of mois
ture. If these are both reduced to a dry basis, the Illinois coal 
will show an apparent advantage of about 9 per cent better 
than it should.

In order to get a more uniform basis of comparison it is all 
right to compare different shipments of coal from the same

11,197 11,399

of these compounds are always present. The relative per
centages of each varies widely, and the effect of them upon the 
action of the coal in the firebox varies according to such a com
plicated law that it is practically impossible for this analysis 
to be used as a reliable means of determining the character 
of the ash for comparative purposes.

An ash which does not clinker gives very little trouble, and is 
not much, if any, more detrimental than so much moisture. 
It is merely an inert substance that does not produce heat. 
I t  does not seriously obstruct air passages and can easily be 
shaken through the grates. But an ash which melts into a clinker 
is more difficult to get rid of, and while remaining on thfc grates 
it obstructs the flow of air to a serious extent, and oftentimes 
it adheres tightly to the grates and obstructs the air so com
pletely that the heat of the fuel bed is conducted to the grate 
bars and causes them to burn.

The question of clinkers is one of the very vital problems 
in locomotive practice, and heretofore practically the only means 
of getting any line upon this important characteristic of fuel 
was the actual trial. A t the same time, it has always been 
realized that some firemen would make more clinkers than 
another, both using the same coal, so that such results obtained 
from actual practice were not always a safe comparison so long 
as the fireman was a factor in the problem.

A very thorough study into this phase of the fuel problem 
some years ago led the writer to conclude that the whole ques
tion of clinkers could be summed up in the fusing temperature 
of the ash and the temperature to which this ash is  subjected. The 
composition of coal ash is very similar to the composition of 
different kinds of clay from which brick are made. We have 
all varieties of clay, from that used in manufacturing the best 
grade of firebrick down to ordinary building brick. The latter



Sept., 1916 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 841

will not stand the lowest furnace temperature without melting 
into a clinker. Ill the case of coal ash, some ash has such a 
high fusing temperature that there arc practically 110 fuel bed 
conditions that will produce troublesome clinker from it. An
other ash with a little lower fusing temperature will sinter to
gether and form a porous, spongy clinker which does not form a 
serious obstruction to the flow of air, nor is it difficult to remove. 
The ash with a still lower fusing temperature, say 2,100°, will 
not only become melted in the average firebox, but it will be 
heated several hundred degrees above its melting tempera
ture, in which case it runs down like overheated iron until it 
spreads out in a thin sheet over the grate bars.

To a certain extent the action of a clinker depends upon its 
fusing temperature, but equally important is the temperature 
to which the ash is subjected. When a coal is burned, the ash 
is not entirely liberated until it reaches the lower part of the 
fuel bed, where the incoming air keeps a lower temperature 
than in the zone 4 to 6 in. above the grates. So it is often possi
ble to get satisfactory results from a coal having a fusing tem
perature of 2,300 and yet carrying a fuel bed temperature of 
2,500. Some clinker, of course, will be formed, but it is not 
of the extremely objectionable character if the firing is properly 
done. Clinker accumulates gradually, and is more or less open 
and does not obstruct the air beyond the critical limit. But 
if another fireman should handle the same coal differently, 
slicing or working the fire, and causing the ash, which has al
ready been liberated from the coal in the lower and cooler part 
of the fuel bed, to be again thrown up into the hotter zone, it 
will melt into a very fluid mass and spread out over the grates 
in a thin sheet, and obstruct the air flow to a serious extent.

s u l f u r — -Many people have considered that the percentage 
of sulfur was a true indication of the clinker property of a coal. 
The sulfur determination, however, is one of the ideas that has 
been passed 011 from the steel chemist. In his case sulfur was 
extremely detrimental, but in the case of steam coal it is of 
minor importance. It  is true that in some coal fields the varia
tion in the clinkering property of coal received from different 
mines does follow the percentage of sulfur to a certain extent. 
Sulfur is an indirect cause, however, for it is really the iron 
which has the effect upon the fusing temperature, and the per
centage of iron usually increases or decreases with the sulfur. 
There are so many exceptions to the relation between sulfur, 
or even iron, and the clinkering property of coal, however, 
that a dependence upon either is apt to lead to erroneous con
clusions.

One of the very lowest sulfur coals in the United States is 
found in Rhode Island, where the percentage of sulfur will run 
less than one-quarter of 1 per cent, yet the fusing temperature 
and the clinkering property of this coal class it among the very 
worst in this respect.

FUSING TEMPERATURE OF ASH

Several of the largest stationary power plants in the country 
are making fusing temperature determinations in addition to 
the regular analysis on each shipment of coal. In many respects 
the clinker problem is of more serious consequence in railroad 
practice that it is in stationary boilers. The matter of fusing 
temperature determination has not as yet been standardized 
from a laboratory standpoint to the extent that the regular anal
ysis and B. t. u. determinations have been. The value of this 
determination has been demonstrated so conclusively that 
there is now under w ay a definite movement to work out the 
fundamentals of this problem and decide upon a method which 
can be adopted as standard for comparison. It  is the writer’s 
opinion that the method which will ultimately prove most 
valuable for this determination is the one which stays closest 
to practice, so far as duplicating the actual fuel bed conditions 
is concerned. <

One of the big difficulties with the whole question of coal 
analysis has been that the chemist was carried away with the 
idea of getting scientifically accurate results. The percentages 
of the various constituents and the determinations which he 
made were largely a matter of tradition, passed on to him from 
the needs of an entirely different line of work, and he has left 
the interpretation of these results to the person interested in 
the purchase or use of the coal. The original form of analysis 
did not fill the bill, and the next step was to include other fac
tors, such as the B. t. u., and later on the fusing temperature 
of the ash, in an effort to strike the key to the situation that 
would give the factor essential for comparing the relative values 
of different coals. I t  is doubtful if there ever will be found 
any one factor that can be depended upon in drawing conclu
sions regarding a substance so complex as coal that is used under 
the severe conditions that exist in a locomotive firebox. It is 
therefore essential that the most important factor be taken as a 
basis of comparison, and consider the other factors as having 
modifying influence.

While the heating value of a coal may be considered the es
sential element, yet it means very little unless the percentage 
and character of the impurities existing in the coal are fully 
considered. It  is therefore necessary to determine the amount 
and nature of these impurities. After they have been deter
mined and allowed for, it  is found that the heating value per pound 
of combustible is practically uniform for all coals from any one 
district, practically the only exception being in the case of crop coal.

Therefore it would seem in comparing one shipment of coal 
with another from the same district, that the determination 
of the heating value was the least important; the percentage 
of moisture is often beyond control, and it is very difficult to 
determine accurately at the time the coal is weighed, so the 
question resolves itself largely into the percentage of ash and its 
clinkering property, as being the critical factors to be consid
ered in comparing the commercial value of different fuels of the 
same character.

When it comes to comparing coals of different character, 
taking lignite and semi-bituminous coals as extremes, it is prac
tically impossible for a safe conclusion to be drawn from any 
chemical analysis, no matter how complete. I11 such cases 
practical tests are the only reliable means of arriving at compara
tive results, and then comparative information regarding differ
ent shipments of coal from any one region can best be obtained 
from the percentage of ash and its fusing temperature.

B a il e y  M e t e r  C o m p a n y  
141 M il k  S t r e e t . B o s t o n

COAL-TAR PITCH
B y  J o h n  M o r r is  W exss 

R e c e iv e d  J u n e  19, 1916 

Much has been written 011 the subject of coal-tar pitch, largely 
in Germany, but most of the extant publications are very re
stricted in scope and consider only a method of testing, a speci
fication for some particular purpose, or a description of a partic
ular grade of material. To make a complete review of the litera
ture would be a difficult task and would be of little practical 
value for the purpose the writer has in mind. The object of 
this article is: (1) T o treat in a rather general way the crude
material for, and the manufacture of, coal-tar pitch; (2) to 
present the known physical and chemical characteristics of coal- 
tar pitch in a somewhat concise and definite form; (3) to con
sider the present uses of the material in industry— all from the 
point of view of United States practice.

MANUFACTURE OF COAL-TAR PITCH 

Coal-tar pitch is the residual product from the distillation 
of coal tar, and tars are ordinarily distilled with the character 
of residue obtained as the primal object. The tar is taken in a
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horizontal, sometimes vertical, steel still fired by coal, oil, or 
gas (depending on local conditions), and distilled with air, 
steam, or mechanical stirring. Light oil and water are first 
separated, then carbolic oil and finally creosote oil. The dis
tillation is continued until the residue in the still is of the de
sired degree of consistency. Sometimes, where the pitch is 
being run very hard, anthracene oil is also separated toward 
the end of the creosote run, but this is exceptional, any. anthra
cene oil obtained going for the most part along with the creosote 
oil. American practice has been very well set forth in an 
article by R. P. Perry1 and the writer would refer to this paper, 
for a more complete and exhaustive study of manufacturing 
methods.

The characteristics of pitch are mainly dependent on two 
factors: The character of tar with which the still is charged, 
and the percentage of total distillate removed. The more oil 
removed, the higher melting the pitch becomes. Factors such 
as type of still setting and method of running also affect the 
character of the pitch, but to a minor degree compared to the 
first two mentioned variants.

Crude coal tars may vary widely depending 011 the coal used 
for carbonization, the type of installation in which the carboni
zation takes place and the degree of superheating to which the 
developing tar vapors have been subjected. In a paper by S. 
P . Church, read before the Southern Gas Association,2 there are 
given comparative analyses of a number of typical coal tars 
and it can be readily seen that there are wide differences in the 
characteristics of crude tars.

A n a l y s e s  o f  T y p i c a l  T a r s  

(All tests  on d ry  tar)
.---------------G a s  R e t o r t --------------- . . C o k e  O v e n  .

In - U nited Sem et- Kop-
H orizontal clined Vertical O tto Solvay pers

Sp. KT. a t  
15.5° C. 1.266 1.293 1.238 1.153 1.207 1.188 1.186

Free carbon 
(insol. in 
CeH«)...  . 28 .9 37.5 24.3 13.3 10.7 6.8

Sp. viscos. 
(E ngler a t 
100° C.) . 2 1 .8 30 .0 14.9 2 . 1 3 .4 3 .0 2 .1

Oil to  soft 
p itch 60° 
C., m. p. 
(% b y  
v o l.) ........ 13.2 14.3 28.8 2 1 .2 21 .8 35 .3

Refractive 
index a t 
60° C. 
(taken on 
o il) .......... 1.5932 1.5807 1.5755 1.5987 1.6122 1.6139

Sulf. res. (%  
taken  on 
o il) .......... 0 .4 2 .4 4 .3 0 0 0

T a r acids 
(%  taken 
on o il). . . 14.0 21.0 29.0 12.0 4 .0 0

P itch  res. 
60° C ., m, 
P. (%  by 
vol.)......... 86.8 85.7 71.2 78.8 78.2 64.7

These variations are in turn imparted to the pitch produced 
and are largely dependent on the nature of the basic tar bitumens.

It  may be set forth as an axiom that grades of pitch suitable 
for all purposes cannot be produced from a single source of tar. 
An admirable product'for a particular purpose may be produced 
from each single tar but in general it is safe to say that the best 
results are obtained by blending tars from various sources and 
altering the still mixtures to suit the purpose for which the 
residual pitch is designed.

PROPERTIES OF PITCH

In considering the properties of coal-tar pitches it may be 
said that all the testing methods, peculiar to the tar industry, 
have been given in detail by  S. R. Church3 and any references

‘ T in s  J o u r n a l ,  S (1913), 151; reprin t from Proc. 8th Intern. Congr. 
A ppl. Chem.

1 Gas Age. M ay  15, 1913.
1 T m s  J o u r n a l ,  3 (1911), 227; and 5 (1913), 195.

to specific properties not specially noted may be taken as de
termined by the methods given in this article.

PHYSICAL PROPERTIES

(1 ) m e l t in g  p o in t — The term "melting point” is really a 
misnomer. Bitumens, such as pitch, which consist of a com
plex mixture of hydrocarbons cannot be said to have a melting 
point in the sense that this term is usually applied to pure 
compounds. When pitch is heated it gradually softens, passing 
by imperceptible degrees from the solid to the liquid phase and 
the so-called melting point is merely an arbitrary figure taken 
for commercial purposes and representing the temperature at 
which a cube of pitch softens sufficiently to drop from a wire, 
when heated at a prescribed rate and under rigidly controlled 
conditions.

The melting points of coal-tar pitch vary from 37.5 ° C. 
(ioo° F.) in water up to 1740 C. (3450 F.) in air. These are 
really the practical limits of manufacture. A material melting 
below 37.50 C. (100° F.) could hardly be called a pitch, but 
would rather come under the class of distilled tars, where the 
distillation lias merely removed the water, light oil and possibly 
a small portion of the carbolic oil fraction. Very hard pitches 
can be manufactured if desired, but ordinarily the hardest 
pitches made have an air melting point of not over 130° C. 
(266° F.).

(2) s p e c if i c  g r a v it y — The specific gravities of coal-tar 
pitches vary  from about 1.200 to 1.290 at a melting point oi 
37.50 C. (ioo° F.) and from 1.250 to 1.350 at a melting point 
of 88 to 93° C. (190-200° F.) Specific gravity is of compara
tively little importance of itself. When an unknown pitch is 
examined, the specific gravity determination may give an indi
cation of adulteration with pitches from other sources such as 
oil or water-gas tars. These are of lower specific gravity for 
the same melting point than coal-tar pitches and any considerable 
adulteration will usually be reflected in the figure found.

(3 ) e f f e c t  o f  h e a t i n g — The effect of heating and melting of 
coal-tar pitch is at most a slight hardening due to volatilization 
of oil. Trials on various grades at temperatures up to 205 0 C. 
(4000 F.) showed only minor changes and there was no evidence 
of cracking and decomposition. Pitches that have been hard
ened by frequent heating, unless badly overheated, can readily 
be brought back to the original consistency without altering 
their essential properties, by fluxing with a high-boiling creosote 
oil.

(4) s o l u b il it y — Coal-tar pitches are soluble in benzol, 
carbon bisulfide, chloroform, carbon tetrachloride and glacial 
acetic acid. Of course the free carbon does not dissolve but can 
be brought into suspension by shaking. Coal-tar pitches are 
only partly soluble in petroleum naphthas, turpentine, grain 
alcohol and wood alcohol and any solution of coal-tar pitch in 
one of the materials which dissolve it, may be partially precipi
tated by the addition of an excess of one of the later named sol
vents. This is of considerable importance in the thinning of 
paints containing a coal-tar pitch base.

(5) t e n a c it y  a n d  d u c t il it y — In the examination of bitu
mens these two properties arc usually determined simultaneously. 
A cylinder of material of definite cross section is pulled apart 
under rigidly controlled conditions. The force necessary 
to do this is taken as a measure of the tenacity, and the lineal 
extension before rupture occurs as a measure of the ductility. 
These properties vary with the melting point of the pitch and the 
temperature at which the material is tested. To give detailed 
tests would take up much space and carry the writer outside the 
scope of this paper. The two properties are somewhat in in
verse proportion. As tenacity increases, ductility tends to de
crease. However, comparing coal-tar pitch with other bi
tuminous materials of like tenacity, it is almost invariably of 
markedly greater ductility.
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(6 ) a d h e s i o n — This quality of pitch is its faculty to adhere 
to other materials such as stone, felt or wood, and it possesses 
this in a very high degree. This is of prime importance in many 
of the practical applications of pitch.

(7) c o m p r e s s ib il it y — It is well known that pitches will 
flow under pressure. Recent tests made in our laboratory by 
subjecting discs of bitumens to a smooth even pressure under 
rigidly controlled conditions of temperature have shown that 
coal-tar pitches show more compressibility at lower temperatures 
than other bitumens which apparently arc less susceptible to 
changes of temperature as evidenced by the ordinary testing 
methods. Harder pitches will flow at temperatures considerably 
below their brittle points. They give under the smooth even 
pressure and do not splinter and crack as might be supposed.

(8) e l e c t r ic a l  p r o p e r t ie s — Tests made in our laboratories 
show the puncture voltage of pitch to be from 80,000 to over
100,000 volts per inch. Other tests showed the specific resistance 
to be so high that accurate measurements could not be obtained, 
the results varying from 168,000 megohms for 1 in. thickness, 
to infinity.

c h e m ic a l  p r o p e r t ie s

( 1 ) c o n s t i t u t i o n — V ery little is known of the actual nature 
of the compounds making up coal-tar pitches but it is a generally 
accepted fact that these belong to the aromatic series. It is 
undoubted that some coal-tar pitches contain oxygenated 
hydrocarbons and all have some sulfur-containing bodies as 
part of their make-up. Nitrogen bodies arc also present. It 
is possible that the nitrogen and oxygen contained in pitches 
are present in the form of higher homologues of the basic and 
phenolic bodies found in coal-tar creosote oils. C. R. Downs1 
has published some ultimate analyses of briquette pitches in 
which one of the three pitches tested showed a notable amount 
of oxygen and all, considerable quantities of nitrogen and sulfur. 
There is always a greater or lesser percentage of carbon, which 
is apparently not present in combination but which is in the free 
state and is therefore called “ free carbon." This is usually 
considered as the portion of the pitch insoluble in hot benzol 
and toluol. This insoluble matter is not pure carbon but is 
very largely made up of this element. The nature of “ free 
carbon” has been very extensively considered by the writer in a 
previous article.2 The amount of free carbon in a pitch ma
terially affects its physical properties but 110 definite quantitative 
relation can be shown. I t  has been held by some that the free 
carbon not only affects the pitch per se but also by virtue of the 
nature of the bitumens which normally make up a low or a high 
carbon tar. The percentage of free carbon may vary from 10 
to 50 per cent in various pitches. If a coal-tar pitch is ignited 
there is left but a small quantity of mineral ash, almost invariably 
under 1.0 per cent and usually under 0.2 per cent.

(2) r e s is t a n c e  t o  a c id — Concentrated nitric and sulfuric 
acids char and decompose coal-tar pitch. Dilute sulfuric acid 
up to a strength of 40° Be. seems to have very little action. 
Dilute nitric acid has more effect, but w'eak solutions are very 
slow in disintegrating’ the material. Hydrochloric acid, con
centrated or dilute, is very well resisted by coal-tar pitches, and 
heating the acid has little effect, provided the heat is not suffi
cient to melt the pitch. Glacial acetic acid dissolves coal-tar 
pitch, the solution*being purely physical, more dilute solutions 
not affecting it.

(3 ) r e s i s t a n c e  t o  a l k a l i — Most coal-tar pitches resist the 
action of caustic soda, caustic potash, lime and ammonia. A 
very few, derived from tars of high phenoloid content seem to be 
somewhat attacked by alkali, apparently due to the withdrawal 
of material soluble in this agent. For purposes requiring alkali- 
resisting strength it is always possible to obtain a coal-tar pitch 
derived from tars, which does not present this feature.

1 T h is  J o u r n a l .  € (1 9 1 4 ), 2 06 .
••Ib id ., 6 (1 9 1 4 ), 2 79 .

(4) a ir  a n d  w a t e r — These two common reagents have prac
tically no chemical effect on coal-tar pitches even after prolonged 
exposure. In the case of softer pitches exposed to the weather 
there is a gradual drying out of oil and consequent hardening. 
In a paper by S. R. Church and the writer1 the results of a year's 
exposure of pitches to atmospheric conditions are given, and it 
is shown that the alterations due to this exposure are of little 
importance.

(5) o t h e r  c h e m ic a l s — Coal-tar pitches have been shown to 
resist very well the action of concentrated bleaching powder 
solutions and solutions of many inorganic salts. In general, it is a 
very resistant material so far as inorganic chemicals are concerned 
and is not readily oxidized.

In the paper by S. R. Church and the writer,1 experiments 
are presented which indicate that coal-tar pitch is affected to a 
lesser degree than bitumens from other sources by illuminating 
gas and gas drips. Illuminating gas from leaky mains frequently 
affects bituminous pavements, and both the gas itself and the 
liquid condensate have a serious effect on bituminous water
proofing below city streets.

.(6 ) c o m b u s t i b i l i t y — All coal-tar pitches are inflammable, 
but have such high flash points that risk from this source is com
paratively small. Coal-tar pitches of 1350 F. melting point 
have flash points of above 1930 C. (380° F.) and fire points 
upward of 243° C. (470° F.) when tested in an open dish on a 
sand bath. These high flash and fire points mean that there is 
a negligible risk in handling coal-tar pitches at the temperatures 
necessary for the application of the material.

USES OP c o a l -t a r  p it c h

( 1 ) r o o f i n g — The use of coal-tar pitch for roofing purposes 
is too well known to give it more than passing mention. A  roof 
composed of co<jl-tar saturated felt with coal-tar pitch mopped 
between the plies and surfaced with coal-tar pitch and gravel 
or slag has stood the test of time, has been approved by the 
Underwriters’ Laboratories as a fire-retardant roof, and has been 
adopted as a standard high-class roofing by architects and engi
neers throughout the United States. Its resistance to atmos
pheric conditions, its impermeability to water and its adhesive 
qualities are of prime importance in this field.

(2) w a t e r p r o o f in g — Pitch is also used for underground 
waterproofing, on bridges, and in tunnels in very much the same 
way that it is used on roofs, that is, mopped between and on 
the surface of the plies of saturated felt. This use is also well 
known to architects and engineers, and coal-tar pitch water
proofing has been used widely with markedly favorable results. 
The qualities required here are about the same as for roofing 
purposes, but owing to the fact that such high temperatures are 
not generally encountered, a softer grade may be used. In this 
connection, the comparative resistance of coal-tar pitch to gas 
drips and illuminating gas is of considerable advantage.

(3) p a v in g — Coal-tar pitch has found wide application in 
the construction of pavements of various types. Probably 
the most important, although of comparatively recent develop
ment, is the use of very soft pitch as a binder in the construction 
of bituminous concrete and tar macadam roads. In brick pave
ments, granite block pavements and wood block pavements, 
the proper grades of coal-tar pitch have found wide application, 
both as a filler between the blocks, and as an expansion joint 
at the curb line. M any municipalities have issued specifications 
covering the quality of pitch to be used for these purposes. 
Pitch for this work is usually somewhat softer than that used for 
roofing materials.

The ability of pitch to give under pressure is of advantage, 
especially in its use as a filler in wood block pavement. W ith 
expansion of the blocks the pitch squeezes out and does not crack 
and allow moisture to penetrate the joints of the pavement.

1 " E x p e r im e n ts  on  T ech n ica l B itu m e n s ,"  Proc. .4. 5 . T . M .  (1915).
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In general the adhesion of pitch to all sorts of surfaces makes it 
very valuable as a joint filler.

(4) b r iq u e t t i n g — The use of coal-tar pitch for briquetting 
fine coal or coke breeze has been developed abroad further than 
in the United States. There arc two types of briquetting pro
cesses, one where the coal or coke is mixed hot with the pitch and 
the other in which the pilch is ground and mixed cold with the 
coal before pressing. In  the first case a soft pitch is used which 
can be readily melted and in the second process the pitch must 
be sufficiently hard to be readily pulverized. For this purpose 
the binding strength and waterproofing effect of the pitch makes 
it particularly advantageous.

(5 ) c o r e  c o m p o u n d s — This serves as an outlet for harder 
pitches than arc used in briquetting work. Here the pitch is 
used as the binder for sand cores used in making castings of iron 
and steel. For this purpose a bituminous binder of low ash 
content is desirable and coal-tar pitch serves the purpose ad
mirably.

(6) p a in t s  a n d  p r o t e c t iv e  c o a t in g s — Solutions of coal- 
tar pitch in tar solvents comprise the main ingredients of the 
best tar paints. These are used for the protection of structural 
iron and steel, for waterproofing of interior walls, where it is 
desired to plaster directly over the paint, for acid-proofing and 
alkali-proofing paints and many other diverse uses. The repu
tation of tar paints has suffered much by poorly and improperly 
made materials. If properly compounded they are the equal 
if not the superior of many more expensive preparations for 
many purposes. That they can be completely ruined by thin
ning with noncompatible thinners, is referred to in an earlier 
part of this paper.

( 7 ) m i s c e l l a n e o u s  u s e s — Other uses which may be given 
passing mention are as a pipe dip, in the manufacture of ready 
roofings, as a cement in the joints of stoneware pipe, and as a 
constituent of various rubber and other compounds used for 
insulating purposes. Hard pitch is also used in the manufac
ture of electric light carbons and in the manufacture of "clay 
pigeons” or "flying targets.”  Of more recent development 
is the use of ground-hard pitch as a fuel in the same manner as 
powdered coal. This has been found of advantage in some 
metallurgical processes.

It is probable that an intimate knowledge of all the industries 
of the United States would develop many other important uses 
for this class of bitumens. Wherever a bituminous or plastic 
substance is used there is the possibility of the advantageous 
substitution of coal-tar pitch. Because of the great diversity 
in the nature of the crude tars it is possible to vary the char
acteristics of the residual pitches so as to make them cover a 
wide field of usefulness. In all chemical industry there is the 
possibility of its use and it may be that only the unfainiliarity 
of many chemists and engineers with the real properties and 
characteristics of coal-tar pitch, has prevented its wider applica
tion in our industrial establishments.

T i m  B a r r e t t  C o m p a n y  
17 B a t t e r y  P l a c e , N e w  Y o r k  C it y

TH E H IGH  CH ARACTER OF THE M ANUFACTURED 
FO O D S OFFERED THE PUBLIC T O -D A Y 1

By A. V. H . M o k y  

Received M ay  3, 1916

In view of a disposition in certain quarters to weaken the con
fidence of the people in the food they eat, it is thought that a 
summary showing the character of the foods examined during 
the past few years in the laboratory of a food distributing house, 
might be of interest.

To begin with, it should be pointed out that the attitude of

1 Read a t  the  52nd M eeting of the American Chem ical Society. U rbana- 
C ham paign. April 18-21, 1916.

the chemist who would safeguard the reputation of his house 
must of necessity be different from that of the food official 
who would successfully prosecute violators of the law. The 
official is under the necessity of proving his case in court, which 
means that very fine distinctions may not ordinarily be taken into 
account; the food house chemist is seldom justified in overlooking 
any discrepancy, no matter how small, since he cannot be sure that 
somewhere in the country there may not be some one who would 
take exception to what appears to him to be a very small matter.

With the fact clearly in mind that the examinations made 
were thorough and the criticisms hair-splitting, the following 
may be of interest:

Out of the 585 samples of miscellaneous manufactured foods 
analyzed, representing prospective purchases as well as samples 
taken from stock, there were found, all told, 497 samples, or 
85 per cent, which were entirely free from any form of adul
teration or misbranding.

Of the 15 per cent of adulterated or misbranded samples 
about one-sixth, or 2 .7 per cent of the whole number, might be 
held to be deleterious to health. These possibly deleterious 
samples represented the following products: Flour bleached with 
oxides of nitrogen, catsup containing sodium benzoate, junket 
tablets preserved with boric acid, and dried fruits and gelatine 
bleached with sulfur dioxide. The rest of the 15 per cent 
were found wanting for the most part because they gave con
stants not in full accord with the U. S. Department of Agri
culture Circular 19, though probably not enough out of line 
to warrant a charge of proved adulteration. There were also 
a few cases involving fraud only.

These 585 samples represent the output of many producers 
from different parts of the country, and while it must be ad
mitted that in almost every case these producers are well known 
and reputable, still, since the most of them are also very large 
producers, their output represents a considerable part of the 
manufactured food of the country.

The point must not be lost sight of that the above data were 
mostly obtained from the examination of products known to 
be more likely to be found deficient. If uniformly frequent 
examinations had been made of all varieties of food products 
sold, the showing would be many times as good as that indi
cated by the above figures.

It would thus appear that among manufacturers of food 
products who are considered reputable, the number of cases repre
senting adulteration and misbranding is very small and the number 
representing a serious menace to health is practically negligible.

The fact is that for some years past about the only service 
the laboratory of the distributing house referred to has been 
able to render, is that of helping the expert buyers to select the 
best from among a number of perfectly legal and wholesome 
products submitted for consideration. And this in spite of 
the fact that evidences of adulteration and misbranding have 
been carefully and persistently sought.

It  is a serious question whether the production of food prod
ucts has not reached a plane far above that of other lines equally 
susceptible of sophistication, and approached very near to the 
point where the criminally inclined, who always have taken 
and always will take chances in the violation of law, are about 
the only offenders.

This encouraging state of affairs has plainly come about 
through our food law's, the enforcement of which has enabled, 
the majority, inclined naturally toward fair dealing, to com
pete on a higher plane with the less scrupulous minority. Effi
cient law enforcement has thus found a ready champion in the 
reputable producer and distributer, whose influence is bound to 
be favorable to even greater efficiency in law enforcement and 
to a continued improvement in the character of our food supply.

S e a r s ,  R o e b u c k  & C o m p a n y  
C h i c a g o ,  I l l i n o i s
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RESEARCH, SCIENTIFIC AND INDUSTRIAL IN THE 
COAL-TAR D YE IN D U STR Y1

B y  B e r n h a r d  C . H e s s e  

The coal-tar dye industry as it stands to-day is the result 
of the methodical anti systematic following up of a side-issue 
of a scientific research in 1856. It  is the composite result of 
the coordination of science, industry and merchandizing. The 
purpose of this paper is' to consider the contribution of chemical 
research to this net result and to compare, in some manner, 
the contributions of investigations in institutions of learning 
with those of investigations in industrial establishments.

POPULAR VIEW OK COAL-TAR DYE RESEARCH 

Chemical research is, without doubt, the real underlying 
source of the origin, development and growth of this industry; 
on account of the great brilliancy of the intellectual achieve
ment in synthetically producing 011 a commercial scale a thing 
theretofore derived wholly from vegetable sources, namely, aliz
arin, and of producing so many beautiful and useful things 
from such an unsightly mess as coal tar, the part played by 
research in this development has come to be regarded by the 
public as distinctive of and peculiar to this industry and naturally 
this has lost nothing in the retelling; so it is not to be wondered 
at that research in coal-tar dyes came to be spoken of by both 
laymen and scientists as something of an extraordinary nature. 
This view has become very wide-spread and deep-rooted. From 
the time I first became acquainted with coal-tar dye chemistry 
at the University of Michigan in 1888, until I was graduated 
from the University of Chicago in 1896, I somehow acquired 
from the literature and from my instructors the idea, amount
ing almost to conviction, that there was something almost 
uncanny about coal-tar dye research and the methods em
ployed in it.

GERMANY AND THE UNITED STATES 

Directly after graduating from the University of Chicago 
in 1896, I entered the employ of the largest coal-tar dye works 
in the world at its plant in Germany and indeed in one of its 
research laboratories. This was my first trip outside the United 
States and it was, of course, an event of the first magnitude 
for me to be in Europe, and, as a chemist, to be in Germany, 
in a German coal-tar dye plant, and to cap it all in its research 
laboratory— a real sanctum sanctorum for .chemists. In a short 
time the daily routine wore the novelty off my experience and 
I then settled down to calm analysis and dispassionate appraisal 
of my surroundings and to compare what was actually before 
and around me with my expectations. I found that the general 
laboratory equipment was no better than what I had been ac
customed to; that my colleagues had no better fundamental 
training than I had enjoyed nor any better fact— or manipulative—  
equipment than I ; that those in charge of the work had no better 
general intellectual equipment nor any more native ability 
than had my instructors; in short, there was nothing new about 
it at all, nothing that we did not have back home, nothing—  
except the specific problems that were engaging their attention, 
and the special opportunities of attacking them. Those prob
lems were of no higher order of complexity than those I had been 
accustomed to for years, in fact, most of them were not very 
complex from a purely intellectual viewpoint. There was 
nothing inherently uncanny, magical or wizardly about their 
occupation whatever. It  was nothing but plain hard work 
and keeping everlastingly at it. Now, what was the actual 
thing behind that chemical laboratory that we did not have 
a t home? It  w'as money, willing to back such activity, con
vinced that in  the final outcome, a profit would be made; money, 
willing to take university graduates expecting from them no 
special knowledge other than a good and thorough grounding 

1 A ddress a t th e  C hem istry Conference, 25th Anniversary U niversity  
of Chicago, June 5, 1916.

in scientific research and provide them with opportunity to be
come specialists suited to the factory’s needs. However, we 
then had numerous men at home, who put their money behind 
investigational enterprises but they had selected subjects differ
ent from coal-tar dyes; for example, sewing machines, agricul
tural implements, typewriters, shocmaking machinery', incan
descent lamps and many others, where the sums invested, 
the high-grade specialists employed, the scientific, systematic 
and methodical development and merchandizing lose nothing 
whatever by comparison with what is done in coal-tar dyes in 
Germany. This was my first conclusion 20 years ago and it 
has since been confirmed by comparison with conditions on both 
sides of the Atlantic and has long since become a firm convic
tion with me, fortified as it is by  close and intimate contact 
with a number of large enterprises at home and ten different 
trips to Germany, covering a total of 36 months’ residence in 
Germany, where and when I checked up m y views. Also, 
I have met competitively and collaboratively coal-tar dye chem
ists and researchers, not only of Germany, but of Austria, 
France, Switzerland and England as well, and have worked side 
by side with them in three different research laboratories, two 
in Germany and one in England. Each trip brought me home 
more convinced than ever that neither Germany nor any of 
these other countries had anything fundamental to teach us 
in the w ay of research even though, as a people, we did have 
much to learn, particularly from Germany, in determination 
to know how to make everything count to its utmost profitably 
realizable capacity, and to make specialists out of university 
graduates— in other words, national teamwork.

In short, we have as good educational institutions, as good 
chemical instructors, as good chemical investigators, and as 
good native ability as has Germany or any other country, but 
with us these are not as. widely diffused.

In the final analysis "Research” is made up of " I  want to 
know” and “ I am going to find out,” — two qualities which the 
American people, inclusive of its chemists, have always had in 
abundance and to spare, but not always coordinated nor effi
cient. Desire to know cannot have practical effect unless 
opportunity to find out be available. To-day’s opportunity 
was generally yesterday’s impossibility. If opportunity ever 
presents itself in this country to find out about coal-tar dyes, 
I am confident that we will find out all that such opportunity 
can be made to make available and without going beyond our 
own borders for the men or the “ know-how.”  W hat we do not 
have now, our own educational institutions are fully capable 
of supplying, if and when called upon. B ut in this, as in all 
like things, the time element is one that must be taken into 
serious account.

Like coal-tar dyes, our sewing machines, incandescent lamps, 
agricultural, writing and shoemaking machines are not natural 
products and had to make their own way in the markets of the 
world; they too had to be created and developed; as in coal- 
tar dyes every other country had the same initial opportunity 
to make the same kind of machines that we did, but we created 
those industries and we have maintained our supremacy against 
the world. It is nothing unheard of or new for us to create 
new things, overcome long-standing prejudices and to conquer 
foreign markets.

Fundamentally then, we have done all the things that made 
the coal-tar dye industry, but our efforts have been along other 
specific lines; it merely remains for us to decide definitely to 
attack that particular problem, it is no harder to solve than 
many others that we have solved. It is not, and probably 
never has been, a question of whether we can or cannot make 
coal-tar dyes or whether we could learn how, but rather a ques
tion of when we did do it would it be worth our while; could 
we not do something else to better advantage?
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THU COAL-TAR DYES

In the coal-tar dyes industry' as it is to-day, all but two of 
those dyes are without counterpart in nature; they are as much 
man-created as is a sewing machine or a typewriter. Two of 
the dyes now made from coal tar were, prior thereto, secured 
entirely from vegetable sources and had been used for centuries 
as dyestuffs: these two are alizarin and indigo. The coal-tar 
product is identical with the vegetable product in both cases. 
It  was chemical research that pointed the w ay for the founding 
and development of this industry in both the above branches.

As applied to chemistry, research may be scientific, empirical 
or industrial; it is as impossible to draw the dividing line be
tween these three classes as it is to designate the precise instant 
of time when night ccases and day begins, or the reverse. The 
scientific research of to-day is the empirical research of to
morrow and the industrial research of the day after.

in d ig o  a n d  a l iz a r in — In the case of both indigo and alizarin, 
scientific research first of all had to determine the chemical 
constitution of these substances and confirm them by a syn
thesis; then empirically, and guided by the spirit and method 
of scientific research, the commercially possible syntheses had 
to be explored and then industrial research had to adapt one or 
more of these methods to commercial use— a general procedure 
fundamentally familiar to Americans in many other lines.

Scientific research attempted to solve the chemical constitu
tion of alizarin as early as 1848; in 1852 a constitution, since 
recognized as erroneous, was assigned to it but in 1869 its cor
rect constitution was deduced and its synthesis from anthracene 
accomplished; its commercial introduction was accomplished 
within 1 year; empirical research, in less than 6 months from 
the discovery of the first synthesis, developed the method which, 
with but few nonfundamental changes, is the one used to-day, 
and shortly after its discovery the annual value of its produc
tion was $8,000,000; that is, 20 years were required to solve 
the scientific research, and less than 1 year was needed for com
mercial introduction. Vegetable alizarin was practically con
quered in less than 2 years of commercial effort, or a total of 
22 years.

Scientific research into the chemical constitution of indigo 
began in 1841 and was not concluded until. 1882; in 1890 em
pirical research led to the present-day commercial process, 
but it was not until 1897 that the industrial research was con
cluded; it required 5 years in addition to conquer vegetable in
digo; that is, the scientific research required 41 years to com
plete its task, empirical research 8 years, industrial research 7 
years, and commercial exploitation 5 years, or a total of 61 
years. The annual value of vegetable indigo in 1882 was about 
$20,000,000.

The contribution of scientific research was' not limited to the 
ascertainment of the constitution of these two substances. 
In the case of alizarin the use of caustic-alkali melt of sulfoacids 
for the making of hydroxyl derivatives was discovered in the 
course of scientific researches in France and in Belgium in 1867, 
and applied in Germany and in England almost simultaneously 
in 1869 for making alizarin.

For indigo, liquid chlorine— in 1890 an industrial fact— was 
the direct offspring of a scientific research (though carried out 
in an industrial establishment) into the conditions under which 
chlorine can be liquefied and into the properties of liquid chlorine 
itself; the conversion of phthalim.id into anthranilic acid was 
accomplished in 1890 in Holland by applying to phthalimid 
a reaction originally applied in Germany in 1882 to acetamid 
and thereafter largely developed by chemists in Holland and 
elsewhere; the use of phenylglycinc and of its carboxylic acid 
as an indigo intermediate was discovered in Switzerland in 1890; 
the use of mercury in connection with sulfuric acid for oxidizing 
organic substances controllably, as well as to complete oxida
tion, was discovered in 1883 and is of Danish origin, but was not

applied to the oxidation of naphthalene until 1896. Therefore, 
scientific research also blazed the way for the commercial alizarin 
synthesis and provided the direct fundamentals of four of the 
necessary things in the first commercially successful indigo 
synthesis.

Furthermore, before the makers of synthetic alizarin and of 
synthetic indigo could afford to commit themselves definitely 
and heavily to the production of these two things, it was neces
sary to make reasonably sure that the particular method to be 
operated was as cheap as any as would be likely to be developed 
by others and above all that there were 110 "next-door-neigli- 
bors”  chemically known as isomers, homologues1 and substitu
tion products, that would be better than these two substances 
or either of them. Here is where the results of scientific research 
through its achievements in determining the possible number 
of isomers, homologues and substitution products enabled the 
empirical investigators to delimit and circumscribe the field 
to be investigated with reasonable assurance as to accuracy 
and certainty that nothing had been overlooked, that nothing 
was left for those who came after to create unwelcome effective 
competition— and in these empirical investigations the labora
tory, investigational and reasoning methods of scientific re
search were liberally drawn upon.

m a g e n t a  a n d  i t s  c o n g e n e r s — Passing now to those coal- 
tar dyes not to be found in. nature, i. e., the created dyes of this 
industry, it may be said that for the great majority of them 
the chemical constitution is assumed as known, based upon 
the methods of their production and the rules in relation thereto 
which scientific research established; to some of these dyes no 
chemical constitution has been assigned and for some even the 
chemical composition is not known.

Magenta was first discovered in Russia in 1856; chemists in 
France and England from 1858 to i860 developed and patented 
various methods of manufacture from the commercial anilin 
of that day; but it was not until 1864 and 1866 that it was dis
covered that pure anilin or pure para- or orthotoluidin when 
treated by these methods would not yield magenta but that a 
mixture of these three is needful; it wras not until 1878 that its 
constitutional formula was determined. Long prior to this 
the industrial method of to-day had been found by empirical 
or exploratory research; the constitutional formula, however, 
gave greater certainty to the conclusion of the industrial men 
that the limit of successful further investigation had been 
reached for at least a reasonably long period of time. In this 
case, knowledge of the constitution did not itself point to any 
commercially new or useful results; it merely confirmed the con
clusions as to temporary finality of the work of others.

Long before the constitution had been determined it was 
definitely ascertained empirically by men in France and Eng
land, and to a lesser extent in Germany, that there were three 
amido groups in magenta, and long before that, that there were 
replaceable hydrogens in magenta and the empirical workers 
had exhausted the then available means of treatment of magenta 
for its substitution products and had worked out substantially 
all the commercially useful products which included red, blue, 
violet and green, both basic and acid, of the present day.

As a direct result of the scientific investigation for the con
stitution of magenta came the investigation of condensation 
products of benzaldehyde with tertiary amines and from that 
the use of benzaldehyde and of substituted benzaldehydes in 
the making of dyes which have since acquired great commercial 
importance. Once the direction was given, it was only neces
sary to prepare the various substituted benzaldehydes and the 
substitutes for dimethylanilin employed in making the pioneer 
of this class in 1878 and systematically to exploit the field thus 
marked out. In 1878 it was recognized that nitration and re
duction might yield new dyes but attempts in this direction
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then failed only to become commercially successful about 10 
years later.

In a scientific investigation into the constitution of rosolic 
acid in 1878 it was found that dioxybenzophenone combines 
with phenol to produce auriu. Michler’s Ketone, a "next-door- 
neiglibor”  of dioxybenzophenone, was discovered in 1876; its 
production 011 a commercial scale was realized in Switzerland 
in 1883, in which year it, like benzaldehyde in 1878, was treated, 
also in Switzerland, with dimethylanilin and gave a violet. 
From then on it was only needed to treat Michler’s Ketone 
with all the substitutes for dimethylanilin and to work out the 
commercially useful dyes in the field thus laid out— a labor not 
completed in the 33 years that have since elapsed.

t h e  rnT iiM .E iN 'S— All of these investigations reflect the in
fluence of the scicntific researches begun in 1871 on the behavior 
of phthalic acid with phenols in which the trihydric phenol, 
pyrogallol, was first examined, then the dihydric phenol, resorcin, 
and, finally, phenol itself; the commercial introduction of the 
first did not take place until 7 years later, while the second re
quired 3 years, this delay being due to the difficulties encoun
tered in commercially making the intermediates, namely, phthalic 
anhydride and the phenols; the bromination products of fluores
cein, though discovered in 1873, were not marketed until 1874; 
these were thereupon followed by iodination, méthylation, 
chlorination and nitration products of fluorescein, but it was not 
until 13 years later, or in 1887, that alkylated amidophenols 
were investigated in their behavior towards phthalic acid and 
yielded most valuable dyes; still, not until 1894 or 7 years later 
was it discovered that this reaction proceeded in a two-stage 
manner, combining first in equimolecular proportions and this 
result then reacting with the second molecule of the amido- 
phenol, although such behavior was foreshadowed in the work 
done in the scientific investigation of the constitution of magenta 
and the synthesis of the benzaldehyde dyes and the dyes from 
Michler’s Ketone just considered. While in this particular 
case, failure to recognize the two-stage character of the reac
tion did not result in the loss to the art of really valuable dyes, 
yet our knowledge of the mechanism of this reaction was by 
that much retarded. In the case of tartrazine, which was dis
covered in 1884 and marketed in 1885, although its two inter
mediates were known to scientific investigators wholly as the 
direct result of abstract scientific work as far back as 1879, 
the two-stage nature of its synthesis was not observed until 
1893, or 9 years later; in this case the two-stage process enables 
the production of commercial dyes of real value not thereto
fore available.

Methylene blue, discovered in 1876 and marketed in 1877, 
was manufactured in three different ways before conclusive 
answer was obtained as to the mechanism of any of these re
actions by  scientific examination, in 1889; no method of manu
facture, at all new in principle, grew out of this investigation.

THE a zo  d y e s — The reactions underlying the azo dyes were 
exhaustively treated, scientifically, in researches begun in i860 
and completed in 1870; the reactivity of diazo compounds 
with amido compounds was discovered in 1864 and. with phenolic 
compounds in 1870. The first of the azo dyes appeared on the 
market in 1861 and was followed in 1863 and 1875 by two others, 
but it was not until 1876 that this reaction began to be exploited 
to any considerable extent and here again the reason was the 
difficulty of obtaining the intermediates in commercial quanti
ties. All products of this class were direct dyes for wool or 
mordant dyes for cotton and none of them was a direct dye 
for cotton until 1884, when benzidine, itself described in scien
tific literature as early as 1846, was found to be capable of pro
ducing direct cotton dyes; but these first benzidine dyes were not 
very fast to acids, alkalis or light and the chase for phenolic or 
amido or amidophenolic substances which, when combined 
with benzidine or benzidine substitutes, would yield fast colors,

was on! In this chase scientific investigators contributed 
little of effective specific help; they had marked out the field, 
provided the general implements, intellectual and manipula
tive, but the magnitude of the problem was too great for any 
individual and one wholly unsuited to university treatment; 
its solution called for careful preparation of the individual 
materials, combining them with benzidine and benzidine sub
stitutes, to yield direct cotton dyes, examining these dyes in 
their behavior towards cotton and other fabrics under service 
conditions or their substitutes and, profiting by whatever they 
showed, forecasting further work with the help of the general 
scientific rules and laws of structure of these materials and to 
take up the task anew. A  heart-breaking, desolate and unin
spiring lot for the isolated worker, not in the confidence of those 
who know commercial conditions as to the availability, imme
diate or remote, of the materials needed to make these new in
termediates, and of the commercial requirements of the dye 
markets, but a task full of zest and excitement when carried out 
in cooperation and collaboration with those who were conversant 
with all these details— for it was clear that there could be but 
few victors, the laggards would be beaten. Surely, the uni
versity and the individual investigator were hopelessly out
classed in this particular chase for only the worst kind of a fluke 
could lead to a useful result; true, new results could be obtained, 
but differing to the uninitiated in such subordinate and seem
ingly trifling details as to make the work actually sheer monot
ony. Y e t  the greatest skill and knowledge was required of 
the men who actually carried out this work in the industrial 
establishments.

In the middle of the eighties investigation by individual in
vestigators and by institutions of learning began to cease con
tributions of pioneer value to this industry and except for the 
brilliant glycine synthesis of indigo in 1890 the scientific re
searchers have done nothing since which specifically and directly 
approaches pioneer work. B y  that time research in this field 
had settled down to the humdrum task of sifting out from the 
hundreds of thousands of millions of possible dye combinations 
those that could survive in the world’s markets. The work 
theretofore done by the university investigator was now done in 
industrial establishments and the new types of commercial 
dyes since then introduced have emanated from these industrial 
establishments themselves and as a direct result of industrial 
conditions themselves, and not from any real scientific experi
mentation, reflection or deduction by university investigators, 
as such.

RETROSPECT

However, looking backward, it does seem that industrial in
vestigators could have developed the industry faster and that 
university investigators could have pointed out new fields a 
little more quickly than they did. For example, sulfonating 
as a means of rendering dyes better adapted for animal fiber, 
was discovered as early as 1862, yet M artius’ Yellow, discov
ered and marketed in 1856, was not sulfonated until 1879, nor 
was magenta, also marketed in 1856, sulfonated until 1877; 
anilin yellow was not sulfonated until 1877, although on the 
markets in 1859; as early as 1876 it was known that sulfur 
could be substituted for the imido group to produce new dye- 
stuffs, but this substitution in the indigo group was not tried 
until 1905, although all needful materials were known as early 
as 1890, and the real development of the indigoid dyes did 
not begin until well after 1900, although most of the materials 
had then been available for upwards of 10 years. Instances 
like these could be given in great numbers.

Of course, after things have been done it is not only very 
easy but most ungracious to say that they should have been 
done sooner or better, but these comparisons are not here made 
for any purpose of criticism or fault-finding; they are made in
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the hope that calling attention to a few opportunities now easily 
recognized as having been overlooked in the past, m ay sharpen 
our foresight and increase our powers of intellectual penetra
tion and deduction and hearten university investigators so that 
they may again be the pioneer leaders in a field which is with
out limit and whose future cannot but be far brighter than its 
past, however glorious that has been. The opportunities for 
applying constructive imagination and selective judgment to 
the logical and systematic development of this field for pioneer 
work along the lines of types and subtypes are far greater to
day than they ever were and the chances of success are certainly 
110 smaller than they were in the days when the university in
vestigator was the guiding spirit in this industry. A compre
hensive and useful answer to the question as to the causal rela
tionship between tinctorial properties and chemical constitu
tion has still to be given; 110 more powerful intellectual instru
ment than this could be devised and the university investigator 
has an almost equal chance, so far as materials, facts and facili
ties go, with his industrial brother, and so far as surroundings 
in sympathy with such work are concerned the industrial chem
ist or rescarcher is very greatly at a disadvantage; an insight 
<5f this kind should be as powerful in this branch of chemistry as 
the calculus is in engineering; the fact that more than 40 years 
have passed since the first attempts were made in this direc
tion should not discourage-—centuries before Newton and Leib
nitz the world had many mathematicians of undoubted ability 
and power.

CONCLUSIONS

It  would be idle to suppose that in the foregoing anything 
more than a mere fragmentary outline sketch of the relative 
contributions of research and its various subdivisions to this 
industry have been given; nevertheless, the essentials are there, 
and they justify the following general statements:

I— The coal-tar dye industry had its origin in an accidental 
occurrence in the course of a purely scientific research.

II— For the first 8 years the development was wholly through 
empirical research with no scientific or very clear guide to the 
field.

III— When scientific investigation had established certain 
fundamental scientific data the development proceeded more 
rapidly than theretofore and with greater certainty.

IV— The first individual success of real commercial magnitude 
and permanence owed its conception and execution wholly to 
scientific research.

V— Empirical investigation, both in institutions of learning 
and in industrial establishments, profiting by and taking ad
vantage of purely scientific achievements and results, reached 
its conclusions and completed its labors more speedily and cer
tainly than it otherwise would and made the commercial venture 
less hazardous than it otherwise would have been.

V I— The industrial research needed for the industrial applica
tion, itself, depended for much, and in some cases for all, of 
their material upon scientific research in no w ay connected with 
dyes or anything relating to them.

To return, then, to the beginning and fulfil the avowed pur
pose of this paper, namely, comparison of researches carried 
out in institutions of learning and in industrial establishments.

The university and like men for the first 30 or 35 years, by 
the development of the general and specific laws of chemical 
constitution, placed in their own and in the hands pf industrial 
researchers means more powerful than ever existed as helps in 
chemical research; as a result, new methods of manufacture, 
new dyes and new types of dyes were made foreseeable long be
fore the industrial researcher and chemist could get around 
to the experimental testing of the material thus laid bare.

The industrial chemist and researcher has not provided his 
university or scientific brother with any such broad general 
helps but he has contributed an enormous amount of fact-

material and has discovered a multitude of new manipulative 
methods but all of them more or less disconnected and not co
ordinated ; the successful methods of industrial research were 
all borrowed from scientific research; for the past 25 or 30 years 
the industrial researcher has accomplished all new advances 
himself but in so doing he has drawn very heavily and without 
stint upon the results of scientific research not at all connected 
with the subject of dyes.

Who shall say which is the more important achievement? 
Both are wholly essential to progress; neither can develop to 
its fullest extent without the other; the scientific investigator 
needs access to an amount of fact-material which it is beyond 
his strength to gather; the industrial researcher needs rules, 
laws, generalizations, experimental and manipulative methods 
which his surroundings usually make impossible for him to dis
cover or to devise; the coal-tar dye industry never would have 
existed without both.

This answer is probably the only one that should have been 
expected, yet the general and wide-spread opinion was and is 
otherwise. This answer portrays approximately the condi
tions existing in whole or in part in our own chemical, mechanical 
and electrical industries and in every application of science to 
every-day life, and why should chemistry applied to coal-tar 
dyes be different? The answer is that it is not.

Since our success as a nation in chemical, mechanical and elec
trical endeavor is in part, at any rate, based upon essentially the 
same attitude towards their respective purely scientific branches 
and their commercial application, is not that a complete warrant 
for the conviction that we also have the ability to build up a coal- 
tar dye industry? Our institutions of learning have long been 
prepared competently to make their contribution should our 
industrials make the call. Will our industrials send forth the call?

2 5  B r o a d  S t e e e t , N e w  Y o r k  C it y

TH E AM ERICAN TEXTILE M ANUFACTURER: HIS 
ATTITUDE TOW ARD AM ERICAN-M AD E D Y E S'

By F r e d e r i c  D a n n e r t h 2 

So much has been said during the past two years regarding 
the attitude of American textile manufacturers toward American- 
made dyes that it seems necessary to correct some current im
pressions.

One of the principal, if not the most important, reason for 
using German-made dyes in the United »States was the fact 
that nearly all the sunfast and laundryproof dyes available 
were and are still made in Germany. The dyes used for printing 
colored stripes on men’s cotton shirtings are the well-known 
va t dyes which occur in commerce under the distinctive names of 
Helindone, Algole, Indanthrene, Cibanone. Then, too, there 
are a large number of "acid”  dyes which are characterized by 
unusual fastness to light when applied to wool and silk fibers. 
These acid dyes if applied to silk fabrics can be exposed to direct 
sunlight for a period of 40 days, in a latitude of 41 0 North, during 
July and August, without showing any appreciable "fading.” 
For the benefit of such research chemists as may be interested 
in developing dyes of this character, I have appended a list of 
some sunfast dyes together with the index number under which 
they appear in Schultz’ "Farbentabellen” (1914 edition). This 
might well serve as a basis for advanced dye investigations 
in our organic chemical laboratories.

S u n f a s t  D y k s  o n  A n im a i , F ib e r s

(865) Alizarin cyanin green GX  
(864) A nthrachinon green G X N  
(863) A nthrachinon blue-green BXO 
(862) Alizarin blue-black B 
(861) A nthrachinon blue SR  extra  
(860) C yanan thro l G 
(859) C yanan thro l R 
(858) Alizarin Saphirol B

1 Presented a t the  One H undredth  M eeting of th e  N ational Associa
tion  of C otton M anufacturers, Boston, April, 1916.

2 H ead of the Textile T rade  Laboratory , Newark, N . J.

(853) A nthrachinon violet B 
(852) Alizarin Irisol D 
(851) Alizarin d irec t blue B 
(850) Indan th rene  blue \VB 
(639) Gallanil violet RB  
(303) B rillian t yellow 
(249) Crocein scarlet 3B
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These and a score of others including such well-known dyes 
as Cloth Red and Naphthol Green are dyes which art to-day of 
importance to the textile manufacturers of the United States. 
To the list given might be added such dyes as Patent Blue 
(Hoechst) and Rhodamine (Elberfeld), which stand entirely 
in a class by themselves in the matter of brilliancy. The dyes 
mentioned have all been tested out in this laboratory and have 
been found to possess the properties mentioned.

In view of the extensive discussion of tariff protection for our 
American dye industry it seems that attention should be called 
to one of the important factors which has heretofore received 
no consideration in discussions of this measure. The industry 
of coal-tar dyes is based on the science of organic chemistry, 
and this is a branch of chemical research which is. at present 
being taught to only a limited extent at our American colleges. 
This statement is based on an inspection of the catalogue of five 
leading universities located in the Atlantic States, and is sup
ported by a personal contact with graduates of these institu
tions. It therefore seems timely to call attention to this de
ficiency in our educational system, and if possible provide ways 
and means for altering these conditions. The points which re
quire emphasis are:

(1)— The supremacy of the German dye-manufacturing in
dustry at the present day is probably due primarily to the ad
vanced instruction in organic chemistry which is offered to 
students in German universities and technical colleges.

(2)— The manufacture of modern sunfast and laundryprooj 
dyes in the United »States cannot begin until there are in the coun
try a sufficient number of men with an adequate education in 
the methods of organic chemical research.

(3)— Until this instruction is given in our American colleges,

BRITISH  SU PPLY KIESELG U H R AND TUNGSTEN ORES

It is satisfactory to learn, says the Times Engineering Supple
ment, that the supply of diatomite, more familiarly known as 
kieselguhr, much of which was formerly obtained from foreign 
sources, will, in future, be obtained from sources within the 
British Empire. Diatomite is not only used in the production 
of dynamite but also in sugar refining and other industries, and 
it is important to have regular supplies in times of peace as well 
as in war times. It  seems from the results of research carried 
out at the Imperial Institute, Loudon, that valuable sources 
of supply have been found in Victoria and New South Wales. 
Attention has also recently been directed to the question of 
supplies of another important raw material, tungsten powder. 
Now that the technical problem in connection with the produc
tion of tungsten has been solved, it is necessary that the new 
industry should be assured of supplies of raw material to keep 
the new plants in regular operation. It is probable that, as in 
the case of diatomite, resource will be had to the large supplies 
of ores which are known to exist in Australia, and it has been 
suggested that a sound policy would be to erect concentration 
machinery in close vicinity to the wolfram deposits so that the 
ore, shipped to home manufacturers, might contain a conve
niently high percentage of tungsten.— A. M c M illa n .

NEW  ZEALAND CHINA CLAY

According to a report in the Chemical Trade Journal, what 
will eventually prove to be a valuable industry has been started 
in New Zealand despite the war. For some months past de
velopments have been proceeding on a large reef of china clay 
a t Ngaruawahia in the north island. Analysis made by the 
government analyst has shown the material to be very similar 
to the china clay of Cornwall.— M .

the extension of our dye factories and the invention of new 
and useful dyes must of necessity be very limited. Even if our 
college courses are revised to-day, it will be three or possibly 
four years before adequately trained men are available. The 
past twenty-five years of activity in our American dye factories 
bear abundant witness to the fact that our dye manufacturers 
are not inclined to spend time or money in the development of 
dyes of especial “ fastness.”  This, however, is the particular 
point which European chemists have emphasized in all their dye 
developments and any rational consideration of tariff protection 
must take this point into consideration. The mere investment 
of capital will not insure for us an American dye industry.

(4)— The numberless complaints which have already been made 
with regard to the "fastness”  of American-made dyes, demon
strate conclusively the present state of the industry in the United 
States, after an unhampered development of forty-six years.

(5)— An investigation will show that European chemical 
laboratories, in the majority of cases, have their doors open 
from seven o’clock in the morning until six o’clock in the eve
ning. Which of our American universities can say as much?

The textile manufacturers of the United States have been 
variously accused by some of our less conservative collegiate 
professors, of favoring English and German dyes to the exclusion 
of American-made dyes. The answer to this accusation has 
already been given. All that the American dyer asks is that 
he be supplied with modern dyes which shall equal in brilliancy 
and in "fastness”  the products which are now made by foreign 
manufacturers. It is also fair to assume that this will not be 
possible until students are given the necessary basic instruction 
in our colleges.

T h e  T e x t il e  T r a d e  L a b o r a t o r y  
3 2 5  A c a d e m y  S t r e e t , N e w a r k , N e w  J e r s e y

REVISED M INING REGULATIONS IN COREA

H. M. Consul at Seoul has furnished a translation of a Mining 
Ordinance issued by the Governor-General of Corea, to take the 
place of the mining law of July 12, 1906. The ordinance, which 
is to take effect upon a date to be determined by the Governor- 
General, consists of 64 articles and is based on the Mining Law 
of Japan. The main feature of importance is that, in future, 
foreigners, as individuals, will be prohibited from obtaining 
mining concessions in Corea. The grant of mining interests 
by the new regulation is to be limited to Japanese subjects or 
juridical persons established in accordance with Japanese law. 
Mining rights already in existence and held by  foreigners are 
not to be interfered with but foreign juridical persons in order 
to succeed to such rights must become juridical persons estab
lished in accordance with Japanese law, and must have their 
head office in Corea. Priority of application will probably 110 
longer ensure the grant of mining rights although this is not ex
pressly stated in the ordinance.— M.

SIAM  BENZOIN

According to a report from Bangkok, one of the staple products 
of Siam is gum benzoin (the resinous exudation of a tree closely 
related to the Styrax benzoin of Sumatra). Siam benzoin is 
collected in the northern forest regions of the country and 
is very highly esteemed for its delicate odor. It is used to some 
extent locally for the preparation of toilet water and allied 
preparations. During the year ending March, 1915, 52,251 
lbs. of benzoin were available for export and with a value of 
$27,918. M ost of the benzoin exported went to the United 
Kingdom but a large quantity went to Germany before the out
break of the war.— M.

CURRENT INDUSTRIAL NE.W5
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PETROLEUM  D ISCO VERY IN CHILE

According to a report in the British Board of Trade Journal, 
a telegram from Punta Arenas states that splendid samples of 
petroleum have been extracted from borings at Rio Amarillo 
and the existence of this oil in considerable quantities can be 
taken for granted in that district.— M .

SULFUR PROD UCTION IN RUSSIA

A t the foothills of At-Chagyl, alongside the salt lake of Kukurt- 
Ala, 62 versts (40 miles) from Krosnovodsk, the exploitation of 
an immense deposit of sulfur has been begun. The deposit is 
said to consist of 90 per cent pure sulfur.— M .

PO W ER TRA N SM ISSIO N  UNDER W ATER

International power transmission, says a contemporary, by 
submarine cable has liow been established between Sweden and 
Denmark, having been put into use in January’ . The cables 
run from Palsjo just north of Elsinore, Denmark, the under
water distance being 3.35 miles, the transmission voltage 25,000, 
and the energy transmitted 5,000 kilowatts. The two power 
cables are laid parallel to each other 100 m. apart while a protect
ing steel cable with a breaking strength of 40 tons is run parallel 
to the power lines and 100 m. from the nearest. Iron towers 
25 m. high on either shore warn vessels against attempting 
to anchor near the cables. These towers carry green lights 
at night. A  steam station 011 the Denmark side serves as a 
reserve in case of interruption on the submarine line.— M.

. EFFICIENCY OF GAS-FIRED FURNACES

A wide range of gas-fired furnaces for melting and annealing 
metals is described in a list recently published by a Birmingham 
firm. The crucible melting furnaces are fitted with Wright- 
Brayshaw burners and use gas "at ordinary pressure with an air 
blast at a pressure of 3 lbs. per sq. in. A comparative test, 
extending over 4 working days, has been carricd out between 
one of these furnaces and a coke-fired furnace at a brass foundry. 
The coke-fired furnace was able to melt an average weight daily 
of 592 lbs., the number of melts being 13, each requiring 53 
min., while the total fuel used was 300 lbs. The average weight 
of brass melted with the gas-fired furnace was 910 lbs., the 
number of melts 20, each requiring 34.5 min. and the total fuel 
consumption being 2,076 cu. ft. The gas-fired furnace proved 
the cheaper as the average cost of the castings produced was 
0.3 cent, while for the coke furnace the cost worked out about 
double that amount. Furthermore, with the coke, the cost for 
crucibles was more than twice as much as with gas and the gas- 
fired furnace crucibles are able to stand regularly 90 to 100 
melts. The best result obtained during the tests was the melting 
of 45 lbs. brass in 15 min. with a consumption of 67 cu. ft., or
1.49 cu. ft. of gas per lb. of metal melted. In the annealing 
furnace, a reducing, neutral of oxidizing atmosphere can be 
obtained at will. Gas at ordinary pressure is employed with 
air at 2 to 4 in. water-gauge pressure and a temperature of 
1400° F. is readily obtained. Other types of furnaces are re
ferred to, for the heat treatment of high-speed steel tools, for 
heating and mixing chemicals and for heating rivets.— M i

M OLYBDENITE AND ZINC IN NEW  ZEALAND

H. M. Trade Commissioner in New Zealand has forwarded 
extracts from the local press relating to reported discoveries of 
deposits of molybdenum and zinc ores in the Dominion. The 
deposit containing the molybdenum has been discovered at 
T akata and the samples assayed were found to contain 50 per 
cent M0O3. Ore declared to be pure sulfide of zinc has also 
been discovered at Wangapeka, 53 miles distant from Nelson. 
The reef is from 4 to 5 ft. wide and the ore is said to run 18 
per cent zinc.— M.

ANNEALING OF ALUMINUM

In a recent report to the Faraday Society, London, 011 the 
annealing of aluminum, Messrs. Seligman and Williams de
scribe some interesting anomalies in the behavior of the metal. 
Hard-worked aluminum seems to be more readily soluble in 
nitric acid than the annealed metal and, if the hard-worked 
sample be heated to 125° C., a definite change in the rate of 
dissolution is brought about. A specimen of hard-worked 
metal which lost 56 mg. per 100 sq. cm. per 24 hours in nitric 
acid (sp. gr. 1.42), lost only 39 mg. when similarly exposed 
after being annealed at 5000 C. (a decrease of 30 per cent). 
On annealing for 10 hours at 1250 C. there was a decrease of 
5.3 per cent in the rate of dissolution, whereas it had been antici
pated that if the heating were prolonged, the decrease in the 
rate of dissolution might be augmented. If samples were heated 
for 80 hours a t 152 0 C., the rate of dissolution was very much 
the same as if no prolonged heating had been used at all. These 
facts do not seem to tally with the observations of other workers. 
A release of strain should certainly be accompanied by reduc
tion in the rate of dissolution but this release of strain would 
not account for the subsequent increase. The behavior of 
aluminum as described above does not seem to fall in with any 
theories which have yet been put forward.— M.

A NIGERIAN COALFIELD

It is possible that the recent discovery of coal at Udi, in 
Southern Nigeria, may mark a new and important epoch in 
the history of W est Africa, as it may start many industrial 
developments in that little-known country. The discovcrv 
was made in the course of a mineral survey of Southern Nigeria. 
According to the Engineer, 122, No. 3157, steps have 
been taken by the government to work the field, following a 
favorable report from the Imperial Institute, London, and
10,000 tons of coal have already been mined and stacked for use. 
The coal field is in the immediate proximity of the New Nigerian 
railway from Port Harcourt, whence the distance is only 150 
miles; when this line is opened for traffic— some time this year—- 
transport can begin at once and the coal be at the service of the 
whole of Nigeria. M any specimens of Udi coal have been 
fully examined and it has been subjected to exhaustive trials 
on the Nigerian railway, the reports upon it as a locomotive 
fuel being entirely favorable. The total area of the Udi de
posits is, as far as can be at present estimated, not less than 
2100 sq. mi. and in places the seams are 5 ft. thick.— M.

ZINC BRONZE

Bulletin  59 of the Technological Series of the British 
Bureau of Standards gives an account of an investigation of 
standard test specimens of a zinc bronze (Cu 88, Sn 10, Zn 2) 
by  Messrs. C. P. Carr and H. S. Rawdon. The authors draw 
the following conclusions: (1) The addition of a small percentage 
of zinc does not affect the theoretical microstructure of the 
alloy; (2) the method of casting, pouring temperature, etc., 
affect the structure only indirectly by influencing the rate of 
cooling, amount and distribution of enclosures; (3) the micro- 
structure offers an explanation for the characteristic appear
ance of the tensile bars after testing; and (4) of the various 
microstructural properties affecting the physical properties, 
oxide films must be considered to exert by far the greatest in
fluence. The best type of test bar where the metal is to be 
cast in sand is the cast-to-size shape and if the metal is poured 
at a temperature ranging from 1120 to 12720 C., uniformity 
of tensile strength and ductility are obtained. The advantage 
of the cast-to-size shape is that it is easy to mould and inex
pensive to machine into the shape and size required for test
ing. It is recommended as the form which should be adopted 
as standard for general foundry practice.— M.
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M INING DEVELOPM EN T IN PERU
According to a report from the British Vice-Consul at Callao 

published in the M ining World, 91, No. 2362, there seems 
to be considerable activity towards the development of mining 
throughout Peru. Work in the gold placer claims of the 
Peruvian Exploration Co. on the Maranon River has forged 
ahead rapidly and there is a working staff of 300 men, including 
experts in hydraulic operations, while new machinery has been 
obtained. A t Cerro de Pasco, investigations have been made 
and proposals put forward in regard to the possibility of work
ing the ore dumps by the cyanide process. The low-grade sil
ver ore tailings scattered over the pampas amount to some
thing like 15,000,000 tons running 15 oz. of silver to the ton, 
and it is suggested that this ore might be treated at a total 
profit of over £6,000,000 ($30,000,000), which would make 
Cerro de Pasco a silver producer of considerable magnitude 
as well as a copper producer. The Morococha Mining Co., a 
subsidiary of the Cerro de Pasco, although in a preliminary 
state of development, is producing from 80,000 to 90,000 tons 
copper a year which is shipped to La Fundicion for smelting. 
The Morococha region is one of the most actively worked min
ing zones in Peru. For some time past, satisfactory investiga
tions have been made on properties some 35 miles from Cerro 
de Pasco and exploration work on a large scale has been de
termined upon. A t present, machinery is in process of erection, 
but operations have been somewhat checked by the war. A t 
a later date, it is intended that a smelter shall also be erected 
and, from indications, it is thought that the output from these 
mines should then rank with that of the biggest copper pro
ducers of this region. Practically the only tungsten proper
ties so far discovered in Peru are now being developed in the 
Conchucos district of the department of Ancachs and that 
of La Libertad, but owing to lack of funds 110 great progress 
has been made.— M .

CASE HARDENING OF MILD STEEL IN GAS

Such work as is described by Mr. C. M. W alter in a recent 
paper on this subject, says the Journal of Gas Lighting and Water 
Supply, should be given a wider circulation among steel manu
facturers. Little work has seemingly been done 011 the use of 
town gas as a carburizing or case hardening agent, but Mr. 
W alter’s experiments show that its use for this purpose in the 
case of mild steel is highly effective and a good commercial 
proposition. His results confirm the classical researches of 
Prof. A. E  White and Mr. H. T. Hood, who were able to show 
efficiency of quality of product and controllability such as can
not be realized with the solid agents ordinarily employed for 
the purpose. It is important in this carburizing work that the 
rate at which the gas is passed through the apparatus should 
be slow, as this affects the quality of the carburizing.— M.

BRITISH  BOARD OF TRADE

During the month of July, the British Board of Trade 
received inquiries from firms in the United Kingdom and abroad 
regarding sources of supply for the' following articles. Firms 
which may be able to supply information regarding these things 
are requested to communicate with the Director of the Com
mercial Intelligence Branch, Board of Trade, 73 Basinghall 
St., London, E. C.
American cloth 
Asbestos, A. P. join ting  
B atteries for pocket flash lam ps 
Brackets, spring, for cycle lam ps 
Bricks, m agnesite 
Burners for cycle lamps 
C ardboard containers for office 

paste  
Celluloid ring cases 
Cerium  stones for pocket lighters 
C h e m i c a l s :

Alum
Green copperas
M anganese dioxide for Leclanché 

batteries  
Quinoline
Sodium  silico-fluoride 

Combs, horn and noninflam m able 
D uplicators, com position 
Dyes, henna powder 
Electrical novelties 
E lectro ly tic iron 
Fiber, vulcanized, red 
Gelatines, high-class for photo

graphic purposes 
G l a s s w a r e :

Arc lamps, inner and ou ter globes 
Lam p chim neys 
Glass stoppered bottles 
Glass screw cap jars, 1 lb. and 

V* lb. capacity  
Glue, fish, liquid, genuine 
Glycerine substitu tes 
Grasses, artificial 
H oney sections glazed 
Helm ets, papier maché 
Hollowware, cheap, enamelled for 

W est African m arket 
Insulators, stea tite

K ettles o r pans, brass, as used in 
W est Africa for rubber 

Lam p burners, cheap, for Indian  
m arkets 

Locks, sm all for fancy boxes
M a c h in e r y  f o r :

Bronzing, vacuum , hand 
F la tten ing  and heading nails 
K n itting  gas m antles 
M aking dominoes 
M aking calcium  carbide 
M aking m etal tubes for tooth  

paste
G raduating  glassware 
M aking spectacle and eye-glass 

ear-pieces 
M aking gram ophone needles 

’ M actear furnace for m aking hy 
drochloric acid 

M agnets, tungsten-steel, perm anent 
magnesite 

M onazite sand
M etal plates, enamelled for do

m estic use
O r e s  a n d  M in e r a l s :

Celestine 
S tron tian ite  

Razors and safety-razors 
Steel sheet, perforated like g ra te r 
Steel castings, electric 
Syringes, hypoderm ic 10 per cent 

and 2 per cent 
Vices, band 
Vacuum flasks 
W i r e :

Bism uth, 0 .1  mm. diam.
Silver, 0.0165 mm. diam . 

W ire-netting (rolls) 2 ft. X 50 yds.
— M.

N ITR ATES FRO M  ATM OSPH ERIC NITROGEN

The statement, Nature, 97 (1916), 408, that since the war 
began Germany has succeeded in obtaining her full supply of 
nitrates by fixation from atmospheric nitrogen, lends additional 
interest to an account given in Dagens Nyheter (June 8) of a 
Swedish Company formed for the same purpose. The method 
of obtaining nitrogen from the air by means of an electric arc 
is relatively expensive and its success as a commercial project 
depends 011 the local price of electrical energy. 11 has further 
been calculated that, even if all the waterfalls of Europe 
were to supply energy for this purpose alone, this would be 
hardly sufficient to cope with the increasing demand for fer
tilizers throughout the world. The Swedish Company employs 
a method invented by Th. Thorssell (formerly head of the fer
tilizer and sulfuric acid works in Malmo), which method de
pends purely on chemical processes and demands only the 
special treatment of easily accessible raw material. No details 
of the process have as yet been given. The chief products of 
the factory are ammonia, ammonium nitrate and cyanide 
compounds, saltpetre and sulfuric acid. The process is said 
to be of such a nature that factories can be installed in most 
places without requiring any large supply of energy. Experi
mental work in connection with the process seems to have been 
started in the autumn of 1911, and during the summer of 1912 
the results were approved by outside experts. The company 
was then set going and is now preparing to deliver its products 
in large quantities and has decided to raise its capital from
3 .7 million to 8 million Kroner.— M.

OILSEED IN VESTIGATIONS

An article in the Indian Trade Journal (Feb. 11, 1916) deals 
with the report of the Imperial Economic Botanist, more par
ticularly with two crops, Carthamus tinctorius and "rai,”  Brassica 
juncca. The former, safflower, is distributed widely in differ
ent parts of India and has been under investigation at Pusa 
for six years. Twenty-four different types have been separa
ted and closely studied. The coloring matter, carthamm. is 
absent in some types and in others only feebly developed. The 
plant has been investigated regarding its dyeing properties by 
an expert who found that the best color varieties are eight times 
as strong as the weakest. As a rule the percentage of oil in 
the seeds varied between 22.77 and 30.19 and a high percent
age of oil and a high color yield could be found together. Rai 
or Indian mustard, when studied in the pure culture, gave a 
large number of varieties. No fewer than 102 pure types were 
separated and these varied in height from 30 in. to 10 ft. The 
writer of the report is of the opinion that, in the case of safflower 
and Indian mustard, by careful selection, any types desired 
may be produced and, by the distribution of these types, the 
crops may be greatly improved both with regard to yield of seed 
and oil content.— M.
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ALLOYS USED FO R  ZEPPELINS

A French chemical journal has published analyses of the 
alloys used in the construction of a Zeppelin brought down 
recently in France. The angle brackets were found to contain 
aluminum to the extent of 90.27 per cent, while zinc and cop
per were present to the extent of 7.8 and o . 73 per cent, respec
tively, together with small amounts of iron, manganese, silicon 
and tin. For the channel sections an alloy composed of 88.68 
per cent aluminum, 9 .1 per cent zinc and about the same quan
tities of the other elements as for the angle brackets, was used. 
The braces seemed to be composed of commercial aluminum, 
as that element was found in their composition to the extent 
of 99.07 per cent.— M .

NITRATE OUTPUT

The total nitrate production for the year just ended, i. e., 
July to June, reached about 57,850,000 quintals (a quintal = 
100 lbs.) against 34,000,000 quintals for the previous year, 
when the total available production, after deducting oficina 
consumption and merma, proved to be about 33,500,000 quin
tals and against 62,300,000 and 62,000,000 quintals for the year 
ending June 30, 1914. Shipments during the past year have 
been about 55,000,000 quintals against 32,000,000 quintals 
for the year ending June 30, 1915, and 58,750,000 quintals for 
the year ending June 30, 1914. Mr. Thomson Aiknian, in his 
annual report on the nitrate position, says that as no figures 
of European deliveries have been available during the war, it 
is impossible accurately to ascertain what the world’s con
sumption has been, but it may be estimated that the total 
which has disappeared throughout the world has been ap
proximately about 48-50,000,000 quintals, which is a figure 
greater than generally looked for. The principal features 
have been the continued demand for refined quality for explo
sive purposes (which has been considerably greater than 
generally anticipated), and the very large shipments to the 
United States and other countries outside Europe. As re
gards the latter, however, the excess over the normal is also 
probably due to the demand for explosives. The demand 
for agricultural purposes is understood to have been somewhat 
disappointing due to a variety of causes but, probably, prin
cipally on account of the difficulty of getting supplies w'hen re
quired and the necessary high price through excessive freights. 
The International Institute of Agriculture has published an 
extensive table showing the world’s production of fertilizers, 
but the figures are carried down only to 1913. The following, 
however, are the figures for the production of sulfate of ammonia 
in the different countries for the years 1914 and 1915:

1914 Tons 1915 Tons
F ran ce .......................................  91 ,500 42,000
I ta ly ...............................................  14. .123 15,000
Sw eden......................................  1,510 ..............
United K ingdom .................... 433,235 429,768
U nited S ta te s .............................  166,015 192,323
G erm any ................................... 413,837 ..............

Italy and Norway produced 22,500 and 14,670 tons cyan- 
amide, respectively, in 1914.— M .

ELECTRICAL T R E A TM EN T OF TIM BER

The Builder, n o  (1916), 405, quoting from a Swiss contem
porary, refers to methods of treating timber electrically. When 
a current is passed through freshly cut timber a chemical change 
is stated to occur which renders it more able to withstand at
tacks of fungi. B y  using the “ Nodon” process, it is claimed 
that the effect in a few hours is equivalent to months of ordinary 
drying in free air. Since moisture assists the flow of the electric 
current, the process is best applied after the tree is felled and 
in this way the transit weight is reduced. The electric power 
required is 3 kilowatts to 6 kilow'atts per cubic meter.—-M.

MANUFACTURE OF VISCO SE

Two French inventions of recent date deal with the manufac
ture of viscose. The first concerns the precipitating bath for 
the preparation of the thread, and the use of a saturated solu
tion of a double sulfate of ammonium and sodium has been 
patented. The solution is used as the precipitating liquor at 
a temperature of 30 to 400 C. and, if it is made slightly acid by 
means of an excess of bisulfite of soda, the ammonia is not lost, 
but if the liquor be raised to a temperature of 80 to 90° C. the 
xanthate of cellulose becomes transformed in. half an hour to 
the hydrate and the sulfur and alkaline polysulfides retained 
by the threads are eliminated. The second patent is some
what different and refers to the preparation of a saturated 
solution by dissolving xanthate of cellulose in aqueous solu
tions of acid salts. The acid salts recommended for use are 
bisulfite of soda in proportion 10 to 15 per 100 parts of cellu
lose, bicarbonate of soda and diphosphate of soda. Under these 
conditions a solution of viscose is obtained in a state like that 
of the neutral xanthate not containing free alkali but only a cer
tain proportion of alkaline salts derived from the acid salts em
ployed.— M.

M O TO R  CAR CONSTRUCTION

To introduce anything approaching a right-angled bend in 
the immediate vicinity of the exhaust part of motor car engines, 
says the Autocar, is obviously an erroneous practice. Yet, 
this is exactly what is done in the case of internally exhaust 
manifolds where the deflection of the gases from their trans
verse direction of emergence into a longitudinal direction can 
be effected only within the limited dimensions of a monobloc 
casting by what almost amounts to a right-angled bend. In 
the case of a newr and clean engine with a fairly free exhaust 
and carbureter conditions to suit, fair results may, for a little 
while, be achieved, but there generally comes a time when a per
manent carbureter blow-back sets in and defies the majority 
of experts.— M.

RAPID D R YIN G  PA IN T

In the March-April number of the Bulletin de la Société d’E n -  
couragemcnt, a report is given of a rapid drying paint. As 
many as three coats can be given in one day. The rapid dry
ing is obtained by using, instead of refined linseed oil, linoxine 
or linseed oil solidified by oxidation such as is obtained in lino- 
line manufacture. This is dissolved in a small quantity of 
slightly acid amyl alcohol and then a considerable quantity of 
turpentine added. When this solvent evaporates, the paint 
is completely dry since the oil has been oxidized in advance. 
What the lasting qualities are time alone can tell, but, in one case, 
walls coated with the paint show no signs of deterioration after 
five years. The price in normal times would be a little higher 
than that for ordinary zinc paint, but the advantages in quick 
drying would more than make up for the extra cost in many 
cases where quick drying is an important factor.— M .

USE OF REFUSE

In a paper recently published by the Bureau of Mines it is 
reported that within the last five or six years marked progress 
has been made in Europe in the utilization of various waste 
material not ordinarily thought of value. The manufacturers 
of producer gas report the successful use of a large variety of • 
fuels including wood-shavings, wood-blocks, sawdust, excelsior, 
coffee-husks, rice-husks, cocoanut shells, straw and spent tan 
bark. The figures in fuel consumption reported by the main 
factories are as follows: W ith reasonably dry wood (say, 
mixed oak, ash and elm) the consumption has been as low as 
2 lbs. per brake horse-pow'er hour; with sawdust the average con
sumption is 3 ‘/a lbs. per brake horse-power hour, and with spent 
bark containing 50 per cent moisture, it is about 4'/« lbs.— M.
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FUSEL OIL FRO M  CANE M O LASSES

It is opportune, says the Int. Sugar Journ., to remind readers 
who have the control of cane molasses distilleries that fusel 
oil is a material very much in demand at the present time and 
that high prices for it arc now ruling. Previous to the war 
the cost of raw fusel oil seldom fell below about $1 per gal., 
and $1.80 could perhaps be taken as a normal figure. A t the 
moment, however, that product cannot be obtained for less 
than $2.52 to $3 per gallon, according to quality and it would 
seem that the price may be yet increased. Although the amount 
obtained from fermented cane molasses is less than in cases 
of sources such as grain, potatoes or the ‘ ‘ inarc” of grapes and 
in pre-war days its recover}' may have been unfavorably con
sidered in cane-growing countries, present conditions make the 
question worthy of consideration particularly where patent 
stills are in operation. Those interested may be reminded 
that fusel oil enters the British Isles free of duty provided it 
contains less than 15 per cent of proof spirit.— M.

CANADIAN W O O D-PULP INDUSTRY

According to information received in London, the consump
tion of wood in Canada for the manufacture of pulp has in
creased threefold during the past eight years and, in the same 
period, the value of wood consumed for this purpose has in
creased from slightly under $3,000,000 to nearly $9,500,000. 
F ifty  mills reporting to the government show a consumption 
in 1915 of 1,405,000 cords of wood valued at $9,426,000 with 
an average value of $6.71 per cord. Canada produced pulp- 
wood in 1915 valued at $15,590,000, of which $6,164,000 worth 
was exported. The province of Quebec leads in the number 
of mills and in the value of pulp-wood exported, possessing 
24 out of the 50 mills in the Dominion and exporting $4,000,- 
000 worth of wood-pulp.— M .

REM O VAL OF RESIN FRO M  SULFITE PULP

The Paper-Maker, 52 (1916), 53, quoting from a Ger
man contemporary, states that the removal of resin from sulfite 
wood-pulp is best effected by washing with hot water, not in 
the digester but in the stuff-chest outside the digester. The

ON TH E EFFICIEN CY OF AIR DRYERS

Editor of the Journal of Industrial and Engineering Chemistry: 

W ith reference to the letter of Mr. W. E. Wadman1 relative 
to the efficiency of air dryers, M r. Wadman states that the 
"consumption of heat in an ‘air dryer’ for evaporating pur
poses is a perfectly definite thing and just as definite as in the 
case of the steam boiler.”  In this Mr. Wadman is mistaken. 
M r. Wadman states that it requires practically 1120 B. t. u. 
to evaporate 1 lb. of water in such a dryer under even the most 
ideal conditions, but to convince him of his error I propose 
to describe an air dryer so designed as to evaporate water at 
a much lower heat consumption than this, and if any inherent 
impossibility attaches to the proposed method it will clear 
up the matter to have it pointed out.

Assume a material which may be dried at a temperature 
of 160° F. without injury, but which can be dried successfully 
at a temperature even as low as 90°. Assume that the air sup
ply is at 50° with a dew point of 40°, carrying 0.0052 lb. of 
water per lb. of dry air,2 that the material to be dried enters 
at 60 °, and that the specific heat of this material is negligible.

1 T h i s  J o u r n a l , 8  (1 9 1 6 ) , 7 55 .
- T h e se  ca lc u la tio n s  a re  m ade  w ith  th e  use of G ro sv e n o r s cu rves , 

Supplem ent to Transactions o f American Institute o f Chemical Engineers, 
1 (1 9 0 8 ).

usual method of sprinkling has not much cleansing effect be
cause the rinsing water tends to take the shortest path from 
the inlet to the outlet so that large masses of stuff escape the 
washing altogether. It  is recommended that the stuff be di
luted largely with hot water and stirred up and washed by blow
ing in large quantities of air. The inlet tube for the hot water 
is situated underneath the false bottom and filtered air at a 
pressure of 6 to 8 atmospheres is forced through a system of 
hard lead pipes to the false bottom. A charge of 15 tons of 
pulp can be washed in 37 minutes and the bleaching qualities 
of the pulp are improved by the treatment.— M.

PORTUGAL OLIVE OIL PROD UCTION

The Diario de Govcrno (Lisbon), of June 6, publishes an official 
statement giving the total production of olive oil for 1915 as 
271965,078 liters. The stock of oil on March 20, 1916, amounted 
to 33,904,475 liters. The above mentioned issue of the Diario  
contains detailed statistics of the production and stocks in each 
of the oil-producing districts of the Republic.— M.

TRADE OPENING IN BOLIVIA

The British Consul at Oruro (Bolivia) reports that there is a 
shortage of many goods, especially of those required by the min
ing industries. The greater part of the machinery and electrical 
fittings was in the hands of German importers up to the out
break of war, and there is now an opening in Bolivia for manu
facturers and exporters who wish to secure a good and profit
able market for mining requirements. There has been a great 
boom in mining recently in the state.— M .

GREENLAND CRYOLITE

Cryolite, says the Chemical Trade Journal, 59 (1916), 45, has 
been found in commercial quantities at Ivigtut, an Eskimo 
hamlet on the southern coast of Greenland. The cryolite de
posit is said to be a solid mass having surface dimensions of 
about 200 ft. X 600 ft.; it has been worked as an open cut to a 
depth of about 150 ft. The deposit widens with depth and the 
depth is unknown.— M.

Let the air leaving this dryer have a temperature of 160° and 
a dew point of 140°, carrying o. 1514 lb. of water per lb. of dry- 
air. Instead of throwing this air away, let us use it as the 
heating element in another air dryer immediately beside the 
first, cooling the air to 1000 and operating the dryer at 90°, 
thus having available a temperature difference between heat
ing element and air in the dryer of io °  at the least, and with 
an average of much more than this. The air cooling to ioo° 
will deposit o. 1090 lb. of water and give up 132 .3 B. t. u. It is 
theoretically possible to reduce the heat consumption of the 
first dryer to 1102 B. t  u. per lb. of water evaporated (the heat 
of vaporization a t 160° plus the heat necessary to heat up 
the water from 60°). The water evaporation per pound of 
dry air entering the first dryer is o. 1462, and the minimum heat 
consumption in this dryer is therefore 161.2 B . t. u. per lb. 
of dry air. The theoretical consumption in the second dryer 
is 1081 B. t. u., and it is therefore possible in this dryer to evap
orate 132 .3/1081 or o. 1223 lb. of water per lb. of dry air with
out the use of any additional heat. In the two dryers we have 
therefore evaporated 0.2685 lb. on a heat consumption of 161.2
B. t. u. or 600 B. t. u. per lb. This of course assumes perfec
tion in each of the units employed, but we can sacrifice 50 
per cent efficiency and still be far below the limit specified by  
Mr. Wadman.

NOTES AND CORRESPONDENCE
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It must be admitted that to secure a higher efficiency than 
corresponds to the figure quoted by Mr. Wadman, requires 
the condensation of the water evaporated and the recovery 
of the heat given up thereby. This amounts to an applica
tion of the principle of multiple-efTcct evaporation, but this 
principle can in theory at least be applied just as effectively 
in air drying as in ordinary evaporation. Furthermore, the only 
industrial obstacle to a realization of these conditions is the low 
heat conductivity from gas through solid separating wall to 
gas, a fact which necessitates an enormous heating surface.

In the discussion of several years ago a heat consumption 
resulting from a commercial test of a Rugglcs-Coles dryer 
was quoted as below the figures stated by Mr. Wadman to be 
the theoretical minimum possible, and it was stated that such 
a result was impossible. Unlikely such a result may be, but it 
is not impossible, in the type of dryer employed. T hat dryer 
cools the gases to a remarkable extent, and under certain con
ditions the gases leaving the dryer coming in contact with the 
cold, wet material entering it are cooled below their dew point. 
This results in separation of moisture in the form of fog, which 
is carried along by the gases. It is easily possible for the heat 
given up upon condensation of this moisture to more than 
compensate for the fact that the gases are still higher in tem
perature than the air supply. Under such conditions the Rug- 
gles-Coles dryer is effectively utilizing a part of the heat of con
densation of the water once evaporated, and in this w ay is mak
ing use to a degree of the multiple-effcct principle. While such 
conditions can arise only under unusual circumstances in that 
dryer, there is no inherent absurdity in the low heat quota
tion referred to, and it is readily conceivable that in the future 
that particular type of dryer may be perfected to the point 
where such re-utilization of the heat may become industrially 
practicable.

Just because it is possible to lay out a dryer using air under 
atmospheric pressure which will evaporate water at practically 
any heat consumption demanded, it must be admitted that 
there is no theoretical consumption for such an apparatus 
and therefore no meaning to the term “ efficiency” as applied 
to air dryers. The writer feels very strongly that it is unfor
tunate to consider evaporation and air drying as unrelated, 
and that it is not true "th at the two things are quite distinct;” 
on the contrary, the fundamental factors involved are identical 
while the differences are scarcely more than superficial, and 
appreciation of this is necessary to progress in the development 
of both types of processes:

Regarding Mr. Wadman’s misunderstanding of the statement 
concerning the evaporation of solutions, I evidently failed to 
make the point clear in my first communication. As a specific 
illustration, assume a 34 per cent solution of caustic soda, 
boiling under atmospheric pressure at 120° C. Mr. Wadman 
evidently understands that the vapor coming from such a solu
tion is at 1000 C., but such is not the case. The vapor coming 
from a solution cannot possibly be at a temperature other than 
that of the solution itself. It is true that in this case the vapor 
must cool to 100° before condensation will take place. Further
more, if a thermometer be inserted into the vapor space, its 
cooling action will cause condensation of vapor upon it, and it 
will therefore register 100° until that condensation has been 
re-evaporated. The vapor rising from the solution, being at 
1200, must be compressed isothennally to 14 lbs. gauge in order 
to condense at slightly above 120°, its heat of condensation 
then being available for evaporation of more water from the 
original solution. The work consumption necessary to remove 
1 lb. of water from the 34 per cent solution of caustic soda is 
therefore

W  = nRTlnp/po =  -- (1545K460 +  248)/n(i4.7 +  14)/ 
iS

14.7 = 40,600 foot-pounds of energy' per pound of water

evaporated. The process involved is truly isothermal through
out— solution, vapor, and condensed steam being at all times 
at 1200.

W . K .  L e w i s
M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y  

C a m b r id g e , A u g u s t  17, 1916

SIR W ILLIAM  RAM SAY

Editor of the Journal of Industrial and Engineering Chemistry:
In the death notice of Sir William Ramsay, in your August 

issue, the fact is omitted that he studied for some time under 
Prof. Rudolph Fittig, in Tuebingen, where he also acquired his 
degree of Dr. Sci. N at. He came to Tuebingen while Ira 
Remsen was there and he told me that he tried to enter the 
laboratory through a door seldom used, which was locked; 
after considerable knocking Remsen opened the door and 
promptly answered Ramsay's question in broken German, in 
English.

P i t t s b u r g h ,  P a .  K . F . STAHL
A u g u s t  2 3 , 1916

ANILINE OIL PO ISO N IN G

Editor of the Journal of Industrial and Engineering Chemistry:
A  letter in T h i s  J o u r n a i , ,  8 (1916), 573, written by Messrs. 

Fiske and Green on the subject of aniline poisoning, has come to 
my notice and I commend it to the careful consideration of all 
manufacturers and users of aniline oil. It  is with the hope that 
I may add a few details thereto, that I am writing this.

Soon after the outbreak of hostilities, this company realized 
that it could no longer depend upon overseas sources for its 
aniline and by November 1, 1914, we were manufacturing 
aniline in large quantities; since that date the plant under the 
writer’s supervision has produced approximately 1500 tons 
without \x single fatality due to aniline poisoning; our good for
tune has not been a matter of pure luck but is the result of a 
persistent campaign to eliminate every possible source of danger 
and to care promptly for such cases of poisoning as have actually 
resulted.

The premonitory symptoms of aniline poisoning are as de
scribed by Fiske and Green, the severe cases showing dizziness, 
unsteadiness on the feet and finally unconsciousness; however, 
men who are working constantly in the plant and who have, in a 
measure, become immune to the effect of aniline vapor, show 
bluish lips and skin; the poisoning does not seem to go beyond 
that stage and the men are not inconvenienced in any way; 
it has been our experience that the severest cases, those most 
prompt in making themselves manifest, have resulted from 
the spilling of aniline, nitrobenzol, or aniline hydrochloride 
liquor directly upon the skin and on this point we seem to be 
at variance with Fiske and Green.

Realizing that poisoning may be caused either by inhalation 
of vapor or direct contact with liquid, our manufacturing pre
cautions have been based upon these two points; the building 
is provided with suction ventilating fans in the roof; several 24- 
in. fans located in the exterior sidewall of the building play 
streams of air directly upon the men while they are at their 
operating positions; in clement weather the windows are re
moved, at other times satisfactory' floor ventilation is provided; 
suction ventilating ducts are led directly to stuffing boxes and 
iron-boring feeders where there is always more or less escape 
vapor; the manufacturing sy'stein is closed so that at no point 
is it necessary for a man to handle open aniline; drinking men 
are excluded from the operating force; regular rations of milk 
are issued and their consumption insisted upon; showers are pro
vided and a daily bath is compulsory; the company provides 
two clean working uniforms weekly per man; rubber boots are 
supplied; pumps, valves, stuffing boxes, etc., are inspected fre
quently and all leaks taken care of at once.
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The necessity of replacing the stirring paddles in the aniline 
reducers has been the cause of many of the aniline poisoning 
cases in our plant; these repairs have been made by our general 
repair crew, composed of men not familiar with the handling 
of aniline and not inclined to observe the precautions dictated 
by experience; in spite of continued washing and steaming-out, 
there is sufficient aniline saturating the residual iron borings 
in the reducer bottom to make it inadvisable for men to remain 
in the reducer for more than a half hour.

Dr. Hamilton, in Bulletin  179, U. S. Bureau of Labor Statis
tics, "Industrial Poisons Used in the Rubber Industry,’’ has 
written fully on the use of aniline in rubber manufacturing, 
while Drs. Hamilton and Luce, Journal American Medical .ds- 
sociation, 66, 1441--1445, have written of "Industrial Aniline 
Poisoning in the United States” from a purely medical stand
point.

T h is  G o o d y h a k  T i r e  &  R u b b e r  C o m p a n y  \ y . \ v .  SANDERS
A k r o n , O h io , A u g u s t  8 , 191 6

TH E LIEBERM AN N -STO RCH  COLOR T E ST  FO R  ROSIN—  
A CORRECTION

The peculiar fugitive violet color formed by the action of sulfuric 
acid on a solution of rosin (or rosin oil) in acetic anhydride 
is usually said to be produced by only one other substance, 
the alcohol cholesterol, which is found in all animal glycerides. 
This substance, however, contrary to the usual statements 
found in textbooks, gives a deep blue color with the L.-S. re
agents, quickly changing to a permanent green, and in addition 
usually occurs in such small amounts in animal oils that it is 
practically negligible.

There is, however, a resin which gives a color almost exactly 
like that of rosin, although the intensity is not the same in all 
varieties. This is the fossil resin known as "K au ri,”  which is 
obtained from New Zealand, and forms one of the most com
mon "gum s”  used in varnish making. The varieties showing 
the color best are those having a milky core surrounded by a 
nearly transparent shell, while in the varieties known as "Swam p” 
or "Brown Kauri,”  where the resin has undergone oxidation 
through contact with air and water, the color is to a great ex
tent masked by impurities. Kauri resin, like common rosin 
or colophony, was originally produced by a coniferous tree, 
hence we can see why this color-producing substance is common to 
both resins. It does not appear to be altered much on fusing 
the resin as is usually conducted in the varnish industry.

Below are given the color reactions of some of the principal 
resins used in varnish making. These specimens were all 
authentic and in unbroken pieces so that contamination with 
rosin was entirely out of the question. The test was conducted 
by treating about 0.25 g. of the finely powdered resin with 
about 10 cc. C. P. acetic anhydride on the hot plate until the 
mixture just began to boil. After cooling, a portion of the clear 
liquid was removed to a watch glass and a few drops of C. P. 
sulfuric acid (sp. gr. x . 53) allowed to run down the side of the 
glass, and the color noted.
R o s in
K a u r i  R e s in  (F o ss i l)

D eep  v io le t-red  color q u ie t ly  
ch ang ing  to  b row n  

D eep  w ine-red , th e n  b ro w n

D a rk  b row n  color 
D eep  w ine-red  color w hich  does 

n o t change  on s ta n d in g  
D eep  w ine-red  color w h ich  g ra d 

u a lly  tu rn s  b row n  on  s ta n d in g  
D eep  b lue  co lo r w hich  q u ick ly  

changes  to  a  p e rm a n e n t green

A m b e r  (S u c c i n i t e ) (F o ss i l)
M a n il a . P o n t ia n a k , a n d  B o r n e o )

R e s i n s  (F ossil) (a) (
B a t a v ia  a n d  S in g a p o r e  D a m a r  R e s in s  t 

(R ec en t)  i
E a s t  I n d ia  an d  B l a c k  D a m a r  R e s i n s  1 

(F ossil) )

C h o l e s t e r o l  ( M e r c k 's  C .  P .)

(a) S om e spec im ens of M an ila  h a v e  been  o b serv ed  to  resp o n d  to  th e  
L .-S . te s t .

In the routine testing of oil-resin varnishes for rosin it is 
easy to see why we sometimes get a  positive reaction with the 
L.-S. test, although the samples had been guaranteed by the 
manufacturer to be free from rosin.

7 6 0 6  L a  G r a n g e  A v 8 ., N .  E . ,  P. E- JA M E S O N
C l e v e l a n d , O h io

TH E OLD GUARD

The American Chemical Society complete forty years of ex
istence this autumn; on June 1st it had 8,057 members. Of 
those still living who became members during the first ten years—  
which includes 1886, as all those in the list joined during the 
ten-year period— there are now but 37. They were about one- 
seventli of the membership then; they are one-two hundred and 
fiftieth now. The list is as follows:

1876
B au m g a rte n , F . M . 
C h an d le r, C . F .
D o rcm u s , C . A. 
G o ld sch m id t, S . A. 
H erreshofT, J .  B . F .
K rau se , O. H .
M u n ro e , C . E .
N iese, H . E .
P a rk e r , T . J .
R ic k e tts ,  P . d e  P.
S harp ie s, S . P .
T e rn e , B ru n o  
W aller, E lw yn

1877  
G eyer, W . E .
H in d le y , R . C .
P ro ch azk a , G . A.
S tu rsb e rg , J . A.

1878  
P ren tice , W . P .

1879 
D oscher, H e n ry  
E im er, A u g u st
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1880  
B oo raem , J .  V . V. 
H a le , A. C .

1881 
C o lby , A. L. 
D u n h a m , E . K . 
H allock , A. P . 

1882 
P itk in , L u c iu s  

1883 
B ren em an , A. A. 
K rau se , G . 
M c K e n n a , C . F . 
T u c k e r , W . G .

1885  
M o rg an , T . M . 
W illiam s, J .  T .

1886  
C aw ley , Jo h n  
D ru m m o n d , I .  W . 
G eisler, J . F . 
S ab in , A. 11. 
S c h u p p h au s , R . C .

A . H .  S a b i n

ILLUM INATING ENGINEERING LECTURE COURSE

A notice of the Illuminating Engineering Lecture Course 
to be held in Philadelphia, September 21-28, under the joint 
auspices of the Illuminating Engineering Society and the Uni
versity of Pennsylvania, appeared in the Personal Notes of 
our August issue. The preliminary list of lecture subjects 
of this Course with the names of the lecturers is given below:

A — GENERAL 
Illu m in a tio n  U n its  a n d  C a lcu la tio n s . A. S . M c A l l i s t e r .
M o d e rn  P h o to m e try . C l a y t o n  H . S h a r p .
T h e  P rin c ip le s  of In te r io r  I llu m in a tio n  (T w o L e c tu re s ). C o m m i t t e e :  

J .  R .  C r a v a t h .  Chairm an, W a r d  H a r r i s o n  a n d  R o b e r t  P i e r c e .
T h e  P rin c ip le s  of E x te r io r  I llu m in a tio n . L o u is  B u l l .
Color in  L igh ting . M . L u c k i e s h .
A rch itec tu ra l a n d  D eco ra tiv e  A spects  of L igh ting . G u y  L o w e l l .  
R e c e n t D ev e lo p m en ts  in  E lec tric  L igh ting  A ppliances. G . H .  S t i c k -

n e y .
R e c e n t D ev e lo p m en ts  in G as  L igh ting  A ppliances. R . P i e r c e .
M o d e rn  L igh ting  A ccesso ries . W . I*. L i t t l e .

B — SPECIAL LECTU RES ON IN TER IO R  ILLUM IN ATIO N

T h e  L igh ting  of F ac to rie s , M ills  an d  W o rk sh o p s . C . E . C l e w e l l .
T h e  L igh ting  of O ffices, S to re s  a n d  S hopw indow s. N o r m a n  M a c b e t h .  
T h e  L igh ting  of S choo ls, A u d ito riu m s a n d  L ib ra r ie s . F .  A . V a u g h n .  
T h e  L igh ting  of C h u rch e s . E . G . P e r r o t .
T h e  L igh ting  of th e  H o m e . W . H . J o r d a n .
R ailw ay  C ar L igh ting . G . E . H u l s e .

C — SPECIAL LECTU RES ON E X TE R IO R  ILLUM IN ATIO N

S tre e t  L igh ting  (Tw o L e c tu re s ). P . S. M i l l a r  a n d  C . P . L a co m b e . 
T h e  L igh ting  of Y ards , D ocks an d  O th e r  O u ts id e  W o rk s . J .  L .  

M in ic k .
H e a d lig h ts , S ea rch lig h ts  a n d  P ro je c to rs . E . J .  E d w a r d s .
S ign L igh ting . L . G . S h e p a r d .
B u ild in g  E x te r io r , E xposition  an d  P a g e a n t L igh ting . W . D 'A . R y a n .

Subscription tickets for the Course and further information 
covering the same m ay be obtained by communicating with 
Clarence L. Law, Irving Place and 15th Street, New Y o rk  C ity.

COOKING OF SODA PU LP— CO RRECTIO N

Editor of the Journal of Industrial and Engineering Chemistry:

In reference to my article in T h i s  J o u r n a l ,  8  (1916;, 601, I  

find that the curves shown in Fig. IV  were mislabelled. They 
should be changed as follows: Cook 1 to Cook 5; Cook 1  to 
Cook 4; Cook 4 to Cook 2; and Cook 5 to Cook 1.

M a d is o n .  W is c o n s in  S . D .  W E L L S
A u g u s t  3 , 1916
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SCIENTIFIC SOCIETIES
M EETIN G  OF TH E AM ERICAN CH EM ICAL SO CIETY AND 

TH E SECOND NATIONAL EXPOSITION OF 
CH EM ICAL IN DUSTRIES

The Fifty-third Meeting of the American Chemical Society 
will be held in New York City, September 25 to 30, inclusive, 
in conjunction with the Second National Exposition of Chemical 
Industries. The American Electrochemical Society and the 
Technical Association of the Pulp and Paper Industry will 
also hold meetings in New York C ity during the same week. 
It  is expected that 2000 to 2500 chemists will be in attendance 
during the week’s exercises, and that this meeting of the Amer
ican Chemical Society will be the banner chemical meeting 
of the world. The registration office will be open a t the Chem
ists’ Club, 52 East 41st Street, throughout the week. Society 
headquarters will be at the Chemists’ Club; hotel headquarters 
at Hotel Astor, 43rd Street and Broadway.

CHAIRMEN OF LOCAL COMMITTEES

E xecutive: J .  M . M a tth e w s , 50 E a s t  4 1 s t S tre e t, N ew  Y o rk  C ity .
F inance: L . H . B ae k e lan d , S n u g  R ock , N . B ro ad w ay , Y o n k ers , N . Y .
R egistra tion:  H , R . M o o d y , C ollege of th e  C ity  of N ew  Y ork .
Reception: T o  be an n o u n ced .
E nterta inm en t: K . G . L ove , 124 E a s t  15th S tre e t, N ew  Y o rk  C ity .
H otels: T . J . P a rk e r , 92 W illiam  S tre e t,  N ew  Y o rk  C ity .
P ress and  P u b lic ity:  A llen R ogers , P r a t t  I n s t i tu te ,  B ro o k ly n , N . Y .
L ad ies ' Com m ittee: M rs. L . H . B aek e lan d , S nug  R ock , N . B ro ad w ay ,

Y o n k ers , N . Y.

GENERAL PROGRAM

Dr. Charles H. H crty, president of the American Chemical 
Society and chairman of the Exposition Advisory Com
mittee, will open the Second National Exposition of Chemical 
Industries, at the Grand Central Palace, on Monday, Septem
ber 25, at 2 o ’clock in the afternoon, with an address review
ing the history of chemistry and the chemical industries in 
this country and outlining developments since the outbreak of 
the war in Europe. Dr. Francis A. Fitzgerald, president of the 
American Electrochemical Society, and Dr. Arthur B. Daniels, 
president of the American Pulp and Paper Association, will also 
make addresses, after which the assembled guests will visit the 
exhibits.

The Second National Exposition of Chemical Industries is 
already an assured success. The managers report that there 
are but a few spaces still remaining on the second floor for ex
hibits and that a third floor is being seriously considered 
and a diagram being prepared. The greatest part of the E x
position will be devoted to things that are made from coal, ranging, 
all the way from phonograph records and aniline dyes to road build
ing materials. Of intense and recent interest, there will be ex
hibits showing porcelains made in America from American clays 
as fine as any produced by the Royal Berlin Works and also 
American glass the equal of the celebrated Jena glass. B y 
w ay of surprise, M r. Arthur D. Little will exhibit some silken 
purses made from sows’ ears, thereby disproving the old, 
proverbial saying that silken purses could not be made from 
sows’ ears. Practically all the large chemical industries of 
America will have exhibits which will offer unexcelled oppor
tunity for study to American chemists. There will be no en
trance fee charged to members of the American Chemical So
ciety and the American Electrochemical Society. The member's 
badge obtained at the registration desk will admit him at all 
times.

The American Chemical Society, the Chemists’ Club, The 
American Institute of Mining Engineers, the American Elec
trochemical Society, and the Technical Association of the Pulp 
and Paper Industry will all have booths at the Exposition.

The Bureau of Mines is preparing an elaborate working exhibit. 
The Bureau of Commercial Economics is collaborating in ar
rangements for a motion picture program.

Two other features of the Exposition that have been added 
this year are a large "Southern Opportunity Section,”  showing 
the opportunities that await the chemist in our South, and a 
section for the “ Paper and Pulp Industry”  composed of ma
terials and machinery used in the manufacture of paper and 
other related products.

The American Electrochemical Society have planned a very 
interesting program and will open their meeting 011 Thursday, 
September 28, with a "M ade in America”  technical session de
voted to a review of American progress in the electrochemical- 
industry.

The official opening of the American Chemical Society M eet
ing will take place at the Horace Mann Auditorium, Columbia 
University, on Tuesday morning, September 26. The pro
visional program of the A. C. S. Meeting is as follows: 

M o n d a y ,  S e p t e m b e r  25
A fternoon:  O fficial O pen ing  of E x p o s itio n ; A ddresses b y  D r . C . H - 

H e r ty , D r. F . A. J .  F itz g e ra ld  a n d  D r. A. B . D an ie ls .
C ouncil M ee tin g , C h em is ts ' C lu b .

Evening: C ouncil D in n er, C h e m is ts ’ C lu b .
C ouncil M ee tin g , C h e m is ts ’ C lu b .

T u e s d a y ,  S e p t e m b e r  26

M orn ing :  G en era l M e e tin g  o f th e  S o c ie ty  a t  H o race  M a n n  A u d i
to r iu m , C o lu m b ia  U n iv e rs ity . A ddresse s  of W elcom e
b y  H e a lth  C om m issioner E m erso n  of th e  C ity  of N ew
Y o rk  an d  P re s id e n t B u tle r  o f C o lu m b ia  U n iv e rs ity . 
R esponse  b y  P re s id e n t H e r ty , follow ed b y  G en e ra l
P ap e rs .

A fternoon : P u b lic  M ee tin g , H o race  M a n n  A u d ito riu m , C o lu m b ia  
U n iv e rs ity . A ddresses (speakers to be announced).
P re s id e n tia l ad d re ss  b y  D r. H e r ty .

Evening: R ec ep tio n  a t  H o te l A sto r. M em b e rs  A m erican  E le c tro -
chcm ica l S o c ie ty  in v ited .

W e d n e s d a y ,  S e p t e m b e r  27

M orning:  D iv is iona l M eetings , C o lu m b ia  U n iv e rs ity , S y m p o s iu m  on
C ollo ids (T h e o re tic a l) .

A fternoon: In d u s tr ia l  C on ference , C h e m is ts ’ C lu b , “ A m erican  D y e- 
stuiTs M a n u fa c tu re .” In d u s tr ia l  C on feren ce , G ra n d  
C e n tra l P a la ce , " S te e l A lloy  M e ta ls :  E le c tric  S te e l .’’

T h u r s d a y ,  S e p t e m b e r  28

M orning:  D iv is io n a l M ee tin g s , C o lu m b ia  U n iv e rs ity . S y m p o siu m
on  C ollo ids (A pp lied ).

A fternoon:  In d u s tr ia l  C on ference , C h e m is ts ’ C lu b , " In d u s t r ia l  A lco
hol, A cetone  a n d  F o rm ic  A c id ."  In d u s tr ia l  C onference» 
G ra n d  C e n tra l  P a la ce , "A m e r ic a n -M a d e  G lassw are  an d  
P o rce la in .’’

E vening: In v ita tio n  S m oker of A m erican  E lec tro c h em ica l S ocie ty .

F r i d a y ,  S e p t e m b e r  29

M orning:  D iv is iona l M ee tin g s , C o lu m b ia  U n iv e rs ity , S y m p o s iu m
o n  O ccu p a tio n a l D iseases  in  C hem ica l T ra d e s . I n 
d u s tr ia l  C on ference , G ra n d  C e n tra l  P a la ce , "A m e ric a n  
P u lp  a n d  P a p e r  M a n u fa c tu re ."

A fternoon:  J o in t  I n d u s tr ia l  C on feren ce  w ith  A m erican  P u lp  a n d  P a p e r
A ssocia tion , G ra n d  C e n tra l  P a la ce , "A m e ric a n  P u lp  an d  
P a p e r  M a n u fa c tu re .”  I n d u s tr ia l  C on ference , C h e m is ts ' 
C lu b , " M e d ic in a l C h em ica ls .”

Evening: S u b sc r ip tio n  B a n q u e t a t  W a ld o rf-A sto ria , m e m b ers  an d
w ives $3.50. G u e s ts  a t  co s t (a b o u t $7 .00 ). M em b e rs  
A m erican  E lec tro c h em ica l S o c ie ty  a n d  T e ch n ica l A ssocia
tio n  A m erican  P u lp  a n d  P a p e r  I n d u s t r y  in v i te d , w ith  
c o s t s am e  a s  to  m em bers  A m erican  C h em ica l S ocie ty .

S a t u r d a y ,  S e p t e m b e r  30

M orning:  M ee tin g s  of D iv is ions . I n d u s tr ia l  C on ference , C h e m is ts ’
C lu b , "O ils  a n d  M o to r  F u e ls .”  I n d u s tr ia l  C on ference , 
G ra n d  C e n tra l P a la ce , " M isce llan eo u s  C h em ica l I n 
d u s tr ie s ; C o n v e rtib il ity  of P la n t .”

E vening:  E x p o s itio n  closes a t  G ra n d  C e n tra l P a la c e  a t  11 p.m .
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DIVISIONAL AND SECTIONAL PROGRAMS

The usual meetings will be held by all of the Divisions with 
the following special program:

J o in t  S y m p o siu m  on  C ollo ids b y  th e  B iochem ical, P h y s ic a l a n d  In -  
o rg an ic , m id  In d u s tr ia l  D iv is ions— tw o  m orn ings.

S y m p o siu m  on  O ccu p a tio n a l D iseases in  th e  C hem ica l T ra d e s  b y  th e  
D iv is ion  of In d u s tr ia l  C h em is ts  a n d  C hem ica l E n g in eers . P ro f. C h arles  
B askerv ille , h ea d  of th e  d e p a rtm e n t of ch e m is try  in th e  C ollege of th e  C ity  
of N ew  Y o rk , w ill p reside . T h e  sy m p o s iu m  w ill consider th e  chem ica l 
tra d e s , p ro p h y la x is  in  chem ica l in d u s try , d iseases in c id en ta l to  w ork  in 
an ilin e  an d  o th e r  c o a l- ta r  p ro d u c ts , c e d a r  lu m b er, m ines a n d  explosives, 
a n d  w ill b e  follow ed w ith  a  genera l d iscussion  b y  th e  lead ing  a u th o r it ie s  
of th e  c o u n try : T h e se  w ill in c lu d e  D rs. W . G ilm an  T h o m p so n , P . L .
H o fin an , J . W . S chereshew sky , G . P . A dam son , I I .  K . B enson, W . A. 
L y n o t t ,  A lice H a m ilto n  a n d  M r. J . B . A ndrew s.

T h e  S ec tion  of R u b b e r  C h em is try , w hich  has  held  no  m ee tin g  s ince  th e  
m e e tin g  a t  C in c in n a ti, w ill g a th e r  fo r p ap e rs  a n d  a  gene ra l conference  on 
th e  p ro g ress  of th e  C h e m is try  of In d ia  R u b b e r . T h e  S ec tioh  w ill be u n d e r  
th e  c h a irm a n sh ip  of M r. I*. E . W eb er, w ith  M r. J . B . T u t t le  a s  sec re ta ry .

PA PERS FOR TH E  M EETING

All titles for papers should be in the Secretary's hands on or 
before September 11; or in the hands of the secretaries of divi
sions on or before Septimber 9, with the exception of the Phys
ical and Inorganic Division, for which titles of papers should 
have reached the divisional secretary by September 1, and the Sec
retary of the Division of Industrial Chemists and Chemical Engi
neers on or before September 5.

The Division of Industrial Chemists and Chemical Engineers 
have voted that the titles of all papers shall be sent to the Secre
tary of the Division, which title should be accompanied by an 
abstract; that any title sent without an abstract shall not be 
printed in the program, and that the time limit for the presenta
tion shall be 5 minutes, unless special arrangements are made 
with the Secretary of the Division.

The Division of Physical and Inorganic Chemistry have 
voted that a committee of three, consisting of James Kendall, 
Belgrade Lakes, Maine, Secretary of the Division, W. D. Ban
croft, 7 East Avenue, Ithaca, N. Y ., and Colin G. Fink, 33 Carle- 
ton Street, East Orange, N. J., be appointed to arrange the pro
gram of the Division for the September meeting; that no paper 
exceeding 5 minutes in length shall be read before the Division, 
unless an abstract is received by the Committee and approved 
by them, and that no member shall present more than one 
paper before the Division unless an abstract of each paper be 
received and approved by the Committee.

By vote of the Council no papers may be presented at the meet
ing, titles for which are not printed on the final program.

If any member sending in a paper does not expect to attend 
the meeting, he should put the words " B y  Title” on his an
nouncement, so that members may understand in advance 
that the paper will not be read.

ADDRESSES OF DIVISIO NA L AND SECTIONAL SECRETARIES

A g ricu ltu ra l and Food Chem istry:  G . E . M aso n , H . J . H e in z  C o m 
p a n y , P i t t s b u rg h , P a .

Biological C hem istry: I . K . P h e lp s , B u rea u  of C h e m is try , W a sh 
in g to n , D . C .

Fertilizer C hem istry:  F . B . C a rp e n te r , V irg in ia -C aro lin a  C hem ica l
C o m p a n y , R ic h m o n d , V a.

In d u s tr ia l C hem ists a nd  C hem ical Engineers: S. H . S a lisb u ry , J r . ,
L e h ig h  U n iv e rs ity , S o u th  B e th leh em , P a .

O rganic C hem istry:  H . L . E ishe r, L a n d in g , N . J .
P harm aceutical C hem istry: G . D . B ea l, U n iv . of Illino is , U rb a n a , 111.
P hysica l and  Inorgan ic  C hem istry:  J a m e s  K enda l], B elg rade  L akes ,

M aine .
Rubber C hem istry  Section: J . B. T u t t le ,  B u rea u  of S ta n d a rd s . W a sh 

in g to n , D . C .
W ater Sewage and S a n ita tio n :  H . P . C orson , U . S. P u b lic  H e a lth

S erv ice , G rove C ity , P a .

ABSTRACTS OF PAPERS

In order that the meeting may receive due and correct notice 
by the New York Press, every member sending a paper is re

quested to send an abstract not exceeding 200 words to Mr. 
Allen Rogers, Pratt Institute, Brooklyn, N. Y . It is hoped 
that all members will aid the Society by so doing. A copy 
of the abstract should be retained by the member and handed 
to the Secretary of the special division before which the paper 
is to be presented in New York. Such abstracts will be printed 
in Science.

Members will especially note that by vote of the Division 
of Physical and Inorganic Chemistry and the Division of In
dustrial Chemists and Chemical Engineers, papers cannot be 
presented before these divisions unless abstracts are in the 
hands of the secretary- of the division as before stated, in time 
to have the abstract passed upon before the paper is put on the 
program.

e n t e r t a i n m e n t  o f  t h e  l a d i e s

The Committee headed by Mrs. L. H. Baekeland is actively 
at work arranging the program for the pleasure' of visiting 
ladies at the time of the meeting. Ladies may come with the 
assurance that everything will be done for their comfort and 
pleasure. Details will be found in the final program.

r a i l r o a d  r a t e s

No special reduced fares have been granted for the meeting. 
No special cars will be provided from any points by the general 
secretary. Special cars may, however, be arranged for by the 
secretaries of local sections, if desired.

HOTELS

The following list of hotels, with rates, was taken from a 
recent publication. There are, however, plenty of hotels in 
New York C ity— really first-class hotels that you never heard 
of— where you can be very comfortable at reasonable rates. 
If you wish special information, write to the Chairman of the 
Hotel Committee.

R o o m s  R o o m s
w it h  B ath w it h o u t  B ath

N am e L oca tio n D o u b le S in g l e D o u b l e S in g l e
A lgonqu in 59 W e st 4 4 th  S t. S3.50 $2.50
A sto r 43rd  S t. & B ’w ay 4.00  up 3.00  u p $3.00 $ 2.00 up
B e lm o n t 42nd S t. & P a rk  A ve. 4.00 up  

5.50  u p

3 .50  up 

4.00

3 .50  up 2.50 up
B iltm o re 43 rd  S t. & M ad iso n  

A ve.
B reslin 2 9 th  S t. & B ’w ay 4.00 2.00 3.00 1.50
G ra n d 3 1 s t S t. & B 'w a y  

42nd  S t. & B ’w ay
4.00  u p 2.00 up 2.00 up 1.00  u p

H erm itag e 3 .00  u p 2.00 up 2.00 up 1.50 u p
Im p e ria l 32nd  S t. & B 'w a y 4.00 up 2.00 up 3.00  up 1.50 up
K n ick e rb o c k e r 42n d  S t. & B ’w ay 5.50 u p 3.00  up 4.50  up 2.00 up
M cA lp in 3 4 th  S t. & B ’w ay 4.00  u p 2.50  up 3.00  up 2.00  up
M a n h a t ta n 4 2 n d  S t. & M ad iso n

A ve. 5 .00  up 3.50 2.50
M a rtin iq u e 32nd  S t. & B 'w a y 3.50 up 2.50  u p 2.50  u p 1.50 up
M on tice llo 35 W . 6 4 th  S t. 2.00 u p 1.25 up
P a rk  A venue 32n d  S t. & P a rk  A ve. 4.00 3.00 2.00 up 1.50 up
P laz a 5 8 th  S t. & F if th  A ve. 5 .00  u p 3 .50  u p
P rin ce  G eorge 2 8 th  S t. & F if th  A ve. 4 .00  u p 2.00 up
S eville 2 9 th  S t. & M ad iso n

A ve. 3 .00  up 2.50 2.50 1.50
W a ld o rf-A sto ria 34 th  S t. & F if th  A ve. 5 .00  up 3 .50  up 4 .00  u p 2.50  up
W o lco tt 4 W est 3 1 s t S t. 5 .00 2.50 2.00 up

PIN A L PROGRAM

The final and complete program will be sent on or about 
September 18 to all members signifying their intention of at
tending the meeting, to the secretaries of sections, to the Coun
cil, and to all members making special request therefore to the 
Secretary’s office.

8100 MEM BERS

A t the time of the Urbana Meeting, the Secretary started a 
campaign to obtain a membership of 8,000 this year. The 
Secretary already has 8,100 members. Owing to this great 
increase, journals for the early part of the year can 110 longer 
be sent to new members, but the Secretary has been authorized 
to begin membership for the present year with July 1 on the 
basis of payment of $5.00 to January 1, 1917, with journals 
from July up to that time and regular yearly dues beginning 
thereafter.
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OBITUARIES
SIR W ILLIAM  RAM SAY

In considering the life of a man, we are apt, I think, to lay 
stress on what he has accomplished concretely, rather than on 
what he was abstractly. W ith the man of affairs it interests 
people in general to know what he has, rather than what he is, 
although we know that character is greater than accomplish
ment. W ith the scientists we reason the same, and look in 
the publications for a record of the man. Great as Sir William 
Ramsay was as a scientist, if we confine ourselves to that side 
of him we miss, I think, a great lesson of his life. He was not 
a one-sided man, but rather, a four-square, complete man, 
which is very different. It is not my purpose in this brief arti
cle to review his work. That has been done, and will be done, 
by far abler pens.

S ir  W il l ia m  R a m s a y

It was my good fortune to know him intimately, and it is to 
some of his less known qualities that I  would draw attention, 
as his real greatness cannot be appreciated if that point of 
view be neglected.

Everybody knows he loved the truth. No man can be a 
great investigator otherwise. While his investigations carried 
him far afield, he differentiated strongly between hopes and 
facts, although well-grounded hopes were not easily set aside.

He realized, as few men I have met have realized, that chem
istry is in its infancy, and it W’o u ld  be a long time before it 
would even reach the age of manhood. Hence anything, not 
ridiculous on its face, was worth thought, and probably deep 
thought. Apropos of something said, I asked him once if he 
really believed in transmutation. His answer, "W hy not?” 
was characteristic. It implied the possibility, while not assent
ing to the proposition. Dr. John W. Draper, my old preceptor, 
had progressed that far, without a tithe of the reasons of the 
modem chemist. Of course he did not teach it.

One of Ram say’s most charming qualities was his simplicity. 
He was full of fun and jollity. Years ago, lie was at my St. 
Lawrence home when there was a house-party of girls, and he 
was the life of the party: full of pranks and schemes to amuse. 
You W'ould lose sight of him a moment, and, behold, he would 
be quietly sketching the sunset, or some other feature of that 
beautiful region which filled his simple soul with delight. He 
was never idle. He was always doing something, generally 
with the idea of giving others pleasure. Those girls, I am sure, 
will remember him, not as a great man who overawed them, 
but rather as a jolly companion.

He was loyal to his friends. No one could be more so. He 
would go to any amount of trouble to do them a good turn. He 
was a royal guest, which is a great and rare virtue. He was a 
charming host, which is more common. His mind was clean 
and pure, and jealousy and unworthy thoughts could find 110 
lodgment there. There was not a mean streak in him any
where, that I could ever discover.

He had a great appreciation of humor. I sometimes think 
no man can be truly great who has not. He could even under
stand our American jokes, which is not always true of his coun
trymen. He was interested in everything that was going on 
about him, and could converse delightfully with anyone, no 
matter how humble might be his walk in life.

All the fine qualities which went to make up the man came to 
clearest view when he was stricken with a disease which leaves 
so little room for hope, and which requires such great patience. 
Suffering could not dim his courage, or deter him from the en
deavor to make his last experience of value to others. To quote 
from Lady Ramsay's last letter to me: “ The courage is not
new; but the patience is almost heart-breaking.”  Writing in 
bed his last letter to me, he described the various experiments 
which he was trying on himself— not with any hope of the sav
ing of his life, but with the yearning to arrive at some new 
knowledge which would help others, if taken in time.

Such, in brief, was the man. Endowed .with a splendid con
stitution, and a wTonderful mind, his whole life was spent in en
deavoring to do all he could for the benefit of his fellows and 
the science which he loved so well. To those who knew him 
intimately, his memory will always be cherished; not so much 
for what he did, but because of what he was.

W m . H. N i c h o l s

PERSONAL NOTES
Dr. Charles H. Herty, professor of chemistry and dean of 

the School of Applied Science, University of North Carolina; 
Dr. W. R. Whitney, director of the research laboratory of the 
General Electric Company, Schenectady, N. Y .; Dr. Leo H. 
Baekeland, of Yonkers, N. Y .; and Mr. Warren K . Lewis, of 
Newton, Mass., have been appointed by the American Chemical 
Society to cooperate with the Committee of the National Acad
emy of Sciences on the nitrate supply for the U. S. Government.

The Brown Instrument Company, Philadelphia, announce 
that they will occupy Section No. 306 in the Second National 
Exposition of Chemical Industries, and will exhibit a complete 
line of indicating and recording pyrometers, and also their 
new recording thermometers. T hey will be represented by Mr. 
John P. Goheen, sales manager, Mr. William Printz, assistant 
sales manager, and Mr. J. D. Andrews. New York representa
tive.
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The United States Civil Service Commission announces 
the following open competitive examinations: Junior Fuels
Chemist (male), salary $1200 to $1500 a year, on September 
20-21, 1916; Junior Computer (male), salary $1020 a year, 
September 20-21, 1916; Assistant Examiner, Patent Office (male 
and female), salary S 1.500 a y ea r,' September 13-15, 1916. 
Further information may be had from the U. S. Civil Service 
Commission, Washington, D. C.

The J. P. Devine Com pany have just received from the press 
and have ready for distribution copies of the following bulle
tins: Bulletin 101, covering the Devine line of vacuum cham
ber dryers, units adapted for the handling of materials that can 
be dried on trays or pans. Bulletin 102, covering the Devine 
line of vacuum drum dryers best adapted for all liquid solutions 
containing solids, drying same to a powder. Bulletin 103, 
covering Devine rotary vacuum dryers, used in connection with 
drying materials that can be mixed or tumbled in the drying. 
They have now on the press additional bulletins covering their 
entire line of equipment. The Devine Company maintain a 
laboratory fitted with every type of vacuum and nonvacuum 
dryer that they build, and where they will, without cost or obli
gation to the prospective customer, run such experiments as 
will put them in a better position to definitely determine the 
type and size of apparatus best adapted for the problem in 
hand.

R. Martens & Company have extended their export opera
tions in Russia to non-mechanical lines, by creating a subsidiary 
company under the name of “ Russia Trade Corporation of 
America,”  with general offices in the Maritime Building, 8-10 
Bridge Street, New Y ork City. The new concern will spe
cialize on all kinds of general merchandise, and manufacturers 
are invited to write concerning the possibilities for selling their 
products in the Russian market. Mr. Frank G. Bolles, former 
manager of the export trade publication, International Trade, 
of Chicago, has been made vice-president and will be in imme
diate charge of the affairs of the Russia Trade Corporation of 
America. Offices have already been opened in several of the 
largest commercial centers of Russia and other branches will 
follow covering every field of importance in the Russian Empire.

The National Paint, Oil and Vamish Association will hold 
a convention at the Hotel Traymore, Atlantic City, October
9-12. Special information as to any detail can be obtained 
of D. W. Figgis, chairman of the Entertainment Committee, 
447 West 14th Street, New York City.

The Society of Chemical Industry will hold their next annual 
meeting in Birmingham, England.

Dr. J. P. LongstafT, of Edinburgh University, has been ap
pointed Secretary of the Socicty of Chemical Industry, and will 
take up his duties in September. Mr. C. G. Cresswell, who 
had been Secretary of the Society since 1884, having resigned, 
the Council has awarded him a superannuation allowance of 
£300 per annum.

M . C. Whitaker, professor of chemical engineering, Columbia 
University, has been granted leave of absence for the first term 
of the academic year 1916-1917.

Mr. L. P. Kyriakides, of the Detroit Organic Chemicals 
Company, Wyandotte, Mich., announces that he has changed 
his surname to Kyrides.

Mr. W. R. Hulbert, sales manager of the Goldschmidt Thermit 
Company, of New York, delivered an illustrated lecture on the 
theory and practicability of making thermit welds, supplemented 
with many practical demonstrations, to the members of the 
Clinchfield Railway Club, Erwin, Teiln., on July 25, 1916.

A. H. N ey, Inc., will continue the business of consulting 
chemists and chemical engineers, heretofore conducted under the 
name of A. H. Ney, Ph.D .

Mr. Wallace P. Cohoe, consulting chemist, announces that 
he has moved his office from the Chemists’ Building, 50 E. 
41st Street, to Trinity Building, m  Broadway, New York City, 
and his laboratory to Bertrand Avenue, Perth Amboy, 
N. J.

The Oklahoma Producing and Refining Company, a Dela
ware Corporation, has certified that it has increased its capital 
from $2,000,000 to §5,000,000.

Frank L. M ay & Co., Perth Amboy, N. J., chemists and drug
gists, have been incorporated with $50,000 capital, by E- A. 
Reinhart, F. L. M ay and O. Larsen.

The Ninth Annual Meeting of the American Institute of 
Chemical Engineers will be held in New York City, January
1 0 - 1 3 ,  1 9 1 7 .

Mr. Newton D. Arnold, secretary-treasurer and general 
manager of the Rumford Chemical Company, and the oldest 
thirty-third degree Mason in the Northern Jurisdiction, died 
at Keekshaug, R. I., on August 13, 1916, in his seventy-third 
year.

George Anthony Hill, formerly assistant professor of physics 
at Harvard University, and author of a number of text books 
011 mathematics and physics, died suddenly on August 18, in 
Cambridge, Mass., following a stroke of paralysis. M r. Hill 
was bom  in Sherborn, Mass., August 25, 1842. He was a tutor 
of chemistry in Harvard, 1865-71; assistant professor of physics, 
1871-76; and director of the Nolen Laboratory for college prep
aration in physics and chemistry, 1898-1914. M r. Hill’s last 
book, “ Essentials of Physics," appeared in 1912.

Mr. H. A. Plusch, for the past seven years chief ceramic 
chemist for the Atlantic Terra Cotta Company, has resigned 
to take up the practice of consulting engineering. His office 
will be at Perth Amboy, N. J.

The Block Chemical Laboratories of Chicago were incorpora
ted under the laws of Illinois on June 16, 1916, with the follow
ing officers: Dr. D. Julian Block, president, Prof. Robert M.
Cole, vice-president, and Mr. H. B. Keeler, secretary.

The Elyria Enameled Products Company, Elyria, Ohio, has 
erected a new chemical laboratory equipped to carry on ana
lytical and research work. Any problems relative to the use 
of glass enameled apparatus will receive careful attention.

Mr. R. H. Fash, formerly chief chemist and refiner of the 
Chickasha Cotton Oil Company, became the active vice-presi- 
dcnt of the Fort Worth Laboratories on September 1st.

The following promotions have been made in the chemistry 
faculty of the Johns Hopkins University: Joseph C. Frazer, pro
fessor of analytical chemistry; E . Emmet Reid, professor of or
ganic chemistry; Paul B. Davis, associate in chemistry.

Electric welding of iron and steel will be one of the feature 
exhibits of the New York Electrical Exposition which will be 
held in Grand Central Palace, New York C ity, October 11 to 21, 
1916. The exhibit is being arranged by the Arc Welding M a
chine Company, 220 W est 42nd St., New Y o rk  C ity, and Mr. 
O. A. Kenyon will be in charge. The public will have an 
opportunity of seeing all grades of welding accomplished in iron 
and steel, including structural pieces, plates and castings.

The United States Government is cooperating in the Elec
trical Exposition through the W ar, N avy and Commerce De
partments, all of which will have comprehensive exhibits.

The Association of British Chemical Manufacturers, which 
had been under consideration for some time, was definitely 
formed a t a recent meeting held in the rooms of the Chemical 
Society, London.

Prof. Alfred Stenzel has been placed in charge of a  clinic at 
the hospital of the University of Pennsylvania for the exclusive 
study of industrial and occupational diseases.
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B y  R . S. M cB r id e , B u rea u  of S ta n d a rd s , W ash in g to n

N O T IC E — P u b l ic a t io n s  fo r  w h ic h  p r ic e  is  in d ic a t e d  c a n  b e  

purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Departm ent from which 
they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department c f Commerce, Washington. The regu
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

B U R E A U  O F S T A N D A R D S

Effect of Certain Pigments on Linseed Oil. E. W . B o u g h -  

t o n .  Technologic Paper 71. 16 pp. “ Since white lead, as
supplied to painters and paint dealers, is almost always ground 
to a paste with raw linseed oil, it seemed desirable to deter
mine whether or not the constants of the oil in the paste are 
materially changed during storage. Furthermore, it seemed 
desirable to obtain some numerical data regarding the extent 
to which certain pigments combine with linseed oil during the 
drying process, and also to make some experiments with drying 
paint films to determine the relative effect of different pigments 
on the rate of oxidation of the oil.

“ The results as a whole indicate that white zinc combines 
with the free fatty acids of linseed oil more readily than does 
white lead. Of the three pigments, white lead, white zinc, 
and china clay, the former showed the greatest accelerative 
effect on the oxidation of raw linseed oil in films composed of 
pigment and oil, while china clay had the least accelerative 
cffect.

" I t  is obviously unjustifiable to draw from the experimental 
part of this paper any conclusions regarding the relative values 
of the different pigments as paint materials. Such conclusions 
can be properly drawn only from the data afforded by exposure 
tests with painted panels and from general painting expe
rience.”

An I n t e r l a b o r a t o r y  Photometric Comparison of Glass Screens 
and of Tungsten Lamps, Involving Color Differences. G. W.
M i d d l e k a u f f  a n d  J. F. S k o g l a n d .  Scicntific Paper 277. 
23 pp. Interlaboratory comparison of photometric measure
ments involving color differences is discussed. It  show's how 
close an agreement m ay be expected with experienced observers.

An Investigation of Laws of Plastic Flow. E u g e n e  C. B i n g 

h a m .  Scientific Paper 278. 47 pp. The nature of plastic
flow is described and theory involved is developed, showing 
that plasticity of a material depends upon its fineness of grain.

Distribution of Energy in Visible Spectrum of an Acetylene 
Flame. W. W. C o b l e n t z  a n d  W. B. E m e r s o n .  Scientific 
Paper 279. 10 pp. This paper gives distribution of energy
in visible spectrum of acetylene flame, based upon measurements 
made with three spectroradiometers. Results supersede data 
published in previous paper on this subject (Scientific Paper 191).

A Study of the Inductance of Four-Terminal Resistance 
Standards. F r a n c i s  B .  S i lS B E E . Scientific Paper 2 8 1 . 4 6

pp. This paper deals with the inductance of electrical resist
ances of less than one ohm, suitable for use in new methods of 
measuring alternate current that require small resistances for 
the laboratory tests.

Sensitivity and Magnetic Shielding Tests of a Thomson 
Galvanometer for Use in Radiometry. W. W. C o b l e n t z ,  Scien
tific Paper 282. 23 pp. This paper describes an investigation
made to improve the sensitivity and design of a specialized 
galvanometer for use in radiometry. B y  using a lighter sus

pension in a vacuum, the sensitivity has increased tenfold. 
The results will be of great value in the study of stellar radia
tion since the recent advances in this field called for the increased 
sensitivity which has been now obtained. The paper gives 
details as to construction and results of tests.

Volume Effect in the Silver Voltameter. E. B. R o s a  a n d  

G. W. V i n a l .  Scientific Paper 283. 11 pp. This paper is
a continuation of the Bureau’s researches 011 the silver voltam
eter which is the primary standard for the measurement of 
the international ampere. I t  has been found that when the 
electrolyte for the voltameter is not sufficiently pure that the 
deposits in the large voltameters are in excess of those in the 
small voltameters in series with them. This phenomenon 
has been called the "volume effect.”  The present paper shows 
that this effect is due to the impurities of the electrolyte and 
not to other causes as was thought by  several previous ob
servers. It  is also shown that the effect is the same in all forms 
of the silver voltameter which the Bureau has tested. A  theory 
to account for the effect is given. This phenomenon affords 
a valuable criterion of the purity of the electrolyte used in the 
voltameter.

Constants of Spectral Radiation of a Uniformly Heated 
Inclosure or So-called Black Body— II. W. W. C o b l e n t z .  

Scicntific Paper 2S4. 19 pp.

Strength and Other Properties of Concretes as Affected by 
Materials and Methods of Preparation. R. J. W i g g ,  G . M. 
W i l l i a m s  a n d  E. R. G a t e s .  Technologic Paper 58. 172 pp.
This paper describes the effect of variation in composition, 
proportions, methods of handling, etc., upon compressive 
strength of these materials. Conclusions arc drawn from 20,000 
tests of about 300 different mixtures.

Data on Oxidation of Automobile Cylinder Oils. C. E. 
W a t e r s .  Technologic Paper 73. 20 pp. This gives a study
of carbonization when heated for different lengths of time at 
given temperatures and for equal periods at different tempera
tures. Significance of data for oil testing is pointed out.

Determination of Volatile Thinner in Oil Varnish. E. W. 
B o u g h t o n .  Technologic Paper 76. 7 pp. Describes method
satisfactory for practical purposes, though only approximate 
for precise values. Methods tried were based 011 steam dis
tillation, evaporation at 100° C. and from thin film at room 
temperature.

Standard Methods of G as Testing. Circular 48, 2nd Ed. 
202 pp. This circular contains suggestions as to location and 
equipment of gas-testing laboratories, description of accepted 
forms of apparatus, directions for making tests, and recom
mendations as to interpretation of experimental results. For 
this second edition a thorough revision has been made to cor
rect minor errors, to incorporate suggestions of value, and to 
take account of recent investigations at the Bureau and else
where.

Further Experiments on Volatilization of Platinum. G. K.
B u r g e s s  a n d  R .  G. W a l t e n b e r g .  Scientific Paper 280. 
10 pp. This is a continuation of the report 011 experimental 
results showing the loss of weight on heating platinum cruci
bles and the conditions under which this loss may be reduced 
to a minimum. I t  is shown that the loss of weight increases 
rapidly with rise of temperature.

B U R E A U  O F M IN E S

Effects of Temperature and Pressure on the Explosibility of 
M ethane-Air Mixtures. G. A. B u r r e l l  a n d  I. W. R o b e r t s o n .  
Technical Paper 121, 13 pp. “ The results arc important in
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that they show that pressure and temperature conditions may 
vary over rather a wide range without afTccting the explosi- 
bility of methane-air mixtures. Inconsistent results that have 
been obtained in the laboratory by different investigators on the 
limits of inflammation of methane-air mixtures cannot be ex
plained on the basis of slight variations in temperatures and 
pressures. They depend rather on the nature of the source 
of ignition, method of ignition, size and shape of the containing 
vessel, and in some cases inaccuracies in mixing and analyzing 
the gases.”

Sensitiveness to Detonation of Trinitrotoluene and Tetra- 
nitromethylanilin. G uy B .  T a y l o r  a n d  W i l l a r d  C . C o p e .  

Technical Paper 145. 9 pp. Paper, 5 cents. " T N T  (tri
nitrotoluene) is much less sensitive to detonation' than tetryl 
(trinitromethylnitramine, or tetranitromethylanilin). The sen
sitiveness of the former is increased by admixture of the latter.”  

Quantity of Gasoline Necessary to Produce Explosive Condi
tions in Sewers. G. A . B u r r e l l  a n d  H .  T .  B o y d .  Technical 
Paper 117. 13 pp. Paper, scents. "In  this report are shown
the quantities of gasoline that must be introduced into sewers 
in order to produce explosive mixtures of gasoline vapor and 
air under certain conditions. M any different factors govern 
explosibility, such as size of the sewer, velocity of the sewage, 
temperature of the sewer air, volatility and rate of inflow of the 
gasoline, so that only under identical conditions of tests would 
duplicate results be obtained.”  (See T h i s  J o u r n a l ,  5 (1915), 
7 5 0 .)

Production of Explosives in the United States during the 
Calendar Year 1 9 1 5 . W ith Notes on Coal-Mine Accidents 
Due to Explosives and List of Permissible Explosives, Lamps, 
and Motors Tested Prior to M ay 1, 1916. A l b e r t  H .  F a y .  

Technical Paper 159. 18 pp. Paper, 5 cents. “ The total
production of explosives, excluding exports, 111 the United States 
during the calendar year 1915, according to figures that the 
Bureau of Mines has received from manufacturers, was 460,- 
900,796 lbs. (230,450 short tons), as compared with 450,251,489 
lbs. (225,126 short tons) in 1914.

“ The production for 1915 is segregated as follows: Black
powder, 197,722,300 lbs.; "high” explosives other than permis
sible explosives, 235,828,587 lbs.; and permissible explosives, 
27.349.909 lbs. These figures represent a decrease of 8,377,400 
lbs. of black powder, an increase of 17,374,616 lbs. of high 
explosives and 1,652,091 lbs. of permissible explosives, as com
pared with figures for 19x4.”

B U R E A U  O F  T H E  C E N S U S  

Cotton Production in the United States in 1915. Unnum
bered pamphlet. 28 pp. This reports on the statistics of 
cotton ginned from the crop of 1915 and is a preliminary state
ment which will be incorporated with the full annual report 
which is published about October 1.

G E O L O G IC A L  S U R V E Y  

Some Paleozoic Sections in Arizona and their Correlation. 
F r e d e r i c k  L e s l i e  R a n s o m e .  Professional Paper 98-K, from 
Shorter Contributions to General Geology, pp. 133-166. 
Published July 15, 1916.

Possibilities of Oil and Gas in North-Central Montana. 
E u g e n e  S t e b i n g e r .  Bulletin 641-C, from Contributions to 
Economic Geology, 1916, Part II, pp. 49~9r- Published July 
17, 1916. "T he purpose of the report here presented is 
to summarize all the available data concerning the possible 
occurrence of oil and gas in a considerable area in the north- 
central part of Montana, extending from the latitude of Great 
Falls northward to the international boundary.

"T he facts observed seem to warrant the statement that 
considerable gas territory, on a scale comparable with the Alberta 
fields, m ay be found, and also that the area shows some proba
bility of yielding oil. It cannot be too strongly emphasized,

however, that a rational search for oil and gas in the State should 
begin with operations in the areas where the rocks are most 
strongly arched.”

Asphalt, Related Bitumens, and Bituminous Rock in 1 9 1 5 . 

J o h n  D .  N o r t h r o p .  Mineral Resources of the United States, 
1915, Part II, pp. 135— 150. Published July 18, 1916. "The 
natural asphalt of all varieties sold at the sources of production 
in the United States in 1915 aggregated 75,751 short tons, 
valued at $526,490, a decrease of 4,137 tons, or 5 per cent, in 
quantity and of $15,633, or 2 per cent, in value from the corre
sponding totals in 1914.

“ The statistics of output of the native bitumens, gilsonite 
and grahamite, in 1915, record slight increases over the output 
in 1914 and indicate a sufficient expansion of the home markets 
to compensate largely for the loss of foreign customers as a 
consequence of the European war.

"T he sales in 1915 of manufactured asphalt obtained from 
petroleum of domestic origin amounted, at the sources of pro
duction, to 664,503 short tons, valued at $4,715,583, an aver
age of $7.10 a ton, an increase of 303,820 tons, or 84 per cent 
in quantity, and of $1,698,614, or 56 per cent, in market value, 
but a decrease of $1.26, or 15 per cent, in average price per ton, 
as compared with the output in 1914.”

The asphalt imported for consumption in the United States 
in 1915 was:

Q u a n ti ty  
( sh o rt to n s) V alu e

C ru d e .......................................................  135 ,276  $661 ,3 5 6
B itu m in o u s  lim e s to n e .......................  2 ,9 7 6  19,001

T o ta l   138 ,252  *680 ,357

The occurrence and distribution of asphalt, details of various 
sources, and the activity of the market in various districts, is 
discussed together with sections on ozokerite and ichthyol.

P U B L IC  H E A L T H  R E P O R T S  

Artificial Purification of Oysters. W i l l i a m  F .  W e l l s .  

Public Health Reports 31, 1848-52. This is a report on experi
ments upon purification of polluted oysters by placing them in 
water to which calcium hypochlorite has been added. It  is 
concluded that a remarkable degree of purification occurs 
within a period of 24 hrs. and the character of the results sug
gests the commercial applicability of this procedure for the 
purification of oysters otherwise entirely unsuitable for food 
purposes.

Court Decisions Pertaining to Public Health. J a s o n  W a t e r 

m a n .  Public Health Reports, 3 1 , 1834-48. This is a digest 
of judicial decisions which were published by title in the Public 
Health Reports previous to January 1.

C O M M E R C E  R E P O R T S - J U L Y ,  1 9 1 6  

A  company is being organized in Japan to manufacture soda 
electrically from the surplus salt which has accumulated from 
lack of transportation. (P. 6.)

The price of soap in Germany is now 2 to 10 times that of 
two years ago. (P. 10.)

Arrangements are being made to develop the oil-bearing lands 
of Bolivia. (P. 50.)

The prices of drugs in Germany for the last three years are 
given. Advances are in some cases over tenfold. (P. 36.)

Study of the iron ore deposits near Kuznetsk, Siberia, indi
cate the presence of over 27,000,000 tons of ore, much of which 
contains 54 to 58 per cent iron. (P. 61.)

Large manganese deposits are reported from Thunder Bay, 
Ontario. (P. 68.)

The Census figures for the United States fertilizer industry 
are given in detail. (P. 70.)

A new iodine factory is to be erected in Vladivostok, to secure 
iodine from seaweed, which is to be harvested in such a way 
as not to destroy the roots. (P. 87.)

The principal tanning materials used in the Philippines are
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mangrove and camanchili bark. Modern methods are being 
gradually introduced. (P. 88.)

The deposits of bauxite in both British and Dutch Guiana 
are very promising. (P. 92.)

The fruit of the "vijao”  plant is used in Porto Rico as a source 
of a valuable red dye and red ink. (P. 110.)

"Humogen” or bacterized peat is not 011 the market in Eng
land. (P. i n . )

Efforts are being made to develop the cultivation of sisal 
in the Philippines. (P. 132.)

Steps are being taken to start a beet-sugar industry in Siberia. 
(P. 147.)

A  United States paper company is to erect a 200 tons news 
print paper mill in Canada. (P. 148.)

The output of tungsten ores in Argentine consists chiefly of 
wolframite with some scheelite. (P. 163.)

Experiments in Germany upon the use of alcohol-benzene 
mixtures instead of gasoline as automobile fuels, showed that a 
mixture of equal parts of alcohol and benzene gives best results. 
An ordinary carbureter was used, but it was found necessary 
to install a supplementary reservoir containing gasoline or 
ether, 1o be used in starting the car. (P. 171.)

Owing to the scarcity of manganese in Germany, iron ores 
rich in manganese are being shipped from Brunswick to other 
parts of Germany. (P. 183.)

The petroleum industry of Ecuador is very promising. While 
at present the small output is secured by seepage into shallow 
excavations, it s believed that deep drilling will prove profitable. 
A t present little refining is done, most of the product being used 
for asphalt. (P. 186.)

In spite of the high priccs, potassium carbonate, and potash 
soft soap are still preferred in England for wood scouring. (P. 
190.)

Efforts being made in Canada to substitute pepsin for rennet 
in cheese making appear promising. (P. 201.)

Extensive coal deposits have been found in Iceland. (P. 
205.)

The output of tungsten and iron ores from Chosen (Korea) 
is increasing. (P. 206.)

In an effort to solve the iron and steel problem of Spain, 
orders have been published prohibiting the exportation of iron 
or steel until domestic needs are met. Efforts will be made 
to increase the manufacture of iron and steel instead of as at 
present, exporting over 90 per cent of the ores mined.

The United States continues to be the largest importer of 
rubber from Java with Great Britain second, and Netherlands 
third. (P. 241.)

An English report on oil-producing nuts and seeds, shows 
that palm kernel cake is a valuable cattle and hog food. 
(P. 246.)

Raffia wax, obtained in Madagascar from the leaves of the 
raffia palm, is proposed as a substitute for camauba wax, to 
which it is very similar. (P. 259.)

Hemlock bark is again being used in and exported from 
Canada as a source of tannin. (P. 260.)

Iron mines in China, containing 60,000,000 tons of 65 per 
cent ore, are to be operated by Japanese interests. (P. 282.)

The Chinese methods of salt production are all primitive. 
Much of the salt is obtained from gypsum quarries which are 
allowed to lie idle intermittently. Large quantities of sea salt 
are also obtained principally by  solar evaporation. (P. 313.)

The extract of “ babul”  pods, the fruit of the tree that produce 
gum arabic, can be used for tanning in India only if a small 
amount of carbolic acid be added to prevent fermentation.
( P -  3 I 5 - )

The wild Philippine plant "datura alba”  is a promising 
source of atropine and hyoscyanine. (P. 317.)

Switzerland has only one sugar factory, and is now almost

entirely dependent upon the United States for sugar, which they 
have difficulty in importing. (P. 324.)

The sand-lime brick industry of Germany has fallen oil 
during the war. (P. 329.)

An extended British report on the palm-kernel industry ad
vocates its entire British control. Formerly over three-fourths 
of the palm kernels, grown on English or French soil, were sent 
to Germany for extraction. An export duty on palm kernels 
from W est Africa, to countries other than British, is urged. 
( P -  3 3 0 . )

Scarcity of coal has caused a great shortage of gas in Venice, 
thus crippling the glass industry. (P. 335.)

In an investigation of the waterproofing of concrete, the 
Bureau of Standards plans to erect a number of concrete tanks 
along the Potomac. (P. 339.)

The principal supply of asbestos from Russia is of the ser
pentine variety, found principally in the Ural Mountains. (P. 
3 4 2 - )

Arrangements are being made to supply cyanide for South 
Africa from Glasgow and other British plants. (P. 373.)

A  plant for making nitrates and nitric acid from the atmosphere, 
under hydroelectric power, is being constructed in Spain. Sup
plement 156. (P. 14.)

S p e c i a l  S u p p l e m e n t s  I s s u e d  D u r in g  A u g u s t  A r e  a s  F o l l o w s :
D o m in ic a n  R e p u b l i c — 26a 
A r g e n t i n a — 38a a n d  386 
G e r m a n y — 6a a n d  6b 
S p a i n — 156 a n d  15c 
N e t h e r l a n d s — 9 a

I r e l a n d —19 h 
B r a z i l — 406 
C a n a d a — 2 3 d  
C u b a — 2 5 a  
H a i t i — 3 0 a

S t a t is t ic s  o k  E x p o r t s  t o  t h e  U n i t e d  S t a t e s  
Q u e b e c  D i s t r ic t —  G e r m a n y — S u p .  6a  a n d  L o n d o n — 161

S u p .  23d 66 R u b b e r
A lu m in u m  A lu m in u m  T in
A n t im o n y  C a r b o n  e le c t ro d e s  H id e s
A s b e s to s  L a c t i c  a c id  I n d ig o
B a ls a m  g u m  D e x t r in  C r e o s o te  o il
B o n e s  G ly c e r in  P l a t i n u m
B r o n z e  p o w d e r  L a n o l in  C o p p e r
A rc  l a m p  c a r b o n s  T h o r iu m  n i t r a t e  A m s te r d a m — S u p .  9 a
C a lc iu m  a c e t a t e  E a r th e n w a r e  C in c h o n a  b a r k
A s p a r in  G la s s w a re  Q u in in e
C a r b o lic  a c id  E n a m e le d  w a r e  C o c o a  h u t t e r
N itr ic  ac id  G lue  C o p a f  gum
O x a l ic  a c id  H id e s  D r u g s
T a r ta r ic  ac id  R u b b e r  E a r th e n w a re
W o o d  a lc o h o l  l u n g s t e n  H id e s
A m m o n iu m  s u l f a te  P a i n t s  K a p o k
A nilin  M ag n es ite
B a r iu m  c h lo r id e  A r t if ic ia l  s i lk  M ilk  s u e a r
B o n e - b la c k  T i n  P a r a f i ln

E p so m  sa lts  
E rg o t 
I c h th y o l 
T h y m o l 
M ag n es ite  
V ien n a  lim e 
G um s 
F u se l oil 
P a lm -k e rn e l oil 
S esam e oil 
C o p p e r  ore 
M an g an ese  o re 
B eesw ax 
M in e ra l w ax 
D y es tu fls  
B leach ing  pow der 
Q u in ine
S od ium  c y a n id e  
Z inc  d u s t 
B ee t seed  
P o ta s h
B r a z il — S u p . 406 
C o tto n se ed  
C a rn a u b a  w ax 
G old 
H ides
M an g an ese  ore 
M o n az ite  
R u b b e r  
S u g a r
C u b a — S u p . 23a 
H ides  
S u g a r 
M olasses 
A sp h a lt 
C o p p e r  ore

D o m in ic a n  R e p u b l ic —  i^.o n  o re
S u p . 26a  M an g an ese  ore

H id es  B eesw ax
S u g a r  H a it i— S up . 30a
M olasses  B eesw ax
C o p p e r  o re  B one
R o s in  F u s t ic

'W a x  G u an o
F u s t ic  H ides
L ogw ood Logw ood

C alc ium  ca rb id e  
C reo so te  oil 
G lycerine  
G u m  arab ic  
G u m  ca m p h o r 
G u m  g am b ic r 
G u m  k a u ri 
C h lo rid e  of lim e 
M ag n es ite  
M e n th o l
P o ta s s iu m  ch lo ra te  
S o d iu m  n it r a te  
S o d a  ash  
C h ro m e  o re 
C oal
C o p p e r  ore 
A m m on ium  n i t r a te  
P o ta s s iu m  ch lo ride  
G lue
V eg e tab le  ta llo w  
H ides
F e rro m a n g an ese
L ead
M e rc u ry  fu lm in a te
C od  oil
C a s to r  oil
C o tto n se ed  oil
P a lm  oil
P a in ts
P a p e r
P a p e r  s to ck
S ilve r
S u lfu r  o re
T a r
T in
Z inc o re

P a in t  
P a p e r  
R ag s  
R u b b e r  
T in
S p a i n — S u p .  15a an d  

156 
A n tim o n y  
B ee t p u lp  
C ork  

v \rg o ls  
F use l oil 
G lycerin  
L icorice
C alc ium  ta r t r a te  
P o ta s s iu m  c a rb o n a te  
H ides
P a p e r  s tock  
S o ap  s to ck  
E sse n tia l oils 
I ro n  o re 
P y rite s  
C o p a l gum  
R u b b e r  
C o p p e r 
C o p p e r  ore 
M an g an ese  ore 
S affron  
B eesw ax 
G a y u b a  leaves 
U rsi-u v a  leaves  
A r g e n t i n a — S u p . 38a 

a n d  386 
B ones
Q u eb rach o  e x tra c t
G lycerine
H ides
R u b b e r
C asein
C ru d e  t a r t a r
T a n k a g e
G lue  s to ck
L inseed
O leo  a n d  s te a r in  oil 
T u n g s te n  o re  
T a llow
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BOOK REVIEWS
Outlines of Industrial Chemistry. B y  F r a n k  H a l l  T h o r p ,

with Assistance in Revision from W a r r e n  K . L e w i s .  Third
Revised and Enlarged Edition, xxv +  665 pp., 137 figures.
The Macmillan Company, New York, 1916. Price, $3.25.

"T he great progress which has been made in chemical indus
try since the publication of the second edition of this work in 
1905 has necessitated entire rewriting of many sections of the 
book, with elimination of much obsolete matter and the intro
duction of much new material.”

A  careful examination of this third edition of "Thorp” has 
convinced the reviewer that in general it presents a clear and 
concise, yet comprehensive, view of the domain of chemical 
technology, and that it will serve its purpose of imparting to 
students "some knowledge of the plant and methods employed 
in the more important manufacturing operations based upon 
chemical changes.”  It  will be found to be a useful textbook, 
but the opportunity for decided improvement is still apparent.

In the first place, a criticism of a work of this size which at
tempts to cover so large and progressive a field, is that certain 
of the sections are likely to be so indefinite that they are misin
forming. An illustration in point in the present case is the ac
count of the petroleum industry, wherein the author endeavors 
to describe the refining of crude petroleum without enlighten
ing the student regarding the varieties of crudes and the several 
distinct processes used for each. Foreign texts do not supply 
the desired information on present-day American practice in 
refinery technology, and it is unfortunate that the author did 
not avail himself of recent literature of the type of F. C. Robin
son’s paper in Proc. Eng. Club Phila ., April, 1913. Moreover, 
the work could be improved by the inclusion of brief accounts 
of the technology of hydrogen and the important rarer metals 
(tungsten, vanadium, thorium, etc.) and by presenting avail
able statistics of production. The importance of chemical eco
nomics is not adequately appreciated by teachers of industrial 
chemistry. Then, too, one is disappointed to observe that the 
author gives no space to the turpentine industry of the United 
States and that he has omitted consideration of carbon dioxide, 
sulfur dioxide, sulfur chloride, sodium silicate, natural gas 
gasoline, ethyl ether, formaldehyde, and oxalic acid.

In general, the descriptive matter is accurate, although the 
following oversights have been noted by the reviewer: No 
mention is made of the important Koppers oven (p. 36); the ac
count of gas producer practice (p. 42) requires modernization; 
the author states (p. 206) that “ in some cases window glass

* * * is machine-blown,”  while, as a matter of fact, at
least 80 per cent of the sheet glass now produced in this country 
is mechanically blown; providing care is exercised, hydrochloric 
acid gives just as stable a hydrogen dioxide as phosphoric acid 
(P- 273); the Smith process for making carbon chlorides is not 
mentioned (p. 298); "326” on p. 518 should read 362; petroleum 
(p. 343) is also made from "B . S.”  and rod-wax; the continuous 
system of distillation is used not only in Russia (p. 343), but 
largely in our own country; the oil-shales of Scotland are not 
“ permeated with bitumen” (p. 345), but contain a bituminous 
substance, kerogen; in connection with asphalt (p. 347), men
tion should have been made of byerlyte and Dubbs’ asphalt; 
the use of silicate of soda in refining cottonseed oil is not referred 
to (p. 360); "musk, Baur”  is a nitro-derivative of tertiary 
butyl-xylene (p. 395); and bauxite is not a "hydrated oxide of 
alumina” (p. 639). The lists of references do not include 
many recent contributions of importance, which could have 
replaced a  number of the old citations; and then the author has 
been careless in his bibliographic notes. It  is unfortunate 
that American writers on chemical subjects have not more

generally adopted the logical journal abbreviations of Chemical 
Abstracts.

Owing to the fact that Dr. Thorp’s book has demonstrated 
its general excellence by appearing in a third revised edition, 
the reviewer has been inclined to refrain from critical comment 
thereon. However, the desire to be helpful and cooperative 
has induced him to indicate whereby its established usefulness 
might be further augmented.

W. A. H a m o r

Organic Agricultural Chemistry. (The Chemistry of Plants 
and Animals.) B y  J o s e p h  S c u d d e r  C h a m b e r l a i n ,  Ph.D.,

• Professor of Organic and Agricultural Chemistry in the 
Massachusetts Agricultural College. 319 pp. The M ac
millan Company, New York, 1916. Price, $1.60.

The present volume, as stated by the author in his preface, 
was written as an elementary textbook with the aim of giving 
"students of practical agriculture enough general, scientific 
instruction in chemistry to enable them to understand and 
correlate the broad problems of agricultural practice.”

In the first, or systematic, section of the book seven chapters 
are devoted to a presentation of the simpler facts of organic 
chemistry in their relationship to the problems of plant and 
animal life. The second, or physiological, section (seven chap
ters) discusses the subject of enzymes, composition of plants 
and animals, the living cell and its food, animal food and nu
trition, and plant physiology. In the third section upon crops, 
foods and feeding, two chapters are devoted to the occurrence 
and uses of important constituents of agricultural plants and 
a concluding chapter to animal foods and feeding.

The author’s presentation of his subject, which is in the lec
ture style, is clear and direct. A series of interesting experi
mental studies are included at intervals in the text. These 
laboratory exercises, which are carefully selected, advance 
the student towards obtaining a practical first-hand knowledge 
of the chemistry of plant and animal life.

In the physiological section of his book the author makes 
a unique departure from usual custom in presenting the chem
istry of animal life before that of plants. This innovation will 
no doubt come as a  shock to those who believe that the subject 
of agricultural chemistry must be unfolded in the supposedly 
logical sequence of mineral, plant and animal. Dr. Chamber
lain’s belief that a previous acquaintance with animal chem
istry will help the student to gain a more correct view of the 
laws of plant life has much to recommend it. T o work back 
from the higher to the lower is sometimes the more rational 
method. Liebig in his "Natural Laws of Husbandry”  dis
cussed the plant before he took up the soil.

The reviewer, after a careful perusal of this new work, has 
found but little to criticize. While a few statements— as that 
polarized light is light which has passed through a double crys
tal of quartz (p. 70), or that the one carbohydrate which does 
not contain the elements hydrogen and oxygen in the proportion 
11»: O is a pentose sugar, known as rhamnose (p. 110), or that 
cellulose is hydrolyzed by enzymes to maltose (p. 164)— are 
incorrect or incomplete, such minor defects in a book not written 
for specialists are unnoticeable amid the many excellent qualities 
which Dr. Chamberlain’s j"O rg a n ie  Agricultural Chemistry”  
p'ossesses.

The book contains a good index and is well printed. I t  is 
cordially recommended to all who are interested in the subject.

C. A. B r o w n e
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Organic Chemistry or Chemistry of the Carbon Compounds.
B y  V i c t o r  v o n  R i c h t e r .  Edited by P r o f .  R .  A n s c h O t z  
and P r o p .  G. S c h r o e t e r .  Newly translated and revised 
from the German original (after Prof. Edgar F. Smith’s 3rd 
American Edition) by D r .  P e r c y  E. S p i e l m a n n .  Vol. I 
(Aliphatic Series), xvi 4- 677 PP- P. Blakiston’s Son & 
Company, Philadelphia. Price, $5.00 net.
The advent of this new translation of this standard work 

will be welcomed by the chemical profession, since it is highly 
desirable that a reference book of this character should be up 
to date. Unfortunately, the second volume, dealing with the 
aromatic series, has not appeared as yet, but is promised for the 
near future. The original plan of the former editions has been 
followed. Some minor changes from the original German edi
tion have been made, such as arrangement of some of the for
mulae to emphasize more clearly certain points under discussion. 
Only a few' errors were noticed by the reviewer and the work
manship is very good.

J .  M .  N e l s o n

Steam  Boilers and Combustion. B y  J o h n  B a t e y .  Vol. X V , 
The Broadway Series. 211 pp., 18 diagrams. Scott, Green
wood & Son, London. Price, 4 s. 6 d.

In the preface of this book the author explains his addition 
to the literature on a branch of engineering which has already 
been the subject of many treatises by the statement that "most 
of the books published are highly technical works dealing with 
what has been done and not with the possibilities of future 
development.”  He emphasizes the necessity of improvement 
in steam boiler operation and implies that in this volume he has 
laid the way for such improvement by making clear the theory 
involved. About one-tliird of the book is given up to the de
scription of different types of boilers and the remainder to the 
explanation of the phenomena of combustion, heat transfer and 
steam generation. A  careful study of this -work has convinced 
the reviewer that it can be of 110 possible value to American 
engineers because most of the boilers described are of types no 
longer used in this country, and the theories advanced con
cerning combustion and steam generation are absolutely opposed 
to those accepted by the engineering profession. The technically 
trained engineer can but disagree with the author upon almost 
every subject considered, and the man without a technical 
education may be led very far astray.

H a r r y  L. P a r r

The American Fertilizer Handbook. Ninth Annual Edition, 
1916. 400 pp. Ware Bros. Company, Philadelphia. Price,
$1.00.

The ninth annual edition of this Handbook follows the form 
of the previous editions and contains the standard reference 
statistics and directories of the fertilizer industry and allied 
trades. The directories of fertilizer manufacturers, allied fer
tilizer trades, cottonseed oil mills, and packers and Tenderers 
have been carefully revised up to date. The subject list of this 
edition is as follows:

National Fertilizer Association and Southern Fertilizer As
sociation (Officers, Committees and Members); Agricultural 
Experiment Stations; State Fertilizer Officials; Fertilizer M a
terials Statistics, covering the production, imports, consumption 
and prices of Sulfate of Ammonia, Atmospheric (Nitrogen, 
Blood, Guano, Potassium Salts, Bones, Pyrites, Sulfuric Acid, 
Fish Scrap, and Nitrate of Soda; State Fertilizer Tonnage; 
Soil Improvement Committees of the National and Southern 
Fertilizer Associations; Potash Salts; Cpttonseed Oil and Meal; 
Rank of States in Crop Values; Reference Library1— an index 
of the important articles in the previous editions of the Hand
book; Reference Index— a list of the important articles in The

American Fertilizer from January 1, 1915, to M ay 15, 1916; 
Directory' of Fertilizer Manufacturers; Directory of Allied 
Fertilizer Trades; Phosphate Rock Section; Fertilizer M a
chiner)’, Factory Construction Equipment and Supplies Sec
tion; Fertilizer Materials Section; Brokers, Exporters, Im
porters, Commission Merchants and Forwarding Agents Sec
tion; Chemists, Assayers, Engineers, Contractors, Leadburn- 
ers, Samplers and Laboratory Equipment Section; Cottonseed 
Oil Mill Directory and Machinery Section; Packers and Ren- 
derers Directory and Machinery Section.

In addition the following special contributions are included: 
"Fertilizers: W hat They Are— How to Apply Them ,” by H. G. 
Bell, J. W . Henceroth and C. A. Waugh; "T he Sulfuric Acid 
Industry,”  by A. M. Fairlie; "Possible Sources of Potash in 
America,”  by  F. K . Cameron; “ Potash Salts— 1914,”  by W.
C. Phalen; “ Preventable Losses in Fertilizer Plants,”  by  S. J. 
Martenet; "Sulfur and Pyrite in 1914,”  by W. C. Phalen; "T he 
Cyanamid Industry— World Status,”  by E. J. Pranke; "T he 
Production of Phosphate Rock in 1914,”  by  W. C. Phalen; 
"T he Cottonseed Oil Industry,”  by T. C. Law; “ The Western 
Animal Aminoniate M arket,”  by J. H. Schmaltz.

The British Coal-Tar Industry. A  series of papers edited by
W a l t e r  M .  G a r d n e r ,  Bradford Technical College. 437
pages. Williams and Norgate, London. Price, $2.25.

This volume is a collection of the more important papers and 
addresses on the coal-tar industry of England which have ap
peared from time to time during the past forty odd years. The 
first paper in the collection is naturally the original Cantor 
Lecture of Sir William H. Perkins given in 1868, and entitled 
"T he Aniline or Coal-Tar Colors.”  Other important papers 
marking the progress of this branch of chemistry are "The 
Artificial Production of Alizarine”  by Prof. H. E. Roscoe 
(1870); “ The Synthesis of Indigo” by Prof. R. Meldola (1901). 
These earlier articles dealing with the chemical development 
of the coal-tar colors are really quite interesting reading even 
at the present date. The later articles in the book, however, 
appearing from 1908 on to 1915, are chiefly of a polemical or 
retrospective character, and their keynote is one of mournful 
self-recrimination for allowing Germany to run away with all 
the dyestuff business which should have by right belonged to 
England. The chief reason from the English point of view as 
to why England should have controlled the manufacture of 
coal-tar products appears to be the fact that Perkin discovered 
and manufactured the first real coal-tar dyestuff. The English 
chemists also acknowledge that they are equal, if not superior, to 
their German confrères, and consequently the industry should have 
remained in England. But sad to relate it did not. There are 
many reasons, or rather excuses given for this circumstance. 
The manufacturers of England were not alive to the advantages 
of painstaking chemical research, they did not sufficiently 
encourage the chemist in his pioneer work; the Government 
did not lend its power and influence to the proper development 
of the industry'; and the Universities maintained a supercilious 
disregard of the technical sciences, and in so far as chemistry 
was concerned, seemed to have no interest beyond laboratory 
experiments.

Some of the authors in this volume also are very insistent 
in putting forth the argument that the character of the British 
patent laws worked an unfair advantage in favor of the German 
competitor. While this makes a  good hook on which to hang 
an argument, I doubt if it has much real weight of reason be
hind it. A s a matter of fact the English, both as manufacturers 
and chemists, were more interested in other things than the 
making of dyestuffs, and neglected this branch to follow others 
which they considered more profitable.

J .  M e r r i t t  M a t t h e w s
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m e n ts . F . H . G r o s s . Svo. 9 3  p p .  P rice , $ 2 .5 0 . F . H . G ross & 
C o ., B ea rd sto w n , III.

T u rb in e s : T h e  M a r in e  S te a m  T u rb in e . J . W . M . S o t h e r n .  S v o .
561 p p . P rice , $6.50. D . V an  N o s tra n d  C o ., N ew  Y ork .

V in eg a r; I t s  M a n u fa c tu re  an d  E xam in a tio n . C . A . M iT C nELL . S vo -
218 pp . P r ic e , 8 s. 0 d . C h a s .  G riffin  & S on , L ondon .

W a te rw o rk s  H an d b o o k . A . D . F l i n n  a n d  O t h e r s . S v o . 8 2 4  p p .
P rice , $0.00. M cG raw -H ill B ook C o., N ew  Y ork .

RECENT JOURNAL ARTICLES

A cid B e s s e m e r  P ro c e s s . H . H . C a m p b e l l .  Iron  Age, Vol. 98 (1916), 
N o . 6 , p p . 302-304 .

B ak e lite  M ic a r ta -D  G e a rs  a n d  P in io n s . T . D. L u n c h  a n d  R . E . T a l e y .
The E lectric  J o u rn a l,  V ol. 13 (1916), N o . 8 , pp . 368-371.

B e lt D riv e : W h e re  B e lt D rive is  S u perio r. H . H . S u p l e e .  E ngineering
M agazine, Vol. 61 (1916), N o . 5, p p . 697-704.

B itu m in o u s  M a te r ia ls  T e s ts  fo r S h e e t A spha lt. F . P . S m ith .  E ngineering  
N ew s, Vol. 76 (1916), N o . 5, p p . 205-209 .

B ronze  A lloys fo r A u tom ob ile  W ork . W . M . C o r s e  a n d  G. F . C o m s to c k .
Iron  A ge, Vol. 98  (1916), N o . 5, pp . 251-254 .

C as tin g s: D efec tive  S te e l C astin g s  an d  T h e ir  R em ed ie s . J . H . D . E a g a n .
T he F oundry ,  V ol. 44 (1916), N o . 7, p p . 273-274 .

C h e m is try  in  th e  B ra ss  F o u n d ry . E  P . L a t e r .  The F oundry, V o l. 44 
(1916), N o . 8 , p p . 317-319 .

C h e m is try  of M in e ra ls . J .  E . P o g u e .  E ngineering  a nd  M in in g  Journa l, 
Vol. 102 (1916). N o . 6 . p p . 255-259.

C offee: M icroscopy  of C offee. A n d r e w  L. W i n t o n .  Tea and  Coffee
Trade Jo u rn a l, Vol. 31 (1910), N o . 1, pp . 23-28 .

E ngle F u rn a c e  fo r R ed is till in g  S p e lte r . R . H . E n g i .e .  E ng ineering  and
M in in g  Jo u rn a l, Vol. 102 (1910), N o. 5, p p . 213-215 .

F lo ta tio n  E x p e rim en ts  on  a  Jo p lin  T a iling . W . A . W h i t a k e r  a n d  O t h e r s .  
M etallurgical and  Chem ical E ng ineering , Vol. 16 (1916), N o . 3 , p p . 131— 
137.

F u rn a c e : O p e ra tin g  a  S m all C opper B la s t F u rn a c e . A. B r e G m a n .  E n g i
neering and  M in in g  Jo u rn a l, Vol. 102 (1916), N o . 4 , p p . 171-174 . 

I llu m in a tio n : S im plified  I llu m in a tio n  E n g in e e r in g  a s  A pplied  to  F lood
L igh ting . L . C . P o r t e r .  L ig h tin g  Jo u r n a l , Vol. 4 (1910), N o . 7, pp . 
144-1-47.

I r r ig a tio n : S low  R a te  of U tiliza tion  of I r r ig a tio n  W o rk s . R . P . T b b l E .
Engineering  N ew s , Vol. 76 (1916), N o. 5, pp . 202-203 .

L ead  S a lts , A lka lin ity  a n d  S o lv en t P o w e r of C yan id e  fo r G o ld . H . R .
E d m a n d s .  M in in g  a n d  S c ien tific  Press, Vol. 113 (1916), N o . 5, pp . 
161-162.

M o to r D rive: W hy M o to r D rive I s  B es t. W . I I .  E a s t o n .  E ngineering
M agazine, Vol. 61 (1916), N o . 5, pp . 687-09G.

O xy-A cety lene  P ro c e s s . H e n r y  C a v e .  Engineering  M agazine , Vol. 51 
(1916), N o. 4, pp . 521-527.

O xygen : T h e  E ffec t of O xygen  on P u re  I ro n . W e s l e y  A u s t i n .  Iron
T rade Review , V ol. 69 (1916), N o . 4 , pp . 177-178.

P a p e r : S pun  P a p e r  a n d  S om e of I t s  U ses. Paper, Vol. 18 (1910), N o.
20 , pp . 1 G -1 S.

P la s tic  F low  P h e n o m e n a . W . T r i n k s .  B last F urnace a nd  S teel P la n t, 
Vol. 60 (1916), N o . 8 , pp . 362-363.

P la t in u m  a n d  th e  S ta n d a rd  of L igh t. H . E . I v e s .  L igh ting  Jo u rn a l, Vol.
4 (1916), N o . 7. pp . 150-152.

P o w e r C ost in  th e  P a p e r  M ill. T h o m a s  W i l s o n .  Power  Vol. 44 (1916), 
N o . 6 , p p . 190-192.

P u lp : T h e  M a n u fa c tu re  of S u lfa te  P u lp . C a r l  M oi;. Paper, Vol. 18 
(1916). N o. 20, pp . 12-15.

Q u a rr ie s  fo r K en s ico  D am . W . F . S m ith .  E ngineering  N ew s, Vol. 76 
(1916), N o. 6 . pp . 250-252 .

R e in fo rced  C o n cre te  O re  D ock  a t  A sh lan d , W is. W . E . K i n g .  E n g i
neering N ew s, Vol. 76 (1916), N o . 6 , p p . 242-245 .

S lag s : C ond itions  a n d  C a u se s  of Iro n  in  S lag s . W . G . I m h o f f .  Blast
F urnace and  Steel P la n t, Vol. 50 (1916), N o  8, pp . 359-361 .

S o ils : T e s tin g  V arious S oils fo r D ra in ag e  P ro p e rtie s . J .  R .  H a s w e l l .
E ngineering  N ew s, Vol. 76 (1916), N o. 5. p p . 211-214 .

S p e lte r: I t s  G ra d e s  a n d  U ses. G . C . S t r o n g  a n d  O t h e r s .  The F oundry,
Vol 44 (1916), N o. S. p p . 326-327 .

S tam p ed  an d  E n a m e led  W a re . C . C . L y n d e .  Steel a nd  Iron , Vol. 50 
(1916), N o. 7, p p . 211-215 .

S tea m : M ak in g  th e  S te a m  P la n t A d eq u a te  fo r B o th  P o w e r a n d  H ea tin g .
C . L . H u b b a r d .  E ng ineering  M agazine, Vol. 51 (1916), N o . 5, pp . 
716-723 .

S te a m  H e a t fo r M eltin g  th e  S o fte r  M eta ls . R o b e r t  C r a m e r .  A m erican  
M ach in is t. Vol. 45 (1910), N o . 5, p p . 177-179.

S tee l: A n In v es tig a tio n  D ea lin g  w ith  th e  O c cu rren c e  of A lu m in a  I n 
c lu sions  in  S te e l. A l b e r t  S a u v e u r .  M eta llurg ica l■ a n d  C hem ical 
E ngineering , Vol 15 (1916), N o. 3, p p . 149-151.

S tee l: M ak in g  C opper C lad  S te e l. Iron  A ge, Vol. 98 (1910), N o . 6 . pp .
296-297 .

S te e l: T e s tin g  M a lleab le  a n d  C as t S tee l. A n d r e w  H a r l e y .  Iron
T rade Review, Vol. 59 (1916), N o . 3, pp . 121-128.

S te e ls :  H e a t T re a tm e n t fo r D ro p  F o rg ed  S te e ls . W . C . P e t e r s o n .
Steel a nd  Iron , Vol. 50 (1916), N o . 7, p p . 215-218 .

S u lfu r E lim in a tio n  in  B y -P ro d u c t C oking . C . C . C a m p b e l l .  Blast 
F urnace a nd  S teel P la n t, Vol. 59 (1916), N o. 8 , p p . 368-374 .

T h e rm a le n e : P ro d u c tio n , P ro p e r tie s  a n d  U se  of T h e rm a le n e . A m erican
M ach in ist, Vol. 45 (1916), N o . 6 , p p . 221-225 .

T in : T h e  B olivian T in  In d u s try . H o w l a n d  B a n c r o f t .  M in in g  and
Scien tific  Press, V ol. 113 (1910), N o . 4, p p . 119-125.

T in : A R eview  of th e  T in  S itu a tio n . L. A d d i c k s  a n d  W . A . C o w a n .
T he F oundry, Vol. 44 (1916), N o . 8 , p p . 327 -328 .

W eld ing : H ow  to  M a k e  O xy-A cety lene  W eld s . H e n r y  C a v e .  E n g i
neering M agazine, Vol. 51 (1916), N o. 5, p p . 724-733 .

W eld ing : P o w e r P la n t  W e ld in g  O u tfit. E . S . F i t z .  Power, Vol. 44
(1916). N o. 3. pp . 93-95 .

W eld ing  T u b in g  by  O xy-A cety lene . Iron  T rade Review , V ol. 59 (1916), 
N o . 3, pp . 117-119.



M A R K E T R E P O R T —AU G U ST, 1 9 1 6
W H OLESALE PRICES PREV AILING  IN  TH E  N EW  YORK M ARKET ON A UGUST 2 1 .

IN O R G A N IC  C H E M IC A L S

A ce ta te  of L im e ,.................................................... .100  L bs. 7 .0 0 7 .0 5
Alum, lu m p  a m m o n ia ......................................... .100  L bs. 6 .0 0 7 .0 0
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B lue V itr io l.............................................................. 8 7« 9» /i
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S u lfu r, r o l l ................................................................ . 100 Lbs. 1 .95 @ 2 .2 5
S u lfu ric  A cid, c h a m b e r , 6 6 ° ............................. ..........T o n $ 2 5 .0 0 @ —
S u lfu ric  A cid, conc ., sp . gr. 1 .842................. .100  Lbs. 2 .5 0 @ 3 .0 0
S u lfu r ic  A cid, o leum  (fu m in g ) ........................ ..........T o n 60 @ 70
T a lc , A m erican  w h ite .......................................... ..........T on 9 .0 0 @ 12 .0 0
T e rra  A lba, A m erican . N o . 1 .......................... .1 0 0  L bs. 75 @ 80
T in  B ich lo ride . 5 0 ° ............................................... ..........L b . 13V* @ 14
T in  O x id e .................................................................. ..........Lb . 42 44
W h ite  L ead , A m erican , d r y ............................. ..........Lb. 8 7«  @ —
Zinc C a rb o n a te ....................................................... ..........Lb. 24 @ 28
Zinc C h lo ride , co m m erc ia l................................ ..........Lb 13 @ 15
Zinc O xide, A m erican  p rocess  X X ............... ..........Lb . 10 @ 11
Zinc S u lfa te ............................................................. ..........L b . 67* @ 77«

O R G A N IC  C H E M IC A L S

A cetan ilid . C . P .. in  b b ls ................................................Lb. 65 @ 70
A cetic A cid. 60 per ce n t, in  b b ls .................... ..........Lb. 12 @ 13
A cetic  A cid , g lacial, 9 9 7 * % . in aa rb o y s  . . ..........L b 30 & 32
A cetone, d ru m s ....................... .............................. 40 —
A lcohol, d e n a tu re d . 180 p ro o f ........................ ..........G al. 47 48

A lcohol, g ra in , 188 p ro o f .............................. 2 .6 4 2 .6 6
A lcohol, w ood, 95 p e r  ce n t, re f in e d ......... 64 @ 66

A m yl A c e ta te ..................................................... 5 .2 5 @ 5 .5 0
A niline O il ............................................................ ...............L b . 30 @ 32
B enzoic A cid, e x -to lu o l.................................. ...............L b . 7 .5 0 @ 8 .0 0

B enzol, 90 per c e n t ......................................... 63 @ 65
C am p h o r, refined  in  b u lk , b b ls .................. ...............L b . 60 @ 61
C arbo lic  A cid, U . S. P .,  c ry s ta ls , d ru m s ............... L b . 50 @ 55
C arb o n  B isu lfid e ............................................... ...............L b . 6 67»
C arb o n  T e trach lo r id e , d ru m s , 100 gals .. .............. Lb . 177* ® 18
C h lo ro fo rm .......................................................... 48 50
C itric  A cid, do m estic , c ry s ta ls ................... ...............L b . 64 67
C resol, U . S. P ................................................... ...............G al. 70 0 ) 75
D ex trin e , co rn  (carloads , b a g s ) ................. . .  . 100 L bs. 3 .5 0 @ 3 .5 5
D ex trin e , im p o rted  p o ta to ........................... ...............Lb . 12 @ 13
E th e r , U. S. P .. 1900...................................... ...............Lb . 15 20
F o rm a ld eh y d e , 40 p e r  c e n t .......................... ...............Lb . 11 1 1 7 *
G lycerine , d y n a m ite , d ru m s  in c lu d e d .. . ...............L b . 35 @ 36
O xalic A cid, in  c a sk s ...................................... ...............Lb. 59 61
P yroga llic  A cid, resu b lim ed  b u lk .............. ...............Lb . 2 .8 0 @ 2 .8 5
S alicylic  A c id ...................................................... ...............L b . 2 .1 0 @ 2 .2 0

S ta rc h , c a s s a v a .................................................. ...............L b . 3 7« @ 4 7 »
S ta rc h , co rn  (carloads , bags) p e a r l .......... . . .  100 L bs. 2 .5 5 2 .6 1
S ta rc h , p o ta to .................................................... ...............L b . 6 @ 6 7 *
S ta rc h , r ic e .......................................................... ...............L b . 8 @ 10

S ta rc h , s a g o ........................................................ ...............L b . 3 7 * @ 4
S ta rc h , w h e a t .......................................‘. ........... ...............Lb . 5 @ 6

T a n n ic  A cid , co m m erc ia l.............................. ...............L b . 62 @ 64
T a r ta r ic  A cid, c ry s ta ls ................................... ...............Lb . 66 @ 68

O IL S , W A X E S , E T C .

B eesw ax, p u re , w h ite ...................................... ...............L b . 37 @ 39
B lack  M in e ra l Oil, 29 g r a v i ty .................... 137» —
C a s to r  Oil, N o . 3 .............................................. 14 15
C eresin , y e llo w .................................................. ...............Lb . 10 @ 14
C orn  O il, c r u d e ................................................. 7 .7 5 @ 7 .8 5
C o tto n se ed  O il, c ru d e , f. o. b . m ill........... 71 @ 72
C o tto n se ed  O il, p . s. y .................................... 107« @ —
C reoso te , b eech w o o d ....................................... 3 .0 0 @ 3 .2 5
C y lin d e r Oil, lig h t, f il te red .......................... 21 @ —
F use l O il, c ru d e ................................................. ...............L b . 4 .5 0 @ 4 .6 0
J a p a n  W a x .......................................................... ...............L b . 14 @ 147*
Larcf O il, p rim e  w in te r ................................... 1.C5 @ 1 . 1 0
L inseed Oil, raw  (ca r lo ts ) ............................ ...............G al. 72 @ —
M en h ad en  O il, c ru d e  (s o u th e rn ) ............... ...............G al. 49 @ 50
N a p h th a . 68 @ 7 2 ° ......................................... 367« <§> 377»
N e a t’s-foo t O il, 2 0 ° .......................................................... G al. 1 .0 8  @ 1 .10
P araffine , c ru d e , 120 m . p .............................................L b . 7 @ —
P araffine  O il, h igh  v isc o s ity .......................................... G al. 2 9 1/»  @ 30
R osin , " F ”  G rad e , 280 lb s .............................................B b l. 6 .75
R osin  Oil, first r u n . . . ..................................................... G al. 29 @ 31
Shellac, T . N ........................................................................L b . 30  @ 31
S p erm a ce ti, c a k e ................................................................L b . 25 @ 26
S perm  Oil, b leached  w in te r, 3 8 ° ................................G al. 80 @ 82
S p ind le  Oil, N o . 2 0 0 ........................................................ G al. 24 @ 25
S tea ric  A cid, d o u b le -p re ssed ..........................................L b . 127* @
T allow , ac id le ss .................................................................. G al. 80 @ 81
T a r  O il. d is ti lle d ................................................................ G al. 40  @ 41
T u rp e n tin e , sp ir its  o f ................................... .................. G al. 45 @ —

M E T A L S

A lum inum , N a . 1. in g o ts ................................... ..........L b . 58 @ 59
A n tim o n y , o rd in a r y ............................................. ..........Lb . 13 @ 15
B ism u th , N . Y ........................................................ 3 .0 5 <a> 3 .  10
C opper, e le c tro ly tic .............................................. 2 67 *
C opper, la k e ............................................................ 27
L e ad , N . Y ................................................................ .1 0 0  L bs. 6 .5 0 @ 6 .7 5
N icke l, e le c tro ly tic ............................................... ..........Lb . 45 @ —
N icke l, s h o t a n d  in g o ts ...................................... ..........L b . 50 @ —
P la tin u m , re f in e d ................................................... 6 0 .0 0 @ 6 5 .0 0
S ilv e r ........................................................................... 667«
T i n ................................................................................ 3 8 7 «  @ 387«
Zinc. N . Y ................................................................. 10

F E R T IL I Z E S  M A T E R IA L S

A m m onium  S u lfa te .............................................. .1 0 0  L bs. 3 .4 5 @ 3 .5 0
B lood, d ried  F O B  C h ic a g o ........................... ..........U n it 2 .9 0
B one, 4 7 *  a n d  50, g round , r a w ...................... ..........T o n — —
C alc iu m  C y a n a m id ..............................U n it  of A m m onia 2 .5 5
C alc iu m  N itra te ,  N o rw e g ia n ........................... .100  L bs. —
C a s to r  M e a l ............................................................. —
F ish  S crap , dom estic , d rie d , f. o. b. w orks 3 .2 5 & 10
P h o sp h a te , a c id ..................................................................U n it 80 86

P h o sp h a te  ro ck ; f. o. b . m ine:
F lo r id a  la n d  pebb le , 68 p e r  c e n t .......... 2 .7 5 3 .0 0
T ennessee , 7 8 -8 0  p e r  c e n t ....................... 5 .0 0 5 .5 0

P o ta s s iu m  “ m u r ia te .”  basis  80 p e r  c e n t . . . 3 5 0 .0 0 @ 4 0 0 .0 0
P y rite s , fu rn ace  size, im p o r te d ..................... 16 @ —
T a n k a g e , h ig h -g rad e ; f. o. b . C h ic ag o . — 2 .5 0 & 10



Sept., 1916 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 35

Trouble-Free 
Service

with highest 
possible efficiency
T h e Rotary Sulphur Burner insures 
Complete Combustion of Brim
stone. A  slowly revolving drum 
causes continuous agitation of the shallow bed of molten sulphur which remains at 
the bottom of the drum. Not only is the bed burning fiercely from its own heat, 
but the entire inside surface of the drum, being lined with a thin film of liquid sul
phur carried around by the revolving process, is also a mass of flames. Absolute 
oxidation of all the sulphur results and there is no sublimation. T h e  Rotary Sulphur 
Burner will take care of .your maximum hourly sulphur consumption. G ive us these 
figures and w e will recommend a suitable size of apparatus to meet your conditions.

We w ill o ccu p y  space five a t  th e  S eco n d  N a tio n a l E xposition  o f  C h em ica l In d u s tr ie s ,
G rand  C en tra l Palace , N ew  Y ork , w eek o f  S e p t. 2 5 th .

Glens Falls Machine Works, G lens F ails, N ew  York

M ER C K ’S
B l u e  L a b e l  R e a g e n t s

are tested according to the book 
of standards, “Chem ical R e 
agents: Their Purity and Tests.” 
The analysis is on every label. 
Instruct your dealer to send you 
M erck’s “blue label” goods only.
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A L P H A B E T IC A L  L IST  OF A D V E R T IS E R S
See pages 38-46 for Classified List of Chemical Equipment
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P age
A bbe E n g in e e r in g  C o ...............................................  58

222 B ro ad w ay , N . Y . C.
A b b o tt, W . G ., J r  ....................................... 107

W ilto n , N . H .
A m erican  A p p a ra tu s  C orp ......................................  74

9-11  E . 16th  S t..  N . Y . C .
A m erican  P la t in u m  W o rk s ....................................  SO

225-231  N ew  Je rs e y  R . R . A ve., N ew ark ,
N . J.

A ngel & C o., H . R e e v e .......................................... 18 -19
120 L ib e r ty  S t . .  N . Y . C .

B ad g e r & S o n s  C o., E . B .......................................  6 -7
63 P i t t s  S t . ,  B o s to n , M ass.

B ad isc h e  C o ..................................................................  94
128 D u an e  S t.,  N  Y . C.

B ak e r  & C o., I n c ........................................................  79
N ew ark , N . J .

B a k e r  C hem ica l C o., J .  T ............................   92
P h illip sb u rg , N . J .

B a ltim o re , M d ., C ity  o f ...........................................  101
H . K e n t M cC ay , H a rb o r  E n g in ee r

B a r r e t t  C o ., T h e ..........................................   39
17 B a t te ry  P I., N . Y . C.

B au sch  &  L om b O p tica l C o ..................................  78
R o ch e ste r. N . Y .

B e th le h e m  F o u n d ry  & M a ch in e  C o .................. 27
124 S, F r o n t  S t., So. B e th leh em , P a .

B ishop  &  C o., J . ,  P la t in u m  W o rk s .................... 80
M a lv e rn , P a .

B la k is to n ’s  S on  & C o., P .......................................  110
1012 W a ln u t S t . ,  P h ila d e lp h ia , P a .

B oo th  A p p a ra tu s  C o ...................................   110
D illav e  B ldg ., S y racu se , N . Y .

B ra u n  C o rp o ra tio n .....................................................  —
363 N ew  H ig h  S t.,  L os A ngeles, Cal.

B ra u n -K n e c h t-H e im a n n  C o ..................................  84
576 M ission  S t.,  S an  F ran c isc o , Cal.

B r ic k e n s te in , J o h n  H ...............................................  106
918 F  S t.,  N . W ., W a sh in g to n , D . C .

B row n In s tru m e n t  C o ......................................... . .  61
W a y n e  a n d  R o b e r ts  A ves., P h ila d e lp h ia ,

P a .
B u cy ru s  C opper K e tt le  W o rk s ............................. 51

B u cy ru s , O hio.
B uffalo D e n ta l M fg. C o ...........................................  S3

B uffalo . N . Y .
B uffalo  F o u n d ry  & M a c h in e  C o  3 0 -3 1 -3 2 -3 3

6 W in ch es te r A ve., B uffalo , N . Y.

C a n a d ia n  C hem ica l & C ons. C o ......................... 104
T e m p le  B ld g ., T o ro n to , O n t.

C ape E xp losives W o rk s , L t d ................................. 110
15 S t. S w ith in 's  L an e , L o n d o n , E . C.

C a rr ie r  E n g in e e r in g  C orp’n ...................................  54
39 C o r tla n d t S t. ,  N . Y . C.

C h ad w ick -B o sto n  L e ad  C o ....................................  65
160 C ongress  S t . ,  B oston , M ass.

C h em ica l P u b lish in g  C o .......................................... 112
300 D elaw are  S t . ,  E a s to n , P a .

C la ss if ied  A d v e rtise m e n ts , W a n t A d v e rtise 
m e n ts ................................................................108-109

C la ss ified  L is t o f C h em ica l E q u ip m e n t..........
.......................................................... 3 S -4 0 -4 2 -4 4 —46

C leveland  B ra s s  M fg . C o ........................................ 39
4608 H a m ilto n  A ve., C le v e la n d . O.

C o lu m b u s L a b o ra to r ie s ...........................................  106
C h icago , III.

C orn ing  G la ss  W o rk s ...............................................  77
C o rn in g , N . Y .

C row ell M fg . C o .........................................................  34
290 T a affe  P lace , B ro o k ly n , N . Y .

D e a rb o rn  C h em ica l C o ............................................  92
M cC o rm ick  B ld g ., C h icago , 111.

D ev in e  C o., J .  P ........................................................ 2 8 -2 9
B uffalo , N . Y.

D ixon  C ruc ib le  C o ., J o s e p h ...................................  80
Je rse y  C ity , N . J .

D o rr  C o ............................................................................ 5
1009 17 th  S t., D en v e r , C olo.

D r iv e r -H a rr is  W ire  C o ............................................  70
H arr iso n , N . J .

d u P o n t d e  N em o u rs  & C o., E . I ...................   103
W ilm in g to n , D el.

D u riro n  C as tin g s  C o .................................................  25
90 W est S t. ,  N . Y . C .

E b e rb a c h  & S on  C o., I n c .......................................  77
A nn  A rb o r, M ich .

E im e r & A m e n d ................................   1 -1 1 4 -1 1 5
205 T h ird  A ve., N . Y . C

E lec tric  H e a tin g  A p p a ra tu s  C o ............................  70
133-137 E a s t  1 6 th  S t . ,  N . Y . C .

E lec tro  B le ach in g  G as  C o ......................................  93
18 E a s t  4 1 s t S t . ,  N . Y . C.

E ly ria  E n a m e le d  P ro d u c ts  C o ..............................  67
E ly r ia , O.

E n g e lh a rd , C h a s .........................................................  60
30 C h u rc h  S t . ,  N . Y . C .

F a rb w e rk e -H o e c h s t C o ...........................................  107
122 H u d so n  S t . ,  N . Y . C .

F o s te r , A. B ...................................................................  107
726 9 th  S t . ,  W a sh in g to n , D . C .

F ry  G la ss  C o ., H . C ................................................... 75
R o ch e ste r, P a .

G e n e ra l B ak e lite  C o .................................................. 54
100 W illiam  S t . ,  N . Y . C.

G e n e ra l C hem ica l C o ................................................ 94
25 B ro ad  S t . ,  N . Y . C.

G e n e ra l C h em ica l C o., B a k e r  & A d am so n
W o rk s .....................................................................  100

E a s to n , P a .
G e n e ra l E lec tric  C o ...................................................  4

S c h en e c tad y , N . Y .
G e n e ra l F iltra tio n  C o., I n c ..................................... 22

C u tle r  B ld g ., R o ch e ste r , N . Y .

P ag e
G e rm an -A m e rica n  S to n e w a re  W o rk s   69

50 C h u rch  S t.,  N . Y . C .
G e rm a n  K ali W o rk s ....................................................  41

42 B ro ad w ay , N . Y . C .
G len s  F a lls  M ach in e  W o rk s ................................. 35

G lens F a lls , N . Y.
G re in e r  C o ., E m il ....................................................... 110

F u lto n  a n d  C liff S ts ., N . Y . C .
G rie b e l I n s tru m e n t  C o ...............................................  73

C a rb o n d a le , P a .
G u a ra n te e  C o n s tru c tio n  C o ................................... 51

148 C e d a r  S t . ,  N . Y . C .
G u e rn s e y  E a r th e n w a re  C o ....................................  105

C am b rid g e , O.

H a ll & P a u l ................................................................... 106
E m p ire  B ldg ., P i t t s b u rg h , Pa.

H an o v ia  C h em ica l & M fg . C o .............................  73
N e w a rk , N . J .

H e il C hem ica l C o., H e n r y .....................................  90
210 So. 4 th  S t . ,  S t. L ou is, M o. •

H e rm a n  & H e rm a n , I n c .........................................  87
6 C h u rc h  S t . .  N . Y . C.

H e rs e y  C o., L td ., M il to n .......................................  102
198 B ro ad w ay , N . Y . C .

H o d g e s  W a te r  S till C o ............................................  11
W o o d b u ry , N . J .

H o o k e r  E lec tro c h em ica l C o ................................... 85
40 W all S t . ,  N . Y . C .

H o sk in s  M fg. C o ..........................    73
449 L a w to n  A ve., D e tro i t ,  M ich .

H o w a rd  &  M o r s e ....................................................... 85
45 F u lto n  S t.,  N . Y . C.

H u b b a rd ’s  S o n s, N o rm a n ......................................  51
267 W a te r  S t . ,  B ro o k ly n , N . Y .

In d u s tr ia l  F iltra tio n  C o rp o ra tio n ....................... 20-21
115 B ro ad w ay , N . Y . C.

In s t i tu te  of In d u s tr ia l  R e s e a rc h .......................... 106
W a sh in g to n . D . C .

In te rn a tio n a l E q u ip m e n t C o .................................. 80
352 W e ste rn  A ve., B o s to n , M ass.

In te rn a tio n a l F ilt ra tio n  C orp’n ........................... 20 -21
115 B ro ad w ay , N . Y . C .

In te rn a tio n a l G la s s  C o ., C a lo ris  D e p t ...............  72
M illv ille  N . J .

In te rn a tio n a l O xygen  C o ........................................  56
115 B ro ad w ay , N . Y . C.

Ja c o b y , H e n ry  E .........................................................  66
9 5 -9 7  L ib e r ty  S t.,  N . Y . C .

K elly  F ilte r  P r e s s  C o ................................................ 43
S a lt  L a k e  C ity , U ta h .

K ie se lg u h r  Co. o f A m e ric a ....................................  84
11 B ro a d w a y , N . Y . C .

K n ig h t, M a u ric e  A ..................................................... 116
K elley  A ve., E a s t  A k ro n , O.

L a b o ra to ry  Supp ly  C o ............................................... 76
F a c to ry  S t. a n d  F ir s t  A ve., C o lu m b u s, O.

L e e d s  & N o rth ru p  C o .................................................  83
4907 S te n to n  A ve., P h ila d e lp h ia , P a .

L eh igh  C ar, W h e e l & A xle W o rk s .................... 13
C a ta s a u q u a , P a .

•Lenz & N a u m a n n , I n c .............................................  74
9 -1 1  E a s t  16 th  S t.,  N . Y . C.

L evin , I s a a c  H ..................................    106
1S6 H illside  A ve., N e w a rk , N . J .

L ittle , In c ., A rth u r  D ................................................  106
93 B ro ad  S t . ,  B o s to n . M ass.

L o n g m an s , G re e n , &  C o ........................................ 112
F o u r th  A ve. & 3 0 th  S t.,  N . Y . C .

L u m m u s  C om pany , W a lte r  E .................................. 55
173 M ilk  S t. .  B o s to n , M ass.

L ungw itz , E m il E ..........................................................  43
30 C h u rch  S t. ,  N . Y . C.

M a c b e th -E v a n s  G la s s  C o.........................................  71
P it t s b u rg h . P a .

M c N a m a ra , M ...............................................................  107
171 B ro ad w ay , E v e re t t .  M ass.

M a llin c k ro d t C h em ica l W o rk s ............................. 34
S t. L ou is. M o

M a n tiu s , O t to ................................................................ 107
W ool w o rth  B ldg .. N .  Y . C.

M a rd e n , O r th  & H a s tin g s  C o., I n c ..................   99
61 B ro ad w ay , N . Y . C .

M a rs h , C la ren ce  W ....................................................  103
201 D ev o n sh ire  S t . ,  B o s to n , M ass.

M a s sa so i t  M fg . C o ....................................................  —
F a ll R iv e r , M ass.

M e rc k  & C o .  .............................................................. 35
45 P a rk  P lac e , N . Y . C .

M in e  & S m e lte r  Supp ly  C o ..................................  59
D en v e r, Colo.

M itc h e ll L im e C o .........................................................  102
M itc h e ll , In d .

M u n n , W . F a i to u te .....................................................  107
518 M a in  S t. ,  E a s t  O range, N . J .

N a tio n a l A niline & C h em ica l C o ...........................  S9
100 W illiam  S t . ,  N . Y . C .

N a tio n a l E x p o sitio n  of C h em ica l I n d u s t r ie s . .  I l l  
G ra n d  C e n tra l P a la ce , N . Y . C .

N ew  J e r s e y  Zinc C o ..................................................... S5
55 W all S t . .  N . Y . C .

N ey , In c .,  A. H ............................................................  107
50 C h u rc h  S t . ,  N . Y . C.

N o rto n  C o .......................................................................... 64
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A  Perfected N itro Extractor
T h e  30" underdriven nitrocellulose dryer il

lu strated  in th is ad vertisem en t has been developed 
a fter  yea rs  of close stu d y  o f the problem s in volved  
b y  our experts, and is offered to  the trade as the 
acm e of a tta in m en t for d ry in g nitrocellulose.
I t  is also a  va lu a b le  m achine in other lines of 
chem ical m anufacture w here a  b otto m  discharge 
is n ot required.

The basket is self-balanced; the belt drive is in line with 
the center of oscillation, and a powerful brake gives easy 
control.

The openings are large for extracted liquor and for re
moving fumes.

The bearings are ball thrust and bronzed bushed radial.

The machine is arranged for a removable inner basket.

When desired the sub-base will be made with flanges 
near the top, into which the operating floor can be sealed.

Acid cannot get under the machine from the outside.

O ur E xh ib it w ill be in  Space  N o. 98 a t th e  C hem ica l 
E xposition , G rand  C en tra l Palace

Schaum  & Uhlinger, Inc.
G le n w o o d  A v e n u e  a t  S e c o n d  S t r e e t  

P H IL A D E L P H IA , U . S . A.

Schaum & Uhlinger CENTRIFUGALS

We A gree to Demonstrate 
the Results We Guarantee

This is a part of our contract when we design and construct

Sulphuric Acid Plants
(Operating under the Patented Pratt Processes)

A l‘ ° 66° and 97;% Concentrating Plants
We Design and Build

Acid Machinery and Apparatus
Exhausters, Eggs, Valves, Dampers, Blow Boxes, Furnaces for Brimstone 
and Pyrites, Nitre Oven Iron Work, Iron Flues, Special Castings

Evaporators, Pulverizers, Wet and Dry Mixers 

Pratt Engineering &  Machine Co.
M a i n  O ffice  a n d  W o rk s : D is t r i c t  O ffice :

A tlanta, G a. 61 Broadway, New York C ity
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Absorption Towers

D u riro n  C as tin g s  C o ., N . Y . C . 
G erm an -A m e rica n  S to n ew are  W ks.. N . Y . C . 
K n ig h t, M au ric e  A .. A kron , O hio.
L u m m u s  C o .. T h e  W a lte r  E .,  B o s to n , M ass. 
P r a t t  E n g . & M ach . C o ., A tla n ta ,  G a . & N .Y .C . 
R o b in so n  C lay  P ro d u c t C o ., A kron , O.
S te ig er T e r ra  C o tta  a n d  P o tte ry  W orks , S an  

F ran c isco . C al.
U . S. S to n ew are  C o .. T h e , A k ro n . O.

Acetylene and Oxy-Acetylene Generators 
and Equipment

I n te rn a tio n a l O xygen  C o ., N . Y . C .
Acid and Alkali Resistant Apparatus

E ly ria  E n a m e led  P ro d . C o ..E ly r ia .O ., & N .Y .C . 
P fau d le r C o .R o c h e s te r .N .Y ., D e tro it. & N .Y .C . 
P r a t t  E n g , & M ach . C o ., A tJa n ta , G a . & N .Y .C .

Acid Colors
M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C .

Acid Eggs
B eth leh e m  F d 'y  & M ach . C o ., So. B e th ., P a . 
B uffalo  F d y  & M ch . C o ., B uffalo , N . Y . 
D ev in e  C o., J .  P ., B uffalo , N . Y .
Jaco b y . H en ry  E .. N . Y . C.
P r a t t  E n g . & M ach . C o ., A tla n ta , G a . & N .Y .C .

Acid Pitchers
B au sch  & L o m b  O p tic a l C o .; R o c h e s te r , N . Y . 
K n ig h t. M au ric e  A .. A kron , O hio.
R o b in so n  C la y  P ro d u c t C o.. A kron , O.
S te ig e r T e r ra  C o t ta  a n d  P o t te ry  W o rk s , S an  

F ra n c isc o , C al.
I) . S . S to n ew are  C o .. T h e , A kron . O.

Acid Proof Brick
B au sch  & L om b  O p tic a l Co.,' R o c h e s te r , N . Y . 
G erm an -A m e rica n  S to n ew are  W orks, N .Y .C .  
K n ig h t, M . A ., A kron  (E a s t  S id e), O hio. 
R o b in so n  C la y  P ro d u c t C o ., A kron . O.
S te ig er T e r ra  C o tta  a n d  P o tte ry  W orks. S an  

F ran c isc o , C al.
T h e rm a l S y n d ic a te , L td . ,  N ew  Y o rk  C ity .
U. S. S to n ew are  C o .. T h e , A kron . O

Acids
H e rm a n  & H erm a n , In c .,  N . Y . C .
M a rd e n , O r th  & H a s tin g s  C o ., In c .,  N . Y . C .

Acid: Acetic 
Carbolic 
Citric
Hydrochloric
Hydrofluoric
Lactic
Mixed
Nitric
Oleum

M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C .
Acid, Oxalic 

M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C . 
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Acid, Sulphuric
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C . 
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Acid, Tartaric
W ia rd a , Jo h n  C . & C o ., B ro o k ly n , N . Y.

Acid W are (Vitrified Clay)
R o b in so n  C la y  P ro d u c t C o ., A k ro n . O.
S te ig e r T e r ra  C o tta  a n d  P o tte ry  W ork*. Sun 

F ran c isc o , C al.
Acid Valves

C h a d w ic k -B o sto n  L e ad  C o ., B o s to n , M ass  
C leveland  B rass  M fg. C o., T h e , C lev e lan d . O 
P r a t t  E n g . & M ach . C o .. A tla n ta . G a & N .Y .C  
Y o rk  M a n u fa c tu r in g  C o ., Y ork , P a

Agitators, or Mixers
D ev in e  C o ., J .  P .,  B uffalo , N . Y .
D o rr  C o ., T h e , D en v e r, C ol. & N . Y . C . 
G en e ra l F i l t r a t io n  C o , In c .. R o ch e ste r. N . Y 
P fa u d le r  C o.. R o c h e s te r .N .Y  . D e tro i t  & N .Y .C  
P r a t t  E n g . & M a c h . C o .. A tla n ta ,  G a. & N .Y .L  
W ern e r & P fle id ere r C o .. S ag in aw . M ich

Air Compressors
A bbé E n g in ee rin g  C o ., N . Y . C ity .
C row ell E n g in ee rin g  C o.. B ro o k ly n . N . Y. 
G en era l E lec tric  C o ., S c h e n e c ta d y . N . Y. 
H u b b a rd ’s S ons. N o rm a n . B ro o k ly n . N . \ .

Air Washers
C a rr ie r  E n g in ee rin g  C o rp ., N . Y . C .

Aluminum Compounds 
Alum
Aluminum Sulphate

M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C .
Alum

W iard a , Jo h n  C . & C o ., B ro o k ly n , N . Y .
Ammeters

B row n  In s tru m e n t  C o .. P h ila d e lp h ia . P a
Ammonia

U n g er. J o h n  S .. C h ic ag o . III.

Ammonia, Carbonate
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Ammonia, Fluoride
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y . 

Ammonia, Muriate
W iard a , J o h n  C . & C o ., B ro o k ly n , N . Y. 

Ammonium Compounds —  Ammonium 
Nitrate
M a rd e n , O r th  & H a s tin g s  C o ., In c .,  N . Y . C .

Ammonia Fittings and Supplies
Y o rk  M a n u fa c tu r in g  C o., Y o rk , P a .

Analysis— Gas Apparatus
B au sch  & L o m b  O p tic a l C o ., R o ch e ste r , N . Y. 
B ra u n  C o rp o ra tio n , L os A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  Co .. S an  F ran c isc o ,C a l. 
E b e rb a c h  & S on  C o ., A nn  A rb o r. M ich .
E im e r  & A m end , N ew  Y o rk  C ity  
H eil C h em . C o .. H en ry . S t. L ouis. M o 
L enz & N a u m a n n , In c ., N . Y . C.
P a lo  C o m p a n y , N . Y . C.
S arco  C o .. In c ., N ew  Y ork  C ity .
S cien tific  M a te r ia ls  C o ., P it t s b u rg , P a . 

Analytical Apparatus
B ausch  & L om b  O p tic a l C o., R o ch e ste r . N . Y . 
B rau n  C o rp o ra tio n , Los A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o .,S an  F rancisco .C aL  
B uffalo  D e n ta l M fg . C o., B uffalo , N  Y 
E b e rb a c h  & Son C o ., A nn  A rbo r. M ich  
E im er & A m end , N ew  Y o rk  C ity .
H eil C h em . C o ., H en ry , S t.  L ou is. M o 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O 
L enz & N a u m a n n , In c ., N . Y . C .
P a lo  C o m p a n y , N . Y . C .
S a rg e n t & C o ., E . H ., C h icago . 111.
S cien tific  M a te r ia ls  C o., P i t tsb u rg . P a . 
T h o m as  C o., A r th u r  H ., P h ila d e lp h ia  P a .

Analytical Laboratories
C o lu m b u s  L a b o ra to r ie s , C h icago . 111.
D e a rb o rn  C hem ica l C o., C h icago . 111.
S a d tle r  & S on , S am u e l P ..  P h ila d e lp t a. 

Antimony, Needle 
W iard a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Asphalt Flow Plates
H o w a rd  & M orse , N . Y . C.

Bakelite
G en era l B ak e lite  C o .. N ew  Y ork  C ity .

Balances and Weights 
B ausch  & L orab  O p tica l C o ., R o ch e ste r , N . Y . 
B ra u n  C o rp o ra tio n , Los A ngeles. C alif. 
B ra u n -K n e c h t-H e im a n n  C o ..S a n F ra n c isc o ,C a l. 
E b e rb a c h  & Son C o ., A nn  A rb o r, M ich .
E im e r & A m end . N ew  Y o rk  C ity .
H eil C h em . C o ., H en ry , S t.  L ou is. M o. 
L a b o ra to ry  S u p p ly  C o .. C o lu m b u s, O.
L enz & N a u m a n n , In c .. N . Y . C.
M ine & S m e lte r  S u p p ly  C o ., D en v e r , S a lt 

L a k e  C ity , E l  P aso , N . Y . C .
P a lo  C o m p a n y , N . Y . C .
S a rg en t & C o ., fî. H . .C h icago , 111.
S cien tific  M a te r ia ls  C o .. P itt s b u rg , P a .
T h o m a s  C o .. A r th u r  H ., P h ila d e lp h ia , P a .

Barium Carbonate
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Barium Chloride
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C . 
W ia rd a , J o h n  C . & Co.- B ro o k ly n , N . Y . 

Barium Nitrate
M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C. 
W ia rd a , Jo h n  C . & C o ... B ro o k ly n , N .  Y.

Basic Colors
M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C .

Belt Cement
S ch ie ren  C o., C h as . A .. N . Y . C .

Belt Dressing
S ch ie ren  C o., C haa . A ., N . Y . C .

Blanc Fixés
M a rd e n , O r th  8c H a s tin g s  C o ., In c ., N . Y . C . 
W ia rd a , Jo h n  C . & C o ., B roo k ly n ,^ N .^ Y .

Blue Vitriol
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y .

Boilers
S ow ers M fg. C o ., B uffalo . N . Y.

Boiler W ater Treatment
D e arb o rn  C h em ica l C o., C h icago , 111.
M erck  & C o .. N . Y . C.

Blowers
A bbé E n g in ee rin g  C o ., N . Y . C.
C row ell M fg. C o .. B ro o k ly n . N . Y .
P r a t t  E n g . & M ach . C o .. A tla n ta . G a .'& jN .Y .C .

Bolting Cloth
A bbé E n g in eerin g  C o ., N . Y . C.

Bone Ash
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y . 

Boiler Insulation
K iese lg u h r C o. of A m erica , L os A ngeles, C alif.

Boiler Settings
K iese lg u h r C o. of A m erica , L os A ngeles, C alif.

Bone Black
B o o th  A p p a ra tu s  C o ., S y racu se , N . Y.

Books
B la k is to n ’s Son & C o ., P .,  P h ila d e lp h ia , P a . 
C h em ica l P u b lish in g  C o., T h e , E a s to n . P a . 
L o n g m an s , G reen  & C o., N ew  Y o rk  C ity .
V an  N o s t ra n d  C o ., D .. N . Y . C.

Borax
W ia rd a , J o h n  C . & C o ., B ro o k ly n , N . Y . 

Brick— Heat Insulating
K iese lg u h r C o. of A m erica , L os A ngeles, C alif.

Briquette Molds
H o w a rd  & M orse , N . Y . C .

Brimstone, Crude
U n io n  S u lp h u r  C o ., N ew  Y o rk  C ity .

Brinell Machines
S cien tific  M a te r ia ls  C o ., P i t t s b u rg h ,  P a .

Brokers (Chemicals)
H e rm a n  & H e rm a n , In c .,  N . Y . C .

Burners—Gas and Oil
B au sch  & L o m b  O p tic a l C o ., R o c h e s te r , N . Y . 
B ra u n  C o rp o ra tio n , L os A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o .. S an  F ran c isc o .C a l. 
B uffalo D en ta l M fg . C o .. B uffalo . N  Y. 
E b e rb a c h  & Son C o., A nn  A rbo r, M ich .
E im er & A m end , N ew  Y ork  C ity .
H e il C hem . C o .. H e n ry , S t.  L ou is. M o. 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O.
L enz & N a u m a n n . In c ., N . Y . C .
P a lo  C o m p a n y , N . Y . C .
S a rg e n t, E . H . & C o.. C h icago , 111.
S cien tific  M a te r ia ls  C o ., P itt s b u rg , P a .

Burners—Pyrites
P r a t t  E n g . & M a c h . C o ., A tla n ta , G a . & N .Y .C .

B urners—Sulphur
P r a t t  E n g . & M a c h . C o., A tla n ta ,  G a . & N .Y .C

Burners—Sulphur (Rotary)
G lens F a lls  M ach in e  W orks, G len  F a lls , N . Y.

Calorimeters—Fuel and Gas
B au sch  & L om b  O p tic a l C o.. R o c h e s te r , N . Y . 
B ra u n  C o rp o ra tio n , L os A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o .,S an  F ran c isc o ,C a l. 
E im e r & A m en d . N ew  Y o rk  C ity .
H eil C h em . C o ., H e n ry , S t.  L ou is. M o.
L enz & N a u m a n n , In c ., N . Y . C .
P a lo  C o m p a n y , N . Y . C .
S arco  C o ., In c ., N ew  Y o rk  C ity .
S a rg e n t, E . H . & C o., C h ic ag o . 111.
S cien tific  M a te r ia ls  C o .. P itt s b u rg , P a .
T h o m a s  C o .. A r th u r  H ., P h ila d e lp h ia . P a .

Calcium Compounds
Bleaching Powder 
Calcium Carbonate 
Calcium Hydrate 
Calcium Hypochlorite 
Calcium Oxide 
Calcium Phosphate 

M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C.
Capsules

B au sch  & L o m b  O p tic a l C o ., R o c h e s te r , N . Y . 
N o rto n  C o ., W o rce ste r, M ass.
T h e rm a l S y n d ic a te , L td . ,  N ew  Y o rk  C ity .

Carboy Stoppers
B au sch  & L om b  O p tic a l C o ., R o c h e s te r , N . Y. 
K n ig h t. M a u ric e  A .. A kron  O hio 
L eh igh  C a r , W heel & A xle W k s ., F u lle r to n , P a . 
S te ig e r T e r ra  C o tta  a n d  P o tte ry  W o rk s, S an  

F ran c isc o , C al.
Car Wheels 

L e h ig h  C a r, W heel & A xle W k s ., F u lle r to n , P a . 
Castor Oils 

M a rd e n , O r th  & H a s tin g s  C o .. In c .,  N . Y . C .
Castings (Acid and Heat Resisting) 

B eth leh e m  F d ’y  & M a c h . C o ., So. B e th .,  P a . 
B uffalo  F d y  . & M ch . C o .. B uffalo , N . Y . 
D ev in e  C o ., j .  P ., B uffalo , N . Y .
D u riro n  C as tin g s  C o ., N . Y . C .
Ja c o b y , H en ry  E ., N . Y . C .
P acific  F o u n d ry  C o ., S an  F ran c isc o , C al.
P r a t t  E n g . & M a c h . C o., A tla n ta ,  G a . & N .Y .C .

Castings (Chemical)
B eth leh e m  F d y . & M a c h . C o ., S o .B e th le h e m ,P a . 
B u ffa lo  F d y . & M ch  C o .. B uffalo , N . Y . 
D ev in e  C o., J .  P .,  B uffalo , N . Y .
D u riro n  C a s tin g s  C o ., N . Y . C .
Ja c o b y , H e n ry  E ., N . Y . C.
P acific  F o u n d ry  C o ., S an  F ra n c isc o , C a l.
P r a t t  E n g . & M ach . C o ., A tla n ta , G a . & N .Y .C . 
S tev e n s-A y lsw o rth  C o ., N . Y . C .
W e rn e r & P fle idere r C o ., S ag in aw , M ich .

Caustic Pots
B uffalo  F d y . & M ch . C o ., B uffalo . N . Y . 
D ev in e  C o ., J .  P .,  B uffalo . N . Y .
P r a t t  E n g . & M a c h . C o ., A tla n ta ,  G a . & N .Y .C .

Caustic Soda 
G en era l C h em . C o ., N . Y . C . 
H o o k e r-E le c tro c h em ica l C o ., N . Y. C.

Cement Filler
T o c h  B ro th e rs , N . Y . C.

Cement Testing Apparatus 
S cien tific  M a te r ia ls  C o ., P i t t s b u rg h , P a .

Centrifugal Engineers 
S h a rp ie s  S p e c ia lty  C o ., T h e , W est C h e s te r  P a .

Centrifugals
B au sch  & L o m b  O p tic a l C o .. R o c h e s te r , N . Y . 
B rau n  C o rp o ra tio n , L os A ngeles. C alif. 
B ra u n -K n e c h t-H e im a n n  C o .. S an  F ranc isco .C aL  
In te rn a t io n a l  E q u ip m e n t C o ., B o s to n , M ass . 
S ch a u m  & U h lin g e r. In c . ,  P h ila d e lp h ia . 
S h a rp ie s  S p e c ia lty  C o .. T h e . W e st C h e s te r ,  P a . 
T o lh u rs t  M a c h in e  W o rk s , T ro y , N . Y.

Charcoal
B o o th  A p p a ra tu s  C o ., S y racu se . N . Y .

Chemicals
B ad ische  C o m p a n y , N ew  Y o rk  C ity .
B a k e r  & A dam son  C hem ica l C o ., E a s to n , P a . 
B a k e r  C h em ica l C o ., J .  T . ,  P h ill ip sb u rg , N . J . 
B au sch  & L om b  O p tic a l C o .. R o ch e ste r, N . Y . 
B ra u n  C o rp o ra tio n , L os  A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o.. S an  F ran c isc o .C aL  
D earb o rn  C h em ica l C o ., C h icago , 111. 
E b e rb a c h  & S on  C o ., A nn  A rb o r, M ich .
E im e r  & A m end , N ew  Y o rk  C ity  
G en era l C hem ica l C o .. N ew  Y o rk  C ity .
H eil C h em ica l C o., H e n ry . S t.  L o u is, M o . 
H e rm a n  & H e rm a n , In c .,  N . Y . C.
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L enz & N a u m a n n , In c ., N . Y . C .
M a llin c k ro d t C h em  C o . ,S t .  L ou is, M o.
M erck  & C o ., N ew  Y o rk  C ity .
M ine & S m elte r  S u p p ly  C o ., N ew  Y o rk  C ity . 
N a tio n a l A n iline  & C hem ica l C o .. N . Y . C. 
P a lo  C o m p a n y , N . Y . C .
Pfizer & C o .. C h arles . N ew  Y o rk  C itv .
P o w e rs-W eig h tm an -R o sen g arten  C o .,P h ila .. Pa. 
R oessler & H a sslach e r C hem ica l C o ., N . Y . C . 
S a rg e n t & C o .. E . H ., C h icago , 111.
S cien tific  M a te r ia ls  C o ., P itt s b u rg , P a .
S q u ib b  & S o n s. E . R .. N - Y . C.
T h o m as  C o .. A r th u r  H ., P h ila d e lp h ia , P a .

Chemical Castings
L eh igh  C a r , W heel & A xle W k s ., F u lle r to n , P a #

Chemical Glassware
B au sch  & L om b  O p tic a l C o ., R o c h e s te r , N . Y . 
C o rn in g  G lass  W o rk s. C o rn ing , N . Y .
E b e rb a c h  & S on  C o ., A nn  A rb o r, M ich .
F r y  G lass C o ., H . C ., R o ch e ste r. P a .
G riebel I n s t r u m e n t  C o ., C a rb o n d a le . P a . 
I n te rn a tio n a l G lass  C o ., M illv ille . N . J .  
L a b o ra to ry  S u p p ly  C o., C o lu m b u s, O. 
S cien tific  M a te r ia ls  C o .. P i t t s b u rg h , P a . 
W h ita ll T a tu m  C o ., P h ila d e lp h ia , P a .

Chemical Plants (Complete Installation)
D ev in e  C o., J .  P ., B uffalo , N . Y .
L u m m u s C o ., T h e  W a lte r  E ., B o s to n , M ass  
P r a t t  E n g . & M a c h . C o .. A tla n ta . G a. & N .Y .C .

Chemical Plants (Erected and Supervised)
G u a ra n te e  C o n s tru c t io n  C o ., N . Y . C .
M . M c N a m a ra , E v e re t t .  M ass.
P r a t t  E n g . & M a c h . C o ., A tla n ta ,  G a. & N .Y .C .

Chemical Reagents
B aker C hem . C o .. J . T . ,  P h illip sb u rg , N . J  
B ausch  & L o m b  O p tic a l C o .. R o ch e ste r . N . Y 
G en e ra l C h em ica l C o ., B a k e r  & A dam son  

W o rk s , E a s to n , P a .
M a llin c k ro d t C hem . C o ., S t. L ou is. M o . 
M erck  & C o .. N . Y . C .

Chloride of Lime
H o o k e r-E le c tro c h em ica l C o ., N . Y . C .

Chlorine— Liquid
B ad ische  C o m p a n y , N ew  Y ork  C ity .
E le c tro  B le ach in g  G as  C o ., N . Y. C

Chrome Alum
M a r  d en , O rth  & H a s tin g s  C o., In c ., N . Y . C . 

Chrome Oxide
W iard a , Jo h n  C . & C o., B ro o k ly n , N . Y.

Chrome Solution
M ard cn , O r th  & H a s tin g s  C o., In c ., N . Y . C .

Classifiers 
D o rr  C o ., T h e . D en v e r. C o l., & N . Y . C .

Classifiers or Washers
D o rr C o ., T h e , D en v e r, C ol.. & N . Y . C.

Clay (for Stoneware Products)
W o o d b rid g e In d .&  D^*rel. C o ., W oodbridge . N .J .

Coal-Tar Derivatives 
Benzol
Beta-Naphthol 
Dimethyl Aniline 
Dinitro-Naphthalene 
Dimethyl Aniline 
Naphthalene 
Picric Acid 
Salicylate, Soda 
Salicylic Acid 
Salol 
Toluol

M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C . 
Coal-Tar Products

M a rd e n , O r th  & H a s tin g s  C o ., In c ., N . Y . C. 
N a tio n a l A n iline  & C h em ica l C o ., N . Y . C .

Cocks— Plug (Acid Proof)
D u riro n  C as tin g s  C o.. N . Y . C.

. C o .. A tla n ta . G a . & 'N .Y .C . 
La a n d  P o tte ry  W orks, S an

Colorimeters
B ausch  & L om b  O p tic a l C o .. R o ch e ste r. N . Y 
B ra u n  C o rp o ra tio n , Los A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o ..S an  F ran c isc o . C al 
E b e rb a c h  & S on  C o ., A nn  A rb o r, M ich .
E im er & A m end . N . Y . C.
H eil C h em . C o.. H e n ry , S t L ou is, M o.
L enz & N a u m a n n . In c ..  N . Y . C .
P a lo  C o m p a n y , N . Y . C .
S a rg en t & C o .. E . H ., C h icago , 111.
S cientific  M a te r ia ls  C o .. P i ttsb u rg . Pa. 
T h o m as  C o .. A r th u r  H .. P h ila d e lp h ia . Pa.

Colors—Aniline and Alizarine
F arb w erk e -H o e c h s t C o ., N . Y . C .
N a tio n a l A niline a n d  C h em ica l C o .. N . Y . C .

Combustion Tubes and Boats
B ausch  & L om b  O p tic a l C o .. R o c h e s te r , N  Y. 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O 
N o rto n  C o .. W orceste r, M ass.
S cientific  M a te r ia ls  C o .. P itt s b u rg h , P a . 
T h e rm a l S y n d ica te , L td ..  N ew  Y o rk  C ity .

Condensers (Barometric and Surface)
B uffalo  F d y . & M ch . C o ., B uffalo . N . Y . 
D ev in e  C o ., J .  P .,  B uffalo , N . Y .
Ja c o b y , H e n ry  E ..  N . Y . C .
L u m m u s C o ., T h e  W a lte r  E .. B o s to n . M ass.

P r a t t  E n g . & M ach  
S te ig e r  T e r ra  C otl

Consulting Chemists and Chemicaf Engi- 
neers
A b b o tt, W . G .. J r . ,  W a sh in g to n , D . C .
F o s te r . A. B .. W a sh in g to n . D . C.
G u a ra n te e  C o n s tru c tio n  C o ., N . Y . C .
H a ll & P a u l, P i t t s b u rg h ,  P â .
H ersey  C o ., L td .,  M ilto n , N ew  Y o rk , M o n 

tre a l, W inn ipeg .
L ev in , I s a a c  H ., N e w a rk , N . J .
L ittle . A r th u r  D ., In c .,  B osto n , M ass.
M u n n . W . F a i to u te ,  E a s t  O ran g e , N . J .
N ey , A. H ., In c ., N . Y . C ity .
P r a t t  E n g . & M a c h . C o ., A tla n ta , G a . & N .Y .C . 
S a d tle r  & S ons. S am u e l P .. P h ila d e lp h ia , P a . 
S p ack m an  E n g . C o ., H e n ry  S ., P h ila d e lp h ia , P a . 
U n g er, J o h n  S ., C h icag o . III.

Contracting Engineers
G u a ra n te e  C o n s tru c t io n  C o ., N . Y . C .

Convertors—Rotary
G en era l E lec tric  C o., S c h en e c tad y , N . Y . 

Copper Carbonate
W iard a , Jo h n  C . & C o ., B ro o k ly n , N . Y .

Copper Oxide
W iard a , Jo h n  C . & C o ., B ro o k ly n , N . Y.

Copper Sulphate 
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C .

Copper Work (Special)
B u cy ru s  C o p p e r K e tt le  W orks, B u cy ru s , O.

Corn Oil (Extracted)
W oolner & C o .. P eo ria . TU.

Coverings for Pipes and Boilers
K iese lg h u r C o. of A m erica , L os A ngeles, C alif.

Critical Point Determination Apparatus
B row n  In s tru m e n t  C o ., P h ila d e lp h ia , P a . 
S cien tific  M a te r ia ls  C o.. P it t s b u rg h . P a .

Crucibles
A m erican  P la t in u m  W orks , N ew ark , N . J. 
B ak e r  & C o., In c ., N ew ark , N . J .  (P la t in u m ) 
B ausch  & L o m b  O p tic a l C o ., R o ch e ste r , N . Y. 
B ish o p  & C o ., J ., M a lv e rn . P a . (P la t in u m ) 
B uffalo  D e n ta l M fg  C o.. B uffalo , N . Y 
D ixon  C ru c ib le  C o .. J o se p h , Je rse y  C ity . N . J 
D u riro n  C as tin g s  C o .. N . Y . C . (A cid P roo f). 
H eil C h em ica l C o .. H e n ry . S t.  L o u is, M o. 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O.
N o r to n  C o. W o rceste r. M ass. (A lu n d u m ). 
T h e rm a l S y n d ic a te , L td . ,  N . Y . C . (V itreosil).

Crushers and Grinders (Industrial and 
Laboratory)
A bbé E n g in ee rin g  C o.. N ew  Y o rk  C ity . 
B au sch  & L om b  O p tic a l C o ., R o ch e ste r , N . Y . 
B ra u n  C o rp o ra tio n , L os A ngeles. C alif. 
B ra u n -K n e c h t-H e im a n n  C o .. S an  F ran c isc o .C a l. 
E im e r  & A m end . N ew  Y o rk  C ity .
H eil C hem ica l C o.. H e n ry , S t.  L ou is. M o. 
L e h ig h  C a r , W h e e l & A xle W k s ., F u lle r to n , P a . 
P a lo  C o m p a n y , N . Y . C .
R ay m o n d  Bros. Im p a c t P u lv  C o ., C h ic ag o . 111. 
S a rg e n t & C o .. E . H .. C h icag o , 111.
S cien tific  M a te r ia ls  C o ., P it t s b u rg h , P a . 
W illiam s P a te n t  C ru sh e r  & P u lv . C o ., C h icago

Cupels
B au sch  & L om b  O p tic a l C o ., R o c h e s te r , N . Y . 
H osk in s  M fg . C o ., D e tro i t ,  M ich igan .
N o r to n  C o m p a n y , W o rceste r, M ass.

Cylinders (Oxygen' and Hydrogen)
In te rn a t io n a l  O xygen C o ., N . Y . C ity .

Designing Engineers
G u a ra n te e  C o n s tru c t io n  C o .. N . Y . C .

Diaphragms 
G en era l F i l t r a t io n  C o., In c ., R o ch e ste r, N . Y.

Diffusion Apparatus
G en era l F i l t r a t io n  C o .. In c .. R o ch e ste r. N . Y. 
L u m m u s  C o.. T h e  W a lte r  E ., B o s to n , M ass.

Direct Colors
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C . 

Dissolving Tanks—Automatic 
L u m m u s, C o ., T h e  W a lte r  E ,  B o s to n , M ass. 
W e rn e r & P fle id ere r C o., S ag in a w , M ich.

Distilling Machinery and Apparatus
B ad g e r & S ons C o ., E . B ., B o s to n , M ass. 
B au sch  & L om b  O p tic a l C o ., R o c h e s te r , N . V. 
B o o th  A p p a ra tu s  C o ., S y racu se , N . Y .
B ra u n  C o rp o ra t io n , L os A ngeles, C alif. 
B ra u n -K n e c h t-H e im a n n  C o .,S an  F ran c isc o . C al 
D ev in e  C o m p a n y , J .  P ., B uffalo , N . Y .
E im e r  & A m en d . N ew  Y o rk  C ity .
E lec tric  H e a tin g  A p p lian ce  C o .. N . Y . C. 
E ly r ia  E n a m eled  P ro d . C o .. E ly r ia , 0 . .&  N .Y .C . 
G erm an -A m e rica n  S to n ew are  W orks, N . Y L. 
H eil C h em . C o .. H e n ry , S t.  L ou is. M o 
H odges  W a te r  S til l C o ., W o o d b u ry , N . J . 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O.
L enz & N a u m a n n , In c .,  N . Y . C .
L u m m u s  C o ., T h e  W a lte r  E .,  B o s to n , M ass. 
P a lo  C o m p a n y , N . Y . C .
P fa u d le rC o ..R o c h e s te r .N .Y ., D e tro i t .  & N .Y .C . 
R o o s’ S ons, A u g u st, N . Y . C .
S an b o rn  E v a p o ra to r  C o ., N . Y . C .
S a rg e n t & C o ., E . H ., C h icag o , 111.
S cien tific  M a te r ia ls  C o .. P it t s b u rg h . P a . 
S tev e n s-A y lsw o rth  C o., N . Y . C.
S to k e s  M a ch in e  W ks., F . J . .  P h ila d e lp h ia . 
S w enson  E v a p o ra to r  C o ., N . Y . C .
T h o m a s  C o ., A r th u r  H ., P h ila d e lp h ia , P a . 
U n g e r. J o h n  S ., C h ic ag o , HL 
W ern e r & P fle id e re r C o ., S ag in aw , M ich . 
Z a re m b a  C o m p a n y , B uffalo , N . Y .

Draft Gauges
B row n  In s tru m e n t  C o ., P h ila d e lp h ia , P a .

Dry Blast Plants
C a rr ie r  E n g in ee rin g  C o rp ., N . Y . C .

Dryers
L eh ig h  C a r , W heel & A xle W k s ., F u lle r to n , P a .

Dryers—Vacuum
B eth leh e m  F d ’y & M a c h . C o ., S o . B e th ., P a . 
B uffalo  F d y . & M ch . C o ., B uffalo . N . Y . 
D ev in e  & C o m p a n y , J .  P ., B uffalo , N . Y . 
Ja c o b y , H e n ry  E .. N ew  Y o rk  C ity .
S to k es  M ach in e  C o .. F . J . .  P h ila d e lp h ia , P a . 
W erne r & P fle idere r C o .. S ag in aw , M ich .

Drying Apparatus and Machinery
B eth leh em  F d ’y  & M ach . C o ., So. B e th ., P a . 
B uffalo  F d y . & M ch . C o ., B uffalo . N . Y . 
D ev in e  C o ., J .  P ., B uffalo , N . Y .
Jac o b y , H e n ry  E -, N ew  Y o rk  C ity .
W e rn e r & P fle id ere r C o , S ag in a w . M ich .

Ductility Machines
H o w a rd  & M orse , N . Y . C .

Dyestuffs
F arb w erk e -H o e c h s t C o ., N ew  Y o rk  C ity  
H e rm a n  & H e rm a n , In c .,  N ew  Y o rk  C ity .

Dyewoods
M a rd c n , O rth  & H a s tin g s  C o ., In c ., N . Y . C .

Dynamos and Motors
G en era l E le c tric  C o., S c h en e c tad y , N . Y .

Efficiency Instruments
B row n I n s tru m e n t  C o., P h ila d e lp h ia , P a . 
S cien tific  M a te r ia ls  C o.. P i t t s b u rg h .  P a .

Electrical Instruments
B row n In s tru m e n t  C o., P h ila d e lp h ia , P a . 
T h w in g  In s tru m e n t C o ., P h ila d e lp h ia  P a

Electrical Measuring Instruments
B row n In s tru m e n t  C o ., P h ila d e lp h ia , P a .
L eeds & N o r th ru p  C o ., P h ila .. P a .

Electrical Supplies
G en era l E le c tric  C o .. S ch e n e c ta d y , N . Y.

Electrodes—Platinum
A m erican  P la t in u m  W orks, N ew ark . N . J 
B ak e r  & C o .. In c . ,  N ew ark . N . I.
B ausch  & L om b  O p tic a l C o ., R o ch e ste r , N . Y. 
B ishop & C o ., J .. P la t in u m  W orks. M a lv e rn , P a . 
E im er & A m en d , N ew  Y o rk  C ity .
E n g e lh a rd . C h a s ., N ew  Y o rk  C ity .
H eil C h em ica l C o ., H e n ry . S t.  L ou is. M o.
P a lo  C o m p a n y , N . Y . C .

Enameled Apparatus (Acid Resistant)
E ly r ia  E n a m e led  P ro d . C o .. E ly r ia , 0 . ,&  N .Y .C . 
P fa u d le r  C o .,R o c h e s te r ,N .Y ., D e tro i t. & N .Y .C .

Enamel Paint (Impervious to Acid Fumes) 
G en era l B ak e lite  C o .. N . Y . C .
T o c h  B ro th e rs . N . Y . C.

Epsom Salts
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C

Evaporating Dishes
B au sch  & L om b  O p tic a l C o ., R o ch e ste r , N . Y . 
D u riro n  C as tin g s  C o .. N . Y . C . (A cid  P ro o f). 
E ly r ia  E n a m e led  P ro d . C o., E ly r ia . 0 ..& N .Y .C . 
G erm an -A m e rica n  S to n ew are  W orks , N . Y . 
L a b o ra to ry  S u p p ly  C o ., C o lu m b u s, O. 
P fa u d le r  C o .,R o c h e s te r ,N . Y ., D e tro i t ,  & N .Y .C . 
S cien tific  M a te r ia ls  C o., P itt s b u rg h , P a . 
T h e rm a l S y n d ic a te . L td . ,  N ew  Y o rk  C ity .

Evaporating Machinery 
B ad g e r & S ons, C o .. E . B ., B o s to n , M ass. 
B e th lehem  F d ’y  & M ach . C o .. So. B e th ., P a . 
B uffalo  F d y . & M ch . C o ., B uffalo . N . Y . 
D ev in e  C o m p a n y , J .  P ., B uffalo , N . Y . 
E le c tric  H e a tin g  A p o a ra tu s  C o ., N . Y . C . 
Tacoby. H e n ry  E ., N . Y . C .
L u m m u s  C o ., T h e  W a lte r  E ., B o s to n , M ass . 
P r a t t  E n g . & M a c h . C o.. A tla n ta , G a . & N .Y .C . 
R o o s’ S on , A u g u st, N . Y . C .
S an b o rn  E v a p o ra to r  C o ., N ew  Y o rk  C ity . 
S to k es  M ach in e  C o m p a n y ,F .J .,P h ila d e lp h ia ,P a . 
S w enson E v a p o ra to r  C o m p a n y , C h icago , III 
W erne r & P fle id ere r C o ., S ag in aw . M ich . 
Z a rem b a  C o m p a n y . B uffalo . N . Y .

Extracts
M a rd e n , O rth  & H a s tin g s  C o ., In c ., N . Y . C. 

Extracting Apparatus
L u m m u s C o ., T h e  W a lte r  E ..  B o s to n , M ass. 
W e rn e r & P fle iderer C o ., S ag in aw , M ich .

Extraction Cylinders
L u m m u s  C o .. T h e  W a lte r  E ..  B o s to n , M ass.

Fatty Acid Oils
M a rd e n , O r th  & H a s tin g s  C o., In c ., N . Y . C .

Faucets (Stoneware—Acid Proof)
G erm an -A m e rica n  S to n ew are  W o rk s . N . Y . C . 
*Cnlght M . A ., A kron  (E a s t S ide), O hio. 
R o b in so n  C la y  P ro d u c t  C o ., A kron , O.
S te ig e r T e r ra  C o t ta  a n d  P o tte ry  W o rk s, S an  

F ran c isc o , C al.
U . S. S to n ew are  C o ., T h e , A k ro n . O.

Fertilizer Industries Equipment
S c h u tte  & K o e rtin g  C o ., P h ila d e lp h ia .

Fertilizers
G e rm a n  K a li W o rk s. N . Y . C .

Fibre Toughener
M a rd e n , O r th  &  H a s tin g s  C o., In c .,  N . Y . C .

Filter Cloth (Metallic)
S w e e tlan d  F i l t e r  P re s s  C o .. B ro o k ly n , N . Y .

Filtering Media
G en era l F i l t r a t io n  C o .. In c ., R o c h e s te r . N . Y. 
K ie se lg u h r C o. of A m erica . L os A ngeles. C al.
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Not Every Motor Is Suitable for

Electrochemical Service
Successful and continuous service in chemical p lants is assured with 
W estinghouse Type CS M otors.
The coils are form wound and im pregnated by a special vacuum  pro
cess, and afterw ards treated , which renders the windings impervious to 
the destructive action of alkaline and acid fumes.
The rotor is practically indestructible. There is nothing to burn out, 
work loose or deteriorate under the heat developed in service.
The fram e and feet are of heavy forged open-hearth steel, thus pro
viding great mechanical strength.
The efficiency and power factor are unusually high, which means low 
power cost.
The W estinghouse Com pany gives each and every detail the benefit of 
its years of experience—m aintains a large specialized engineering corps; 
has a m ost complete shop equipm ent; employs only m aterials of the 
highest grade, and tests all details and machines carefully before shipm ent.
The W estinghouse Type CS M otor is the m ost serviceable for electro
chemical P lants.

Westinghouse Electric &  Manufacturing Co.
East Pittsburgh, Pa.

A tla n ta ,  G a . C h a rle s to n , W . V a . D a y to n , O hio  J o p lin , M o . N ew  O rlean s , L a . S t.  L o u is, M o .
B a ltim o re . M d . C h a r lo tte , N . C . D en v e r , C olo. K a n s a s  C ity , M o . N ew  Y o rk , N . Y . S a lt  L a k e  C ity ,  U ta h
B irm in g h am , A la . C h icago , 111. D es  M oines, la .  f  1 A I \  L ou isv ille , K y . O m ah a , N eb . S an  F ran c isc o , C al.
B luefield , W . V a. C in c in n a ti, O hio  D e tro i t ,  M ich . I l f |  ] L o s  A ngeles, C a l. P h ila d e lp h ia , P a . S e a ttle . W a sh .
B o s to n , M ass. C le v e la n d , O hio  *E1 P aso , T e x . M em p h is , T e n n . P i t t s b u rg h . P a . S y racu se , N . Y .
B uffalo , N . Y . C o lu m b u s. O hio  ^H o u s to n , T ex . J J  M ilw au k e e , W is. P o r t la n d ,  O re . T o led o , O hio
B u tte , M o n t. ^ D a lla s , T e x . In d ia n a p o lis , In d . M in n ea p o lis , M in n . R o ch e ste r , N . Y . W a sh in g to n , D . C .

*W . E . & M . C o . of T e x a s
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Closely Regulated 
D ehümidif ication 
All Year Around

T h e above typical C arrier Dehum idiiier 
installation  at the p lant of the G athm ann 
Am m unition C o., T exas, M d ., uses well w ater 
for dehum idifying and is com pletely equipped 
for autom atic regulation.

T h is type of dehum idifier can be used even 
where artificial refrigeration is required to 
get the w ater cool enough, provided the 
cooling is done in som e other p art of the 
building and the cooled w ater is pumped to 
the dehumidifier.

H ow ever, where a ve ry  cool tem perature is 
required, the C arrier Self-Contained D ehu
midifier, provided w ith means for cooling the 
w ater b y  refrigeration Within the hum idifier, 
is more com pact and h igh ly efficient under a 
w ide range of conditions.

T h e exact type of dehum idifier for any 
particu lar conditions is a m atter concerning 
which our engineers are a lw ays ready to ad
vise . I f  interested in dehum idification, get 
our new bulletin, and if you w ant some 
helpful suggestions, tell us your requirem ents.

farrier
Engin eerin g  fo r poralion
39 C o r t la n d t  S t . ,  N ew  Y o rk

B u ffa lo :
M u tu a l  L ife 
B ldg.
P h i l a d e lp h i a :
L a n d  T itle  B ldg.

C h ic a g o :
T ra n s p o r ta t io n
B ldg.
B o s to n :
176 F e d e ra l  S t.

farrier

?
A IR  C O N D IT IO N IN G  

DRYJNG^EQ UIPM ENT

Not a Hard Rubber 
Substitute—
not if you consider a substitute as something 
inferior, for

BAKELITE
is vastly  superior to hard rubber in every 
w ay except possibly flexibility. 

Bakelite is used for everything that hard 
rubber can be used for, and it makes a better 
product or reduces cost.

This unique ma- 
tcrial is used for 
moulded insulation 
where hard rubber 
won’t do because 
of the heat. Bake- 
lite is chemically 

J i n e r t —it won’t turn 
r*fP5B . green, nor bloom;

’*■ res'sts ° ‘*' water, 
acids and most 
solvents.

When metal inserts are needed,, Bakelite 
shows to great advantage, the inserts are 
moulded in, accurately positioned while 
moulding; they are more secure than when 
screwed into hard rubber and the expense of 
drilling, tapping and fitting is eliminated. 

Bakelite moulded pieces are as beautiful 
as the best polished hard rubber. 

Bakelite is not a hard rubber substitute—  
it ’s better.

S tre n g th — h igh  h e a t re s is ta n c e  
— im p erv io u sn ess  to  m o is tu re  
a n d  oils— h igh  e le c tr ic a l r e 
s is tan c e .

M e ta l in se r ts  p o s i
tio n e d  w ith  a b so 
lu te  a c cu racy — no 
ex p e n se  fo r d r il l
ing , ta p p in g  o r  f it
tin g .

GENERAL BAKELITE COMPANY
100 W I L L I A M  S T R E E T ,  N E W  Y O R K

55 -140
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Lummus Apparatus
F O R

SIMPLICITY AND RELIABILITY
We do not attempt to specialize in all lines but for fully de
veloped chemical distilling, refining and extracting sys
tems for commercial plants you will do well to adopt the

Lum m us Benzol Stills , Lum m us System o f Logwood Extraction
for Benzol Pure. Toluol and Solvent Naphthas Continuous series battery extraction and concen

tration

L um m us Acetone Stills Lum m us Formaldehyde Plants
for 991/ 2 %  uniform product Formaldehyde generators, double column con

tinuous refiners, etc.

Lum m us Alcohol Stills Lum m us Turpentine Stills
Continuous or Periodic for concentrating and Producing pure white turpentine, free from oils

rectifying on spot test

Your specifications, advising crudes, quantities and products desired, are solicited

The Walter E. Lummus Company
173 Milk St. (Cor. India St.), Boston, M ass.

22  Years’ Manufacturing Experience 
13 Years Devoted to Producing

Chemical Equipment
— =—  of Metal ===================
Nitrators, Stills, Tanks, Condensers, etc.

Expert

SPECIAL A P P A R A T U S  
P late  S teel, C ast Iron and S teel Equipment

W e  offer a service and facilities that will produce the 
equipment you require.

engineering
assistance . . _  .  _

rendered  STEVENS BROTHERS
on all E ngineers C ontra ctors

problems R oom  929 149 Broadw ay N ew  Y ork
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Schutte Diaphragm
Figure the Costs Yourself, w ith  
w  O X Y G E N  and

H Y D R O G E N

G E N E R A T O R S
B o th  our U n it and our B ip olar G en erators are 
rated a t 4 cu. ft. of oxygen and 8 cu. ft. of h yd ro 
gen per K . W . H . hour. K n ow in g yo u r current cost, 
figure for you rself the power cost per cu. ft. o f gas, 
T h e  added cost factors— interest, dep reciation , u p 
keep, atten dan ce (the la t
ter p ra ctica lly  nothing)—  
w ill increase this slightly .
B u t you  w ill still find th a t 
y o u r own I. O. C . p lant 
w ill save y o u  50 to 60 per 
cen t over the cost o f gas 
in cylinders. W h y — then 
— p e r s i s t  in w a s t e f u l  
m ethods? L e t us consult 
w ith  you.

Send for new Catalog 
No. 3, describing the 
latest types of I. 0 . C.

Cas Generators.

VALVEACID

■THIS valve does not have the objectionable stuffing 
box, neither does the stem extend into the acid, but 

is above the disc which is made of a high grade of 
hard rubber composition. There is absolutely no 
tendency to stick. Acid comes only in contact with 
lead or rubber composition. Write for catalog 8-L.

I . O . C .  
Unit or 
C e ll T ype 
G eneratorSchutte & Koerting Co

1239-57  No. 12th St., Philadelphia

C hicago 
P ittsb u rg

International Oxygen Company
G e n e r a l  S a le s  O ffice  :

115  B ro a d w a y , N e w  Y o r k
L O N D O N : Arthur Lyon & W rench , L td ., Caxton H o u se, S .  W .

C leveland
D e n v e r

New Y ork 
B oston

TH E SPERRY FILTER PRESS
is built to filter most efficiently the m aterials it is intended to 
handle. W e are thus prepared to su pp ly  Sp erry  filter presses 
m ade of wood, lead, bronze or iron arranged in m any different 
com binations as to feeding, washing, etc.

T o  the le ft is shown a cu t of the Sp erry  steam -heated or 
refrigerated filter plates. These are often used either to prevent 
or to cause crystallization  during filtration.

D. R. SPERRY & CO. ™ather‘ Sperry Filter Press, Batavia, III
N E W  Y O R K  A G E N T : M R . H . E . J A C O B Y , 95 L IB E R T Y  S T .

N e a r
C h i c a g o

Unusual Operating Efficiency
T h e  S h riv e r  F i l te r  P re ss  is d esigned  in su ch  a  m a n n e r  a s  to  
g u a ra n te e  an  u n u su a l v o lu m e of efficiency in o p e ra t io n  a t  low  co s t.

P ro p e r  p ro p o rtio n in g  in su res  excessive s tre n g th . O u r p y ra m id  
d ra in a g e  su rface  co n s tru c tio n  on  th e  p la te s  g ives in c reased  filte r
ing  a rea . T h e  la rg e  open in g s  in  th e  fram es p re v e n t clogging . 
W e h a v e  in s ta lle d  im p ro v ed  o u tle t  cocks w h ich  fa c i l i ta te  o p e ra 
tio n . A nd  o u r  a c c u ra te  m a ch in in g  th ro u g h o u t p re v e n ts  leak ag e .

Made in sizes adaptable lo any k.ind of work 
Special presses made lo order

T. SH RIVER & CO
Office and Works, 830 Hamilton S t., HARRISON, N. J.


