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EDITORIALS
R E S E A R C H  

W H A T — W H O — W H E R E — W H Y

In dustrial developm ent, of the sort th a t com es with 
new and b etter processes, m aterials, and m achinery 
together w ith im proved m ethods of m anipulation  and 
production, independent of th e influences of dom estic 
and foreign trade relations, tariff or financial system s 
or legislation, m ust, as it  a lw ays has, depend d irectly  on 
the system atic  searchings of the engineers, chem ists and 
physicists fam iliar w ith present shortcom ings and w ith 
the possibilities of their elim ination. T he urgent need 
of such developm ent w ork has been repeated ly dem on­
strated  b y  both chem ists and engineers for m any years, 
but, it m ust be confessed, w ith  b u t little  effect on those 
responsible for th e appropriations w ithout which it 
rem ains as im possible as if the need .were not recognized 
nor the necessary ta len t available. The need is real 
and the ta len t is to  be had, therefore, a n y  lack  of prog­
ress can be d irectly  traced to  lack  of a b ility  to convince 
financial m anagem ents th a t the em ploym ent of the 
ta len t is necessary or th a t  it will be profitable.

A n yth in g  th a t will serve to help out th is situation  by 
dem onstration or argum ent is w orth while and w orthy 
of encouragem ent on the broadest grounds. Such, for 
exam ple, is th e presidential address of M r. A. D. 
L ittle , d irected p articu larly  tow ard  the chem ical 
industries and more especially  tow ard  the developm ent 
of chem ical products and processes rather th an  the 
engineering necessarily in volved  to m ake these indus­
trial realities.

T h e extent of the influence of th is address needs 
no b etter dem onstration than the editorial notice 
given  to it  b y  the m ost excellent and conservative 
E nglish  journal, Engineering (quoted in full below ).

U n fortu n ately  some of the force of M r. L ittle ’s 
argum ents and th e fundam ental im portance of the 
thing have been lost in subsequent quibbles over the 
m eaning of the word “ research,”  used b y  him as a 
nam e for th e general and system atic finding of remedies 
for existing fau lts in the m aterials, processes, m achinery 
or m echanical equipm ent of industrial plants. T he 
trouble arises from  the fa ct th a t the term  has been 
for so long used in a narrow  academ ic sense, en tirely 
divorced from  com m ercial u tility , b y  men calling 
them selves scientific and regarding a n y  search for 
know ledge as proper research only when the result has 
no m oney value. Is it  an y wonder, then, th a t a tem pest 
in a teap ot has arisen, first, on the p a rt of the school­
m asters and their kind, who object to  the desecration 
of their sacred “ research ”  for the vu lgar procedure of 

‘trade and m oney-m aking, and then on the part of . 
financiers of th e industries who fear th a t M r. L ittle  
is urging them  to  spend m oney for th a t sort of research 
which its oldest ad vocates insist m ust not y ield  returns 
if true and proper.

REAL VS, ACADEMIC RESEARCH 

" I n  a  recen t p resid en tia l add ress to  th e  A m e rica n  C h e m ica l 
S o c ie ty , M r. A . D . L it t le  em p h asized  th e  im p o rtan ce  o f re­

search  w o rk  in in d u stria l o p eratio n s, a n d  if  th e  term  can be 
r ig h t ly  in terp reted  few  w ill care  to  d isp u te  his contention. 
T h e  te rm  ‘ re se a rch ’ is, h o w ev e r, a  m u ch  abu sed  one, and by 
ch em ists, a t  a n y  la te ,  is g e n e ra lly  m ad e  to  c o v e r  n o t only in­
v es tig a tio n s  o f fu n d am en ta l im p o rta n ce , su ch  as those of Willard 
G ib b s  in to  ch em ica l a n d  p h y sic a l eq u ilib riu m , b u t also mere 
m easu rem en ts b y  som e th ird -y e a r  stu d e n ts  of, sa y , the refrac­
t iv e  in d ices of a  series o f com p ou n ds, w o rk , w h ich  th ough  possibly 
q u ite  v a lu a b le , co u ld  be e q u a lly  e ffic ien tly  effected  b y  a grocer’s 
a p p ren tice . In  fa c t, m easu rem en ts as fu lly  en titled  as these 
to  be classed  as research  are  m ad e as a  p a rt  o f the d a ily  routine 
a t  e v e r y  g lo w -lam p  fa c to ry , w h ere  can d le-p o w ers are measured 
and  ch eck ed  b y  g irls  k n o w in g  as m uch  o f o p tics as a  cow  docs 
o f th e  calcu lu s.

TRUE RESEARCH WORK NOT LIMITED TO LABORATORIES

" I n  com m on  p arlan ce, th e  term  're s e a rc h ' is accorded to 
a n y  in ve stig a tio n s m ad e in a  sp e c ia lly  eq uip p ed  laboratory, 
a n d  b y  a  sp ecia l s ta ff, w h ile  it  is refu sed  to , perhaps, more 
fu n d a m en ta lly  o rig in al a n d  in trin s ic a lly  m ore valu a b le  work 
carried  o u t  in  th e  d raw in g  office or in  th e  w o rk s w ith  im provised 
a p p a ratu s. M r. L itt le  w a s  less e c le ctic  th a n  th is  in his own use 
o f th e  term , a n d  in clu d ed  a m o n g research  w orkers those in­
gen iou s m ech an ics w h o h a v e  d ev e lo p ed  a g ricu ltu ra l m achinery, 
o r su ch  u sefu l d ev ice s  as th e  W estin g h o u se  b ra k e  and  the methods 
and  in stru m en ts a sso c ia te d  w ith  th e  e lectric  telegrap h . W ith 
th is v ie w , th o u g h  i t  is n o t th e  co m m o n ly  a ccep ted  one, we fully 
agree. A  d rau g h tsm an  w h o  schem es a  new  la y o u t  fo r a  machine 
shop o r a  m ech a n ic  w h o  ‘ p r a c tic a liz e s ’ a  m ach in e tool is, in 
fa c t, m ore t r u ly  en gag ed  in  research  w o rk  th a n  a chem ist who 
show s, sa y , th a t  in a  ce rta in  o rg an ic  co m p o u n d  one halogen 
m a y  rep lace  anoth er.

GERMANY LEADS IN  LABORATORY, NOT IN TRUE INDUSTRIAL 

RESEARCH

" I f ,  h o w ev er, th e  term  ‘ re se a rc h ’ b e  in terp reted  on th is com- 
p ie h e n sive  b asis, w e  th in k  few  w ill b e  p rep ared  to  concede to 
G e rm a n y  th e  pre-em in en ce in  research  w h ich  M r. L itt le  claims 
fo r her. S u ch  a c la im  is d efen sib le  o n ly  w h en  th e  term  is lim ited, 
w e  m ig h t a lm o st s a y  d eg rad ed , to  c o v e r  a  la b o ra to ry  work 
so le ly , o ften  p a rta k in g  la rg e ly  o f a  ro u tin e  ch ara cter. Un- 
d o u b te d ly  m u ch  v e r y  v a lu a b le  w o rk  h as  issued  from  Germ an 
lab o rato ries , b u t  it  ca n  h a rd ly  b e  c la im ed  th a t  a n y  undue pro­
p o rtio n  o f th e  m a n y  g re a t a d v a n ce s  m ad e in  vario u s depart­
m en ts  o f ap p lied  scien ce  d u rin g  th e  p a st fe w  y e a rs  h av e  thus 
orig in ated . T h e  D iese l en gin e, fo r in stan ce , is  b alan ced  b y  the 
te lep h on e, and  in can d escen t g a s  lig h tin g  b y  th e  e lectric  gtow 
lam p.

THE BORN INVESTIGATOR VS. THE PAID FACTORY RESEARCH 

DEPARTMENT

“ I t  seem s to  us th a t  research  w o rk  o f v a lu e  ca n  g en erally  be 
d iv id e d  in to  tw o  classes. In  th e  first p lace, p ioneering re­
searches, in  w h ich  the m an  is e v e ry th in g , a n d  th e  equip m en t rela­
t iv e ly  u n im p o rtan t. B eh in d  th ese  p ioneers com e, how ever, 
a  w h o le  a r m y  o f o th e r  in ve stig ato rs , w h o, b y  p a tie n t and  intelli­
g e n t in d u stry , d ev e lo p  th e  region s op en ed  b y  th e  m en o f superior 
gen ius. R e se a rch  w o rk  o f th is  second k in d  lead s o ften  to  very  
v a lu a b le  resu lts. I t  is, h o w ever, la rg e ly  a  m a tte r  o f exp enditure 
a n d  o rg an izatio n , a n d  can  a lm o st b e  b o u g h t in  th e  open m arket, 
a s  if i t  w ere  a  m a te ria l co m m o d ity . T h e  la b o r is  v e r y  great, 
so th a t  th e  cre d it fo r th e  resu lt ach ie v e d  a p p erta in s as m uch 
to  th o se  b o ld  en o u gh  to  fin an ce th e  w o rk  a s  to  th o se  w h o m ake the 
a c tu a l o b serv atio n s an d  m easu rem en ts. M r. C arn egie  was, 
w e b elieve , th e  first stee l m ak er in A m e rica  to  e m p lo y  a  w orks 
ch em ist, an d  he h as s ta te d  th a t  th e  v en tu re  p ro ve d  h ig h ly  profit-
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able, since it  w a s  fo u n d  th a t  b y  purchasing ore b y  analysis, 
rather th a n  b y  re p u ta tio n , v e r y  large econom ies w ere realized. 
No one, h o w ever, co u ld  co n ten d  th a t  g reat insight into chem ical 
theories and  p h y s ic a l fa c ts  is needed fo r the analysis of an  iron 
ore. C are, in d u s tr y  and  a v e ra g e  in telligence are the m ain es­
sentials, a n d  su ch  q u a lities  are  n o t sp ecia lly  uncomm on, w h ile  
genius is seldom  on  sale.

" T h o u g h  in  on e p a rt o f h is address M r. L ittle  seems to tak e, 
as stated , a  co m p reh en sive  v ie w  as to  w h at constitutes research, 
in m uch o f it  h e w o u ld  a p p e ar to  h a v e  m ost sym p ath y  w ith  the 
kind th a t  ca n  be o rg an ized  in  a  w o rk s lab oratory, and he m akes 
a special p lea  fo r m ore w o rk  o f th is  ch a ia cter. M uch  u n dou bt­
edly can  be effected  in th is  w a y , b u t  h ow  far the system  should be 
extended d ep en d s v e r y  la rg e ly  on the n ature of the in d u stry  in ­
volved .”

A distinction, frequently  made here in Am erica, 
and found more often in engineering than chemical 
lines, is indicated  b y  the names Research, Development 
and E xperim ental D epartm ents. The Research D e­
partm ent, proper, undertakes the more difficult prob­
lems of a broad or general nature without special 
reference to im m ediate com m ercial demand, the solu­
tion of which is most obscure and which requires, 
at least for the direction, men of the rarer sort with 
natural tendencies tow ard  investigation, born research 
men. D evelopm ent D epartm ents, while doing research 
work also, are p rim arily  concerned with perfection of a 
process or m achine, the general nature of which is 
known at the sta rt, and which is properly a product 
of the R esearch D epartm ent, and generally in the form 
of a patentable in v en tio n ; the aim is now to find the best 
form and m aterials for com m ercial production and use. 
The third  or E xperim ental D epartm ent merely per­
forms routine tests, the end and aim of w'hich are data 
for checking specifications of quality  or performance, 
or for detecting those defects of routine factory source 
which an ordinary fa cto ry  force can correct: the 
work of such an experim ental departm ent is purely 
routine, can be learned quickly by anyone and never 
should be called research at all— though it often is.

Frequ en tly  it  happens that one establishment 
cannot afford three such departm ents so that the work 
is all throw n into one, variously named. Or, con­
sultants are used to supply the sort of direction required 
of the first and second or to  entirely replace them  when 
the consultan t has at com m and suitable apparatus, 
equipm ent and organization, in which case such an 
independent in vestigation  or research establishm ent 
may serve to ad van tage m any individuals in many 
different industries. It  is this sort of thing th a t is 
now grow ing up as a proper bond between the staffs 
and laboratories of our better mechanical, electrical 
and chem ical engineering schools and the industries 
with which th ey  are concerned. M uch of the best 
work now being done in this cooperative w ay by our 
independent research men or investigators and the 
industrial establishm ents is carried on either in the 
works them selves or in the field outside of the pro­
ducers’ w orks b u t w ithout any laboratory proper. 
The im portant point here is th a t the place of doing 
the w ork is of no consequence in comparison with the 
finding of capable men to direct it and keeping them 
busy to  avoid  w aste of good talent.

INDUSTRIAL LABORATORY VALUES AND LIMITATIONS

“ W e gath er th a t  chem ists find th a t  in  th e  ch em ical trades 
new  ideas can  be co m p lete ly  and  sa tis fa cto rily  tested  in a  w o rk s 
lab o rato ry . O ne of ou r leadin g  co tto n  m an u factu rin g  firm s has 
also found an o rg an ization  of th is  ch ara cte r to  b e  h ig h ly  p ro fit­
able, h av in g  established  m an y  y ears ago  la v ish ly  eq uip p ed  ex­
perim ental w orks in w h ich  new  id eas are  th o ro u g h ly  in ve stig ate d . 
N o th in g, how ever, is pu blish ed  as to  th e  resu lts a tta in e d . I f  a  

proposed in n ovation  passes sa tis fa c to ry  tests, i t  is ado p ted  q u ie tly  
and w ith  as little  p u b lic ity  as possible. A s  a  consequence, w hen 
the d a ily  Press exp atia tes  on som e rem arkable im p ro vem en t in 
in textile  m ethods as h av in g  been  re ce n tly  in trod u ced  abroad , 
i t  is th e  case, m ore o ften  th an  n ot, th a t  th e  id en tical d ev ice  h as 
been in com m ercial operation  fo r years p a st in th e  facto ries of th e  
firm  in question. O th er B ritish  firm s pursue a  sim ilar p o licy , 
carry in g  o u t a  v e r y  large am o u n t of research w o rk  o f th is k in d, 
w hile sayin g as little  as possible a b o u t it. Sh eep -d ip  m a k ers , 
for instance, in vestig ate , b o th  in th eir lab oratories and  on th e  sp o t, 
the life-h istory  and  course o f d evelo p m en t o f in sect pests from  
e ve ry  p a rt o f th e  w orld , b u t none o f th em  ad v ertise  th e  fa c t.

“ T h e  organized  research  la b o ra to ry  is n ot, h o w ever, so w ell 
adap ted  to  the a rt  of engineering as to  som e o th er  in d ustries, 
though even  here it  m a y  u n q u estio n ab ly  p ro ve  a t  tim es q u ite  
valu able. Its  d raw b acks h av e  a  tw o fo ld  origin . In  th e  first 
place engineering is an  art ra th er th an  a  science. I ts  exp on en ts 
are  to  be classed w ith  o th er cre a tiv e  m inds, and  o n ly  th e  ro u tin e  
portion o f th eir w o rk  ca n  sa fe ly  be d elegated  to  oth ers. O ne 
of ou r m ost progressive engineers has refused for th is reason to  
establish  in his w orks a  research la b o rato ry  fo r th e  so lu tion  of 
such difficulties as m a y  arise. T h e  m an w h o h as en cou ntered  
the d ifficulties gen erally  k no w s m ore a b o u t it  th a n  he can  p u t in 
w ritin g, or transfer to  a n o th er in a n y  o th er w a y . H e  is, th erefore, 
in this engineer’s v iew , th e  proper m an to  find th e  so lu tio n , 
and  he is acco rd in g ly  en couraged  to  exp erim en t h im self. T h e  
system  in question  has p ro ved  h ig h ly  successful, b u t  no d o u b t 
there are also  cases w here certa in  in vestig atio n s can  p ro p erly  
and  co n ven ien tly  be carried  o u t on th e  lines a d v o ca te d  b y  M r. 
L ittle . A  strik in g  exam p le o f h ig h ly  v a lu a b le  w o rk  co n d ucted  
in a  factor}' research la b o ra to ry  is, in fa ct, a fford ed  b y  th e  his­
to ry  o f th e  tu n g sten  filam en t lam p. T h e  n um ber o f cases in 
w h ich  sa tisfa cto ry  solutions of engineering problem s can  b e  
found in th is w a y  is, h ow ever, lim ited  b y  th e  c ircu m stan ces 
th a t  engineering is concerned q u ite  as m uch w ith  d y n a m ics  as 
w ith  sta tics. L a b o ra to ry  tests m a y  q u ite  ea s ily  sh ow  th e  ca p a ­
b ilities  of a  new  m eta llic  filam en t lam p  or th e  v a lu e  of a  new  
dye-stu ff, b u t  in m ore tru ly  m echanical m atte rs  th e  te s t  of serv ice  
is o ften  the o n ly  re a lly  reliable one. T h e  orig in al L e e -M e tfo rd  
rifle, for instance, passed triu m p h a n tly  th ro u gh  th e  m o st search ­
ing tests th a t those responsible fo r its design  cou ld  co n ceive  of, 
b u t a v e r y  few  m o n th s’ serv ice  show ed th a t  M r. T h o m as A tk in s  
devised  w ith o u t d ifficu lty  m uch m ore try in g  ordeals fo r th e  
w eapon, and  M a r k  I. w as in consequence v e r y  ra p id ly  su p er­

seded.
“ M o st o f ou r large firm s ta k e  v e r y  g rea t p recau tio n s to  

secure th e  th orou gh  re lia b ility  of a n ew  p ro d u ct b efo re  d efin itely  
placin g it  on the m ark et. In  v e r y  m an y  cases, h o w ever, i t  is 
a b so lu te ly  n ecessary  th a t  th e  n o v e lty  sh all be te ste d  in  a ctu a l 
service, and  it is n o t a lw a y s  e ith er co n ven ien t o r possible to  
effect th is a t  th e  m ak er’s w orks. T h e  m ach in e is, therefore, 
tested  b y  specia l arran g em en t w ith  a  cu sto m er a n d  is n either 
listed  in a ca ta lo g  nor otherw ise a d v e rtise d  till  th is, th e  final 

test, is com pleted.
“  C o nsideration s o f th is k in d  g re a tly  re stric t th e  a p p lic a b ility  

of organized  research w o rk  in th e  field o f m ech anical engineering, 
and  as one consequence, th e  open in gs offered to  stu d en ts from  
techn ical colleges are less prom isin g th a n  th e y  are  in m a n y  
oth er dep artm en ts o f in d u stry . M a n y  such  stu d en ts do in deed  
find w ork  on th e  test-b ed s o f m an u factu rin g  firm s, o n ly  to  d is­
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c o v e r  a fte r  a  y e a r  o r tw o  th a t  su ch  d u ties offer no p ro sp ect o f 
a d v an ce m e n t, and  ad d  v e r y  lit t le  to  th eir  k n o w led g e  o f en g i­
neering. In  one case, a fte r  sp en d in g  som e y e a r s  a t  th e  te s t­
b ed  o f a  firm  o f steam  tu rb in e  bu ild ers, a n  e x -stu d en t h ad  n o t 
e v e n  learn ed  th e  essen tial d ifferen ces b e tw e e n  a  reactio n  and  an  
im p u lse  tu rb in e. S u ch  m a tte rs  w ere  n o t in clu d ed  in  th e  cu r­
ricu lu m  o f h is co llege a t  th e  d a te  o f h is g ra d u a tio n , a n d  he ad d ed  
lit t le  or n o th in g  to  th is  ign o ran ce  b y  his’ y e a r s  o f te s t in g .”

W ith some of th is we cannot agree, for no m atter 
how poorly th e lab oratory  m ay serve the purpose of 
profitable im provem en t, as is u n doubtedly  the case in 
m any instances, and no m atter how little  m ay be the 
value of testin g w ork to engineering graduates o r 'to  
their em ployers, it  does not follow  th a t such con­
siderations grea tly  restrict the ap p licab ility  of or­
ganized research w ork in the field of m echanical engi­
neering or in a n y  other branch. The distinction  here 
rests again on nam es; laboratories as generally under­
stood are n ot essential to  som e v e ry  useful research 
nor is the existence of a testing departm en t proof of 
the doing of research work. Forces of men m ay 
spend their lives m aking consum ption tests of turbines, 
strength tests of m etals or determ ining calorific powers 
of fuels in well equipped laboratories and im prove 
related  industries not one bit, and y e t  one man with 
no lab oratory  w hatever m ay stroll leisurely through a 
few  establishm ents or sit at his desk and evolve an 
im provem ent th a t m ay m aterially  advance several 
industries a t once when developed, though before 
gettin g  it in shape for com m ercial use experim ental 
developm ent w ork is alm ost u n iversally  required. 
D epending on the case, th is w ork m ay be m ost profit­
a b ly  done in laboratories, in shop or in the field, but 
it m ust be done. T h e In tern ational H arvester C om ­
pan y has added more to im provem ent of agricultural 
conditions b y  its m achine and im plem ent develop­
m ents than  a n y  organization  in the world, but it has 
no research lab oratory, though m aintaining testing 
and developm ent departm ents. T his does not mean 
th a t it does no research, for such results could not be 
produced w ith ou t research, only it would be obviously  
absurd to try  to  develop stan dard plows, and tractors 
to pull them , su itable for every  soil in the world b y  an y 
lab o rato ry  tests; the m achines m ust be planned, built 
and then tried and studied everyw here, then returned 
to th e shops, changed to correct fau lts and tried again. 
T he real research men here are those who plan and stu d y  
operation  in th e plow ing field, the only place where it 
can be studied, and who then analyze fau lts and plan 
again; these men spend most of their tim e in railroad 
trains rather th an  in laboratories; in the true sense 
their lab oratory  is the plow ing field, as it should be.

Am ericans cannot agree w ith the idea th a t th e fore­

man or superintendent or engineer,, whose primary 
function is the production, at low est cost, of goods of 
proper stan dard  q u ality , is the best man to carry on 
research or developm ent w ork; quite to the contrary, 
in fa ct he is the v e ry  worst. T h is is because, first, 
schem ing alw ays occupies the mind to  the exclusion of 
executive routine, which is his main business, and 
second, but va stly  more im portant, th e ty p e  of mind and 
train ing th a t best fits for one is destructive, or exclusive, 
of the other. No man well adap ted  to pushing routine 
econom ic production can possibly discover faults and 
rem edies w ith efficiency, and certain ly  the creative 
mind th a t can, becom es im patien t with production 
routine and so neglects it.

RESEARCH AND THE PROFESSOR

" E x p e r ie n c e  in  research  w o rk  is o fte n  m ad e  a  sine qua non 
for th e  h o ld in g  o f a  profession al c h a ir  a t  certa in  o f ou r universi­
ties, and  if th e  w «rd  ‘resea rch ’ b e  in terp reted  in a  sufficiently 
lib era l and  co m p reh en sive  m an n er, th e  co n d itio n  is, w e think, 
a  w ise one. In  m a n y  cases, h o w ever, th e  co n d u ct o f a few ex­
perim en ts on lu b rica tio n  or on e la stic  m odu li w ill be counted as 
research , th o u g h  th e  exp erim en ter m a y  h a v e  d isp layed  no deep 
kn o w led g e  o f en gin eerin g an d  p h y sica l princip les, and  be quite 
in cap ab le  o f g iv in g  m a te ria l a id  to  th e  a d v a n ce m e n t o f the art. 
H e  w o u ld , h o w ever, on  th e  a b o v e  basis, be p referred  to  a com peti­
to r  w h o  h ad  n e v e r  m ad e a  la b o ra to r y  exp erim en t in his life, 
b u t  h ad  b een  in  resp onsible  ch arg e  of, sa y , th e  b rid ge depart­
m en t o f a large  firm .

" O n  th e  o th er h an d , th ere  a re  m en  o f excep tio n al a b ility  in 
re a lly  orig in al research  w h o  h a v e  n o t th e  g if t  o f com m ending 
th em selves to  s tu d e n ts  an d  w h o  fa il a c c o rd in g ly  to  teach  a n y­
th in g  to  a n y  b u t  a  few  excep tio n a l m en. A t  th e  sam e tim e they 
m a y  do such  good  w o rk  in th e  s tu d y  as to  m ore th an  outweigh 
th e ir  class room  deficiencies so fa r as th e  w o rld  a t  large is con­
cern ed, u n fo rtu n ate  as m a tte rs  m a y  b e  fo r th e  a v e ra g e  student. 
I t  is im p o rta n t th a t  w o rk  o f th is  c h a ra c te r  should  be done, but 
th e  d iffic u lty  is  to  reco n cile  th e  c la im s o f a b s tr a c t  techn ics w ith  
th e  n o t u n n a tu ra l d em an d s o f th e  a v e ra g e  B ritish  parent. A  
U n iv e r s ity  sh o u ld  c e rta in ly  p ro m o te  th e  form er, b u t as teaching 
is  a lso  one o f its  fu n ctio n s, u n d erg rad u ates  h a v e  a  rig h t to de­
m an d  th a t  th e ir  in terests  sh all n o t b e  w h o lly  sacrificed to  the 
cla im s o f rese a rch .”

It  is true th a t a great m any directors of engineering 
schools have insisted on a research record for newly 
appointed men w ithout know ing ju st w hat th ey  meant 
b y  the requirem ent, and while some still do it, times 
do change and so do standards. Few  enlightened schools 
now fail to recognize th a t both teachers and investi­
gators are absolutely  necessary on th e  staff, and while 
it most com m only happens th a t ab ility  in one line is 
inversely  proportional to strength  in the other, yet we 
know  of quite a num ber of men who possess this dual 
power. C . E . L u c k e

ORIGINAL PAPERS
T H E  B I O C H E M I C A L  O X Y G E N  D E M A N D  O F  S E W A G E S

B y  A r t h u r  L e d e r jjr 1 

R eceived  Septem ber 26, 1914

T his paper represents the result of a stu d y  of a test 
to determ ine the biochem ical oxygen dem and made

1 C hem ist and B acteriologist, th e S anitary  D istrict of Chicago.

b y  a subcom m ittee of the lab oratory  section of the 
Am erican P ublic H ealth Association.

Interest in this subject has recen tly  been revived 
through the adoption of stan dards of perm issible stream 
pollution b y the E nglish R oyal Com m ission on Sewage 
D isposal, em bodied in an appendix of the 8th report of



Nov., 1914 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 883

the commission. T h e test recommended by the com­
mission will be hereafter referred to as the “ English 
Incubation T e s t .”

Before I go into th e details of this test, it seems well 
to discuss briefly its  m eaning and importance.

As the title  of the paper indicates, the oxygen re­
ferred to here is th a t utilized by microorganisms which 
take part in the decom position of sewage. To what 
extent the reaction  tak in g place is of a purely biological 
or chemical or ph ysical nature is unknown. The process 
is most prob ab ly a com bination of all three forces. In 
designating properly a test, which gives expression to 
the dem and for oxygen such as is present in streams, 
one can hard ly  be criticized for using the expression 
“ Biochem ical O xygen D em and.”  The danger of 
introducing the term  “ O xygen Dem and”  alone is that 
it would be som ew hat confusing with the time-honored 
expression “ O xygen Consum ed.”  We know that 
“ oxygen consum ed”  indicates the permanganate oxygen 
required for the oxidation of a small portion of the 
organic carbonaceous m atter. This oxidation is a 
purely chem ical reaction and bears no relation w hat­
soever to  the “ biochem ical”  oxygen demand. The 
biochemical oxygen  dem and of a sewage as a rule is 
much higher th an  the perm anganate oxygen con­
sumption and the figures bear absolutely no relation 
to each other. In certain  cases the biochemical oxy­
gen dem and m ay be low  and the permanganate oxygen 
consumption high. T his m ay occur with trade wastes 
containing organic carbonaceous ^preservatives. The 
principal value of a test for the determination of the 
biochemical oxygen dem and in a sewage lies in the 
fact th a t it is the best indicator of what may be called 
the “ stren gth ”  of a sewage. Anyone who has ever 
em ployed one or the other of such tests is quickly 
convinced th a t none of the routine chemical determina­
tions heretofore in use can furnish the same inform a­
tion. From  the standpoint of stream  pollution it 
means v e ry  little  to  the san itary engineer and chemist 
to know how m uch organic nitrogen or “ oxygen con­
sumed”  or chlorine a certain sewage will add to the 
stream. T h e y  are interested in the amount of oxygen 
that will be absorbed in the stream , particularly during 
the first stretch  after discharge. Of the chemical 
constituents the suspended m atter is of interest be­
cause of its relation to  the aesthetic features of sewage 
disposal b y  dilution, and on account of its relation to 
the form ation  of m udbanks. Some instances of com­
paring the “ stren gth ”  of certain s e w a g e s  from the stand­
point of th e routine chem ical analysis and the bio­
chemical oxygen  dem and are indeed surprising. The 
writer has in m ind one instance in particular, in which 
a certain sewage when com pared to another from the 
standpoint of th e routine chem ical tests was twice as 
strong and when judged by the biochemical oxygen 
demand abou t fo rty  tim es as strong. Personally, 
I do not advise chem ists to disregard chemical e 
term inations in sewages altogether; we surely want 
to know w hether a sewage is alkaline or acid for instance. 
M y principal plea is to  subordinate the routine determi 
nations of th e chem ical constituents to the determ i­
nation of the oxygen-consum ing capacity of a sewage.

The laboratory section of the Am erican Public 
Health Association has recognized the im portance of 
standardizing such a test and for some m onths past a 
subcom m ittee has devoted its atten tion  to this question. 
The members of the subcom m ittee are: F. Bachm ann, 
Chicago; R . H. Brown, N ew Y o rk  C ity ; J. W . M . 
Bunker, Cam bridge, M ass.; Frederic Bonnet, Jr. 
Worcester, M ass.; W . M . Cobleigh, Bozem an, M ont., 
John R. Downes, Plainfield, N. J.; F . E . Hale, B rooklyn, 
N. Y .;  C. B. Hoover, Colum bus, 0 .; A. Lederer, Chicago; 
T . W. M elia, B rooklyn, N. Y .;  F. W. M ohlman, 
Urbana, 111.; John F. N orton, Boston, M ass.; E . B. 
Phelps, W ashington, D. C .; and S. T . Powell, B alti­
more, Md. A. Lederer is chairm an of the subcom ­
mittee. The following sanitary engineers have been 
kind enough to give the subcom m ittee on various 
occasions the benefit of their valuable opinion: H. C. 
M cR ae, Baltim ore, M d.; Langdon Pearse, Chicago, 
111.; and W . L. Stevenson, Philadelphia, Pa.

The standardization of a biochem ical test differs 
from the standardization of a purely chem ical test 
in various respects. One chem ist m ight be put to 
work out a chemical m ethod and his results would be 
of equal value anywhere. This is not the case with a 
biochemical test. Tw o sewages m ay be alike w ith  ref­
erence to their chemical constituents and yet th ey m ay 
differ va stly  in their biology. R arely  will tw o sewages 
be exactly  alike in this respect. No biologic procedure 
can be expected to furnish ready form ulae which 
would work out w ith m athem atical precision every­
where at all times. E ven if we had such a procedure 
at our disposal we would still have such factors to 
account for as obstructions in a stream , differences 
in velocity and tem perature, influence of sunlight, ab­
sorption of oxygen by mud banks and other factors 
which of necessity are not represented in a lab oratory 
procedure. It seemed evident, therefore, that in 
proposing and adopting a standard procedure we 
would have to confine ourselves for the present to 
methods furnishing fairly accurate, consistent results, 
com parable with each other. It  could not be expected 
in the present state of our knowledge of self-puri­
fication of rivers with reference to  oxygenation  and 
de-oxygenation, th a t we should be able to work out 
a procedure wThich could tell us with certain ty how much 
sewage is to be perm itted in a stream  to m aintain 
a certain degree of p u rity  further downstream . This 
could be done only if rivers in all parts of the country 
were alike with reference to tem peratures, velocities, 
obstructions, etc. A n y  deeper stu d y of de-oxygena­
tion and oxygenation in a particular stream  wrill 
apply only to another stream  very  sim ilar hydro- 
graphically. W ith these conceptions in mind it  seemed 
most advisable to standardize a procedure which 
would perm it the expression of “ total biochem ical 
oxygen consum ption”  and to leave the practical 
application of this test for the purpose of controlling 
stream pollution to individual local study.

In order to com pare the applicability  of a standard 
procedure in various localities it is im portant to 
experiment with as m any sewages as possible. Such 
tests were made w ith the sewages of C hicago, 111.,
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Plainfield, N. J., C ham paign, 111., Law rence, K an ., 
N ew  Y o rk  C ity , W ashington, D . C . and W orcester, 
M ass. Since the num ber of results obtained w ith 
W orcester and N ew  Y o rk  C ity  sewage are too sm all, 
these sew ages are not considered in connection w ith 
this stu d y.

A  m ethod of determ ining the actual strength  of 
putrescible m aterial is given  in the last edition of the 
“ Standard M ethods of W ater A n a lysis.”  T h e m ethod 
consists in m aking various dilutions of th e putrescible 
m aterial with aerated tap w ater, adding m ethylene 
blue as an indicator, and calculatin g the oxygen de­
m and from  the “ relative  s ta b ility ”  figures obtained. 
T h e m ethod is un doubtedly ve ry  useful and sim ple. 
I t  will be retained in the next progress report of the 
com m ittee in a form  elaborated  upon b y  Prof. Phelps. 
T h e possible objections to this m ethod are th a t the 
relative  s ta b ility  figures obtained are based upon 
em pirical findings and th a t interm ediate points of 
de-oxygenation, if such are desired, can not be ob­
tained.

T he m ethod proposed b y  the R o yal Com m ission 
of Sew age D isposal contained much which seemed 
w orth y of a stu d y  b y 'A m e r ic a n  chem ists. B riefly, 
the E nglish procedure is as follow s:

A  definite volum e of sewage or effluent is com ­
p letely  aerated b y  shaking. It  is then  mixed with 
a larger definite volum e of tap  w ater and th e m ixture 
again  aerated. T h e dilutions recom m ended for raw  
sewages and settled  sewages are about 99 to  1 and 
49 to 1, resp ectively . T h e intention is to  ad ju st 
the ratio  of the aerated w ater to  the sewage under 
test so th a t during the test only abou t 50 or 60 per cent 
of the oxygen in the diluting w ater will be used up. 
It  is stated  th a t if less than  30 per cent of the initial 
oxygen is absorbed the error of the experim ent be­
com es large, b u t if more than 60 per cen t is absorbed 
the error is even greater. A  large dilution reduces 
the food sup ply  of th e bacteria  and thus retards de­
oxygenation . T he prepared dilutions are carefu lly  put 
into 4 clean glass-stoppered b o ttles holding 11 to  12 
ounces. T h e bottles are le ft unstoppered for 5 m in­
utes to give the entrapped air at the shoulder a chance 
to  escape. Stress is laid on the im portance of havin g 
all the liquids in the m ixture and even the bottles 
a t incubation  tem perature before beginning the in ­
cubation, T h e incubation  tem perature recom m ended 
is 65° F . (1S .3 0 C .), th is representing the m axim um  
sum m er tem perature of even the m ost sluggish English 
stream s. T h e 5-day incubation  tem perature has 
been found to give a sm aller experim ental error than 
longer incubation  periods. T w o of the b ottles are 
tested  for oxygen  a t once; the other 2 b ottles are tested 
for oxygen a t th e end of incubation. T h e determ ina­
tion  of the free oxygen  was m ade b y  the W inkler 
m ethod as m odified b y  R ideal and S tew art. T h e 
principle of th e m odification consists in the oxidation 
of th e organic m atter and the nitrites b y  th e addition 
of perm anganate in acid  solution follow ed b y the addi­
tion of 1 cc. of potassium  oxalate previous to  the addi­
tion  of th e stan dard reagents em ployed in the W inkler 
m ethod. T h e E nglish standard for sewage effluents

is one th a t absorbs less than  20 p. p. m. of oxygen in 
5 days at 65° F.

It is not the purpose of this subcom m ittee to con­
cern itself w ith  the adoption of standards for sewage 
effluents b u t solely to fix a lab oratory  procedure which 
will g ive uniform  results. I t  is th o u gh t th a t such a 
procedure w ill be a valuable aid to  th e sanitary engi­
neer in establishing standards of perm issible stream 
pollution.

There were a num ber of features in the original 
E nglish test for the determ ination of the biochemical 
oxygen dem and which did n ot appeal to the collabora­
tors, and after considerable correspondence it was 
fin ally  decided to do some com parative work with 
the m ethod, em ploying, how ever, an incubation  tem­
perature of 20° C ., and to  extend the incubation  period 
to 10 d a ys in order to  stu d y  the oxygen consumption 
from  d ay to  d ay. T h e assum ption w as th a t the 
oxygen consum ption at the end of 10 d ays would 
be p ractica lly  100 per cent. It  was also decided to 
work w ith three different concentrations sim ultane­
ously, so th a t the influence of concentration  upon oxy­
gen consum ption could be studied. An ideal experi­
m ental series was to  show oxygen absorptions of less 
than  30 per cent, betw een 30 and 60 per cent, and over 
60 per cent, respectively. T h e preparation of the 
m ixtures previous to  incubation  differed from the 
E nglish procedure in th a t we em ployed aerated dis­
tilled w ater instead of tap  w ater and 8-ounce bottles 
were used instead of n -o u n c e  bottles. The sewage 
was not aerated before m ixing it  w ith the distilled 
w ater, b u t the m ixture was brought to  the incubation 
tem perature previous to incubation. T h e sewage was 
settled  in the lab oratory  before th e m ixtures were 
prepared, for th e reason th a t un even ly divided sus­
pended m atter m ight have introduced serious dis­
crepancies in the final results. T h e original Winkler 
m ethod w as em ployed for th e determ ination of the 
free oxygen. • L ater on, during the tests, it w as recom­
mended to  em ploy Hale and M elia ’s m odification of 
th e W inkler m ethod. Professor Phelps employed 
R ideal and S tew a rt’s m odification in the latter part 
of his series. A  num ber of blue-printed record sheets 
were m ailed to  the co-workers in order to facilitate 
the com pilation of th e results obtained. It  was sug­
gested a t the sta rt th a t  each collaborator should ob­
tain  at least 10 ideai series, b u t the tim e and labor 
in volved  was so great th a t it  was im possible to  live up 
to  it. Unless one has w orked w ith the sam e sewage 
for a considerable period it  is alm ost impossible to 
prepare dilutions which w ill allow  reductions of oxygen 
sim ultaneously to 30 per cent, to betw een 30 and 60 
per cent and over 60 per cent. A  great deal of time 
in such w ork is a lw ays lost w ith prelim inary tests. 
In order to  obtain  an ideal series one has to  incubate 
at least 30 b ottles and preferably more in order to 
check doubtful results.

In his series, M r. M ohlm an recorded' in addition to 
the oxygen consum ption figures, P h elp s’ ve locity  co­
efficient “ K ”  for each d ay. A  subsequent calculation 
of K  on all of the results obtained b y  the various 
collaborators gave some interesting inform ation. The
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T a b l e  I— P e r c e n t a g e  o f  T o t a l  O x y g e n  A b s o r b e d  a n d  P h e l p s ’ V elo city  C o e f f ic ie n t . K , a f t e r  24 H o u r s  a n d  5 D a y s  I n c u b a t io n  a t  2 0 °  C. 
T o ta l  O x y g en  C o n su m p tio n  C om pared  w ith  In itia l A v a ila b le  O x y g en  a fter  10 D a y s  In c u b a tio n  

L e s s  t h a n  3 0  P e r  C e n t  3 0  to  6 0  P e r  C e n t  M o r e  t h a n  6 0  P e r  C e n t

D a te  o f  
sam p lin g  

1914  
Se r ie s : P h e lp s .  

April 2 1 . . .  .
2 2 __
2 4 ____
2 8 . . . .  
2 9 . . . .  
3 0 ____

M ay 1.

2 4  h o u rs 5 d a y s

% o % 0
a b s ’d K  a b s  d K  
S o u r c e : S creen ed  W a sh in g to n  S ew age

K
A verage

o f 10 d a y s  % O 
in cu b a tio n  a b s’d

5 d a y s  K  24  hours
 *-------- » A v era g e  /-------- *-------- *

%  O o f 10 d a y s  %  O
a b s’d K  in c u b a tio n  a s b ’d K

5 d a y s

% o
a b s ’d

K
A v era g e  

of 10 d a y s  
in c u b a tio n

1 2.
13.

15 .
16.

2 3 .

2 5 .

2 6 .
2 8 .

Se r ie s : Y o u n g  a n d  B ru ck m iller .
M a y  2 3 ____

2 6 ____
2 7 . . . .

Ju n e 9 .  . . .

1 0 . . . .
11 ___

Se r ie s : D o w n e s .
M a y  2 ____

1 5 . . . .

2 6 ____

23 0 .0 0 0 3 1 75 0 .0 0 0 2 0 0 .0 0 0 2 0
28 0 .0 0 0 2 6 61 0 .0 0 0 1 6 0 .0 0 0 1 8

38 0 .0 0 0 3 1 84 0 .0 0 0 1 5 0 .0 0 0 1 7
22 0 .0 0 0 1 8 88 0 .0 0 0 1 6 0 .0 0 0 1 6
2 0 0 .0 0 0 1 8 80 0 .0 0 0 1 6 0 .0 0 0 1 7

17 0 .0 0 0 1 8 65 0 .0 0 0 1 6 0 .0 0 0 1 6

18 0 .0 0 0 1 8 52 0 .0 0 0 1 3 0 .0 0 0 1 4
17 0 .0 0 0 1 3 60 0 .0 0 0 1 2 0 .0 0 0 1 1

47 0 .0 0 0 3 9 63 0 .0 0 0 1 0 0 .0 0 0 1 6

3 0 0 .0 0 0 3 1 86 0 .0 0 0 1 0 0 .0 0 0 1 8

23
26
29

0 .0 0 0 2 6  
0 ,0 0 0 2 6  
0 .0 0 0 3 7

67
80
77

0 .0 0 0 1 5
0 .0 0 0 1 9
0.00021

S o u r c e : S e ttle d  S ew a g e

June 1 ____
6 __

12 ___

25 0 .0 0 2 4 69 0 .0015 0.0015
27 0 .0 0 2 4 74 0 .0016 0 .0016
14 0 .0 0 1 5 29 0.00049 0.00094

28 0 .0 0 1 5 77 0 .0 0 2 0 0 .0018
29 0 .0 0 3 4 41 0 .00096 0 .0016

S o u r c e : Screened Sewage— Plainfield, N . .
18 0 .0 0 1 1 66 0.00075 0.00087

26 0 .0011 84 0 .00082 0 .00080

37 0 .0 0 1 4 84 0 .00066 0.00057

37 0 .0 0 1 2 86 0 .00060 0 .00059

■Lawrence 
51
50
51 
45  
33 
38  
58

, K a n sa s  
0 .0 0 6 0  
0 .0 0 1 3  
0 -0 0 5 8  
0.012 . 
0 .0 0 5 2  
0 .0 0 6 0  
0 .0 0 6 8

23
44
35
35

0 .0 0 0 8 6
0 .0 0 1 4
0.0010
0 .0 0 0 9 4

45 0 .0 0 1 2

S e r ie s : M o h lm a n . S o u r c e : C ru d e and  S e p tic  S ew age— C h am paign , 111. 
Septic

April 2 1 ____

2 1 ___

2 5 . . . .
3 0 ____

Crude
M a y  5 .  . . .

5 ____
9 ____

1 1 ___
1 4 ____

Se r ie s : L ed erer  a n d  B a c h m a n n .
A p ril 2 0 .  . . . 26 0 .0 0 1 2 78

18 0 .0 0 0 5 9 76
2 1 . .  . . 28 0 .0 0 1 1 72

26 0 .0 0 0 7 0 78
2 2 .  . . . 10 0 .0 0 0 3 6 78

2 3 .  . . . 24 0 .0 0 1 1 6 6

2 8 .  . . . 41 0 .0 0 1 1 91
35 0 .0 0 0 6 9 91

2 9 .  . . . 22 0 .0 0 0 7 1 71
24 0 .0 0 0 5 6 68

3 0 .  . . . 44 0 .0 0 1 6 83

M a y  1 . . . . 3 3 0 .0 0 1 0 84

4 .  . . . 29 0 .0 0 1 6 79
6 .  . . . 41 0 .0 0 1 6 94

2 7 . . . . 3 0 0 .0 0 0 7 1 60
30 0 .0 0 0 3 9 78

2 8 .  . . . 35 0 .0 0 1 2 65
J u n e 4 .  . . . 41 0 .0 0 1 1 91

S o u r c e : 
0 
0 
0 
0 
0

C rude  
0 0084  
00052  
00057  

,00045  
,0 0 0 6 8

15 
17

38  
28 
17 
26

34  
28

S ew a g e  (S e tt le d ) -  
0 .0 0 0 8 8  16 
0 .0 0 0 4 9  
0 .0 0 0 6 9  
0 .0 0 0 4 6  

00055

37

0 .0 0 0 6 3

00047
00041
0 0 0 4 4
00032
0 0 0 6 6

0.
0 .0 0 0 6 2

0 .0 0 0 4 9
0 .0 0 0 3 9
0 .0 0 0 5 0
0 .0 0 0 3 6
0 .0 0 0 7 7

0 .0 0 0 5 9  0 .0 0 0 5 8

0 .0 0 0 8 4  
0 .0 0 0 8 8

00089
,0 0 0 8 0

,00031  
00022 

,00047  
,0 0 0 5 0

0 .0 0 0 4 0
0.00021
0 .0 0 0 5 5
0 .0 0 0 5 3

11
22
3 0
33
25

31
42
24
26
29
26
31
24

33
24

0 .0 0 1 6 56 0 .0 0 1 4
0 .0 0 1 3 58 0 .0 0 1 0

0 .0 0 4 5 76 0 .0 0 1 7
0 .0 0 3 6 66 0 .0 0 2 1
0 .0 0 1 7 65 0 .0 0 1 5
0 .0 0 6 0 61 0 .0 0 3 1

0 .0 0 5 8  . 60 0 .0 0 2 0
0 .0 0 7 9 55 0 .0 0 3 2

■Chicago, 111.
0 .0 0 0 4 6 80 0 .0 0 0 5 1

0 .0 0 0 7 4 74 0 .0 0 0 3 2

0 .0 0 0 3 6 66 0 .0 0 0 4 3
0 .0 0 0 4 3 81 0 .0 0 0 4 0
0 .0 0 0 8 6 70 0 .0 0 0 4 5
0 .0 0 0 7 5 76 0 .0 0 0 3 9
0 .0 0 0 5 1 75 0 .0 0 0 3 7

0 .0 0 0 6 9  
0 .0 0 0 7 5  
0 .0 0 0 6 2  
0 .0 0 0 6 0  
0 .0 0 0 8 2  

iO . 00057  
0 .0 0 0 6 2  
0 .0 0 0 3 2

0 .0 0 0 7 5
0 .0 0 0 5 9

92
79
82
82
90
76
94
79

9 0
88

0 .0 0 0 1 7
0 .0 0 0 1 9
0.00022

33 0 .0 0 0 3 4 85 0 .0 0 0 2 0 0 .0 0 0 1 8
32 0 .0 0 0 3 7 77 0 .0 0 0 1 9 0 .0 0 0 1 9
25 0 .0 0 0 3 0 75 0 .0 0 0 2 1 0 .0 0 0 2 1
30 0 .0 0 0 4 3 86 0 .0 0 0 3 0 0 .0 0 0 2 9
37 0 .0 0 0 4 2 75 0 .0 0 0 1 9 0 .0 0 0 1 9
15 0 .0 0 0 1 5 81 0 .0 0 0 2 0 0 .0 0 0 1 7
28 0 .0 0 0 4 2 88 0 .0 0 0 2 1 0 .0 0 0 2 3
41 0 .0 0 0 4 5 90 0 .0 0 0 2 4 0 .0 0 0 2 5

27 0 .0 0 0 4 3 79 0 .0 0 0 2 8 0 .0 0 0 2 8
23 0 .0 0 0 3 5 89 0 .0 0 0 3 0 0 .0 0 0 2 7
26 0 .0 0 0 3 4 77 0 .0 0 0 2 4 0 .0 0 0 2 3
23 0 .0 0 0 3 4 83 0 .0 0 0 2 8 0 .0 0 0 2 4
20 0 .0 0 0 2 4 71 0 .0 0 0 2 0 0 .0 0 0 2 1
21 0 .0 0 0 2 8 79 0 .0 0 0 2 5 0 .0 0 0 2 1

51 0 .0 0 1 2 0 .0 0 2 0
67 0 .0 0 0 7 9 0 .0 0 0 7 9
65 0 .0 0 1 6 0 .0 0 2 2
77 0 .0 0 4 6 0 .0 0 5 4
76 0 .0 0 2 7 0 .0 0 3 1
52 0 .0 0 1 7 0 .0 0 2 6
90 0 .0 0 2 3 0 .0 0 2 5

67 0 .0 0 0 5 7 0 .0 0 0 6 0
84 0 .0 0 0 6 2 0 .0 0 0 6 4
71 0 .0 0 0 4 5 0 .0 0 0 5 2
78 0 .0 0 0 5 1 0 .0 0 0 5 4

84 0 .0 0 0 5 0 0 .0 0 0 5 8

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

0 .0 0 0 5 1
0 .0 0 0 5 9

34
23

0 .0 0 1 40.0011
0.0020
0.0021
0 .0 0 1 6
0 .0 0 3 6

0 .0 0 2 5
0 .0 0 4 0

0 .0 0 0 4 0
0 .0 0 0 4 3
0 .0 0 0 4 6
0 .0 0 0 4 2
0 .0 0 0 3 8

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

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

33

33
19

0 .0 0 0 5 2
0 .0 0 0 3 1

78  0 .0 0 0 3 0  0 .0 0 0 3 2
76  0 .0 0 0 2 7  0 .0 0 0 2 5

3 4  0 .0 0 0 6 4  7 6  0 .0 0 0 3 7  0 .0 0 0 4 0

34 0 .0 0 0 5 4 8 4 0 .0 0 0 3 7 0 .0 0 0 3 6
36 0 .0 0 0 5 6 85 0 .0 0 0 3 5 0 .0 0 0 3 6
36 0 .0 0 0 5 7 80 0 .0 0 0 3 3 0 .0 0 0 3 6
46 0 .0 0 0 7 1 92 0 .0 0 0 3 8 0 .0 0 0 3 9

63 0 .0 0 7 0 23 0 .0 0 2 7 0 .0 0 3 1
53 0 .0 0 6 2 68 0 .0 0 1 8 0 .0 0 2 5
59 0 .0 0 6 5 80 0 .0 0 2 1 0 .0 0 2 6
38 0 .0 0 3 1 87 0 .0 0 1 9 0 .0 0 2 0

30 0 .0 0 2 4 89 0 .0 0 2 0 0 .0 0 1 8
61 0 .0 0 6 0 77 0 .0 0 1 6 0 .0 0 2 0

44 0 .0 0 1 6 81 0 .0 0 0 7 2 0 .0 0 0 6 8
57 0 .0 0 1 8 89 0 . 0 0 1 1 0 .0 0 1 0
44 0 .0 0 1 5 79 0 .0 0 0 7 0 0 .0 0 0 7 7
28 0 .0 0 1 3 73 0 .0 0 0 9 9 0 .0 0 1 1
41 0 .0 0 1 4 70 0 .0 0 0 6 2 0 .0 0 0 7 5

34 0 .0 0 2 0 81 0 .0 0 1 3 0 .0 0 1 3
27 0 .0 0 2 1 75 0 .0 0 1 4 0 .0 0 1 5
25 0 .0 0 1 4 80 0 .0 0 1 3 0 .0 0 1 4
18 0 .0 0 1 3 76 0 .0 0 1 5 0 .0 0 1 4
14 0 .0 0 1 0 64 0 .0 0 1 1 0 .0 0 1 1
25 0 .0 0 1 7 72 0 .0 0 1 2 0 .0 0 1 2
18 0 . 0 0 1 0 86 0 .0 0 1 5 0 .0 0 1 1

25 0 .0 0 1 4 82 0 .0 0 1 4 0 .0 0 1 5
22 0 .0 0 3 5 61 0 .0 0 2 6 0 .0 0 2 8
25 0 .0 0 7 2 73 0 .0 0 5 2 0 .0 0 5 3
14 0 .0 0 4 9 58 0 .0 0 2 5 0 .0 0 3 1

(.0 0 0 8 9  9 3  0 .0 0 0 6 7  0 .0 0 0 6 1

0 .0 0 0 9 6
0 .0 0 0 4 7

81
83

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

0 .0 0 0 6 5
0 .0 0 0 6 6

factor K  is part of a form ula developed by Prof. 
Phelps and Col. B lack  during an investigation of the 
Pollution of N ew Y o rk  harbor in 19x1. The method 
employed b y Phelps and B lack consisted in the in ­
cubation of suitable m ixtures of the sewage vwt

aerated water for a specified tim e, say 24 hours. 
The oxygen is determ ined a t the start and at the end 
of incubation. Considering the reaction between the 
organic m atter of the sewage and the oxygen dissolved 
in the water, the following relation is said to  hold:
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O '
log —  = K C/. O ' represents the initial, 0  the

final am ount of oxygen present. C  expresses the 
concentration  of the sewage, I the duration of the 
incubation  in hours, and K  the ve lo city  constan t of 
the reaction to  be determ ined. K n ow ing the form  
of the reaction  curve, one com putes first K  and then 
b y extrapolation  to  an extended period the total 
oxygen dem and of th e organic m atter in the sewage. 
O riginally  it  w as claim ed th a t K  is independent of 
th e exten t of dilution. This, how ever, was found 
later to  be not quite correct. It  was m y experience

at the highest concentration  of the sewage. After 
24 hours, K  is m uch higher than  after 2 days and it 
decreases (this does not show  in the tables given) 
continuously up to the last d a y  of incubation. How­
ever, after the fourth  or fifth d ay  the differences are 
b y  no m eans as m arked as th e y  are during the first 
few  days. In m any cases, K  is fa irly  constant after 
5 days. K  after 5 d ays of incubation  coincides quite 
well w ith the average of the 10 days period.

These results are given  w ithout com m ent or recom­
m endation, for the reason th a t the form ula is now under­
going a ve ry  com prehensive stu d y  in connection with

T a b l e  I I - -P e r  C e n t  R e l a t io n  o f  “ M g . O x y g e n  A d d e d  t o  1 L it e r  of  S e w a g e ”  to  “ M g . O x y g e n  A b s o r b e d  p e r  L it e r  o f  S e w a g e ” 
A f t e r  24  H o u r s , 5 D a y s  a n d  10 D a y s  I n c u b a t io n  a t  2 0 °  C .

M g. O
P e r  a d d e d  P e r  C e n t  O A b s o r b e d  in

cen t to  1 1. ,— --------,

dilu- sew - 24 hours 5 d ays 10 days
D a t e C o l l a b o r a t o r tion  age Av. Av. A v.

M ay 14 M ohlm an 0 .2 5  3488 10 10 20 20 36 36
23 Y oun g  and Bruckm iller 0 .3 6  2111 5 14 21
26 2111 2 .5 18 24
26 2111 5 1 4 .5 20
27 2111 2 .5 5 18

June 10 2111 2 .5 18 24
11 2111 7 4 9 13 22 2 1 .5
5 M ohlm an 0 .5 0  1680 9 .5 26 34
9 1512 15 35 57

11 1580 18 51 70
14 1688 16 15 26 34 45 51
2 D ow nes 2132 3 10 16

15 2080 3 .5 3 11 10 13 15
M ay  21 Y oun g and Bruckm iller 0 .7 2  1055 20 20 46

26 1055 20 26 40
27 1055 21 28 42

June 9 1055 19 42 55
10 1055 21 32 55
11 1055 24 21 37 31 41 4 6 .5

M ay  26 D ow nes 1 .0 0  938 7 1 6 .5  20
June 1 959 7 7 16 16 18 19
April 30 M olhm an 856 8 31 55

30 854 7 24 41
M ay  5 884 22 38 57

5 836 9 34 51
9 728 18 50 82

14 826 24 15 50 38 86 62
April 20 Lederer and Bachm ann 870 7 21 26

21 890 6 15 20 ■»
22 870 2 17 22
23 890 6 16 24
28 870 6 13 14
29 860 3 .5 12 16
30 880 8 17 20

M ay 1 • 880 6 17
4 870 8
6 860 8

27 840 4
28 870 7

June 4 840 6
April 20 Lederer and Bachruann 1 .5  573 5

21 586 6
M ay  23 Y oun g  and Bruckm iller 1 .8  422 50

26 422 46
27 422 47

June 9 422 26
10 422 21
11 422 45

2 D ow n es 2 .0  530 9
15 512 12

April 21 M ohlm an 429 20
21 409 14
25 372 11
30  430 17
22 Lederer and Bachm ann 425 3 .5
23 435 9
30 Phelps 422 2

M ay  5 437 I
April 28 Lederer and Bachm ann 2 .5  340  9

29 336 7
30  344 9

M ay  1 344 8
4  340  11

22
20

Î3
6 13

20
5 .5  17 

73 
59 
64  
61 
63
57
27 

10 .5  22
55
58 
46 
48 
21

6 22 
8

1 .5  . .  
25 
20
28

9 33

19

23

39

15

28 
20 
12 
20 

16 14 
25 

18 21
79 
87
80
70
71

63 73 77 
40 

24 30 35 
73 
75 
70 

52 67 71 
32 

21 31 31

8 ii 11
27 
30 
30 
34 

26 36 31

D a t e  C o l l a b o r a t o r

April 20 Lederer and B achm ann  
21

M ay 6
April 21 M ohlm an  

21
M a y

June

D ow nes

cent to  1 1. --
dilu- sew- 24 hours 5 days 10 days
tion age Av. Av. Av.
3 .0  280 7 35 43

287 11 23 31
280 10 9 28 29 36 37
282 28 66 80
276 21 68 87
276 15 70 82
275 21 21 69 68 84 83
352 21 21 40 40 47 47

4 .0  252 19 43 54
225 30 55 69
226 28 54 63
230 26 66 90
225 23 26 43 51 65
210 9 .5 36 44
215 15 35 45
202 9 22 28
210 15 .5 43 48
202 12 12 46 36  52 43
224 6 20 27
222 6 16 25
224 7 16
217 4 16 25
210 4 13 25
221 4 12
219 8 11 17. 5
221 7 19 22
228 9 27 34
219 7 6 28 18 32 26

5 .0  166 13 40 53
168 19 36 45
168 15 58
166 22 17 60 45 65 55

6 .0  150 54 85 96
146 37 45 64 79 92 94
135 18 .5 18 .5 55 55 59 59
147 8 22 33
146 9 26
147 11 30 39
148 6 24
146 11 28 33
139 5 26
146 11 27 35
141 13 27 35
143 13 30 48
144 14 49
144 11 32 42
141 10 10 37 28 44 38

7 .0  III 11 38 49
116 31 77 94
111 17 19 74 63 90 78

8 .0  107 13 38 50
101 17 49 57
102 6 .5 36 44
109 18 41 45
103 25 58 73
108 10 36 51
104 11 14 42 43 53% 53

1 0 .0  87 25 56 72
8 2 .5 16 52 69
82 26 64 76
83 26 62 72
80 27 60 75
80 32 25 65 60 70 72

th a t K  decreased as the concentration increased, and 
th e results obtained in T ables I and II  bear this 
out uniform ly. T o  m eet th is objection, Phelps recom ­
m ended th a t C  in his form ula be effected b y  a con­
cen tration  exponent n, which would have to  be de­
term ined for each particu lar sewage b y a stu d y  of a 
series of dilutions.

In m aking a stu d y  of K , obtained in the experim ents 
of the collaborators, the follow ing facts present them ­
selves v e ry  strik in gly . K  is alm ost in variab ly  lowest

April 22 Lederer and Bachm ann  
23

M ay 27 
28

June 4 
April 24 Phelps  

28 
30

M ay  8 
12
13
14
15
16 
16April 28 Lederer and Bachm ann  
30

M ay  1
4

26 D ow nes 
June 12
M ay 6 Lederer and Bachm ann  
April 24 Phelps  

28
29
30

M ay I
5 
8

13
14
15 
23 
23
27 Lederer and Bachm ann
28

June 4 
M ay 8 Phelps 

12
13
14
15 
25 
25

April 21 Phelps  
22

M ay 26 
28 
28 
28

the v o rk  of the U. S. P ublic H ealth Service on the 
self-purification of the Ohio and P otom ac rivers. 
P ossibly, the results obtained in connection w ith the 
investigation  of the E nglish incubation  test will be 
of some service to  the students of the form ula.

Before discussing the results obtained b y the col­
laborators and givin g their com m ents, the results are 
com piled in T ab le  I.

In some cases, as can be noted, the num ber of de­
term inations was rather sm all, and in such cases one
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is hardly justified  in draw ing an average. The heading 
“ Per Cent of T o ta l O xygen Absorbed”  serves to indi­
cate the per cent ratio of absorption, assuming that 
it is 100 per cent after 10 days. For instance, the 
column “ Per C en t O xygen Absorbed in 24 Hours”  
indicates the per cent ratio between the oxygen ab­
sorbed in 24 hours and 10 days.

Table I I  shows the per cent of oxygen absorbed 
after 1, 5 and 10 d ays incubation.

Table I .shows v e ry  strikin gly th at the rate of ab­
sorption in certain  dilutions w ith certain sewages is 
fairly uniform  but th a t there is no uniform ity w hat­
soever in this respect when com paring different sewages 
with each other. In  other words, one might incubate 
a certain dilution of a certain sewage for 24 hours and 
assume w ith fa ir certain ty  the approximate oxygen 
consumption in 5 days and 10 days, provided he has 
once established the relation in preliminary tests. 
This, of course, im plies a good deal of work which the 
busy works-chem ist is not alw'ays in a position to do.

In all of the experim ents, the number of mg. of oxy­
gen absorbed per liter of sewage was lower the higher 
the concentration. T h e percentage of oxygen absorbed 
by the sewage increased with the concentration.

Some experim ents were om itted in the tabulation, 
for the reason th a t there was a discrepancy in the re­
sults which ap p aren tly  seemed illogical. Such dis­
crepancies were noted in nearly all of the series. There 
is no doubt th a t some of these discrepancies are not 
merely a n alytica l errors but due to reasons which still 
lack satisfactory  explanation. It  often happened 
that the oxygen consum ption would suddenly increase 
on one day, to drop down to a logical figure on the 
next day. T h e greater part of the consumption has 
been reached as a rule by the fifth day. The consump­
tion between the fifth and tenth day amounted to 
about 20 to 25 per cent of the total. On the whole the 
concentration did not m atter greatly  when comparing 
the per cent oxygen absorbed in 24 hours and 5 days 
(Table I). W hen the incubation was such that less 
than 30 per cent and between 30 and 60 per cent of 
the initial oxygen w as consumed, the “ per cent oxygen 
absorbed in 24 hours”  was about 30 per cent (varia­
tion 17 to  46), and the “ per cent oxygen absorbed in 
5 days”  abou t 75 per cent of the total (variation 58 
to 81). W hen more than 60 per cent of the initial 
oxygen was absorbed, the ratio of absorption w’as 
somewhat higher. For the i-d a y  period the ratio was 
on the average 35 per cent (variation 22 to 51) and 
for the 5-day period, about 80 per cent Of the total 
per cent consum ption (variation 73 to 86). l h a t  
this m ethod furnishes only approxim ate figures at the 
best is apparent.

Some of the collaborators have given a more detailed 
opinion on the result of their tests, excerpts of which 
are given herew ith.

Mr. M ohlm an, who em ployed Jackson’s bulb pipettes 
as seals for the bottles during incubation, states that 
"A  num ber of runs wrere spoiled b y  variations in incu­
bation tem p eratu re .”  Instead of preparing the re­
quired dilutions for each individual bottle, Mr. Mohl- 
wan prepared a larger q u an tity  of the desired mixture

and siphoned the solution into the 8-ounce bottles. 
(The procedure has been em ployed b y the writer on 
previous dilution tests and seems much sim pler and 
quicker than preparing individual m ixtures. If care­
fu lly  done, there need be no additional aeration and 
this procedure has the advantage of furnishing an a b ­
solutely uniform liquid.) “ The most striking conclu­
sion is the variab ility  in the am ount of oxygen used 
by the undiluted sewage, as it varies in every  case 
directly with the am ount added and is alw ays higher 
in the higher dilutions.”

Dr. Hale writes: “ The parts per million of oxygen
absorbed obtained with different dilutions b y  the 
English method do not agree. As such a result is not 
reasonable, instead of carrying out more series, we 
began to investigate im m ediately as to the cause of 
these discrepancies. We have found th a t aerated dis­
tilled water, even though not saturated when put into 
bottles and incubated a t either 20 or 3 7 0 C ., loses a 
certain am ount of oxygen which varies w ith the te m ­
perature, with the initial oxygen, and w ith the typ e  of 
the stopper. We have tested the rubber bulbs, rubber 
stoppers, glass stoppers, open bottles, and open tubes 
(Phelps) and found varyin g losses. We believe that 
oxygen collects under the stopper and upon the intro­
duction of solutions for testing is forced out of the bottle 
and lost. This occurs whenever the oxygen in the bottle  
has not been exhausted. Such a correction w-ould 
then apply to all determ inations made b y the English 
method, but as the correction is very  uncertain, it 
makes the English m ethod very  unreliable and m y con­
clusions at present are th at the dilution m ethod is 
the only reliable standard, th a t the English m ethod 
cannot be recommended unless extensive experim ents
find a w ay of elim inating this u n certa in ty” ...........
“ There is also another reason w hy the English m ethod 
is unreliable and th a t is th a t different am ounts of 
sewage require different lengths of tim e to  reach the 
endpoint, consequently if such a m ethod is adopted 
we shall have to choose a certain dilution, say one per 
cent, and determine the length of tim e it takes th a t 
dilution to reach com pletion, besides elim inating pre­
vious error of loss of oxygen th a t I have m entioned. 
It  m ay be th at by filling bottles and allowing them  to 
stand in the incubator for three days before the addi­
tion of sewage, the error m ay be elim inated, since the 
loss appeared to be constant in tw o to three days. 
This means, however, a troublesom e procedure.”

Mr. Downes feels th a t efforts should be abandoned 
to secure absolute oxygen cap acity  figures. “ On the 
other hand, I feel th a t we should work tow ards the 
shortest incubation period which will give com patible 
results indicative of the effect of the sewage in question 
on the stream  which it is to enter. In plant and stream  
control the value of the results increase in proportion 
to the speed with which th ey  can be obtained. I sug­
gest a 24-hour period for routine work as best adapted 
to our Am erican needs. From  past experience I had 
been led to hope th a t I could show th a t such a period 
was more independent of the dilution than longer 
periods. This I have not been able to do to m y satis­
faction. On the other hand, results for 24-hour tests
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are ju st as com patible and ju st as reliable as results 
from  longer periods. In cases when a com p aratively  
stable condition of th e sam ple has been reached betw een 
the fifth and tenth  d ay  w ith ou t exhaustion of the a v a il­
able oxygen, th e 24-hour results are about 40 per cent
of the w hole.”  “ It  seems th a t we can hard ly  do
b etter th an  to  adopt a dilution th a t w ill leave  a 30 
per cent to 60 per cent residual oxygen in 5 d ays as 
the E nglish do, for it  is certain  th a t too high a concen­
tration  would interfere w ith the life of the oxidizing 
organism s.”

M r. H oover would prefer the term  “ dissolved o x y ­
gen consum ed”  to  “ biochem ical oxygen dem and.”

P rof. Phelps finds th e work not ve ry  satisfa cto ry  and 
it  is his intention  to  develop some m ethod which will 
take us en tirely  aw ay from  oxygen determ inations.

N otw ithstan din g the shortcom ings of the m ethod, 
it is of some a d van tage to be able to know' even ap ­
proxim ately  th e 24-hour and to ta l oxygen consum ption 
of the sew age. A s long as we lack  proven m ethods which 
will g ive us this inform ation a ccu rately, th e in trod u c­
tion of the “ M odified E nglish In cubation  T e s t”  as a 
provisional m ethod a t th e next annual m eeting of the 
A m erican Public H ealth A ssociation ought to  serve 
some useful purpose. A  m ethod developed b y  me for 
the determ ination of the oxygen dem and consists in 
the addition of saltpeter, th e oxygen of which is 
utilized  during incubation  ju st as th e oxygen in diluting 
w ater is used. T h e m ethod has been published in the 
M a y  num ber of th e Journal of Infectious Diseases. 
T h e  m ethod has since been sim plified b y  me and has 
given  satisfaction  in determ ining the stren gth  of sew ­
ages in polluted w aters. V arious chem ists are em p loy­
ing the m ethod a t present and their criticism  and re­
sults will help to decide w hether the m ethod is of suffi­
cient value to  supplan t the one discussed at length in 
this paper, or w hether it is to  serve as a m atter of 
choice. I t  is also to  be hoped th a t Prof. Phelps will 
be successful in his endeavor to originate a reliable 
m ethod for the determ ination of the oxygen dem and 
and the ratio  of oxygen absorption.

It  is the intention  to present the provisional proced ure 
as th e “ M odified E nglish In cubation  T e s t”  for the 
determ ination of the biochem ical oxygen dem and in 
the follow ing form :

“ A  definite volum e of sewage or effluent is mixed 
w ith aerated- distilled w ater or tap  w ater, free from  
nitrites and nitrates, in such proportion th a t between 
30 and 60 per cent of the available oxygen is consum ed 
at the end of 10 d ays incubation  a t 20° C . C are 
should be ta k en  to store the d iluting w ater for some 
tim e (one or tw o days) a t the constan t tem perature 
of 20° C ., previous to the preparation of the m ixture. 
T h e sew age and even th e  bottles which are to  be in­
cubated  should be of the sam e tem perature to  obtain  
satisfactory  results. T h e sewage m ay be added d i­
rectly  into the bottles or else a larger q u an tity  of the 
m ixture m ay be prepared and the m ixture siphoned 
into th e  bottles, care being taken  to  avoid aeration. 
A  bottle  of 230 cc. cap acity  w ith a seal such as is often 
used for the m ethylene blue putrescib ility  test is em ­
ployed. I t  is necessary to  establish the ratio of ab ­

sorption in a definite concentration for each particular 
dry w eather flow sew age before resorting to short time 
incubation. H avin g established th e per cent ratio of 
absorption for 1, 5 and 10 d ays at the proper concen­
tration  at various tim es, it  m ay then suffice to incubate 
the m ixture for 24 hours at 20° C. T h e results after 
incubation  of 24 hours can be converted  into approxi­
m ate results obtainable after 5 and 10 days incubation 
b y  m ultip lyin g b y  the proper factors. It is assumed 
th a t a 10-day period of incubation  coincides with the 
com plete oxidation  of the sewage m ixture, which is 
correct for all practical purposes. R esults should be 
expressed in “ m illigram s of oxygen absorbed per liter 
of crude sewage or effluent.”  For purposes of com­
parison w’ith other sew ages, it is desirable to state the 
oxygen consum ption in m illigram s for 24 hours and 
10 days. The xo-day consum ption figure m ay either 
be actu ally  determ ined or obtained b y  calculation with 
the factor established in the initial experim ents.”

T h e w riter wishes to  th a n k  heartily  all those who 
have cooperated in this w ork b y  actu al experim ent and 
b y  suggestions. On the w’hole, the results of the experi­
m ental work have not been v e ry  satisfy in g to the col­
laborators, including m yself. E ven  though we did 
not decide on a m ethod w hich prom ises to be of a perma­
nent character, I feel th a t we shall be able at least to 
obtain  more uniform  results b y  establishing a standard 
concentration, incubation  tem perature and period. 
If  all those who are interested sufficiently in this test 
will establish the approxim ate ratio of oxygen ex­
haustion in their sewage during a 10-day period, the 
results obtained in various places ought to be fairly 
com parable w ith each other.

T h e  S a n i t a r y  D i s t r i c t  o f  C h ic a g o  
3 9 t h  S t .  a n d  L a k e  F r o n t

N O T E S  O N  T H E  C O M P O S I T I O N  O F  M ID C O N T IN E N T A L  

P E T R O L E U M 1

B y F . W . B ushong  
R eceived A ugust 14, 1914

T h e crude oil from  which the products described 
herein were derived cam e from  the wells of the Alluwe 
Oil C om p an y in Oklahom a. I t  is a typ ica l Oklahoma 
oil of specific g r a v it/ 2 0.8513 at i 5 ° / is ° .

A lthough th e w riter is firm ly convinced that a 
thorough series of fraction al distillations begun on a 
fa cto ry  scale and carried out to  th e highest lim it of 
efficiency would rich ly  rew ard the immense labor 
in volved  b y  opening up a new world of possibilities 
in th e w ay  of chem ical products to  be manufactured 
from  petroleum  he keen ly feels his helplessness in the 
face of the en orm ity of such an undertaking. The 
tim e a t his disposal perm itted only a series of four 
distillations.

T w o  8-liter portions of the crude oil were subjected 
to d istillation  from  a copper retort until the tem­
perature of the vapors reached 3 1 5 e C . T he distillates 
were collected in 10 fractions of 5 per cent each by 
volum e. The redistillations were carried out in Jena

1 T h is  w o rk  w a s  d o n e  u n d er  th e  J . R . G reen lees  T e m p o ra ry  Industrial 
F ellow ship , established under th e d irection of th e late D r. Robert Ken­
n ed y D uncan , in the U n iversity  of K ansas. 1908.

5 T here was a loss of gasoline during shipm ent. T h e oil a t the well is 
lighter.
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glass flasks. In the case of the gasoline .fractions a 
LeBel-Henninger dephlegm ator was employed. 
Twelve-degree fractions were collected in the second 
distillation, four-degree fractions in the third, and 
two-degree fractions in the fourth. Natural gas was 
used as the source of heat in the first three distillations, 
but in the final distillation electricity was employed 
in the follow ing m anner: The distilling flask was
mounted upon an electric flask heater which was so 
regulated as to  heat th e oil nearly to its boiling point. 
A coil consisting of about five meters No. 24 German 
silver wire was held in place in the form of a ring 
within the distilling flask b y  means of two stout copper 
wire term inals which passed up through the cork stop­
per in the neck of the flask. The quantity of current 
passed through this coil in order to effect the distillation 
of the preheated oil was sm all, and was controlled by 
outside resistance. T h is arrangem ent perm itted easy 
control and con stan cy of distillation, and did not 
require a great difference between the temperature 
of the heating coil and th a t of the oil.

Tables I. and II show the fractions thus collected, 
their relative quantities, densities and indices of re­
fraction.

T a b l e  I — G a s o l in e  F r a c tio n s

Fraction  
252 to 254° 
272 to 274° 
292 to 294° 
296 to 298°

Per cent C 
86 .5 8  
86 .3 9  
8 6 .6 5  
8 6 .2 9

Per cent H  
13.41 
13.43  
13.46  
13.26

Bar. pr. P ercentage Sp. gr. Ref. index
Fraction mm. by vol. 1 5 ° /1 5 ° 15° C.

Below 40° 739 0 .5 0 .6296 1.3616
40 to  5 0° 739 0 .1 2 0 .6448 1.3675
50 to  60° 739 0 .3 5 0 .6608 1.3750
60 to 62° 739 0 .0 8 1.3806
62 o t 64° 744 0 .0 8 1.3828
64 to 66 ° 744 0 .1 0 1.3847
66 to 68° 744 0 .3 4 0 .6867 1.3873
68 to  70° 744 0 .2 9 0 .6926 1.3898
70 to 72° 744 0 .2 7 0 .6 9 7 6 1.3921
72 to 74° 744 0 .2 2 1.3946
74 to  76° 740 0 .1 8 1.3965
76 to  78° 740 0 .0 7 1.3987
78 to  8 0° 740 0 .1 9 0 17 i 71 1.4006
80 to  8 2° 740 0 .1 3 0 .7211 1.4023
82 to 84° 740 0 . 11 0 .7221 1.4029
84 to 8 6° 740 0 .11 0.7261 1.4042
86 to 8 8° 740 0 .3 6 0 .7 2 6 0 1.4051
88 to 9 0° 740 0 .31 0 .7273 1.4056
90 to 92° 740 0 .2 6 0 .7286 1.4063
92 to  9 4° 740 0 .4 4 0.7291 1.4068
94 to  96° , 740 0 .3 9 0 .7 3 0 6 1.4080
96 to  9 8° 740 0 .9 3 0 .7331 1.4093
98 to  100° 740 0 .3 1 0 .7 3 6 4 1.4113

100 to 102° 731 0 .41 0 .7391 1.4120
J02 to  104° 731 0 .2 9 0 .7407 1.4133
104 to  106° 731 0 .2 8 0 .7 4 3 0 1.4143
106 to 108° 731 0 .1 3 0 .7432 1.4144
108 to 110° 731 0 .1 5 0 .7 4 3 6 1.4147
110 to 112° 731 0 .31 0 .7 4 4 0 1.4153
112 to  114° 731 0 .2 9 0 .7438 1.4150
114 to 116° 731 0 .3 6 0 .7433 1.4151
116 to 118° 731 0 .3 6 0 .7435 1.4152
118 to 120° 744 0 .3 7 0 .7443 1.4159
120 to  122° 744 0 .4 3 0 .7 4 5 0 1.4162
122 to  124° 744 0 .4 6 0 .7467 1.4185
124 to 126° 744 0 .3 4 0 .7485 1.4195
126 to 128° 744 0 .4 0 0 .7 5 2 6 1.4217
128 to  130° 744 0 .2 5 0 .7557 1.4238
130 to 132° 748 0 .3 2 0 .7600 1.4258
132 to 134° 748 * 0 .2 4 0 .7617 1.4267
134 to  136° 748 0 .3 5 0 .7652 1.4283
136 to 138° 750 0 .31 0 .7666 1.4297
138 to  140° 750 0 .2 7 0 .7679 1.4300
140 to  142° 750 0 .2 2 0 .7684 1.4307
142 to  144° 750 0 .3 3 0 .7679 1.4300
144 to 146° 750 0 .4 0 0 .7682 1.4299
146 to  148° 750 0 .1 4 0 .7 6 8 6 1.4299
148 to 150° 750 0 .2 2 0 .7687 1.4300

T o t a l  G a s o l in e 13.77

Results of analysis of some of the untreated higher 
kerosene fractions are here shown:

Fraction  
290 to 292°  
292 to  294°  
294 to 296°  
296 to  298°

Per cent C 
86 .0 7  
8 5 .9 6  
8 6 .2 4  
8 5 .8 0

Aver ag e ....................  8 6 .0 2

Per cent H  
13-31 
13.03  
13.18  
13.06

13.14

Per cent O (dif.) 
0 .62  
1.01 
0 .58  
1.14

0 .84

Several fractions were treated  with ozone, in the cold. 
After separating the resinified ozonides, b y  settling, 
the residual oils had the following com position:

Fraction Per cent C Per cent H  Per cent O (dif.)
302 to 304° 8 4 .1 9  13 .13 2 .6 8
300 to 302° 8 3 .8 8  12 .88 3 .2 4
298 to 300° 8 3 .7 3  13.31 2 .9 6
296 to 298° 8 4 .5 4  13 .35  2.11
Sam e after

drying with N a  84 .8 4  13 .67 1.49

The residual oil from the 302 to 304 0 fraction, after 
refining with successive portions of concentrated

T a b l e  II— K e r o s e n e  F r a c t io n s  
Bar. pr. Percentage Sp. gr.

Fraction  
150 to 152° 
152 to 154° 
154 to 156° 
156 to 158° 
158 to 160° 
160 to 162° 
162 to 164°
164 to 166° J (a)
166 to 168 
168 to 170 
170 to 172“ 
172 to  174° 
174 to 176° 
176 to 178° 
178 to 180° 
180 to 182° 
182 to 184° 
184 to 186° 
186 to 188° 
188 to 190° 
190 to 192° 
192 to 194° 
194 to 196° 
196 to 198° 
198 to 200°  
200 to 202° 
202 to 204°  
204 to 206°  
206 to 208°  
208 to 210° 
210 to 212° 
212 to 214° 
214 to 216° 
216 to 218° 
218 to 220°  
220 to 222°  
222 to  224°  
224 to 226°  
226 to 228°  
228 to 230°  
230 to 232° 
232 to 234° 
234 to 236° 
236 to 238° 
238 to  240°  
240 to 242° 
242 to  244° 
244 to  246° 
246 to 248° 
248 to  250° 
250 to 252° 
252 to 254° 
254 to  256° 
256 to 258° 
258 to 260° 
260 to  262° 
262 to  264° 
264 to 266° 
266 to 268° 
268 to 270° 
270 to 272Q 
272 to  274° 
274 to 276° 
276 to 278° 
278 to 280° 
280 to 282° 
282 to 284° 
284 to 286° 
286 to 288° 
288 to  290° 
290 to 292°  
292 to 294°  
294 to 296° 
296 to 298° 
298 to 300°

m m .
738
738
739 
739 
739 
739 
737

744 
. 738 

733 
733
733 
736 
736 
736
735
734 
734 
734 
734 
734 
734
734
731 
738 
738 
738 
738
736
736 
733 
733 
733
732 
730 
730 
730 
730 
730 
730 
742 
742 
742 
742 
742 
741 
741 
741 
741 
741 
740 
740
740 
738 
738
738
737 
737
735
735
733 
733
736 
736
741 
741 
741 
740 
740
739 
739 
739 
739

by vol. 
0.20 
0 .5 0  
0 .3 6  
0 .4 9  
0 .31  
0 .5 5  
0 .6 0  
0 .3 7  
0 .3 6  
0 .4 0  
0 .5 6  
0 .5 2  
0 .3 5  
0 .4 4  
0 .41  
0 .2 4  
0 .4 4  
0.20 
0 .4 8  
0 .4 0  
0 .51  
0 .3 2  
0 .3 0  
0 .5 0  
0 .3 3  
0 .4 3  
0 .51  
0 .3 7  
0 .4 7  
0 .4 3  
0.51  
0 .4 7  
0.51  
0 .2 8  
0 .4 0  
0 ,5 0  
0 .3 8  
0*45 
0 .41  
0 .3 3  
0 .41  
0 .3 7  
0 .4 0  
0 .4 0  
0 .4 2  
0 .4 2  
0 .3 4  
0 .3 0  
0 .31  
0 .3 9  
0 .51  
0 .2 4  
0 .3 9  
0 .4 0  
0 .3 4  
0 .3 7  
0 .4 6  
0 .4 3  
0 .4 5  
0 .2 7  
0 .4 4  
0 .2 3  
0.41  
0 .3 8  
0 .4 3  
0 .2 3  
0 .3 3  
0 .4 0  
0 .2 8  
0 .2 9  
0 .3 7  
0.22 
0 .2 8  
0 .2 8

2 8 .8 0

15 V l5 °  
0 .7 7 1 5  
0 .7 7 3 0  
0 .7 7 4 4  
0 .7 7 6 2  
0 .7 7 8 4  
0 .7 8 0 0  
0 .7 8 1 8  
0 .7 8 4 4  
0 .7 8 4 9  
0 .7868  
0 .7 8 8 4  
0 .7897  
0 .7 9 1 0  
0 .7 9 2 0  
0 .7 9 3 0  
0 .7944  
0 .7 9 5 7  
0 .7969  
0 .7 9 8 0  
0 .7 9 9 7  
0 .8 0 0 6  
0 .8 0 2 6  
0 .8 0 3 0  
0 .8 0 5 0  
0 .8 0 6 4  
0 .8075  
0 .8 0 9 4  
0 .8 1 0 5  
0 .8 1 1 8  
0 .8129  
0 .8 1 3 8  
0 .8 1 5 4  
0 .8 1 6 0  
0 .8175  
0 .8 1 8 4  
0 .8 1 9 0  
0 .8207  
0 .8 2 1 9  
0 .8 2 3 0  
0 .8244  
0 .8252  
0 .8 2 6 4  
0 .8 2 7 0  
0 .8 2 9 0  
0 .8 3 0 6  
0 .8322  
0 .8 3 2 9  
0 .8 3 3 9  
0 .8355  
0 .8 3 6 0  
0.8381  
0 .8 3 8 8  
0 .8 3 9 8  
0 .8 4 1 0  
0 .8418  
0 .8 4 3 4  
0 .8440  
0 .8 4 4 9  
0 .8455  
0 .8 4 6 2  
0 .8 4 6 9  
0 .8 4 8 0  
0 .8 4 8 3  
0 .8 4 8 3  
0 .8595  
0 .8 5 0 0  
0 .8 4 9 8  
0 .8 5 0 8  
0 .8 5 0 8  
0 .8 5 1 0  
0 .8513  
0 .8 5 1 8  
0 .8 5 2 5  
0 .8 5 3 0

R ef. index  
15° C.
1 .4320  
1,4330  
1.4338  
1.4350  
1.4359  
1.4372  
1.4384
1.4393
1.4391
1.4405
1.4418
1.4425
1.4430
1.4435
1 .4440
1.4447
t .4450
1.4458
1.4466
1 .4470
1.4478
1.4485
1 .4492
1.4498
1.4505
1 .4508
1 .4518
1.4523
1 .4530
1.4538
1.4544
1 .4550
1.4552
1 .4559
1.4563
1 .4570
1 .4579
1 .4583
1 .4592
1.4601
1.4607
1.4611
1.4617
1.4627
1 .4632
1.4644
1.4651
1 .4658
1 .4662
1 .4670
1 .4675
1 .4684
1 .4690
1 .4698
1 .4700
1 .4708
1.4721
1.4725
1 .4729
1.4732
1.4738
1.4741
1.4745
1.4745  
1.4747
1 .4750
1 .4750
1.4754
1.4754  
1 .4756
1.4755
1 .4760
1 .4760
1 .4760

T ota l  K e r o s e n e  
300 to  302° 739
302 to  304° 739

(c )  M ercu ry  co lu m n  o f th e rm o m e te r  b e c a m e  sh a tte r e d .

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

1.4761
1.4765

Fractions dried b y  means of metallic sodium, and 
filtered, were found to have the following composition.

sulfuric acid, washing in the usual manner and drying 
over calcium  chloride, gave the follow ing analysis:
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8 5 .8 4  per cen t C and 13 .9 9  per cen t H

T he residual oil of th e 300 to 3020 fraction  (after 
separation of the ozonide) w as refined b y  m eans of 
liquid sulfur dioxide, according to the m ethod of 
E delean u.1 The oil thus refined, washed and dried, 
had the refractive  index 1.4712 a t 14 0, and was found 
to contain

8 5 .4 2  per cen t C 14 .12  per cen t H
C alculated for C nHjW 8 5 .6 2  per cen t C 14 .3 8  per cen t H

The oil extracted  therefrom  b y  the liquid sulfur 
dioxide, after w ashing, etc., had the refractive index
1.5222 at 1 6 0 and contained

8 2 .4 2  per cen t C  10.31 per cent H 7 .2 7  per c e n tO  (dif.)

T he 296 to 298° fraction , w eighing 58.34 g. after 
treatm en t with sodium , and filtration, was treated  
in the cold w ith ozonized air for five successive days. 
T h e ozonide was washed w ith abou t 25 cc. of light 
gasoline, to which it  gave only a slight color. A fter 
evaporation  of the residual gasoline in a current of 
n atural gas there rem ained 5.8 g. of ozonide— 10 per 
cent of the w eight of oil. Some of th is ozonide was 
treated  w ith anhydrous ether, y ielding a red colored 
solution, which was poured off from  a brick-red in ­
soluble pow der. A fter the evaporation  of the ether 
there rem ained a tran sparen t red syrup which hard­
ened slow ly like a varnish. x\ portion for analysis 
was spread in a film over th e inner surface of a porcelain 
b oat and dried in a desiccator. Its  w eight becam e 
constant at 0.4122 g. On com bustion th is gave 
0.9623 g. C 0 2 and 0.2336 g. H20 .
Found 6 3 .6 7  per cent C  6 .3 4  per cen t H
C alculated for C17H10O« 6 3 .7 2  per cent C  6 .3 0  per cent II 2 9 .9 8  per cen t O

This is in accordance w ith th e results obtained by 
M olinari and Fen aroli2 w ith distillates from  R oum anian 
and R ussian petroleum s.

The 252 to 2540 fraction— th e largest of the upper 
kerosene— after drying over sodium , was refined w ith 
liquid sulfur dioxide.

A— T h e refined oil had a specific g ra v ity  of 0.8240 
at 1 5 0 and the refractive  index 1.4660 a t 15°. Its 
com position was found to be

8 5 .2 9  per cen t C  13 .9 8  per cent H

B— T he sulfur dioxide extract, after w ashing, etc., 
had the refractive  index 1.5412 a t 1 2 0 and the com ­
position

8 8 .9 4  per cen t C 10 .1 9  per cent H  0.87 per ce n tO  

C alculated for Cis H jo 8 9 .9 3  per cen t C 10 .07  per cen t H

This extract, B, was then treated  w ith  ozonized 
oxygen, in th e cold. It  yielded an ozonide which when 
freshly precipitated  was flaky and alm ost w hite, but 
slow ly resinified. I t  was taken  up in absolute ether 
and shaken w ith successive portions of a dilute aqueous 
solution of potassium  hydroxide un til freed from  acids. 
I t  was then washed, and dried over calcium  chloride. 
A fter evaporation  of the ether a th ick  resinous syrup 
rem ained. 0.4681 g. of the dry substance gave 1.2712 g. 
C 0 2 and 0.2884 S- H20 .
Found 7 4 .0 6  per cen t C  6 .8 9  per cen t H
Calc, for CuHuO* 7 3 .7 3  per cen t C 6 .61  per cen t H  19 .6 6  per cent O

M olinari and Fenaroli isolated from  th e petroleum
1 U . S . r a t .  911,553, Feb. 2, 1909; Chem. A bs., 3, 1082.
5 Berichte, *1 (1908), 3407.

of V elleja, Ita ly , a flaky w hite ozonide having the 
com position CisHieOe, which th e y  believe to  have been 
form ed from  th e hydrocarbon C15H16 b y  the addition 
of tw o  0 3 groups to tw o double bonds. Possibly our 
original product also m ay have been the same double 
ozonide, which on treatm en t w ith alkali lost half of 
its oxygen.

In the excellent work “ W issenschaftliche Grundlagen 
der E rd ôlb ereitu n g,”  b y  D r. L. G urw itsch, Berlin, 
I 9 I 3> PP- 34~35> the significance of the suggestion of 
M olinari and Fenaroli regarding the preexistence of 
hydrocarbons of th e series C „H 2„_h in kerosene is 
critically  discussed, and it  is pointed out th a t oxidation 
m ay precede the ozonide form ation. T h e analysis 
of the sulfur dioxide extra ct of the unoxidized 252 to 
2540 fraction  shows approxim ately  the same hydrogen 
content as the hydrocarbon C15H20. Since, however, 
the extraction  m ethod cannot effect com plete separa­
tion of the tw o classes of hydrocarbons it is very 
probable th a t th is ex tra ct m ay consist essentially of 
the hydrocarbon C15H16, contam inated  b y  small residual 
quan tities of ordinary naphthenes.

T h e ozone reaction has given  us a valuable working 
tool for detecting new constituents of petroleum .

T h e extraction  m ethod of E deleanu enables us to 
rem ove these constituents from  the m ain body of the 
petroleum , in concentrated form  and apparently un­
altered condition.

In th e opinion of the w riter, how ever, the proof of 
the chem ical com position of these reactive  constituents 
aw aits the developm ent of an independent method of 
a tta ck in g  the problem .

34 4 7  P a r k v ie w  A v e . ,  P it t s b u r g h , P a .

E F F E C T  O F  P R E S S U R E  O N  Y I E L D S  O F  P R O D U C T S  IN 
T H E  D E S T R U C T I V E  D I S T I L L A T I O N  O F  H A R D W O O D

B y R . C. P almer 
R eceived A ugust 5, 1914 

IN T R O D U C T IO N

A  stu d y  of the effect of pressure on yields was con­
ducted a t the Forest P roducts L ab orato ry  as a part of 
a series of experim ents to devise m ethods of increasing 
the am ounts of valuable products obtained in the de­
stru ctive  d istillation  of hardwoods.

It is generally know n th a t certain  primary re-, 
actions occur in the action  of d ry  heat on wood sub­
stance in the absence of air, resulting in the primary 
products: acetic acid, m ethyl alcohol, a very  complex 
tar, charcoal, and such gases as carbon dioxide, carbon 
m onoxide and m ethane. From  a theoretical stand­
point, it is possible to  produce secondary reactions 
betw een these prim ary products such as 2CH3COOH = 
CH 3COCH 3 +  C 0 2 +  H20 , resulting in a decrease in 
acetic acid, or C H 3OH  +  C H ,C O O H  =  C H 3C O O C H 3 +  
H20 , g iv in g a decrease in both alcohol and acetic acid.

T h e decom position reactions of wood which result 
in the form ation  of ta r are a t present too little under­
stood even for speculation but un doubtedly a relation 
exists betw een th e ta r  and charcoal, both products con­
tainin g a high carbon co n ten t,1 and a relation be­
tw een acid or alcohol and tar is certain ly  not impossible

1 U ltim ate analysis of birch tar has been given as Ca#HuOi*. U ason, 
Arch. f .  K em ie M in . and Geol., V ol. 5, N o . 7.
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M E T H O D  OF M A K IN G  E X P E R IM E N T S  

a p p a r a t u s — A diagram m atic sketch of the ap­
paratus used is shown in Fig. 1. This apparatus is 
a cast iron autoclave w ith walls 1 inch thick to w ith­
stand high pressure. The autoclave has a jacket

F i g . I — E x p e r i m e n t a l  A u t o c l a v e

filled with a heatin g medium. The heat is supplied 
by means of a gian t Bunsen burner. A  mixture of 
sodium and potassium  nitrates was found to be a con­
venient- bath  m aterial. A  stirring device was pro­
vided for keeping the charge well mixed. It was found 
necessary to  stir continuously during the exothermic 
reaction in order to  secure check runs under any given 
conditions of pressure and size of chip.

The tem perature of the distillation was measured 
at a point as near the center of the charcoal residue 
as the stirrer would perm it. In order that the re­
action should be un iform ly com plete in all cases, the 
distillation w as considered finished when the constant 
maximum tem perature w as m aintained for 10  minutes 
with constant stirring. A final tem perature of as near 
*° 33 5° C . as possible was attained in each distillation.

In heating up the retort with air alone it was found 
that the tem perature in the retort was constantly about 
ioo° lower th an  the bath tem perature, probably due 
to large conduction of heat through the heavy wall, 
therefore, in m aking distillations, the bath was raised 
to about 450° C . and m aintained at that tem pera­
ture throughout the experim ent.

o p e r a t i o n  o f  r e t o r t — Distillations were made 
using: (1) saw dust of tw o species, maple and birch; 
(2) chips averaging 1 b y  V s b y  Vs inch birch. For 
distillations in the autoclave the small material was 
selected because differences due to  different qualities 
°f material could be obviated. The objections to the

use of small m aterial because of difficulties in heating 
were avoided by stirring the charge. Also while 
probably not commercial in the ordinary types of dis­
tilling apparatus, saw dust or chips served the purpose 
of obtaining sim ply com parative results.

The different kinds of m aterial were first distilled 
at atmospheric pressure under conditions as far as 
possible com parable with the ordinary m ethods of 
com m ercially distilling wood. Distillations were then 
made under different pressures up to 150 lbs. per sq. in. 
In the pressure distillations as soon as the first water 
distillate was coming in sufficient q uan tity  to insure 
that all air had been displaced the outlet was closed 
until the desired pressure was obtained as indicated 
on a pressure gauge, the outlet then being opened just 
enough to m aintain the pressure.

In most cases very little manipulation of the outlet 
valve was necessary to secure constant pressure con­
ditions throughout the run except at the very  last, 
when the quan tity  of distillate was very  small. A ty p ­
ical data sheet is shown in Table I, which indicates the 
manner of m aking the distillations.

T a b l e  I— B ir c h  C h ips

Run N o. 43. February 7, 1914. W eight charge, 2903 g.
Oven dry weight, 2621 g.

Tem perature
CC. Pres­ Total

^---------------- *— sure distillate
T im e A utoclave B ath Lbs. Cc. R e m a r k s

8 .3 0  a .m. Gas on
9 .3 9 116 363 D istillation  began
9 .51 155 400 60 60 lbs. reached
9 .57 179 415 60 i ÓÓ

10.02 194 425 60 200 Tar started
10.06 209 429 60 300
10.09 225 435 60 400
10 .1 1 242 440 60 500
10.13 250 442 60 600
10.15 272 442 60 700 Stirred continuously
10.16 286 443 60 800
10. 17 298 444 900
10. 18 311 447 60 1000
10.23 325 450 60 1100'
10.27 331 452 60 1130 G as off
10 .30 335 452 60 1155)
10,33 338 445 60 1162 Í
10.37 338 60 1166 \ K ept on stirring
10.40 337 60 1168
12,20  P.M. 220 0 1197

Total, 1229

R E S U L T S

R E L A T IO N  B E T W E E N  T IM E , T E M P E R A T U R E , A N D  P E R

c e n t  o f  d i s t i l l a t e -— Figs. 2 and 3 show the relation 
between tim e, tem perature, and per cent of total 
distillate for typical distillations made at o, 60, and 1 20 
lbs. pressure. D istillations were usually com plete 
within tw o hours after the distillate began com ing over. 
It is evident from the tem perature distillate curve th a t 
the tem perature was not the true average tem pera­
ture of the autoclave but only served as an indication 
of the rate of rise of the tem perature.

Free tar began coming over in the distillate after 
about the same lapse of tim e in each case, but at 160° 
for o lbs., iS o° for 60 lbs. and about 210° C . for 1 20 lbs. 
pressure. From  numerous other experim ents b y  the' 
author and from the reports of other investigators 
the destructive distillation point accom panied by  the 
form ation of free tar occurs at about 275° C. at atm os­
pheric pressure. T he therm om eter reading is, there­
fore, evidently too low during the distillation stage. 
However, since with air alone the therm om eter could 
hot be rasied within 100° of the bath, and since the final 
tem perature was in nearly all cases about io o °  lower



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

than  the bath , the final indicated  tem perature was 
prob ab ly more n early  correct. N o allow ance is made 
for the heat developed b y  the exotherm ic reaction of 
distillation b u t w ith only abou t 3000 g. of wood this 
would not be v e ry  great.

In spite of the u n certa in ty  of havin g m easured the 
actu al tem perature the follow ing effects of pressure 
or the m anner of distillation are indicated:

I— T h e decided difference in the tem perature­
tim e and tem perature-per cent d istillate curves with

tar. The results obtained from  different forms of 
wood and different species are given in Table II. 
T he results in each case are the average of at least 
three consistent distillations.

T he alcohol yields from  chips are decidedly higher 
th an  for saw dust of th e same m aterial. This was 
about the m ost im portant difference of chips over 
th e sm aller form  and the cause is probably the size 
of the m aterial. D istillations on 80-lb. charges of 
wood 18" long and 3" X 3" cross section from which
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increasing pressures is prob ab ly due en tirely  to the 
increase in boiling point of w ater under pressure. A t' 
60 lbs. pressure, w ater boils at 153° C .; at 120 lbs. 
pressure, at 176° C. T he flattening out of the curves 
for these pressures occurs very  close to these points.

II— T he destructive distillation  point as indicated 
b y  the form ation of tar takes place at a higher tem pera­
ture w ith increasing pressure.

I I I— The higher the pressure th e. more distillate 
is obtained before ta r  is form ed during destructive 
distillation. The m oisture content of the charge in

these chips and saw dust were taken  gave 1.54 per cent 
alcohol. T h e same thing held true for maple. Saw­
dust ga v e  low er yields of alcohol com pared to large 
form s of wood.

T h e effects of pressure on the products of destruc­
tiv e  d istillation  were independent of the form and 
species used and were in general as follow s:

a c e t i c  a c i d — Increased pressure tended to decidedly 
decrease th e yield  of acetic acid, the average effect 
of distilling a t 120 lbs. over o lb. being a decrease of 
abou t 23 per cent. In th e case of maple sawdust

T a b l e  I I - - E f f e c t  o p  P r e s s u r e  

P ressure

o n  D e s t r u c t iv e  D is t il l a t io n  (R e s u lt s  in  p e r c e n ta g e s  o f  o v e n  d ry

C o n ce n tr a ­
tio n  o f  P e r  c e n t.  

T a r  d is so lv e d  p y r o  ac id  
--------------*------------ » ta r  in  m in u s

w e ig h t  o f  m a te r ia l)

G a s, 
ta r  a n d T a r  and

M a t e r ia l L b s. A c id A lc o h o l C h a rco a l D is s o lv e d T o ta l d is t i lla te m o is tu r e G a s ch a rco a l charcoal
M a p le  s a w d u s t .......... 0 5 .5 9 1 .0 9 3 8 .9 3 3 .7 4 8 .0 4 9 .0 5 3 5 .0 2 5 .2 7 2 .1 7 4 6 .9 7

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

B irch  s a w d u s t ............ 0 6 .7 6 1 .1 5 3 7 .2 5 .2 8 1 1 .9 8 8 .5 3 3 6 .3 7 1 9 .7 0 6 8 .9 8 4 9 .1 8
6 0 5 .3 4 1 .2 3 4 0 .3 8 1 .4 0 4 .2 5 2 .9 3 2 9 .9 5 2 5 .1 0 6 9 .7 3 4 4 .6 3

120 5 .2 0 1 .2 5 4 2 .0 7 1 .1 2 3 .8 6 2 .7 1 2 9 .8 4 2 5 .5 5 7 1 .4 8 4 5 .9 3

B irch  c h ip s ................... 6 .3 2 1 .4 2 3 6 .6 1 1 2 .5 5 1 6 .9 6 2 4 .4 4 2 .6 4 1 6 .0 3 6 9 .6 0 5 3 .5 7
60 5 .6 1 1 .5 0 3 9 .5 6 .2 9 1 1 .7 0 1 2 .1 3 4 .2 3 2 0 .1 3 7 1 .3 3 5 1 .2 0

120 5 .4 4 1 .5 3 4 0 .4 8 5 .6 4 9 .0 8 8 .7 5 3 2 .9 0 2 1 .2 1 7 0 .7 7 4 9 .5 6

the typ ica l cases drawn would not accoun t for this 
difference as the o and 120 lb. runs were 18.9 per cent 
and 19.1 per cent m oisture, respectively , while the 60 
lb. run was 25.4 per cent m oisture.

e f f e c t  o f  p r e s s u r e  o n  p r o d u c t s — The distillate 
from  each run was allowed to stand until all free 
tar had settled  out and the clear pyroligneous acid 
had separated. B oth  acid  liquor and settled ta r were 
then  weighed and m easured. The crude pyroligneous' 
acid was analyzed  for acid, alcohol, and dissolved

at 150 lbs. the y ield  of acid was 28 per cent less than 
a t o lb.

a l c o h o l — Up to  120 lbs. the effect of pressure was 
to  increase sligh tly  the yield  of alcohol, about 8 per 
cent more alcohol being obtained at this pressure over 
o lb.

T hree-quarters as m uch increase, or 6 per cent, was 
obtained w ith 60 lbs. pressure. In the case of maple 
saw dust at 150 lbs. the y ield  w as p ractica lly  the same 
as at o lb., ind icating th a t above 120 lbs. the effect
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of pressure is to  decrease rather than increase the 
yield of alcohol. T h is w as also substantiated by a 
number of prelim inary distillations.

c h a r c o a l — A t 60 lbs. pressure, 8 per cent more char­
coal was obtained than  at o lb., and at 120 lbs. there 
was an increase of 11 per cent over atmospheric dis­
tillations.

d i s t i l l a t e — T h e clear pyroligneous acid, inde­
pendent of m oisture content of wood, was decreased 
about 20 per cent under 60 lbs. pressure but had only 
small further decrease a t 120 lbs. or 150 lbs.

g a s— There was a sim ilar but reverse effect on the 
gas (determined b y  difference). A t 60 lbs. pressure 
there was abou t 25 per cent more gas than at o lb., 
but 120 or 150 lbs. only gave very  little more gas or 
even less than 60 lbs. (m aple sawdust at 150 lbs. gave 
2 per cent less than  at 60 lbs.).

t a r — T he m ost decided effect of distilling under 
pressures greater than  o lb. was on the tar. A t 60 
lbs. the yield of to ta l ta r  (tar which settled out of the 
distillate plus tar dissolved in the crude pyroligneous 
acid) was 60 to 65 per cent less than at o lb. and at 
120 lbs. and 150 lbs. pressure about 68 per cent less.

This same effect was even more apparent on the 
dissolved ta r  alone. A  decrease of as much as 75 per 
cent at 150 lbs. over o lb. being obtained for maple 
sawdust. T he high yield  of tar from birch chips 
as compared to  saw dust was probably due to the fact 
that the chips were v e ry  dry. Other work on a much 
larger scale has given  the sam e effect using very dry 
wood.

R E L A T IO N  B E T W E E N  G A S, T A R , A N D  CHARCOAL

It seemed probable th a t some relation might be 
‘established betw een gas, tar, and charcoal, and this 
has been indicated  in T able II. A n y  such relation 
is not very  m arked, how ever, although the sum of 
the three products is fa irly  constant.

It is of interest to  com pare these results with some 
recent work of K la so n 1 who has studied the effects 
of distilling birch under pressures lower than atmos­
pheric, a pressure of 0.01 mm. being maintained even 
during the gas stage b y  im m ersing the receiver in liquid 
air. In brief, the same tendencies were obtained, 
TO., the higher the pressure (in this case atmospheric 
compared to pressures of 0.01 mm.) the more alcohol 
and charcoal were obtained and less tar, but Klason 
reported p ractica lly  no effect on the acetic acid.

SU M M A R Y

I— - D e s t r u c t i v e  d i s t i l l a t i o n s  o f  b ir c h  a n d  m a p le  w e r e  

m ad e o n  a  s m a l l  s c a le  t o  s t u d y  t h e  e f f e c t  o f  p r e s s u r e s  

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

II— In general, the effect of destructively dis­
tilling wood under increasing pressure is to increase 
the alcohol sligh tly  when m oderate pressures are used 
and to increase th e charcoal and gas. Further effects 
were to decrease the acetic acid, the pyroligneous liquor, 
and tar.

III— T he effects of 60 lbs. pressure over o lb. are 
much more decided on all products than the effects of 
increasing the pressure beyond 60 lbs.

1 "Experim ents on the D ry  D istillation  of Wood," Peter K lason.
A'Ch.f. K em ie M in . and Gcol., Vol. 5, N o. 7.

IV — The most decided effect of pressure was on the 
tar. A t 60 lbs. pressure this product was decreased 
60 to 65 per cent.

V— From a practical standpoint, the most interesting 
effect of pressure is in connection with the yield of 
soluble tar.

D istillations were made at pressures as high as 450 
lbs., but the exotherm ic reaction was so violent th at 
it was not advisable to  continue the experiments. 
A t this pressure, the concentration of the dissolved 
tar in the pyroligneous acid was so low th at redistilla­
tion was not necessary in order to titrate the distillate 
— or in practical operation the first distillation of the 
prim ary liquor would not be necessary in order to make 
gray acetate of lime. It is possible th at pyroligneous 
acid free from soluble tar m ight be obtained b y sub­
jecting the distillate to a high pressure during the vapor 
stage but the application of this result is not yet ap­
parent.

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

OILS OF THE CONIFERAE: III. THE LEAF AND TWIG 
AND THE CONE OILS OF WESTERN YELLOW 

PINE AND SUGAR PINE
By A. W. Schorgbr 

Received October 1. 1914

The leaf oil of western yellow  pine (P in us pon­
derosa, Laws.) has apparently never been exam ined 
chem ically. B row n1 in 1901 briefly described a plant 
in Oregon operating on the needles of Finns ponderosa, 
the products obtained being oil and fiber. A ton of 
the needles produced ten pounds of oil, equivalent to 
a yield of 0.50 per cent of oil, which is considerably 
larger than the yield obtained from the California 
trees.

L E A F  A N D  TW IG  O ILS OF W E S T E R N  Y ELLO W  P IN E

The oils varied in color from bright yellow  to green. 
When exposed to the light for tw o or three days the 
yellow oils also acquired a green color. Some oils 
showed a green fluorescence.
F r a c tio n a l  D is t il l a t io n  o f  t h e  L e a f  O il  o f  W e s t e r n  Y e l l o w  P in e  ____

C. P e rcen t
10

Boiling point,
161-165
165-170
170-185
185-250
155-185 (35 mm.)

64
9

12 .5
3

P h y sic a l  a n d  C h e m ic a l  C o n s t a n t s  o f  t h e  O il s  o p  W e s t e r n

P in e

N os. 2173-2443 distilled from needles only; 2497-2560, from needles and

f pOLïïECHt”

Sam ­
ple
N o.

2173
2174
2384
2385
2386
2387
2403
2404
2442
2443
2497
2498
2499 
2560

tw igs
E ster Percentage
N o.

Ref. after Free
Sp. gr. index Acid E ster acetyl- Ace- alco­ Yield

15° C. 15° C. a D:o° N o. N o. ation tate hol of oil

0 .8762 1.4815 — 15.73 2 .3 6 4 .0 2 2 7 .5 8 1.41 6 .6 0 0 .0 4 0
0 .8718 1.4812 — 17.30 1.87 5 .7 0 24.11 2 .0 0 5 .1 3 0 .0 4 0
0 .8729 1.4794 — 18.72 1.15 5 .1 5 3 4 .1 8 1 .80 8 .1 6 0 .057
0 .8750 1.4793 — 18.62 1 .58 6 .71 34. 15 2 .3 5 7 .75 0 .0 7 2
0 .8739 1.4789 — 17.47 1.73 7.11 3 2 .5 2 2 .4 9 7 .12 0 .0 6 6
0 .8747 1.4797 — 18.62 1 .58 3 .8 8 26 .1 9 1 .36 6 .2 4 0 .0 9 7
0 .8784 1.4807 —  18.72 2.11 5 .9 4 35 . 10 2 .0 8 8 .2 0 0 .0 5 8
0 .8849 1.4832 — 16.81 1.28 5 .1 5 28.81 1 .80 6 .6 2 0 . 115
0 .8722 1.4802 —  17.82 0 .8 8 7 .65 28 .7 9 2 .6 8 5.91 0 .0 9 5
0 .8765 1.4808 —  19.59 0 .8 5 7 .8 3 31 .9 7 2 .7 4 6 .7 6 0 .0 7 4
0 .8793 1.4805 — 17.26 0 .8 7 6 .3 2 3 5 .6 8 2 .21 8 .0 8 0 .1 2 6
0 .8838 1.4837 —  17.02 0 .8 4 8 . 10 3 0 .5 9 2 .8 4 6 .2 9 0 . 122
0 .8844 1.4838 — 16.77 0 .6 7 5 .8 9 3 1 .5 8 2 .0 6 7 .2 0 0 . 124
0 .8755 1.4812 — 15.94 0 .7 3 6 .7 3 25 .1 4 2 .3 5 5 .1 4 0 .0 8 4

p i n e n e — The oil contains but a small am ount
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of a-pinene, since after repeated fraction ation  only 
7.25 g. ( 1 .5  per cent) were obtained between 157 and 
1600. The oil had a specific g ra v ity  of 0.8660 at 15° 
and the optical rotation  0023° — 2 7 ° .o . A  small 
yield of pinene nitrosochloride m elting at 1 0 2 .5 0 
was obtained.

Cam phene w as not detected  in the portion b. p. 160- 
163°.

0 - p i n e n e — T h e oil consists largely  of /3-pinene, 
375 g- (75 Per cent) boiling between 160 -170 °, m ainly 
betw een 164—167°. The fraction boiling at 166° 
had the specific rotation  a D — 19 .8 7 °. A fter oxid­
izing 150 g. of the oil with alkaline potassium  perm an­
gan ate, 76 g. of oil were recovered b y  steam  distilla­
tion, while the oxidation liquor yielded 27 . 5 g. of sodium  
nopinate, equal to a yield  of 3 7 .2  per cent based on 74 
grains of oxidized oil. T he free nopinic acid m elted 
a t 126°. B y  further oxidation the ketone nopinone 
was obtained, the sem iearbazone of which melted, at 
188°.

d i p e n t e n e —  T he oil boiling between 170—180° 
am ounted to 33 g. (6 .6  p e rcen t). T he fraction  b. p. 
17 0 -17 5 °, aD20° — 1 1 .9 0 ° , yielded a dihydrochloride 
m elting a t 50°. T he fraction  b. p. 175 -18 0 °, <*022°. 
— 1 1 .8 3 ° , gave a tetrabrom ide m elting at 124°.

b o r n e o i .—  T he oil boiling between 205-250° 
was saponified and the portion b. p. 20 5-217°, a D25° 
— 17 .6 8 °, heated with phthalic anhydride. The 
phthalic ester was purified in the usual w ay. On 
saponification and steam  distillation a sm all am ount 
of oil w'as recovered. On oxidizing th e oil writh B eck ­
m ann’s reagent solid cam phor was obtained. The 
am ount of cam phor was too sm all for recrysta lliza ­
tion. A fter sublim ation it m elted at abou t 160°. 
T h e m aterial had the appearance and odor of cam ­
phor and showed the property of the latter substance 
of rotating when dropped on water.

“ g r e e n  o il . ’ ’-— On distillation  a t 35 mm. pressure 
I S - 5 g- (3 - i  per cent) of oil distilled between 155 - 
185°. T he oil w as greenish yellow  in color and had: 
d u °  0.9270; <*026° — s -39° for a 56 per cent solu­
tion in ether. No solid derivations were obtained. 
It gave the usual color reactions for “ green o il.”  

a cid s— T he oil previous to d istillation  was ex­
tracted  w ith sodium  carbonate. A cetic  and form ic 
acids were found to be present in the extract b y  means 
of their silver salts. These acids were also obtained 
by hydrolysis of the esters.

CONE OIL OF WESTERN Y EL LO W  PIN’ F.

T h e oil had the follow ing properties: Color, light
green; d|S° 0 .S 75 7, n Di5° 1.4789, a D20° — 1 1 .4 8 ° , 
acid X o. 1 .2 7 , ester No. 7.20, ester No. after a cé ty la ­
tion 22 .41, yield  of oil 0.063 per cent.

F r a c t i o n a l  D i s t i l l a t i o n  o f  C o n e  O il  o f  W e s t e r n  Y e l l o w  P i n e

Boiling point, ° C. Per cent
164-170 57
170-195 29
195-250 3 .5
250-290  3 .5

f u r f u r a l — T he aqueous extract from  the first 
f r a c t i o n  g a v e  a  s t r o n g  c o lo r  r e a c t i o n  f o r  f u r f u r a l  w h e n  

t r e a t e d  w i t h  a n i l i n e  a n d  h y d r o c h l o r i c  a c i d .

a - p i N E N E — T h e  a - p i n e n e  f r a c t i o n  b.  p .  1 5 9 - 1 6 4 ° ,

<*D25° — 2 5 . 3 3 ° ,  am ounted to  7 . 8  g. ( 6 . 3  per cent). 
Pinene was identified b y  m eans of the nitrosochloride 
m elting at 10 3 ° .

/3-p in en e— On oxidation of the fraction b. p.
1 6 4 - 1 7 0 ° ,  d i5° 0 . 8 6 5 9 ,  0 0 22 ° — 1 8 . 6 2 ° ,  w'ith alkaline 
K M n O i sodium  nopinate was obtained. The free 
nopinic acid m elted a t 1 2 6 - 1 2 7 ° .  T he total /3-pinene 
fractions am ounted to 7 4 . 2  g. (60 per cent).

d i p e n t e n e — T w o  fractions, am ounting to 15.8  

g. ( 1 2 . 8  per cen t), were collected between 1 7 0 - 1 7 6 ° .  

T h e fraction  b. p. 1 7 0 - 1 7 3 ° ,  a D2o° — 6 . 4 0 ,  was ex­
am ined for phellandrene w ith n egative results. Dis­
solved in dry ether and saturated  w ith dry H C1 gas, 
the oil gave a good yield  of dihydrochloride melting 
a t 5 0 ° .

b o r n e o l — T he ester fraction  was too small for 
exam ination. The free alcohol and ester content 
h ave been calculated  as borneol and bornyl acetate.

“ g r e e n  o i l ” — T he oil boiling between 250 -29 0 °  

w as dark green in color and weighed 4 . 0 8  g. ( 3 . 3  per 
cent). A  crystallin e hydrochloride was not obtained.

l e a f  a n d  t w i g  o i l s  o f  s u g a r  p i n e  

The color of the oils of the sugar pine (Pinus lam- 
bcrliana, D ougl.) ranged from  pale lemon-yellow to 
dark reddish yellow  and ligh t green to greenish yel­
low.

F r a c t i o n a l  D i s t i l l a t i o n  o f  O i l  o f  S u g a r  P in e

B oiling p oint, ° C. Per cent
158-165 40
165-170 29
170-186 18
186-210 1
210 -250  9

f u r f u r a l — T h is aldehyde was q ualitatively  de­
tected  in the first fractions.

a-piNENE— T h e fraction  exam ined for a-pinene 
had: b. p. 156—158°, d¡5° 0.86451 ^D24° — 10.16 - 
A good yield of pinene nitrosochloride, m. p. 103 °, 
was obtained. T h e nitrolpiperidine m elted at 119°. 
The to ta l a-pinene fractions, b. p. 156—160°, weighed
89.5  g. (20 .7 per cent).

/3-p in en e— T he /3-pinene fractions am ounted to 
51 per cent and distilled largely  between 164 and 167°. 
O xidation of 100 g. of oil havin g a b. p. of 164-167°, 
d 15o 0.8680, *aD25° — 15 73, w ith alkaline KM nO(

P h y s ic a l  a n d  C h e m ic a l  C o n s t a n t s  o f  t h e  O i l s  o p  S u g a r  P ink

E ster Percentage
N o. ,-------------- *-----------Ú

Sam - R ef. after Free
pie Sp. gr. index Acid E ster acety l- Ace- alco- Yield

N o . 15° C. 15° C . a D20° ^ °*  ation  ta te  hoi of oil
2175 0 .8 7 3 8  1 .4 7 9 4  — 11 .07  2 .3 8  4 .0 4  2 8 .4 6  1.41 6 .8 4  . . .
2405 0 .8 7 0 3  1 .4777 — 16 .50  1 .34  2 .2 2  2 9 .6 8  0 .7  8 7.71 0.045
2406 0 .8 7 1 0  1 .4779  — 16 .18  1 .44  3 .5 5  3 2 .0 4  1 .24  8 .01  0.052
2409 0 .8 6 7 6  1 .4794 — 15 .52  0 .6 8  4 .51  2 4 .3 5  1 .58  5 .5 4  0.098
2413 0 .8 6 8 6  1 .4795 — 15 .49  0 .9  7 5 .9  1 23 . 25 2 .0 7  4 .8 4  0.09/
2469 0 .8 7 0 5  1 .4790  — 11.83  1 .0 6  5 .4 2  2 9 .2 7  1 .90  6 .6 8  0.110
2470 0 .8 6 9 5  1 .4785 — 12 .70  1 .02  4 .1 9  2 8 .4 9  1 .47  6 .81  0.120

gave 12 g. of sodium  nopinate, 64 g. of oil being re­
covered b y  steam  distillation. T h e free nopinic acid 
m elted a t 126° and the nopinone semiearbazone at
1 8 8 .5 o.

d ip e n t e n e — B rom ination of a fraction b. p- 
174 -17 8 °, d !5o 0 .8581, an2 9°— 2 2 .1 7 ° , gave a tetra­
brom ide m elting at 124°. T h e dihydrochloride of 
the fraction  b. p. 170 -174 ° m elted at 50°, indicating 
the absence of sylvestrene. The total dipentene 
fractions am ounted to  5 2 .4  g. (12 per cent).
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b o r n e o l — T h e  f r a c t i o n  b.  p. 2 0 5 - 2 3 5 0 w a s  s a p o n i-  s o l v i n g  t h e  oil in  e t h e r  a n d  s a t u r a t i n g  w i t h  H C 1 g a s

fied, d i s t i l l e d  w i t h  s t e a m ,  a n d  h e a t e d  w i t h  p h t h a l i c  t h e  s o lu t io n  t u r n e d  p u r p l e .  A  c r y s t a l l i n e  h y d r o c h l o r -

a n h y d r i d e .  O n  s a p o n i f i c a t i o n  o f  t h e  p h t h a l i c  e s t e r  id e  w a s  n o t  o b t a i n e d ,

and d i s t i l l a t i o n  w i t h  s t e a m  a n  oil first p a s se d  o v e r  

fo llow ed  b y  a  v e r y  s m a l l  a m o u n t  o f  solid bo rneol.
On o x i d i z i n g ,  t h e  oil c a m p h o r  m e l t i n g  a t  1 6 7 - 1 7 0 °  P e r c e n t a g e  c o m p o s i t i o n  o f  t h e  l e a f  a n d  t w i g

was o b t a i n e d .  A n  a l c o h o l i c  s o lu t i o n  of t h e  c a m p h o r  a n d  c o n e  oils is a p p r o x i m a t e l y  as  f o l l o w s :  

was / - r o t a t o r y .  Wbstben Y ellow Pink Sugar Pinb

c o m b i n e d  a c i d s — T h e  a c i d s  o b t a i n e d  b y  s a p o n i-  and' andf

fication o f  t h e  e s t e r s  w e r e  p r e c i p i t a t e d  in th r ee  fr a c -  l oiiK Con' ^nR C°ue

tions c o n t a i n i n g  3 5 . 2 7  p e r  c e n t ,  4 0 . 8 0  pe r  c e n t  a n d  f^-pinene....................................................2 Tr<6e Tr?f*  Tra" ‘
6 4 .8 6  p e r  c e n t  s i lv e r .  T h e  s i lv e r  c o n t e n t  of t h e  f r a c -  i -C u n p h e n e .................................................................................................  2T

, x l-P-Pinene............................................  75 60  5 ! 3 9 -40
tions s h o w s  t h a t  a c e t i c  a c i d  is p r e s e n t  a l o n g  w it h  a  D ip e n te n e .................................................................  6 1 2 - 1 3  1 2  4 - 5
, • 1 r • 1 • 1 Kster as bornyl acetate........................ 2 2 .5  1 .5 1 .5
h igher r a t t y  a c i d  or  a c i d s .  Free alcohol (1-borneol)....................... 7 4 8 3.5

“ g r e e n  o i l ” — A b o u t  x p e r  c e n t  of “ green  o i l”  ................ .................  ,3 3"4 ¡'

was o b t a i n e d  f r o m  t h e  r e s id u e  a f t e r  r e m o v a l  of t h e  L o s s e s ........................................................................  5 1 0  7 7

esters, a n d  a p p e a r e d  t o  b e  i d e n t i c a l  w it h  t h e  h i g h -  PoimsT

bo ilin g  f r a c t i o n  o c c u r r i n g  in  O th er  n e e d le  oils. (In Cooperation with the University of Wisconsin)
0  M a d iso n

CONE OIL OF SUGAR PINE
T U  j  +i r 11 • THE EFFECT OF RESENE ON THE LATHERING OF
T h e  oil a n d  t h e  f o l l o w i n g  p r o p e r ti e s :  C o lo r ,  l i g h t  S Q A p  S 0 L U X I 0 N S ,

green; d | 5° 0 . 8 6 0 2 ,  « d i s ° 1 . 4 7 7 1 ,  a n ; 0° — 2 3 . 1 8 ° ,
’ XT V  XT t  \  1 B >' C,,AS- H - HSRTY AND C. W . W lUJAKD

acid N o .  0 . 6 3 ,  e s t e r  N o .  3 . 7 5 ,  e s t e r  N o .  a f te r  a c e t y l a -  , . . . . .
+. . , , , „ , T h e  t o t a l  a n n u a l  p r o d u c t i o n  o f  r o s m  o n  a c o n s e r v a ­
tion 1 7 . 0 4 ,  y i e l d  o f  oil 0 . 3 1 8  p e r  c e n t .  . . . . .  ,

t i v e  e s t i m a t e  is n o t  less t h a n  2,500,000 b a r r e l s  o f  500  
Fractional Distil latio n of Cons Oil of Sugar Pine Ibg e£̂  N o t  j c ss  t h a n  h a jf  o f  thJs f o s i n  j s u s e d  j n

B oiling point, ° C. Per cent . . .
159.5-165 64 t h e  m a n u f a c t u r e  o f  s o a p .  1 h e  r e a s o n  fo r  i t s  u s e  in

no —194 n industry lies in the fa ct th a t the acids of the rosin
230 —255 i '5 readily form alkali salts which are very  soluble in water,
255 -290 i hydrolyze readily and form solutions which lather

f u r f u r a l — F u r f u r a l  w a s  q u a l i t a t i v e l y  d e t e c t e d  fr e e ly  w h e n  a g i t a t e d ,

in t h e  firs t  f r a c t i o n  B u t  ro sin  c o n t a i n s  o n  a n  a v e r a g e ,  a p p r o x i m a t e l y

« - p i n e n e  —  T h e  ’ f r a c t i o n  b .  p. 1 5 5 - 1 5 9 ° ,  ¿ i s *  7 p e r  c e n t  of “ r e s e n e ”  or  u n s a p o n i f i a b l e  m a t t e r .  A s

0 . 8 6 4 6 ,  a D i7 ° — - 3 0 . 6 2 ° ,  g a v e  a  n it r o s o c h lo r id e  m e l t -  t h i s  re s en e  p o s se ss e s  n o n e  o f  t h e  p r o p e r t i e s  w h i c h  m a k e

ing a t  9 8 - 9 9 ° .  T h e  p i n e n e  n it r o lp ip e r i d i n e  m e l t e d  r° sin v a l u a b l e  fo r  s o a p - m a k i n g  i t  m u s t  b e  c o n s , d e r e d

at 1 1 6 °  a f t e r  t h r e e  c r y s t a l l i z a t i o n s  fr o m  a lc o h o l a n d  a s  a filler. A c c o r d i n g  t o  t h e  a b o v e  f i g u r e s  t h e r e f o r e ,

a f o u r t h  c r y s t a l l i z a t i o n  d id  n o t  raise  t h e  m e l t i n g  p o i n t .  fr o m  40.000,000 t o  45.0 00 ,0 00 lb s.  o f  t h i s  filler, re s e n e ,

T h e  t o t a l  a - p i n e n e  f r a c t i o n s  a m o u n t e d  t o  5 7 . 5  g. &0 ' nto soaP a n n u a l l y .  .

C A M P H E N E - T h e  c a m p h e n e  f r a c t i o n s  d isti lle d  as I s  t r u e  t h a t  r c s c n e  15 b e  r e g a r d e d  s i m p l y  as  a

f o l lo w s :  ( 1 )  b.  p. 1 6 0 - 1 6 1 ° .  w e i g h t  2 1 . 5  g-, (*)  b.  p. fillf r in  s o a P s ? . M * *  nfio t  h a v e  s o m e  p o s i t i v e  a c t i o n ,
1 6 1 - 1 6 3 ° ,  w e i g h t  3 3 - 9  g . ,  d |5 °  o .  8683, a D17o - 2 6 . 4 2 ° .  e i t h e r  p r e j u d i c i a l  or b e n e f ic ia l?  A  s e a r c h  o f  t h e  l i t e r a ­

c y  g r a m s  o f  t h e  oil w e r e  t r e a t e d  w i t h  g l a c ia l  a c e t i c  ture fa i l e d  t o  s h o w  a n y  r e c o r d e d  e x p e r i m e n t s  o n  t h i s

a c i d - s u l f u r i c  a c i d  m i x t u r e .  P r o m  t h e  r e a c t io n  p r o d u c t  s u b j e c t  a n d  c o n v e r s a t i o n s  w i t h  c h e m i s t s  o f  s o a p  w o r k s
< „ r . t Af+nr f a i le d  t o  e lic i t  a n y  v e r y  d e fi n it e  c o n v i c t i o n s  o n  t h e6 - 5  g- o f  c r y s t a l l i n e  i s o b o r n e o l  w e r e  r e c o v e r e d .  A f t e r  i a i   ̂ J J .
„  . , ... . „ TT s u b j e c t .  I n  v i e w  o f  t h e  la r g e  a m o u n t  o f  t h i s  m a t e r i a l
r e p e a t e d  c r y s t a l l i z a t i o n  t h e  i s o b o r n e o l  m e l t e d  a t  2 11  *

„0 • , , . « a n n u a l l y  u s e d  i t  s e e m e d  d e s ir a b l e ,  t h e r e f o r e ,  t o  c a r r y
212 in a  s e a l e d  t u b e .  - . , , , , . . . rp,

o  rry, ^ • f 4.• o u t  s o m e  e x p e r i m e n t s  t o  d e t e r m i n e  t h i s  p o i n t ,  l h e
P - p i n e n e — T h e  j 8 -p m e n e  f r a c t i o n s  a m o u n t e d  t o  1 f  .

1 0 4 - 5  g- ( 3 9 - 4 3  p e r  c e n t ) .  I t  b o i le d  b e t w e e n  1 6 3 -  h n e  e l e c t e d  w a s  t h e  e f fe c t  o f  r e s e n e  o n  t h e  l a t h e r i n g

1 7 0 °  a n d  h a d :  d i 5 o 0 . 8 6 8 8 ,  £ * D i 7 ° — 2 2 . 6 5 ° .  O n  o f  s o a p  s o lu t io n s .

o x i d a t i o n  a  y i e l d  o f  3 5  p e r  c e n t  o f  s o d i u m  n o p i n a t e  p r e p a r a t i o n  o f  r e s e n e

w as o b t a i n e d .  T h e  fr ee  n o p i n i c  a c i d  m e l t e d  a t  1 2 6 ° .  T h e  r e s e n e  u s e d  in  t h e s e  e x p e r i m e n t s  w a s  p r e p a r e d  

F i v e  g r a m s  o f  s o d i u m  n o p i n a t e  o n  fu r t h e r  o x i d a t i o n  as  f o l lo w s :  120 0  g .  of t h e  o le o re sin  o f  P i n u s  helero-

y i e l d e d  1 . 6  g .  o f  n o p i n o n e  w h o s e  s e m i c a r b a z o n e  m e l t e d  phylla  ( C u b a n  or  s la s h  p in e )  w e r e  d i s s o l v e d  in  9 l i te r s

a t  1 8 8 - 1 8 8 . 5 ° .  N / 2 a l c o h o l i c  p o t a s h  a n d  t h e  s o l u t i o n  a l l o w e d  t o

d i p e n t e n e — T h e  f r a c t i o n  b.  p. 1 7 0 - 1 8 0 ° ,  o d i ;*  s t a n d  18 hrs. A f t e r  f i l t e r in g ,  w a t e r  w a s  a d d e d  a l m o s t

— 1 5 .  1 0 ° ,  a m o u n t i n g  t o  4 4 p e r  c e n t  g a v e  a  d i h y d r o -  t0  p r e c i p i t a t i o n  a n d  t h e  s o l u t i o n  e x t r a c t e d  t h r e e  t i m e s

c h lo rid e  m e l t i n g  a t  4 9 - 5 0 ° .  b y  s h a k i n g  o u t  t h o r o u g h l y  w i t h  p e t r o l e u m  e t h e r ,

e s t e r  f r a c t i o n — T h e  p o r t i o n  b. p. 1 9 4 - 2 3 0 ° ,  b o il i n g  b e l o w  7 0 °  C .  E i g h t  l i te r s  o f  t h e  p e t r o l e u m

a f te r  s a p o n i f i c a t i o n ,  w a s  t o o  s m a ll  for fu r t h e r  e x a m i n a -  e t h e r  w e r e  u s e d  in  e a c h  e x t r a c t i o n .  T h e  t h r e e  e x -

t ion. T h e  fr e e  a l c o h o l  a n d  e s t e r  c o n t e n t  h a v e  b e e n  t r a c t s  w ere  c o m b i n e d  a n d  s h a k e n  o u t  w i t h  10 l i te r s  of

c a l c u l a t e d  a s  b o r n e o l  a n d  b o r n y l  a c e t a t e .  -0  pe r c e n t  a l c o h o l ,  in  o r d e r  t o  r e m o v e  d i s s o l v e d  p o -

B e t w e e n  2 5 5 — 2 9 0 ° ,  I  p e r  c e n t  o f  a  y e l l o w  oil w a s  o b -  , P resen ted  a t  th e  4 8 th  M e etin g  o f th e  A m erican  C h em ica l S o c ie ty ,

t a i n e d  t h a t  a p p e a r e d  t o  b e  a  s e s q u it e r p e n e .  O n  d is -  R o ch ester , S e p tem b er  8- 1 2 , 1913.
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tassium  salts of resin acids. T h e extract was then con­
centrated b y  distillation  until the tem perature of the 
escaping vapors of petroleum  ether reached 65° C. 
The concentrated residue w as again shaken out with 
50 per cent alcohol and subjected  to  steam  distillation 
in order to  rem ove the spirits of turpentin e and residual 
petroleum  ether. T h e resene, mixed w ith w ater from  
condensed steam , was dissolved in petroleum  ether 
(boiling up to  50° C .), separated from  the w ater layer 
by a sep aratory  funnel, again  washed w ith 50 per cent 
alcohol as a final precaution  against dissolved po tas­
sium  salts, and the petroleum  ether evap orated , at 
first spontaneously, then for a short tim e on a steam  
b ath  w ith constant stirrin g: 65 g. of resene,
an am ber colored, ve ry  viscous mass, resem bling well 
strained honey, were obtained.

a n a l y s e s  o f  s o a p s  u s e d  

T hree different typ es of soap were used throughout 
the experim ents; to ilet, castile and cheap laun dry. 
These soaps a n a lyzed 1 as follow s:

a b l e  I — R e s u l t s  in  P e r c e n t a g e s

Inert m ineral T ota l F a tty
Soap Starch M oisture m atter alkali acids
T o ilet N on e 19 N on e 8 .5 7  70
C astile N on e 19 15 5 .6 0  60
Laundry N on e 23 30 5 .0 0  40

E X P E R IM E N T A L  

W ith each of the three soaps m entioned above 
tw o solutions were prepared, one b y  dissolving 5 g. 
of the soap in distilled w ater to  a volum e of 250 cc.; 
the other b y  dissolving 5 g. of the soap and 0.14 
g. of resene in 250 cc. of alcohol, in order to secure 
uniform  m ixing of the soap and resene, evap oratin g 
the alcohol on a steam  b ath , and dissolving the residue
in w ater to a volum e of 250 cc. In all of the experi­
m ents described below 5 cc. portions of these solutions 
were diluted w ith th e necessary am ount of distilled 
w ater, the solutions placed in salt-m outh b ottles pro­
vided with well ground glass stoppers and the bottles, 
tw o at a tim e, the one containing sim ply the soap solu­
tion, the other the soap plus resene solution, were 
placed on a double shaking apparatus, such as is com ­
m only em ployed in m aking m ilk-shakes. These were 
given  a vio lent shaking for 30 seconds and allowed to  
stand. A fter five m inutes the observations were made 
as to  the am ount of lather on the surface of each solu­
tion. P relim inary experim ents showed th a t concord­
ant results could not be obtained when the bottles 
were shaken in th e tw o hands at the same tim e. D ilu ­
tions at each 100 cc. were tested  both a t 20° and 45° C.

Com parison of the depth of the layer of lather on the 
soap solutions w ith th a t on the soap solutions to w hich 
resene had been added showed a m arked dim inution 
due to the presence of resene at th e follow ing dilutions: 

T a b l e  I I
D ilu tion  show ing  

decreased lather due resene

Soap 2 0 °  45 °
L au n d ry ....................................  400 cc. 600 cc.
C astile ........................................ 800 cc. 1000 cc.
T o ile t ...........................................  1000 cc. 1200 cc.

From  the figures in T able I it  is seen th a t these differ­
ences in dilution correspond roughly to  the percentages

1 T he analyses were m ade according to th e m ethod given in Lam born’s 
‘'M odern Soaps, C andles and G lycerine,” p. 650.

of alkali salts of fa tty  acids in the respective soaps.
A n other set of tests were m ade at 20° C., doubling 

the w eight of resene added to the soap solution with the 
follow ing results:

T a b l e  I I I
D ilution  showing 
decreased lather 

Soap due to  resene
L aundry.........................„ ............................................... 400 cc.
C astile ..............................................................................  600 cc.
T o ile t ................................................................................ 800 cc.

The id en tity  of results in the case of the laundry soap 
is doubtless due to the cru d ity  of the m ethod of measur­
ing the thickness of the lather layer. The decreased
dilutions in the case of the castile and toilet soaps show 
again the injurious effect of resene on the lathering 
power of soap solutions. -

A  more m arked evidence of the effect of added resene 
on the lather is shown b y  the tim e required for complete 
subsidence of th e lather. These experim ents were 
m ade at 20° C . A gain , in each case, 5 cc. of the solu­
tions used in T ab le  II were diluted, shaken 30 seconds 
and allow ed to stand until all lather had disappeared.

T a b l e  I V
Laundry C astile Toilet

d i l u t i o n   -------- * s ,------------ *------------ s ,------------ *------------*
Cc. S  S  +  R  S  S  +  R  S .  S - f R

100 24 6 72 36 168 120
200 6 1 50 30 168 36
300  4 0 .6 6  48 24 72 24

The hours required for such subsidence are given in 
T a b le  IV , in which S represents the standard soap 
solutions and S +  R  the solution of soap containing 
added resene.

U n iv e r s it y  of  N o r t h  C a r o l in a  
C h a p e l  H il l

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

C E L L U L O S E  P R O C E S S

B y  M a r s h a l l  P. C r a m  

R eceived A ugust 20. 1914

If the crude black liquor obtained from  the digesters 
in th e soda process is treated  w ith hydrochloric acid, 
a precipitate is form ed which is w holly organic. The 
m axim um  yield  of this precipitate is obtained when 
100 cc. of th e crude liquor of specific gra v ity  1.25 
are treated  w ith  30 cc. concen trated  hydrochloric 
acid (sp. gr. 1.18), the yield  from  the 100 cc. crude 
liquor being 14 g. If  th e acidified solution is heated 
to boiling, the precipitate gathers in lum ps which can 
be rem oved easily, th e substance being plastic when 
hot and b rittle  when cold. It  is soluble in alkalies 
and dilute alcohol. I t  is believed th a t the crude 
precip itate m ight be used for the follow ing purposes.

I— s i z e  f o r  p a p e r — The precipitate is soluble in 
dilute sodium  hydroxide, 10 g. requiring about 470 
cc. N /10  N aO H . F or 10 g. dry pulp in 222 cc. water 
0.22 g. of the precip itate dissolved in dilute NaOH, 
w ith an equal w eight of alum inum  sulfate added later, 
gave a paper which would be called hard-sized. This 
paper had a tin t on th e reddish brow'n, which could 
be increased b y  using more of th e sizing substance. 
T h e color could not be rem oved b y  a n y  m ethod tried, 
b u t while th is would preven t the use of the material 
for a size for w hite paper, it would not be objection­
able for colored paper, and the color of the material
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itself would be desirable for certain purposes. For 
10 g. dry pulp, 0.054 g- of the material, followed by an 
equal weight of alum inum  sulfate, gave a well sized 
paper, and 0.0135 S- a ve ry  light size. The crude 
liquor, which contains this precipitate already dis­
solved in N aO H  together w ith inorganic salts, can also 
be used as a size for colored papers.

II— s t a i n  a n d  v a r n i s h  f o r  w o o d — The pre­
cipitate dissolved in dilute alkalies or alcohol can be 
applied to wood for a brown stain. It  cannot be 
used as a varnish, for the residue contracts on drying. 
If, however, the to ta l crude precipitate is treated 
with chloroform , abou t half the precipitate by weight 
dissolves; this solution on drying leaves a surface 
which does not contract, and which resembles varnish. 
It can be applied in chloroform, m ethyl or ethyl 
alcohol, or other vo latile  solvent. The part insoluble 
in chloroform  can be used for a stain. There is some 
prospect th a t b y  precipitating the original precipitate 
fractionally, a fraction  which can be used for a varnish 
might be obtained w ithout using chloroform, but 
this has not been accom plished with entire success as 
yet.

III— s u l f u r  d y e — If the dry precipitate is mixed 
with powdered potassium  sulfide (sodium sulfide has 
not been tried) and sulfur, and heated to 185° to 
230° C., an odorous gas is given off, and the residue 
when extracted  with w ater gives a solution which dyes 
wool, silk, and cotton  a dark brown or black. The 
dye is taken  b y  cotton  w ithout a mordant, and is 
quite fast to  sunlight. H eating the mass to 310° 
destroys the d ye which is first formed.

IV — If the precipitate is treated with nitric acid a 
solution is obtained which dyes wool brown if the acid 
is weak, or yellow  if stronger acid is used. These 
dyes appear to  be fast. T h ey  m ay also be obtained 
by n itrating the crude liquor.

If the filtrate from  the precipitate thrown down with 
HC1 is distilled, the distillate obtained contains acetic 
a cid 'a n d  som e other com pound, probably a phenol. 
Ten cc. of the distillate obtained from 150 cc. crude 
liquor w ith 45 cc. conc. H C 1, when titrated with 
NaOH w ith phenolphthalein as indicator, required
40.3 cc. N /10  N aO H . T he distillate with silver 
nitrate gave no precipitate of silver chloride, but on 
standing a red crystallin e precipitate appeared. Yi'ith 
a cold w ater solution of potassium  nitrite the distillate 
gave a crystallin e precipitate, the filtrate from which 
dyed wool and silk  brown, but did not dye cotton. 
Crystalline precipitates were also obtained with 
nitric acid  (this precipitate was dissolved if stronger 
nitric acid was added), ferric chloride, bromine water, 
and potassium  perm anganate. W hen treated with 
chlorine gas or a solution of bleaching powder the 
distillate gave a red solution which dyed wool arid 
silk brown. T h e coloring m atter could be removed 
from the w ater solution b y  extracting with chloro­
form;

The residue from  the distillation could not be 
evaporated to  dryness on the steam  bath, which shows 
that some organic substance is present. The principal 
compound present, how ever, is sodium chloride,

from which the organic m atter m ay be burned off. 
This residue left on evaporation if heated som ewhat 
under certain conditions is p artly  changed to  a sub­
stance soluble in dilute alcohol but not in water. 
The alcoholic solution on being evaporated  leaves a 
varnish-like coating.

If the filtrate from the hydrochloric acid precipitate 
of the crude liquor, before being distilled, is extracted 
with chloroform and the chloroform  evaporated, a red 
colored residue is left. This is som ewhat soluble in 
hot water to a colloidal solution which dyes silk pink, 
but does not dye cotton or wool. The color on silk, 
however, fades very  rapidly.

If this water solution is treated with bromine or 
chlorine, a solution is obtained which dyes wool 
brown and silk gray; these colors are much faster 
than the pink. Am m onium  persulfate gives browns 
on silk and wool, but not on cotton. Potassium  
nitrite gives a brown for silk.

The reason for publishing this investigation in the 
above fragm entary form, is the hope th a t attention 
m ay be called b y  it to the possibilities of a present ’ 
waste product and th at investigation  m ay be directed 
thereto, at this particularly  opportune tim e.

B o w d o in  C o l l e g e , B r u n s w ic k , M a in e

SOME RAPID METHODS FOR GLASS ANALYSIS1
B y E. C. S u l l iv a n  a n d  W. C. T a y l o r  

R eceived August 15, 1914

Some convenient methods which we have developed 
for the routine analyses of glasses m ay be capable of 
further application and we therefore desire to  bring 
them  to the attention of others. Our original pro­
cedure for a com plete analysis was to determ ine the 
alkalies by the J. Lawrence Smith method and the 
other bases and silica by fusion with soda. In some 
cases we were able to make use of the decom position 
of glass by hydrofluoric and sulfuric acids. A fter 
some experim enting we found th a t we could use 
oxalic acid in place of sulfuric to decompose the fluor­
ides. The oxalates can in turn  be decom posed by 
heat so th a t no bases or acids are introduced to inter­
fere with the determ ination of the glass constituents. 
B y  this method the com plete analysis of a glass m ay 
be finished in one day.

This method was developed for the analysis of a 
large number of glasses of the same typ e. These 
contained silica, lead, soda and potash in varyin g 
proportions with sm all am ounts of iron, alum ina,

i The radiator used was made up from 
a description by W. F. Hillebrand in Bul­
letin N o. 422, U . S. Geol. Survey, p. 31, 
and is described here as it has considerable 
influence on the success of the method. R  
is of sh eet iron, alum inum  or nickel, 6 to  
7 cm. high, 8 cm. wide a t top and 5 cm. 
at bottom . T he base B m ay be of iron, 
nickel or platinum  but not of alum inum, 
which will not stand the tem perature of 
the direct flame. I? is attached to R  by  
turning the cogs of B up and over those 
of R. A platinum  triangle should be in­
serted about 4 cm. from the base. An  
alum inum ring with an opening slightly  
larger than the underlying crucible should  
be placed over the radiator to hasten  
evaporation.
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m anganese, lim e and m agnesia as im purities. For 
these glasses the follow ing m ethod w as used: One
gram  of finely powdered glass is placed in a platinum  
crucible of abou t 40 cc. cap acity , m oistened w ith w ater,
2 g. of H2C2O4 crystals added and enough 48 per cent 
H F to fill the crucible half full. T his is evap orated  
to dryness on a rad ia to r,1 the tem perature of which 
is ju st high enough to expel the excess of oxalic acid. 
W hen all the acid has been expelled the crucible is 
cooled and th e evap oration  repeated tw ice m ore with 
oxalic acid and w ater. T h e am ount of oxalic acid 
used is about 5 g. in all. I t  was necessary to  know  the 
am ount used as a blan k showed 0.0012 g. of alkali 
chlorides from  th is source. A fter the third evap ora­
tion, when all the excess of oxalic acid is expelled, the 
rem aining oxalates are tak en  up w ith hot w ater, 
allow ed to  cool and filtered. T he residue which, in 
the case of the glasses m entioned, consists of P b C 204 
only, w ith trace of C a C 20 .i, m ay be titra ted  directly  
with K M n O j or dissolved in dilute H N 0 3 and de­
term ined as sulfate. The filtrate from  the PbCaOj 

' is evap orated  to dryness in a platinum  dish and then 
heated over a free flam e until oxalates are decom posed. 
The carbonates are then tak en  up w ith w ater and 
HC1 and the m ixture is evap orated  to dryness to  re­
m ove th e sm all am ount of S i0 2. T h e salts are taken 
up w ith a few  drops of H C 1 and hot w ater, a few  
drops of brom ine w ater added, then a little  am m onia, 
and th e solution is boiled. T h e precipitate of h y ­
droxides of iron, alum inum  and m anganese is filtered 
off, ignited and weighed. T h e filtrate is divided into 
tw o equal portions. T o  one are added NH4OH and 
(NHO2HPO,,, which precipitate a sm all am ount of 
m agnesia— about 1 mg. T his is calcu lated  to  chloride 
and deducted from  w eight of N aC l, K C 1. The other 
half is evap orated  to dryness, am m onia salts expelled 
b y  heat and the chlorides weighed. The M g C l2 
found and alkali from  blank determ ination on all 
reagents are subtracted  and the K 20  determ ined b y  
the platinum  chloride m ethod and N a20  b y  difference.

T h e follow ing table  will show some of the results 
obtained on w eight of alkali chlorides from  1 g. sam ple:

J. L. Sm ith J. L. Sm ith
m ethod O xalate m ethod Oxalate

G lass N o . Gram Gram Glass N o . Gram Gram
1 .................  0 .1 1 7 0  0 .1 1 7 5  2 ............ 0 .1 1 7 7  0 .1 1 9 9

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

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

On the separation  of soda and potash the oxalate 
m ethod averages about 0.15 per cent low er in K 20  
and correspondingly higher in N a20 . T h e lead de­
term ination b y  the oxalate m ethod expressed in per 
cent P bO  com pares as follows:

S o d a  F u s i o n  O x a l a t e

2 1 .0 0  2 1 .2 2
2 1 .1 3  2 1 .1 5

21 .30  
2 1 .1 8

T h e com bined w eights of iron, alum ina and m anganese 
am ount to from  1 to 1.5 per cent and' average from
0.2 to 0.3 per cent lower b y  the oxalate m ethod than
b y  the soda fusion. T h e am ounts of C aO  and M gO  are 
in the neighborhood of 0.1 per cent and are sligh tly  
lower b y  the oxalate m ethod where determ ined though 
these determ inations were usually  om itted. W e have

used this m ethod since on a large num ber of similar 
sam ples and have found it satisfactory  for glasses of 
this typ e.

In applying th is m ethod to other glasses the pro­
cedure follow ing the three evaporations m ust of course 
be varied. T h e first step is to  separate the soluble 
and insoluble oxalates. From  there on the procedure 
m ay v a ry  • according to w hat elem ents are present. 
The oxalates we have w orked w ith group themselves 
as follows:

I n s o l u b l e  S o l u b l e

Lead C opper 2 M agnesium  2 Sodium  M anganese 3
Calcium  C obalt 2 Potassium  Iron 4
Zinc N ick el 2 A lum inum  Arsenic
C adm ium  1 Barium  2 C hrom ium  A ntim ony 5

1— A lm ost q uan tita tive; in presence of zinc traces present with soluble 
oxalates.

2— T hough  m ostly  insoluble, these elem ents m ust be looked for with 
the soluble oxalates unless particular precautions are taken to  have condi­
tions right to  render th e oxalates insoluble. Presence of other elem ents also 
affects the so lu b ility  of th ese oxalates.

3— M anganese up to  2 per cen t gave no test for the elem ent with the 
insoluble oxalates but a  glass contain ing 6 per cen t M nO showed nearly 
half this am ount as an insoluble oxalate.

4— D oes not occur w ith insoluble oxalates excep t in zinc glasses when a 
sm all am ount is  found w ith  the zinc.

5— N orm ally  soluble b ut has been found w ith insoluble oxalates when 
these were heated  too strongly.

A rsenic or antim on y, if present, should be removed 
from  the soluble oxalates w ith  H2S before th e oxalates 
are decom posed. T h is necessitates acidifying with 
H C 1, which m ust be expelled before decomposing the 
rem aining oxalates; otherwise alkali chlorides are 
vo latilized . T h e insoluble oxalates are in general 
dissolved in dilute HC1 and separations made as in 
an y m ixture of chlorides. B orates do not interfere 
w ith the analysis. A  num ber of analyses of glasses 
and silicates of other types are given  to  show results 
obtained b y  th is m ethod. T he figures given  are the 
difference betw een the oxalate m ethod from  the soda 
fusion and J. Law rence Sm ith m ethod. T h ey are 
expressed as +  when oxalate m ethod is higher and 
—  when lower.

A B C D  E  F
N euO ...................  — 0 .0 8  + 0 . 2 6  — 0 .1 6  — 0 .1 1  + 0 . 1 8  + 0 .1 4
K iO ...................  — 0 .0 6  * 0 .0 0  + 0 .1 0  * 0 .0 0  — 0 .0 8  — 0.04
C aO .....................  — 0 .2 2  — 0 .0 5  . .  — 0 .0 5
AUO j.FeiOj.. . + 0 .0 4  — 0 .0 8  . .  * 0 .0 0  + 0 .0 3  — 0.04
ZnO .................................  + 0 .1 3  + 0 .0 7  — 0 .3 0  + 0 .0 4

A— An ordinary soda lim e glass D — A soda zinc borosilicate
B — A soda lim e, zinc borosilicate E — A  soda potash zinc glass
C— A soda potash  zinc glass F — A soda alum ina borosilicate

T he presence of more than  3 per cent alum ina causes 
d ifficulty, owing to  its interfering w ith the expulsion 
of fluorine b y  oxalic acid. E xcep t the lead glass all 
those containing A 120 3 gave a test for fluorine in the 
soluble oxalates, and th e am ount of such fluorine was 
greater for high A l203 content than for low.

Feldspar gave v e ry  low  results for alkali. A  sample 
yield ing 0.1246 g. of alkali chlorides b y  the J. Law­
rence Sm ith m ethod gave 0.0909 g. b y  the oxalate 
m ethod. T h is w as increased to  0.1102 g. b y  repre­
cip itation  of the alum ina and to 0.1230 g. b y  a second 
reprecipitation. W ith several alum ina glasses low 
results were obtained on both A l203 and alkali, while 
with other glasses either A 120 3 w as low  and alkali 
high or alkali was low  and alum ina high. From  the 
data  a t hand it  seems as if both alkali and A 120 3 were 
a p t to  be lost at some stages of the analysis but so far 
our results are not consistent, p rob ab ly  due to the
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variation in tem perature in different analyses. In 
some we get conditions favorable for a loss of alkali, 
in some for a loss of A 120 3 and sometimes for both. 
We have, w ith great care in heating, obtained only 
slightly low results where both A 120 3 and Na20  were 
very high as in cryolite. The loss therefore probably 
can be prevented.

Boric oxide tends to  alleviate the difficulty caused 
by alum ina and it does not in any way interfere with 
later determ inations. Borosilicates with up to 5 per 
cent A 120 3 give fa irly  good results. One showed 
4.82 per cent -A120 3 and 0.1010 g. alkali chlorides by 
regular m ethods and 4.93 per cent A 120 3 and 0.1027 g- 
alkali chlorides b y  the oxalate method. The results 
on glass G m entioned in the table are not very good, 
however. W ith  glasses not containing B20 3 the ad­
dition of boric acid before evaporation with HF and 
H2C 20 .i decreased the fluorine content of the soluble 
oxalates and also gave higher results fo. A120 3 and 
alkali w ithout showing any B 20 3 present with the alkali.

From the results so far we do not feel confidence in 
the m ethod for such glasses as show undecomposed 
silico-fluorides, for while accurate determinations 
may be obtained w ith special precautions the method 
has no ad van tages under such conditions. For glasses 
which do not contain  much A 120 3 the method seems 
well adapted, especially for the analysis of a series of 
glasses of v e ry  n early  the same composition. We have 
also found it convenient for the rapid determination 
of As20 3 or Sb20 3 in glass.

D E T E R M IN A T IO N  OF HORIC ACID

In the analysis of borosilicate glasses we have found 
that for the determ ination of boric oxide the method 
described b y  W h erry1 is very  useful:

“ F u se  th e  sam p le w ith  a b o u t 3 g. o f N a 2C O j for 15 m inutes. 
Tak e u p  w ith  20 to  30 cc. o f d ilu te  H C 1 adding a few  drops of 
HNO3 to  o xid ize  ferrous iron. P la ce  in a  250 cc. round-bottom ed 
flask, h e at n e a rly  to  boilin g, and  add  d ry  precipitated CaCO» 
in m oderate  excess. C o n n e ct w ith  a retu rn  condenser and boil 
v igorou sly  for a b o u t 10 m inutes. F ilte r  out the precipitate 
through a  sm all B ü ch n e r funnel, w ashin g several tim es w ith  hot 
'vater, b u t k eep in g  th e  to ta l vo lu m e of liquid  below 100 cc. 
R eturn  th e  filtra te  to  th e  flask, ad d  a pinch of C a C O i and again 
heat to  b o ilin g; th en  co n n ect w ith  a filter pum p, through a  splash 
trap, and  co n tin u e  su ctio n  u n til the boiling has nearly ceased. 
Cool to  th e  o rd in a ry  tem p eratu re, filter if the precipitate has a 
red co lor from  iron, a d d  fou r or five  drops of phenolphthalein 
and run in s lo w ly  iV /10  N a O H  solu tion  until the liquid is stro n gly  
pink jn  color. In tro d u ce  a b o u t 1 g. o f m annite and shake, w here­
upon the p in k  co lo r w ill d isap pear. A d d  N aO H  to end reac­
tion, then a n o th er g ram  o f m an n ite and if necessary m ore a lkali 

until a  p erm an en t p in k  co lo r is o b tain ed .”

The m ethod wTas first tried b y  fusing 0.5 g. sand and
o.2 g. boric acid w ith 3 g. soda. The melted mass 
was taken  up w ith w ater and 7 cc. conc. HC1 added 
after transfer to a 230 cc. flask. The method was then 
followed as described above except titration was 
made w ith B a(O H )2. .T h e  B 20 3 content came from 
2 to 10 per cent low, due to retention of B20 3 by the 
precipitate from  C a C 0 3. B y  using suction in filtering 
and w ashing this precipitate practically 100 per cent 
of the B 20 3 introduced was recovered. For 0.25 g. 
B20 3 = 12.40 B a(O H )2 we used 12.35 and 12.40 cc.

1 J . A m . Chem. Soc., 30 (1908), 1687.

As iron and alum ina are rarely present in large am ounts 
in glass and as the tim e of the soda fusion w ith glass 
can be cut to a fewT m inutes the m ethod seemed quite 
readily adaptable.

The first glass tried was a soda alum ina borosilicate 
which, from analysis, showed a possible B 20 3 content 
of 10.40 per cent b y  difference. Three determ inations 
by W herry’s method showed 10.72, 10.57, 10.67 per 
cent B 20 3 or an average of 10.64 per cent. A soda 
borosilicate containing a small am ount of BaO  and 
Sb20 3 showed 25.57 per cent B20 3 b y  W herry’s m ethod 
and 25.75 Per cent by difference. Other glasses of 
same type showed:

Per cent B:Oj by titration  
2 5 .1 0  
12.71 
17.57  
14.90

Per cent BîOa by difference 
25. 12 
12. 15 
17 .5 !
15.01

W ith a zinc borosilicate very  unsatisfactory results 
were obtained, the B 20 3 content b y  titration  running 
from 4 to 9 per cent when only 2 per cent was present. 
Several mixtures of ZnO and sand w ith a known am ount 
of B 20 3 were run through b y W herry’s method and 
results for B 20 3 were alw ays high even after very  
long boiling. Solutions of Z n C l2 and borax were 
boiled with C a C 0 3 for varyin g lengths of tim e and 
using slight excess and large excess of C a C 0 3 and zinc 
was alw ays found in the filtrate from  the C aC O j 
precipitate. CaO  was substituted for C a C 0 3 but 
with no better success. N a2C 0 3 com pletely rem oved 
the zinc from solution and b y  a double precipitation, 
using first N a2C 0 3 and then C a C 0 3, we obtained 0.0360,
0.0361 and 0.0365 g. B 20 3 when the theoretical am ount 
was 0.0365 g. PbO was found to cause the same 
trouble as ZnQ and the same modification of the 
method gave satisfactory results. We have been 
able to use the modified m ethod on a large num ber of 
glasses with satisfactory results.

The modified method then is as follows: Fuse
o-5 g- of glass with 3 g. N a2C 0 3 for one or tw o m inutes 
after mass is liquid. T ake up with 20 to  30 cc. of hot 
water and when the melt is entirely decom posed filter 
out any insoluble oxides. A fter washing, transfer 
filtrate and washings to a 250 cc. round-bottom ed flask, 
add about 7 cc. concentrated HC1, heat nearly to 
boiling and add dry precipitated C a C 0 3 in m oderate 
excess. From here on the m ethod is as given by 
W herry except th a t we used B a (0 H )2 instead of N aO H . 
It is also advisable to use suction for filtering the 
C aC O j precipitate.

C o r n in g  G l a s s  W o r k s , C o r n in c , N e w  Y ork

THE COMPOSITION OF MILK AS SHOWN BY ANALYSES 
OF SAMPLES OF KNOWN PURITY MADE BY THE 

MASSACHUSETTS STATE BOARD OF HEALTH
B y H e r m a n n  C. L y tiigok  

R eceived June 19, 1914

M ilk, w ithout doubt, is the most extensively adul­
terated of an y article of human food and, b y  reason 
of its variable com position, the detection of this 
adulteration is difficult and in some cases im possible. 
For these reasons most legislative bodies, in addition 
to prohibiting the sale of adulterated m ilk, prohibit 
the sale of milk, the com position of which falls below
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specified standards and in some places, as in the State  
of M assachusetts, the p en alty  for the sale of m ilk 
which is adulterated  is more severe than  th a t for the 
sale of m ilk below the legal standard. T he m ilk 
an alyst in such localities m ust fam iliarize him self 
with the com position of natural m ilk in order to 
detect and distinguish betw een m ilk which is adul­
terated  and th a t which is sim ply below  th e legal 
standard. T h e usual m ethods of adulteratin g m ilk 
are th e addition of w ater, the rem oval of cream  or 
perform ance of both acts, th e ease of which as well as 
th e resulting profit has considerable to  do w ith the 
exten t of m ilk adulteration . A s w ater is a n atural 
com ponent of m ilk, the detection of added w ater, as 
well as the rem oval of cream , can be accom plished 
only b y  showing abnorm al chem ical or physical 
constants wdiich are consistent w ith  the nature of the 
adulteration. E ither or both of these form s of adul­
teration  m ay be practised  to  a lim ited extent and be 
im possible of detection.

D uring the past six years, from  600 to  700 sam ples 
of know n p u rity  m ilk have been exam ined in the 
lab oratory  of food and drug inspection of the M assa­
chusetts S ta te  B oard of H ealth of which n early  500 
sam ples have been sub ject to a fa irly  com plete 
analysis, 434 of w hich cam e from  individual cows and 
the balance from  herds. These sam ples were ob­
tained from  Jerseys, Guernsey, A yrshire, D utch B eit, 
and H olstein cows, as well as from  cross-bred or so- 
called grade cows. T h e m ethods of analysis used 
were as follow s:

t o t a l  s o l i d s , as used b y  the M assachusetts S tate  
B oard of H ealth for th irty  years: E va p o rate  5 g. of
m ilk in a flat-bottom ed platinum  dish over a boiling 
w ater b ath  for 2 hrs. and weigh th e residue.

a s h : Burn in a muffle the residue obtained as
above, and weigh the ash.

f a t : B y  the B abcock m ethod.
p r o t e i n s : From  the percentage of nitrogen b y  the

Gunning m ethod using th e factor 6.38.
l a c t o s e : B y  th e polariscopic m ethod of the A. 0 . 

A. C ., m ercuric n itrate being used as a clarifier. If 
lead is used as a clarifier, the results are low, owing 
to the precipitation  of lactose.

m i l k  s e r u m — (1) c o p p e r  m e t h o d : 1 A dd four 
volum es of m ilk to one volum e of copper sulfate solu­
tion (72.5 g. per liter adjusted  to read 36.0 at 20° C. 
on the scale of the Zeiss Im m ersion R efractom eter 
or to  a specific g ra v ity  of 1.0443 at 20/4° C .), shake 
well and filter.

( 2 )  a c e t i c  a c i d  m e t h o d : 2 T o 1 0 0  cc. of m ilk add 
2  cc. of 2 5  per cent acetic acid, heat for 2 0  m inutes in a 
w ater bath  at 7 0 °, cool 1 0  m inutes in ice w ater and filter.

(3) m o d i f i c a t i o n  o f  p f y l  a n d  t u r n a u 3 called 
te tra  serum I, giv ing the sam e, serum  which has been 
substituted  in some instances for the acetic acid 
m ethod. Shake 50 cc. of m ilk w ith 5 cc. of carbon 
tetrachloride in a shaking m achine for 5 m inutes, 
add 1 cc. of 20 per cent acetic acid, shake again for 5 
m inutes, centrifuge and pour off the clear serum.

1 L ythgoe, M ass. S late Board o f Health Report, 1908, p. 594
* Leach and L ythgoe, J . A m . Chem. Soc., 1904, p. 1195.
* A rb. K a is . Ges.. 40, 247.

(4) s o u r  s e r u m :1 A llow  the m ilk to sour spontane­
ously  and filter.

(5) a s h  o f  s o u r  s e r u m : 2 M easure 25 cc. of the 
sour m ilk serum  into a p latinum  dish, evaporate to 
dryness and burn in a muffle a t a tem perature not 
above 550° C. W eigh the residual ash.

T h e sum m ary of the analyses of the samples ar­
ranged according to  breeds in the order of the average 
to ta l solids is given  in T a b le  I. D eterm inations of 
solids, fa t, proteins, ash, and sugar were made upon 
all the sam ples, and the serum  was prepared from 
nearly all the sam ples b y  one or more methods.

T he variation  in the com position of m ilk is clue 
prim arily to the breed of the cow but is more or less 
influenced b y  the- period of lactation  and the season 
of the year. I t  is ve ry  generally know n th a t cows of the 
Jersey and G uernsey ty p e  g ive b etter m ilk than those 
of th e H olstein va rie ty , th a t  cows far along in lacta­
tion  give richer m ilk than  ju st after calv in g and that 
m ilk obtained in th e sum m er is inferior in quality to 
th a t obtained in the w inter although popular opinion 
is opposed to th is la tter  statem ent. The solids 
n atu rally  show th e highest num erical variation, from 
17.17  to  10.20 per cent in the m ilk from  individual 
cows and from  14.57 to 11.56 per cent in herd milk. 
T h e constituents havin g the m ost influence upon this 
variation  are first th e  fa t and to a less extent the 
proteins, the form er v a ry in g  from  7.7 to 2.45 per cent 
in m ilk from  individual cows and from  5.40 to 3.35 
per cen t in herd m ilk and th e latter from  5.01 to 2 
per cent in m ilk from  individual cows and from 4.02 
to  2.66 per cent in herd m ilk. T h e num erical varia­
tion  of th e ash is ve ry  slight and th a t of the sugar is 
th e least of the m ajor constituents, the latter being 
from  5.80 to  3.91 per cent in m ilk from  individual 
cows and from  5.25 to  4.35 per cent in herd milk.

T h e percentage variation  is more m arked than the 
num erical variation , being the greatest in the fat and 
least in the sugar. O w ing to  th e presence of a few 
sam ples of abn orm ally  high concentration, the per­
centage variation s above the average are greater than 
those below the average.

Solids vary from 32 per cen t ab ove to  21 per cen t below  th e average 
F a t varies from  83 per cen t ab ove to  42 per cen t below  the average 
P roteins vary from 53 per cen t ab ove to  39 per cen t below  th e average 
Sugar varies from  32 per cen t above to  18 per cen t below  th e average 
M inim um  solids were 40 per cen t b elow  th e m axim um  solids 
M inim um  fa t w as 68 per cen t below  th e m axim um  fat 
M inim um  proteins were 50 per cen t below  the m axim um  proteins 
M inim um  sugar w as 32 per cen t below  th e  m axim um  sugar

E xcluding some of the abn orm ally  high figures these 
variation s would be reduced. It  is unusual to find 
the solids above 17 or below  10.5 per cent, the fat 
above 7 or below  2.5 per cent, the proteins above 4.5 
or below  2.4 per cent, the solids-not-fat above 10 or 
below  7.8 per cent, and the sugar above 5.5 or below
4.3 per cent. U sing these lim its, which elim inates 26 
sam ples, the variation s from  the average are much 
less th an  those calcu lated  from  all the samples.
Solids w ould vary  from  31 per cen t ab ove t a  19 per cent below  the average 
F a t would vary from 66  per cen t ab ove to 41 per cen t below  th e average 
Proteins w ould  vary  from  38 per cen t ab ove to  27 per cen t below  the average 
Sugar would vary from  15 per cen t ab ove to  10 per cen t below  the average 
M inim um  solids would be 38 per cen t below  the m axim um  solids 
M inim um  fat w ould be 64 per cen t below  the m axim um  fat 
M inim um  proteins w ould  be 47 per cent below  the m axim um  proteins 
M inim um  sugar would be 22 per cen t below  th e m axim um  sugar

1 M atth es and M uller, Z . Offentl. Chem., 9 (1903), 173.
1 Burr and Berberich, Chem. Ztg., 32 , 617.
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T a b l e  I— S um m ary  op A n a l y se s  op S a m pl e s  o p  M il k  o f  K n o w n  P u r it y

B r e e d  
N u m ber  o p  S a m p l e s .
T otal S o l id s— N o. o f  sa m p le s  b e tw e e n

Grade Grade Grade Grade Grade
Jersey Guernsey Jersey Guernsey Durham Ayrshire Ayrshire Holstein

D utch
belt

16 and 17 . 17 per c e n t ..............
15 and 16 per c e n t .....................
14 and 15 per c e n t .....................
13 and 14 per c e n t .....................
12 and 13 per c e n t .....................
11 and 12 per c e n t .....................
1 0 . 2 and 11 per c e n t .....................

36

5
11
U

28 52

All
H olstein  sam ples 

56 434

2
14
10
10

7 .7 0

Highest, per c e n t ......................................  17.17
Lowest, per c e n t ........................................ 12.43
Average, per c e n t ...................................... 14.75

Fat— N o. of sam ples betw een
7 and 7 .7  per c e n t ...........
6  and 7 per c e n t ..................
5 and 6  per c e n t ..................
4 and 5 per c e n t .................
3 and 4 per c e n t ..................
2 .4 5  and 3 per c e n t ..................

H ighest, per c e n t ...............................
Lowest, per c e n t ........................................ 4 .2 0
Average, per c e n t ...................................... 5 .6 5

Proteins— N o. of sam ples betw een
4 and 5 .0 1  per c e n t ............................  3
3 and 4 per c e n t ............................... 28
2 and 3 per c e n t .  ........................... 5

H ighest, per c e n t ......................................  4 .4 2
Lowest, per c e n t ........................................ 2 .79
Average, per c e n t ...................................... 3 .4 6

Asii
H ighest, per c e n t ......................................  0 .8 4
Lowest, per c e n t ........................................ 0 .6 4
Average, per c e n t ...................................... 0 .7 2

Solids-not-F at— N o. of sam ples betw een
10 and 10 .65  per c e n t ...........
9 and 10 per c e n t ...................
8 and 9 per c e n t .....................
7 .5 0  and 8 per c e n t .....................

M ilk  S u g a r— N o. of sam ples betw een
5 and 5 .8 0  per c e n t................
4 and 5 per c e n t .......................
3 .91  and 4 per c e n t .......................

P ro t ein — F a t  R a tio

L ow est.

F at in  T o t a l  S o l id s
H ighest, per c e n t ......................................
Low est, per c e n t ........................................
A verage, per c e n t .....................................

R e p r a c t io n  o p  C o p p e r  S e r u m  a t  2 0 °  C. 
N o. of sam ples betw een

4 0  and 4 0 . 4 ........................................
3 9  and 4 0 ..................................................
3 8  and 3 9 .............................................
37 and 3 8 .............................................
36  and 3 7 .............................................

T 9 TAL N o . o f  S a m p le s ............................
H ighest, scale read ing ............................
L ow est, scale read ing .............................
A verage, scale read ing...........................

R e p r a c t io n  o f  A c e t ic  S e r u m  a t  2 0 °  C. 
N o. of sam ples betw een

45 and 4 7 . 5 ........................................
4 4  and 4 5 .............................................
4 3  and 4 4 .............................................
4 2  and 4 3 ............................................
41  and 4 2 .......................................... ..
4 0  and 4 1 ............................................

T o t a l  N o . o p  S a m p l e s .........................
H ighest, scale read ing............................
Low est, scale reading ..............................
A verage, scale read ing...........................

R e f r a c t io n  o p  S o u r  M il k  S e r u m  a t  20* 
N o. of sam ples betw een

4 4  and 5 0 . 9 ...................................
43  and 4 4 ........................................
4 2  and 4 3 ........................................
41  and 4 2 ........................................
4 0  and 41  .....................................
3 9  and 4 0 ............................................
3 8 .3  and 3 9 ........................................

T o t a l  N o . o p  S a m p l e s ..........................
H ighest, scale read ing............................
Low est, scale read ing ..............................
Average, scale read ing ...........................

As h  o p  S o u r  M il k  S e r u m  
N o. of sam ples betw een

0 .9  and 0 .9 3 2  g. per 100 cc . . .
0 .8  and 0 .9  g. per 100 c c ..........
0 .7 3 0  and 0 .8  g. per 100 c c ........

T o t a l  N o . o f  S a m p l e s .........................
H ighest, g. per 100 c c .............................
Low est, g. per 100 c c ..............................
A verage, g. per 100 c c ............................

5
14
8
1

¿:4o
3 .8 0
5 .23

16
4

5.01
2 .26
3 .73

0.84
0 .69
0 .75

2
6 3 1 5 2
19 12 10 27 10
2 5 5 18 15

5!Ś0 5 .7 0 5] io ¿!05 Ś! 40
3 .00 3 .5 0 3 .25 3 .0 0 3 .3 0
4.65 4 .35 4 .29 4 .2 2 4.01

2 3
23 13 10 *41* 12
2 7 3 11 15

4 .20 3 .9 4 4 .37 3 .9 2 3 .91
2 .78 2 .43 2 .65 2 . 11 2 .2 2
3.45 3 .27 3 .3 9 3 .2 2 2 .99

0.86 0 .7 8 0 .8 0 0 .85 0 .87
0 .69 0 .6 6 0 .6 3 0 .66 0 .5 8
0.75 0 .72 0 .7 3 0 .75 0 .7 6

1
13
44
67
6

6 .3 0
2 .45
3 .9 5

6
86
39

4 .47
2 .33
3 .2 5

0 .8 7
0 .5 6
0 .7 3

2
22
54

4 6 150
37 39 189 .

11 17
4! 75 4 .6 0 7 .7 0
3 .0 0 2 .45 2 .45
3 .5 6 3 .41 4 .21

1 23
19 21 269
22 34 142

3.61 4 .03 5 .01
2 .3 4 2.00 2.00
2 .9 6 2 .9 3 3 .2 7

0 .77 0 .8 4 0 .87
0 .6 3 0 .6 4 0 .5 6
0 .7 0 0 .7 2 0 .7 6

16
4 5 .2  
4 2 .4
4 4 .2

15
4 4 .2
4 0 .7
4 2 .7

7
8 
15

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

4 2
11 2 4
8 10 10
3 7 1
2 1 1

28 20 18
4 7 .5 44.1 4 5 .5
4 1 .3 41 .3 4 1 .8
4 3 .9 42 .9 43 .7

2
3 ’ i ’

"2
. . .

' 7 "2
43 .7 4 2 .6
4 0 .4 4 0 .8
42 .2 4 1 .7

'4'
2 2
6 2

0 .8 2 4 0 .7
0 .776 0 .7
0 .8 0 4 0 .7

3
1
I

12
4 3 .6
40 .7
42 .7

5
43 .5
4 0 .5  
42 .1

4
6
5
6 
2

23
4 4 .4  
4 0 .2
42 .5

5
5
4
2

24
4 4 .4
3 9 .4  
4 1 .9

3
5
10
2

20
4 4 .5
4 1 .5  
4 2 .8

1
3

2
1
7

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

2
4
12
12
12
4

46
4 6 .6
4 0 .0
4 2 .5

12
13
11
13
3
10
3
65

5 0 .9
3 8 .3
42 .1

3
5 
12 
14
6

40
4 4 .4
4 1 .0
4 2 .8

1 2
2 8 2 17
I 10 1 35
3 18 4 54
>.836 0.868 0 .9 1 6 0 .9 3 2
). 790 0 .7 3 6 0 .777 0 .7 3 2
). 811 0 .7 9 0 0 .8 5 6 0 .7 9 3

Herd
milk
47

11 2 1 1 4 30
6 8 4 1 7 2 14. 2 55 8
5 12 5 9 21 7 36 4 7 113 8
4 4 8 3 19 11 40 14 11 116 27

1 2 3 3 7 26 20 25 87 4
1 11 1 13 26

17100 lŚ! 28 lŚ! 45 l4 ! 89 15.32 l4 !6 8 15.68 14.09 13.96 17.17 14.57
12.15 11.40 11.46 11.73 10.77 11 .44 10.58 40 .9 3 10.2 0 10.20 11.56
14.60 13.74 13.20 13.10 12.98 12.64 12.62 12. 15 11.69 12.98 12.79

6
16
25

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

1
36
10

4 .0 2
2.66
3 .31

0 .7 9
0 .6 5
0 .7 4

1*6*
20

3
15
10

16*
11

*9*
10
1

V
7

*16
34
2

6
20
1

3
42
68
18

9
29
3

5
39
12

6
143
248
37

17
29
1

9^80
8 .13
9 .1 0

IO. 65 
8.00 
9 .37

9 .76
8 .40
9 .09

9 .7 5
7 .96
8 .85

9 .7 4
8 .47
8.81

9780
7 .77
8 .7 6

9 .4 6
7 .89
8 .63

10.24
7 .5 0
8 .67

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

9 .61
7 .55
8 .2 8

10.65
7 .5 0
8 .7 7

9 .4 8
7 .6 3
8 .7 6

20
16

7
21

9
18

10
10

4
12

17
35

16
11

40
90
1

14
27

9
47

146
287

I

11
36

5'.80 
4 .1 0  
4 .9 4

5 .2 2
4 .4 6
4 .8 4

5 ! 46 
4.35  
4.87

5Ü 4
4 .5 0
4 .94

5! 29 
4 .3 6  
4 .8 6

5 J 5
4 .2 0
4 .85

5 Ü 0
4 .0 5
4 .8 8

5 .5 8
3.91
4 .65

5 .3 5
4 .2 0
4 .9 3

5 ’ 20 
4 .0 8  
4 .7 0

5 .8 0
3.91
4 .7 8

5 .2 5
4 .3 5
4 .8 3

0 .8 0
0 .4 6
0.61

0 .8 2
0 .55
0.71

0.86
0 .58
0 .74

0 .9 0
0 .6 0
0 .7 5

0.91
0 .62
0 .7 9

0 .9 8
0 .5 6
0 .7 6

0 .9 2
0 .5 9
0 .7 5

0 .9 9
0 .55
0 .8 2

0 .9 7
0 .71
0 .8 3

0 .9 9
0 .6 2
0 .86

0 .9 9
0 .4 6
0 .7 8

0 .9 5
0 .6 6
0 .8 2

4 7 .4
33 .1
3 8 .3

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

38 .8  
30.1
33 .9

3 5 .9
3 0 .6
3 3 .0

3 5 .4
27 .7
32 .7

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

3 6 .3
2 7 .2
3 1 .8

4 0 .0
2 5 .0  
3 1 .3

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

3 3 .5
2 5 .0
2 9 .2

4 7 .4  
2 5 .0
3 2 .5

37 .1
2 8 .2  
3 1 .6

1 7*
2
4 2 2

2
26

*6 * i '
17
9

3 10 *6 * 17 ' 7' 39 11 10 145 16
22
3

8
11

0
7 4

1
20
5

5
3

32
23

2 22
21

115
53

20
2

31*
3 9 .5
37.1
38 .1

27
3 9 .0
3 7 .0  
3 8 .2

22
39 .3
37 .2
3 8 .0

16
3 9 .0  
3 6 .6
3 8 .0

11
3 8 .8
3 6 .6
3 8 .0

49
3 9 .7
3 6 .0
3 7 .9

15
3 8 .8
3 6 .0
3 7 .7

100
4 0 .4
3 6 .0
3 7 .6

*15
3 9 .0
3 7 .3
38 .3

55
3 9 .3
3 6 .0
3 7 .2

341
4 0 .4
3 6 .0
3 7 .9

38
3 8 .8
3 6 .7
3 7 .8

14
3 43 3
4 79 6
8 64 12
5 36 3
14 21
34 257 24

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

14
' i ' 30 "5
4 32 7
8 32 5
3 15
3 17
3 7

22 147 15
4 3 .0 5 0 .9 4 3 .5
3 8 .4 3 8 .3 4 1 .3
4 0 .6 4 1 .9 4 2 .3

3
3 43 5
9 68 8
12 114 13

0 .8 6 0 0 .9 3 2 0 .8 5 2
0 .7 3 0 0 .7 3 0 0 .7 6 4
0 .7 9 5 0 .7 9 4 0 .7 9 2
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T h e  v a r i a t i o n s  c a l c u l a t e d  f r o m  t h e  a n a l y s e s  o f  t h e  b y  n o  m e a n s  a s  m a r k e d  as  t h o s e  o b s e r v e d  b e t w e e n  t h e

h e r d  m i l k  a r e ,  o f  c o u r s e ,  m u c h  le ss  t h a n  t h o s e  o b -  d i f f e r e n t  b r e e d s .  T h e  p e r i o d  o f  l a c t a t i o n  a p p e a r s  to

t a i n e d  f r o m  t h e  m i l k  o f  i n d i v i d u a l  c o w s .  E x p e r i e n c e  h a v e  n o  i n f l u e n c e  u p o n  t h e  v a r i a t i o n  b y  s e a s o n  fo r  in

h a s  s h o w n  i t  t o  b e  i m p r o b a b l e  t h a t  c o w s  g i v i n g  a b -  t h e  s er ie s  o f  1 9 4  s a m p l e s  a r r a n g e d  b y  s e a s o n s ,  t h e

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

o r  e i g h t  in  s u f f i c i e n t  n u m b e r s  t o  r e n d e r  t h e  h e r d  m i l k  in  e a c h  s e a s o n .  A l l  t h e  r e s u l t s  a r e  a f f e c t e d  b y  t h e

a b n o r m a l .  O f  t h e  h e r d  m i l k ,  s e a s o n a l  v a r i a t i o n  a n d  all b u t  t h e  s u g a r  a n d  s e r u m

Solids varied from 14 per cent above to to per cent below the average f i g u r e s  a r e  a f f e c t e d  b y  t h e  p e r i o d  o f  l a c t a t i o n .  T h e
F a t  v a r ie d  fro m  3 4  p er  c e n t  a b o v e  t o  17 p er  c e n t  b e lo w  th e  a v e r a g e  , . f  . j  . c r  . • , 1
P r o te in s  v a r ie d  fro m  21 p er  c e n t  a b o v e  to  2 0  p er  c e n t  b e lo w  th e  a v e r a g e  p r 0 t 6 i n - i a t  r & t lO  a i m  t h e  p e r c e n t a g e  O l t a t  i n  t h e  S O lid S
Sugar varied from 9 per cent above to 10 per cent below the average Qf t h e s e  s le s  w e r e  n o t  m a t e r i a l l y  a f f e c t e d  e i t h e r  b y
M in im u m  s o lid s  w e r e  21  p e r  c e n t  b e lo w  th e  m a x im u m  c  J  J
M in im u m  f a t  w a s  3 8  p er  c e n t  b e lo w  th e  m a x im u m  t h e  s e a s o n  O r b y  t h e  p e r i o d  o f  l a c t a t i o n .
M in im u m  p r o te in s  w ere 3 4  p er  c e n t  b e lo w  th e  m a x im u m
Minimum sugar was 18 per cent below the maximum R ELATION  B E T W E E N  TH E MILK SOLIDS AND ITS CON-

T h e  s o l i d s - n o t - f a t  ( c o n s i s t i n g  o f  t h e  p r o t e i n s ,  l a c -  s t i t u e n t s

to s e  a n d  a s h )  a r e  m u c h  le ss  v a r i a b l e  t h a n  t h e  s o li d s
, r  , . R ELA T IO N  B E T W E E N  TH E SOLIDS AND TH E PAT T h e

or t h e  f a t  a n d  f o r m e r l y  w a s  t h e  o n l y  f i g u r e  u s e d  in  . ,  , . , ,  , .........................
. , .. , , . ,,  . ,.  , . p e r c e n t a g e  o f  f a t  m  t h e  s o l i d s  d e c r e a s e s  w i t h  t h e  s o lid s ;

d e t e c t i n g  a d d e d  w a t e r ,  y e t  t h e  v a r i a t i o n  h e r e  is  c o n -  : , r ... . „ , . , TT , . ’
. , , , , . - t i c  i l l  i - j  ln  t h e  J e r s e y  m i l k ,  i t  a v e r a g e s  38 a n d  in  t h e  H o l s t e i n

s i d e r a b l e .  A  le ss  v a r i a b l e  f i g u r e ,  t h e  s o l u b l e  s o li d s  ... ^  ,
- . .. c ,.  ,,  , , . m i l k  27 p e r  c e n t .  T h e  h i g h e s t  f i g u r e  w a s  4 7 . 4  o b t a i n e d
( c o n s i s t i n g  o f  t h e  a l b u m i n ,  a s h ,  a n d  s u g a r  v a r y i n g  r 1 , , T
. . , , . . , , , , f r o m  a s a m p l e  o f  J e r s e y  m i l k  a n d  t h e  l o w e s t  2 5 .0  pe r
b e t w e e n  5 .9 5  a n d  6 .4 5  p e r  c e n t  m  h e r d  m i l k  a n d  b e -  , , ^ J .....................  0 1

0 , ,  ,  , . c ■ j -  • j 1 c e n t ,  f r o m  a  s a m p l e  o f  H o l s t e i n  m i l k ,
t w e e n  5.8 0 a n d  6 .6 0  p e r  c e n t  in  m i l k  f r o m  i n d i v i d u a l  ’ r

c o w s ) ,  h a s  b e e n  s u g g e s t e d  b y  C o r n a l b a 1 a s  a  m e a n s  o f  r e l a t i o n  b e t w e e n  t h e  s o l i d s  a n d  p r o t e i n s — T he  

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

is  o b t a i n e d  w h e n  p r e p a r i n g  t h e  m i l k  s e r u m .  a b o u t  25 p e r  c e n t .  O l s o n 1 h a s  g i v e n  f o r  t h e  a p p r o x i -

I t  h a s  b e e n  k n o w n  t h a t  t h e  c o m p o s i t i o n  o f  m i l k  is m a t e  c a l c u l a t i o n  o f  t h e  p r o t e i n  f r o m  t h e  s o l i d s  t h e  for-

i n f l u e n c e d  b y  t h e  s e a s o n  a n d  b y  t h e  t i m e  s in c e  c a l v i n g .  1 n  o T  S
, , . . . .  . , . 0 m u l a  P  =  l b  —  w h e r e  P  e q u a l s  p r o t e i n s  a n d
I n  o r d e r  t o  s h o w  if  t h e s e  v a r i a t i o n s  e x i s t e d  i n  t h e  s a m -  1 .3 4

p ie s  e x a m i n e d ,  t h e  G r a d e  H o l s t e i n ,  G r a d e  D u r h a m ,  T  S  e q u a l s  t o t a l  s o lid s .

A y r s h i r e  a n d  G r a d e  A y r s h i r e  m i l k  w e r e  s e l e c t e d ,  t h u s  r e l a t i o n  b e t w e e n  t h e  s o l i d s  a n d  t h e  a s h — A s

e x c l u d i n g  t h e  e x c e p t i o n a l l y  h i g h  J e r s e y  a n d  G u e r n s e y  t h e  a s h  is  n e a r l y  c o n s t a n t ,  t h e  p e r c e n t a g e  o f  a s h  in

a n d  t h e  e x c e p t i o n a l l y  l o w  H o l s t e i n  a n d  D u t c h  B e l t  t h e  s o l i d s  i n c r e a s e s  a s  t h e  s o l i d s  d i m i n i s h ,  b e i n g  4.9

f i g u r e s .  T h e s e  224 a n a l y s e s  w e r e  f irst  a r r a n g e d  b y  in  J e r s e y  m i l k  a n d  6.7  p e r  c e n t  in  H o l s t e i n  m i l k .

m o n t h s  a n d  b e c a u s e  o f  t h e  s m a l l  n u m b e r  o f  s a m p l e s  r e l a t i o n  b e t w e e n  t h e  t o t a l  s o l i d s  a n d  s u g a r -
o b t a i n e d  i n  s o m e  m o n t h s ,  t h e  a v e r a g e s  w e r e  n o t  r e p -  L i k e  t h g  agh t h e  s u g a f  ig n g a r l  c o n s t a n t  a n d  t h e  

r e s e n t a t i v e  a n d  t h e  a r r a n g e m e n t  w a s  t h e r e f o r e  m a d e  c e n t a g e  o f  ^  in  thfi i n c r e a s e s  a s  t h e  so lid s

b y  s e a s o n s .  O f  t h e s e  s a m p l e s ,  t h e  p e r i o d  o f  l a c t a t i o n  d e c r e a s e . I n  J e r s e y  m i l k  t h e  a v e r a g e  f i g u r e  is 30 a n d  

w a s  k n o w n  i n  19 4  c a s e s  a n d  s e a s o n a l  a v e r a g e s  w e r e  in  H o l s t e i n  m i l k  4Q c e n t  

m a d e  of t h e s e ,  t o g e t h e r  w i t h  a v e r a g e s  o f  t h e  s a m e

a n a l y s e s  a r r a n g e d  a c c o r d i n g  t o  t h e  p e r i o d  o f  l a c t a t i o n .  r e l a t i o n  b e t w e e n  t h e  d i f f e r e n t  m i l k

T h e s e  f i g u r e s ,  t o g e t h e r  w i t h  t h e  v a r i a t i o n  a c c o r d i n g  c o n s t i t u e n t s

t o  s e a s o n  o f  t h e  h e r d  m i l k ,  a r e  s h o w n  i n  T a b l e  I I .  p r o t e i n - f a t  r a t i o — T h is  h a s  b e e n  e x t r e m e l y  s t u d i e d

T abi.8 II— K nown Purity M ilk Samples Arranged according to Seasons and Period op Lactation

Per
S o lid s  R e fr a c tio n  o f se ru m  A sh  P r o te in -  c e n t  A v e r a g e

N o . o f  T o ta l  n o t  ✓---------------- *----------------v o f  so u r  fa t  fa t  in  p er iod  of
H u r d s  sa m p le s  so lid s  P a t  P r o te in s  A sh  fa t  L a c to se  C o p p er  A c e t ic  S o u r  seru m  r a tio  s o lid s  la c ta t io n

W in te r  ( D e c .- F e b .) .................  9  1 3 .2 3  4 .2 0  3 .4 1  0 .7 6  9 . 0 3  4 .8 8  3 7 .9  4 4 .3  4 2 . 2  0 .7 7 9  0 .8 1  3 1 .7
S p r in g  ( M a r .-M a y ) .....................  15 1 2 .8 7  4 .1 4  3 .1 3  0 .7 3  8 .7 4  4 .9 2  3 8 .3  4 3 .3  4 2 .5  0 .7 8 9  0 .7 6  3 2 i 2  ! !
S u m m er  (J u n e -A u g .)   8  1 2 .3 9  3 .7 3  3 .1 5  0 .7 5  8 .6 6  4 .7 1  3 7 .5  4 2 .3  4 2 .2  0 .8 5 3  0  8 4  3 0  1
F a ll  ( S e p t . - N o v . ) ..........................  13 1 2 .8 5  3 .9 4  3 .3 7  0 .7 4  8 .9 1  4 .8 0  3 7 .7  4 2 .8  4 1 .7  0 .7 7 5  0 .8 6  3 0 * 7

A v e r a g e .....................................  45  1 2 .7 9  4 .0 3  3 .3 1  0 .7 4  8 .7 6  4 .8 3  3 7 . 8  4 2 .7  4 2 .3  0 .7 9 2  0 . 8 2  3 1 .6
I n d iv id u a l  C o w s

W in te r  ( D e c . ) .................................  4 0  1 3 .1 6  4 .2 4  3 .3 9  0 .7 5  8 .9 2  4 .8 0  3 8 .2  4 3 .7  4 3 .1  0 .7 7 8  0 . 8 0  3 2 .2
S p r in g ...................................................  8 8  1 2 .7 2  4 . 0 0  3 .1 6  0 .7 5  8 .7 2  4 .7 8  3 7 .7  4 2 .5  4 2 .0  0 .8 1 1  0 .7 9  3 1 . 4
S u m m e r ...............................................  3 6  1 2 .4 6  3 .9 7  3 .1 8  0 .7 7  8 .5 9  4 .5 5  3 7 .3  4 1 .9  3 9 . 8  0 .8 0 3  0 .8 0  31 8
F a l l .........................................................  6 0  1 2 .7 9  3 .9 7  3 .2 8  0 .7 3  8 .8 2  4 .8 4  3 7 . 9  4 2 . 4  4 0 . 4  0 .8 0 1  0 .8 3  31 1

A v e r a g e ...................................... 2 2 4  1 2 .7 6  4 .0 3  3 .2 3  0 . 7 4  8 .7 3  4 .7 7  3 7 .7  4 2 .5  4 1 .3  0 .8 0 9  0 . 8 0  3 1 .6
T im e  s in c e  C a l v in g

1 m o n th ..........................................  25  1 2 .7 0  3 .9 8  2 .9 3  0 .7 3  8 .7 2  4 .9 0  3 8 .1  4 2 .1  4 2 . 6  0 .7 8 5  0 . 7 4  3 1 .3  3  w e e k s
2 to  5 m o n th s .............................  8 2  1 2 .7 6  3 .9 7  3 .1 9  0 .7 4  8 .7 9  4 .8 6  3 7 .7  4 2 .6  4 1 .8  0 .7 7 9  0 .7 8  3 1 .1  3 . 4  m o n th s
6  to  9  m o n th s .............................  5 8  1 3 .0 3  4 .1 4  3 .4 3  0 .7 5  8 .8 9  4 .7 1  3 7 .7  4 2 .3  4 2 . 0  0 .8 1 7  0 .8 3  3 1 .7  7 .5  m o n th s
10 t o  15 m o n th s ............................  29  1 3 .1 5  4 .2 2  3 .4 3  0 . 7 6  8 .9 3  4 .7 5  3 7 .7  4 3 . 4  4 2 .2  0 .7 8 8  0 .8 1  3 2 .1  1 0 .6  m o n th s

A v e r a g e ...................................... 194 1 2 .8 9  4 . 0 6  3 .2 9  0 .7 5  8 .8 3  4 .8 1  3 7 .7  4 2 .6  4 2 .1  0 .7 9 3  0 .8 1  3 1 . 6  5 . 4  m o n th s
A b o v e  S a m p l e s  a c c o r d in g  to  S e a s o n s

Winter................................... 39 13.16 4.24  3.39  0.75  8.92  4.80  38.2  43.7 43.1 0.778 0.80  32.2  5.1 months
Spring................................  /0 12.65 3.92  3.19  0.75  8./3  4.78  37.7  42.5  42.0  0.811 0.82  31.0  5.6 months
Summer................................  31 ¡ 2.44  3.99  3.18  0.75  8.45  4.55  37.3  41.9  39.8  0.803 0.80  32.0  5.6 months
Fall.......................................  54 12.84 4.00  3.27  0.76  8.84  4.87 37.9  42.4 40.4  0.801 0.82  31.2  4.7 months

A  p e r u s a l  o f  t h i s  t a b l e  c o n c e r n i n g  t h e  s e a s o n a l  v a r i -  b y  V a n  S l y k e 2 a n d  h is  a v e r a g e  r a t i o s  b e i n g  b a s e d  u p o n

a t i o n  s h o w s  t h a t  m i l k  o b t a i n e d  in t h e  w i n t e r  is t h e  b e s t ,  s e v e r a l  t h o u s a n d  a n a l y s e s  are  o f  m o r e  v a l u e  t h a n  t h o s e
t h a t  o b t a i n e d  i n  t h e  s u m m e r  is t h e  w o r s t ,  w h i l e  m i l k  s h o w n  in  X a b l e  L  T h e  f i g u r e s  f o r  t h e  p r o t e i n . f a t

o b t a i n e d  in  t h e  s p r i n g  a n d  fa l l  is a  m e a n  o f  t h e  s u m m e r  r a t io  fo r  t h e  d i f f e r e n t  b r e e d s  a r e  a s  f o l l o w s :

a n d  w i n t e r  s a m p l e s .  T h e s e  d if f e r e n c e s ,  h o w e v e r ,  a r e  , T his Journal i  ">56

1 An/i. Fats., S, 529. ■ J. Am. Chem. Soc.. 30, 1166.
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Protein-fat
ratio

B r ttd  Van Slyke
IIo lsttln -F r ie sa n   1 : 0 .8 7
D utch  B e lt ......................................
A yrshire........................... 1 : 0 .8 2
A m erican H olderness. 1 : 0 .8 3

From  
T ab le I  

1 : 0 . 8 6  
1 : 0 .8 3  
1 : 0 .7 5

P rotein -fat
ratio From  

Breed Van S lyke T able I
Shorthorn. 1 : 0 .8 0  ........
D e v o n . . . .  1 : 0 .8 0  ........
G uernsey . 1 : 0 .66  1 : 0 . 7 1
Jersey .. . .  1 : 0 .6 4  1 : 0 .61

T here seem to be three groups of cows according to 
the protein-fat ratio , those of the Jersey ty p e  w ith the 
protein-fat ratio below 0.7, those of the H olstein ty p e  
with the protein-fat ratio  above 0.85, and the balance 
of the breeds w ith a protein-fat ratio about 0.8. Van 
S lyke has given  for the approxim ate calculation  of the 
proteins from  th e fa t, the form ula P = o.4(F —  3) 
- f  2.8 where P  equals proteins and F  equals the fat.

where S equals the m ilk sugar, T  S the to ta l solids, 
F  the fa t, and 0.7 the ash.

It  was found th a t the values of S obtained b y  both 
form ulas were nearly the sam e when the m ilk w as pure 
and varied from  4.5 to 5 per cent. In skim m ed or 
w atered sam ples, the values disagreed and were above 
S in the form er and below 4 per cent in the latter. A 
table was then prepared, using the above form ulas for 
m ilk w ith solids from  10.3 to  12.5 per cent and fa t from
2.5 to  4 per cent. T his table has been in constant use 
for 5 years for th e purpose of distinguishing betw een 
skim m ed m ilk, whole m ilk and watered m ilk. From

T a b l e  III— C a l c u l a t e d  S u g a r

Sh ortly  after the Olson form ula was published, it 
•occurred to  th e w riter th a t since O lson ’s form ula and 
th a t of V an  Slyke were correct only when applied to 
pure m ilk, a com bination  of both form ulas m ight be 
used in distinguishing betw een pure and adulterated* 
m ilk. T h e sugar was chosen as the possible index and 
calculations were made upon m any sam ples of m ilk, 
using the follow ing form ulas:

T  S
I. S = T  S —  [F +  0.7 +  (T  S —  7 - ) ]

II . S =  T  S —  [F +  0.7 +  (<m (F —  3)) +  2-8]

an extension of this table a list of the m axim um  and 
minim um  fa t corresponding to the to ta l solids from
10.5 to 4 per cent was prepared and published in the 
1 9 0 9  report of the M assachusetts S tate  B oard of H ealth. 
Subsequent experience, how ever, has shown th a t for 
practical purposes, the m axim um  and minim um  values 
could be placed farther apart. In T ab le  II I  of cal­
culated sugar, the upper values for the sugar were 
obtained b y  Form ula I, the lower values b y  Form ula
II . The positions of the h ea vy  lines were deter­
mined b y  allow ing the variation s of not more than
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onertenth in the calcu lated  sugar values. T he samples 
falling above the other h ea vy  lines m ay be suspected 
of being skim m ed, those falling below the lower line 
m ay be w atered, and those falling between these lines 
are p rob ab ly  norm al m ilk. If a sam ple is both skim m ed 
and w atered, it m ay be classed in thisl table as normal 
m ilk, but usually, when both such acts are perform ed, 
either one or the other preponderates to such an extent 
th at the sam ple will appear adulterated.

F iv e  hundred and seven ty-fo u r sam ples of milk 
of known p u rity  and 2168 com m ercial sam ples which 
could not be declared adulterated  w ith a va ria ­
tion  in solids from  11 to 13.6 per cent have been ta b u ­
lated  with reference to the relation between the solids 
and  the fa t and the results of this tabu lation  are shown

sam ple is either w atered or skim m ed as the case may 
be. Considerable more work m ust be done, however, in­
vo lvin g the tabu lation  of several thousand analyses 
of sam ples of known p u rity  m ilk from  individual cows 
in order to establish the accuracy of the above statem ent.

m i l k  s e r u m — M ilk serum has been extensively used 
for the detection  of added w ater in m ilk1 and its value 
for this purpose is due to the fact th a t in th e preparation 
of serum  the m ost variable com ponents of the milk, the 
fa t and casein, have been rem oved. Of the various 
m ethods for the preparation of the serum , the writer 
prefers the copper m ethod on accoun t of the sim plicity 
and rap id ity , of its preparation, becausc it can be pre­
pared w ithout heat and requires but a sm all quantity 
of m ilk. W ith the small beakers now in use with the

T a b l e  IV
R e l a t io n  b e t w e e n  t h e  T o t a l  S o l id s  a n d  F a t  o p  216 8  S a m p l e s  o f  M il k  W h ic h  W e r e  N ot  D e c l a r e d  A d u l t e r a t e d

in T ables IV  and V . In both of these tables the zone 
of pure m ilk is indicated as in T able III. I t  appears 
from  these tables th a t the m ethods in use for the de­
tection  of added w ater are efficient b u t th a t those for 
the detection  of skim m ing are not so reliable. A  
larger percentage of know n m ilk p u rity  fell below the 
low er h ea vy  line than  of the com m ercial sam ples not 
declared adulterated . T h e sam ples above the upper 
h e a v y  line w hich m ay be suspected of being skim m ed, 
con stituted  17 per cent of the known p u rity  sam ples 
and 47 per cent of the com m ercial sam ples. Of the 
sam ples containing less than  3.3 per cent of fa t, 5 per 
cent of the know n p u rity  sam ples and 68 per cent of the 
com m ercial sam ples were above the upper h eavy line. 
T ab le  III  is intended solely for the purpose of select­
ing the particu lar sam ples which are to be subjected 
to  other tests for adulteration  and to give a positive 
indication  of the character and possible extension of 
th e adulteration . From  T able V  it would seem th a t 
if a sam ple w as 0.4 above or 0.4 below the m axim um  
or m inim um  fa t figure corresponding to the solids the

Zeiss im m ersion refractom eter, it is possible to  obtain 
sufficient filtrate from  a 10 cc. sam ple and 'if one is in 
a hurry 17.6 cc. of m ilk will give sufficient filtrate in 
a few  m inutes. T h is m ethod has been criticized by 
the au th or2 and subsequen tly b y  A ckerm an n 3 on ac­
count of the dilution necessary in the preparation of 
the serum , but th is is offset b y  less variation  in the 
serum from  different sam ples. I t  has another disad­
van tage, th a t it is not possible to  use the values of the 
ash of the copper serum in detecting added w ater be­
cause the am ount of copper in the serum  is higher in 
w atered m ilk than in unw atered m ilk and consequently 
the ash in the serum  of w atered sam ples is but little 
less than  in the serum  of the original m ilk before 
watering. T h is ob jection isa lso  applicable to thecalcium  
chloride serum of A ckerm an, ow ing to  th e precipitation 
of the calcium  phosphate in the preparation  of the serum .4

1 For an exten sive and com plete review  of the literature on th is subject, 
see Arb. K a is . Gesuttdheils., 40, Heft."3.

1 E ighth  Intern. Congr. of A ppl. C hem ., 1, p. 308.
* Z. N ahr. Genussm., 24 (1912), 612.
* .4r6. K a is . G esundheits., 40, pp. 248. 255 and 256.
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T he acetic m ethod as m odified b y  P fy l and T urnau 
is fa irly  rapid when on ly a few  sam ples are exam ined. 
It can be prepared at th e room  tem perature, the dilu­
tion is b u t 2 per cent and th e  ash figures increased 
by 2.21 per cent are com parable w ith those obtained

hibits signs of becom ing sour, the only serum  th a t 
should be prepared is the sponta'neously obtained sour 
serum.

R E L A T IO N  B E T W E E N  T H E  C O N S T IT U E N T S  OF M IL K

s e r u m — M ilk  serum  consists of w ater, sugar, lactic

T a ble  V
R e l a t i o n  b e t w e e n  t h e  T o t a l  S o l i d s  a n d  F a t  o f  57 4  S a m p le s  o p  M i l k  o p  K n o w n  P u r i t y

from  the sour serum . T h e greatest value of the sour 
serum  is in the preparation  of the ash. Using 25 cc. 
of sour m ilk serum  there is less than 2 g. of organic 
m atter to be burned and the influence of the com bustion 
of th is upon the 190 m illigram s of ash is slight. It is 
advisable to a p p ly  this test in addition to the refrac­
tion or specific g ra v ity  of the serum  to  all sam ples 
suspected of containing added w ater, for both figures 
depend upon different m ilk constituen ts and, fu rth er­
more, if m ilk is declared adulterated  b y  both m ethods, 
it  elim inates the possib ility  of the sam ples being 
n atu ra lly  abnorm al m ilk obtained from  a sick cow. 
It will be noticed in T ab le  I th a t the refraction  of the 
sour serum  is m idw ay betw een th a t of the copper serum 
and the acetic serum . T h is should be borne in mind 
when m aking exam inations of m ilk which have par-

acid, more or less protein, and m ineral m atter, depend­
ing upon the mode of preparation. The acetic serum 
contains sugar, coagulable album en, protein precipi­
tated  b y  tannic acid and all the m ineral m atter. T he 
sour serum contains the sam e substances in addition  
to  lactic  acid form ed from  th e sugar. T he copper 
serum  contains the sugar, coagulable album en, protein 
precipitated  b y  tannic acid, and some of the m ineral 
m atter. T he calcium  chloride serum  contains the 
sugar, proteins precipitated  b y  tan n ic acid, and a 
portion of the m ineral m atter, b u t no coagulable 
album in.

The refractive index of m ilk serum  is an ad ditive 
property consisting of the sum  of the refractive  indices 
of its constituents, and except in the case of the calcium  
chloride serum, bears no absolute relation to the com-

T a b l e  V I — R e l a t io n  b e t w e e n  S e r u m  R e f r a c t io n  a n d  S o u r  S e r u m  A s h

R efraction of copper serum R efraction of sour serum

A sh of 
sour serum  

0 .7 3 0

36 37 38 39 
Per cen t of sam ples

40
T otals

0 .7 1 .4 7 .8 2 . 1 0 .7 12.7
0 .7 5 0 2 . 1 6 .4 6 .3 3 .5 1 8 .3 -
0 .7 7 0 1 .4 6 .4 9 .9 5 .0 2 2 .7
0 .7 9 0 2 . 8 5 .6 9 .2 3 .5 2 1 . 1
0 .8 1 0 1 .4 2 . 1 5 .6 2 . 1 1 1 . 2
0 .8 3 0 1 .4 2 . 1 0 .7 0 .7 Ö .7 5 .6
0 .8 5 0 0 .7 0 .7 2 . 8 4 .2
0 .8 7 0 0 .7 0 .7 0 .7 2 . 1
0 .8 9 0 0 .7 1 .4 2 . 1
0 .9 1 0

T o t a l s  . . . . 11 .9 2 5 .4 4 4 .4 16 .9 1 .4 100.0

38 39 40 41 42 
Per cent of sam

43
pies

44 45

T ota ls
13 .92 .3 0 . 8 3 .1 3 .1 2 .3 2 .3

à'.è 2 .3 2 .3 4 .6 4 .6 2 .3 1 6 .9
.8 1.5 3 . 1 3 .8 6 . 2 6 . 1 0 .8 Ó! 8 2 3 . 1
.7 2 .3 2 .3 3 .8 3 .9 7 .7 0 .8 2 1 .5

1 .5 4 .6 2 .3 1 .5 Ó.8 * 10 .7

.8 Ó. 7 Ó! 8 Í .5 Ö.8 4.6
0 . 8 1.5 1.5 0.8 4 .6
0 .8 0.7 0 .8 6.8 3 .1

Ó!¿ 0 . 8 1 . 6

.3 5 .4 12 .3 13.7 2 7 .0 2 4 .6 10 .0 4 .7 10 0.0

tia lly  soured. U nder such circum stances, the copper position of the m ilk from  which it w as m ade. In the
serum  so prepared will g ive a higher reading and the calcium  chloride serum , the refractive  indices follow
acetic serum  a lower reading th an  would be given  b y  ve ry  closely the percentage of sugar in the m ilk,
th e  sam e sam ple before souring. W hen a sam ple ex- T here is no specific relation betw een the ash of the
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sour serum  and the other properties of the serum of 
pure m ilk, as shown in T able V I, com puted from  the 
refractions of copper serum s of 142 sam ples, the re­
fraction  of the sour serum  of 130 sam ples, and the ash 
of the sour serum s of the same sam ples.

It is possible, how ever, if one knows the refractive 
indices of the m ilk serum  to calculate w ith accuracy 
the specific g ra v ity  or the solids of the same serum.

no difference in the value of K ,  provided th a t the re­
fractive  index and specific g ra v ity  are determ ined at 
the same tem perature and the latter referred to water 
at 4 0 C . W here the values of n  and d  are obtained at 
different tem peratures, the value of K  varies with the

tem perature. In the form ula A ,  11  and i t *

The Lorenz and Lorentz form ula

Carpen Sjtru

11- +
= K  where

m ust be determ ined at the same tem perature. The 
value of K  in the copper serum is sligh tly  less in w at­
ered m ilk than in whole m ilk, due to the fa ct th a t while
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1 1  equals the refractive  index, d  the specific gra v ity ,
and K  a constan t, is uniform  for various concentrations
of m ilk serum  and m ay be used to  calcu late the specific
g ra v ity  from  the refractive  index. T he form ula

1 1  —  1 1 1
evolved  b y  W alter and R obertson 1 — -----  = A where

c

n equals the refractive  index of the solution, » ' the 
refractive index of the solvent, c  the concentration of 
the solution, and .1 a constant, is applicable for the 
calculation  of solids of the m ilk serum . T he values of 
these constants are given  below. In the Lorenz and 
L orentz form ula, th e  difference in tem perature m akes

■ ' W ir t  A n n ., 38 (1889). 107; J . P h y s.-  Chem., 13 (1909), 469.

the refraction of the copper solution is about the same 
as th a t of the m ilk serum , its specific g ra v ity  is higher. 
The variation , how ever, is too slight to have an y marked 
effect upon the calculation  of the specific g ra v ity  from 
the refractions. T able V I I I  gives the value of the 
specific g ra v ity  and solids calculated  from  the refrac­
tion figures of the acetic and copper serums and of the 
specific g ra v ity  calculated  from  the sour serum.

R E L A T IO N  OF T H E  P R O T E IN -F A T  R A T IO  TO S E R U M  R E ­

F R A C T IO N — It w ill be seen from  T ab le  I th a t in the 
sam ples obtained from  Jersey and G uernsey cows, no 
figures for copper refraction were obtained below 37.0 
and the figures for the protein-fat ratio  were all less
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T a b l e  V I I — R e l a t i o n  b e t w e e n  S e r u m  C o n s t a n t s

Scrum
C alcium  chloride

A cetic

C opper

K 0 .2 0 5 6  (a)

K - 0 .2 0 5 8  (a)

K = 0 .2 0 5 5 4  (6)

K - 0 .2 0 5 9 2  (6)

K = 0 .2 0 4 8 4

K = 0 .2 0 5 2 6  (b)

K = 0.20581

K « 0 .2 0 6 0 7  (¿0

n 1 —  1 d _  L. n —  ;zl
« * T :2 * T “  c ....
«  at 17.6° C. 
d  at 1 5 /1 5 °  C. 
w a t X °  C. 
d a t X ° /4 °  C. 
n a t 2 0° C.
d at 15° / 150 C. K  =  0 .2 0 5 5 4  (6) A «  0 .0 0 1 5 8  (6)
n a t  X °  C. 
d a t X ° /4 °  C. 
n at 20° C.
d a t 15° / 150 C . K  =  0 .2 0 4 8 4  A =  0 .0 0 1 5 8  (&)
n at X °  C. 
d a t  X ° /4 °  C.

Sour n a t 2 0° C.
d  a t 15 ° / 15 0 C. 
n a t  X °  C.
J a t X °  / 4 °  C.

(а) W cigncr and Y akuw a, M ilchivertsch. Z entr., 5 (1909), 473.
(б) L yth goe, Proc. Eighth Intern . Congr. A p p l. Chem., 1, 309.

than 0.82 and from  the average figures it appears th a t 
as the protein-fat ratio  increases, the concentration 
of the serum  dim inishes. All the refraction  figures 
corresponding to  protein-fat ratio above 0.50 have been

T a b l e  V III— C o m p a r is o n  b e t w e e n  R e f r a c t iv e  I n d ic e s  a n d  O t h e r  
C o n s t a n t s  o p  M il k  S e r u m  (C a l c u l a t e d  pro m  F o r m u l a s  

G iv e n  i n  T a b l e  V II)
A c e t ic  S e r u m  C o p p e r  S e r u m  S o u r  S e r u m

Scale Solids Sp. gr. Solids Sp. gr. Sp. gr.
reading n D p cr ,  » s Per ✓--------- *--------- % -̂-------- *--------- *
2 0 °  C. 20 °  C. cen t 15°/15° 20°/4 °  cen t 15°/15° 20°/4 °  15°/15° 20°/4 °

28.0 1.33820 3 .30  1.0149 1.0131 3 .30  1.0184 1.0163 1.0136 1.0121
29.0 1.33861 3.55 1.0160 1.0141 3.55 1.0194 1.0173 1.0146 1.0134
30.0 1.33896 3 .78  1.0170 1.0151 3.78 1.0205 1.0184 1.0157 1.0144
31.0  1.33934 4.02 1.0180 1.0161 4 .02  1.0215 1.0194 1.0167 1.0154
3 2 .0  1.33972 4.26 1.0190 1.0172 4.26  1.0225 1.0204 1.0177 1.0164
33.0  1.34010 4.51 1.0200 1.0181 4.51 1.0235 1.0214 1.0187 1.0173
34.0  1.34048 4 .74  1.0211 1.0193 4.74 1.0246 1.0225 1.0198 1.0185
35 .0  1.34086 4.98 1.0221 1.0203 4.98 1.0256 1.0235 1.0208 1.0195
36 .0  1.34124 5.22 1.0231 1.0213 5 .22  1.0267 1.0246 1.0218 1.0205
3 7 .0  1.34162 5 .46  1.0242 1.0223 5 .46  1.0277 1.0256 1.0229 1.0215
38 .0  1.34199 5 .70  1.0252 1.0233 5 .70  1.0288 1.0266 1.0239 1.0225
39 .0  1.34237 5.94 1.0262 1.0243 5.94  1.0298 1.0276 1.0249 1.0236
4 0 .0  1.34275 6.18 1.0273 1.0254 6 .18  1.0308 1.0287 1.0259 1.0246
41.0  1.34313 6.42 1.0283 1.0264   1.0269 1.0256
42.0  1.34350 6.66 1.0293 1.0274  •..................  1.0279 1.0266
43 .0  1.34388 6.90 1.0303 1.0284   1.0290 1.0277
44.0  1.34426 7.14 1.0313 1.0295   1.0300 1.0287
45.0  1.34463 7.38 1.0323 1.0305   1.0310 1.0297

plotted and the results are shown in the chart on page 
906. From  this chart, it  is apparent th a t norm al 
m ilk w ith a protein-fat ratio  less th an  0.70, should give 
sera w ith refractive  indices above 37 b y  the copper 
serum , 40 b y  the sour m ethod, and 41 b y  the acetic 
m ethod. T he relation betw een the protein-fat ratio 
and the percentage of fa t  in the solids is shown in the 
plot. T h e protein-fat ratio  increases as the percentage 
of fa t in the solids decreases; therefore, if the per cent 
of fa t in the solids is high (above 35), the sam ple should 
give a serum  w ith a high refraction. T h e consideration

T a b l e  I X — A n a l y s e s  o p  H e r d  M il k  o f  K n o w n  P u r it y

Solids- F a t in R efraction Sour
T ota l Pro­ n ot- Pro­ total of serum serum
solids F at tein Ash fat L actose tein solids ash
Per Per Per Per Per Per fat Per C opper Sour G. per

N o. cent cent cent cent cen t cent ratio cent 2 0° C. 2 0° C. 100 cc.
1 14.18 4.70 3.46 0.73 9.48 5.03 0.74 33.2 38.5 42.8 0.790
2 13.96 4.70 3.25 0.78 9.26 5.16 0.69 33.6 38.6 42.2 0.802
3 13.34 4.30 3.20 0.70 9.04 5.05 0.74 32.2 38.3 42.2 0.762
4 13.10 4.20 3.22 0.75 8.90 5.12 0.77 32.1 38.8 42.7 0.812
5 12.97 4.40 3.07 0.76 8.57 4.80 0.70 33.9 38.0 42.1 0.772
6 12.85 4.10 3.17 0.66 8.75 5.04 0.77 31.9 38.6 42.0 0.772
7 12.80 3.85 3.35 0.74 8.95 4.85 0.87 30.1 38.2 42.2 0.788
8 12.76 4.10 2.98 0.76 8.66 4.60 0.73 32.1 37.7 40.8 0.768
9 12.58 3.60 3.38 0.74 8.98 4.64 0.94 28.6 38.0 42.0 0.812

10 12.44 3.70 2.98 0.66 8.74 4.93 0.81 29.8 38.0 42.0 0.762
11 12.30 3.80 3.01 0.72 8.50 '4 .9 6 0.79 30.8 37.6 41.0 0.764
12 12.26 3.70 3.03 0.74 8.46 4.56 0.82 30.3 37.5 40.7 0.820
13 12.19 3.65 2.94 0.70 8.54 4.63 0.81 29.9 37.7 41.3 0.762
14 12.14 3.40 3.15 0.75 8.74 4.70 0.93 28.0 37.8 41.7 0.796
15 11.74 3.30 2.96 0.78 8.44 4.59 0.90 28.1 37.4 40.3 0.786
16 11.28 3.20 2.83 0.74 8.08 4.35 0.89 28.5 37.1 39.5 0.752

year, the m ilk of a large num ber of herds has been 
exam ined in connection w ith another in vestigation . 
From  these, sixteen have been chosen, including the 
sam ples from  which the highest and low est figures have 
been obtained; the analyses are recorded in T ab le  IX . 
T h e character of the herds, th e num ber of cows and the 
am ount of m ilk obtained at th e m ilking, is given  in 
T able X . None of these analyses were used in the 
preparation  of T able  I.

Sam ple No. 12 was obtained from  a celebrated herd 
of thoroughbred H olstein Fresian  cows, the m ajo rity  
of which were in th e last stages of lactation . Sam ple

T a b l e  X — C h a r a c t e r  o p  H e r d s  P r o d u c in g  t h e  M il k  R e c o r d e d  in  
T a b l e  I X  

Grade 
Grade Ayr-
Jersey shire W t. of milk

and and Grade T otal
Guern- Guern - D ur­ A yr­ H ol­ H ol­ no. A v. per

N o. Jersey sey sey ham shire stein stein cow s Lbs. cow
N um ber of cow s

1 20 20
2 35 "2 2 39 450 i i .6
3 '4 4 5 13
4 2 4 8 22 250 i i . 7
5 2 5 8 12 27 329 1 2 . 2
6 4 4 8 14 30 400 13 .3
7 1 - ’ i 4 ¡3 29 240 1 2 . 6
8 1 ’4 10 *3 4 3 25 260 10 .4
9 4 4 20 28 273 9 .7

10 "2 13 15 180 12 .0
11 39 39 500 1 2 .9
12 25 25 217 8 .7
13 9 ’ i , . 36 46 580 1 2 . 6
14 10 10
15 24 24 325 Í3Í5
16 12 12 167 14 .3

• of these relations should be studied in connection- with 
the other figures obtained from  the same sam ple, 
p articu larly  w ith the sour serum ash, before the sam ­
ple is called w atered.

D uring the m onths of M arch, A pril and M a y of this

N o. 15 was obtained from  the sam e herd tw o m onths 
later, m any of the cows havin g freshened since the 
previous sam ple was taken. T h e analyses of these 
tw o  sam ples show' th a t while the solids and the fa t 
were both m uch lower in the second sam ple taken, 
there was p ractica lly  no difference betw een the figures 
obtained from  the m ilk serum.

A ll the other sam ples were taken  from  different herds. 
T h e m ilks from  herds Nos. 14, 15 and 16 are not 
sold at retail until a fter being mixed w ith m ilk of good 
q u ality , in order, to bring it up to the requirem ents of 
the M assachusetts law.

S U M M A R Y

V ariations in the com position of m ilk are due p ri­
m arily to  the breed, and to a less exten t to the season 
of the year and to  the tim e since calvin g.

T h e least variable m ilk constituents are the lactose 
and ash, both of which are of value in detecting added 
w ater.

It is possible, w ithin reasonable lim its, to indicate 
from  the percentage of solids and fa t, w hether or not 
a sam ple has been w atered, skim m ed, or is norm al 
m ilk.

No relation exists betw een the refraction of the serum 
and the sour serum  ash; therefore, if both figures are 
below the minim um  for pure m ilk it is positive in d ica­
tion  of the presence of added water.

T h e protein fa t ratios in all cases have been less than
1. If .this figure exceeds 1, skim m ing is indicated, 
the am ount being greatest in sam ples possessing the 
highest ratio.

If the protein-fat ratio is less than  0.7 or the per­
centage of fa t in the solids is above 35.0, sam ples m ay 
be declared w atered b y  a low  refraction of the serum , not



go8 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. n

necessarily below the m inim um  for all sam ples of known 
p u rity . T h is is p a rticu la rly  so when dealing w ith herd 
m ilk.

In the absence of a refractom eter, the specific 
g ra v ity  or the per cent of solids of the serum  is ju st 
as valuable as the refractive  index in detecting added 
w ater.

T h e w riter wishes to acknow ledge his than ks to his 
assistants, M essrs. C harles H. H ickey, Louis I. 
N urenberg, and C larence E. M arsh, to whom  he is 
grea tly  indebted for their valuable cooperation in 
m aking th e analyses of the sam ples.

L a b o r a t o r y  o p  F o o d  a n d  D r u g  I n s p e c t io n  
M a s s a c h u s e t t s  S t a t e  B o a r d  o p  H e a l t h  

B o st o n

SOME CHARACTERISTICS OF CHLORINE-BLEACHED 
FLOUR

B y  C. A. A. U rr  

R eceived  Ju ly  3, 1914

Since th e  G overnm en t ruled against flour treated  
wdth the oxides of nitrogen (F. I. D. 100; N . T . 722, 
U. S. D ep t, of A gr.), chlorine-bleached flour has made 
its appearance. U nited  States P aten t 1,071,977, 
Septem ber 29, 1913, deals w ith a process in which 
“ flour is treated  w ith anhydrous chlorine (diluted with 
an in active gas) in order to  m ature and whiten i t .”  
T h is  process and a few  others in which chlorine is the 
a ctiv e  agent are used. B y  th is means, it is claim ed, 
the flour is w hitened and aged.

T h a t chlorine will bleach flour has been know n for 
m any years, b u t its a c t iv ity  and d ifficulty of control 
h ave caused its use to  be view ed w ith suspicion. 
In connection w ith th e pure food w’ork of K ansas it 
w as found necessary to collect some inform ation on 
chlorine-treated flour. T he results of this in vestiga­
tion  are presented in this paper.

Sam ples were obtained d irectly  from  the mills b y  
the K an sas food inspectors, of the same flour before 
and after bleaching. These were placed in screw- 
top glass jars, sealed and shipped to the laboratory. 
T h e follow ing determ inations were m ade: (1) Chlorine
q u a lita tiv e ly  and q u an tita tive ly ; (2) m oisture; ' (3) 
a cid ity . A  num ber of gluten and baking tests were 
also made.

Chlorine w as determ ined b y  Jacobs’ m ethod as 
used in the P lan t C h em istry  L ab oratory  of the U. S. 
D ep artm en t of A griculture. I t  is as follow s: “ T o
25 gram s of flour in a platinum  dish, add 25 cc. of a 
solution containing 25 gram s of K O H  and 25 gram s 
K N O j per liter. E vap orate  to dryness on a steam  
b ath , and ignite in a muffle a t a dull red heat until 
th o rou gh ly  charred. E x tra ct the charred mass w ith 
25 cc. 5 per cent H N 0 3; filter. R eturn  residue to  the 
platinum  dish, char further 'an d  extract again with 
25 cc. 5 per cent H N O j; filter, wash w ith hot water, 
and ignite to  an ash. D issolve the ash in 5 per cent 
HN Os, filter and wash. Com bine the filtrates and de­
term ine th e chlorine w ith silver n itra te .”

Q u alitative  determ inations of chlorine were made 
b y the copper wire m ethod as given b y  A lw a y  {Bull. 
102, N ebraska E xperim ent Station, page 53) as follows: 
“ One ounce (30 gram s) of flour is extracted  with benzene

(ether was used) and the latter evap orated . A  small 
am ount of oil rem ains. A  piece of copper wire is heated 
in a colorless gas flame until it is b lack  and no longer 
colors the flame green. T h e hot end of th e wire is 
dipped into the oil and again brought into th e flame. If 
chlorine or brom ine has been used as a bleaching agent 
a green or blue coloration is produced.”

M oisture determ inations were m ade b y  drying the 
sam ples for five hours in a steam  oven at the tem pera­
ture of boiling w ater.

T h e determ inations of acid ity  were m ade in ac­
cordance w ith M ethod 5 in Bull. 15 2 , of the Bureau of 
C hem istry, U. S. D epartm en t of A griculture, which 
is as follow s: To 20 gram s of flour in a 500 cc. Er-
lenm eyer flask add 200 cc. freshly boiled w ater. Digest 
at 40° C . for tw o  hours, shaking at 10-m inute intervals. 
D ecan t the clear liquid through a folded filter and ti­
trate  50 cc. N / 20 N aO H .

T ab le  I indicates the results obtained on inspec­
tion sam ples. I t  will be noted th a t the m oisture does 
not v a ry  an y more between the bleached and un­
bleached flour than  m ight be expected in duplicate 
determ inations. An increase in a cid ity  in the bleached

T a b l e  I — S o m e  C h a r a c t e r is t ic s  o p  C h l o r in e -b l e a c h e d  F l o u r

a 0u> Grade
■0 E 's of loaf

a O G luten ,— *— .
ft OS cL 5

N O . D escription

-
‘0

*5'3 
•5 8 
< ¡ -

d

D C
op

pc
i

re
ac

ti

V
ol

. 
of

M
oi

st

Q C
ol

or

T
ex

tu
r

4 6 -47 U nbleached  p aten t 13.36 0.126 484 — 1870 43.1 12.99 94 95
Bleached  p aten t 13.68 0.144 764 + 1860 42.8 13.07 93 94

48-45 U nbleached, clear 14.22 0.198 532 — 1780 47.5 16.10 . .  83
B leached, clear 14.18 0.288 916 *+■ 1800 48 .6 16.07 . .  85

5 2 -5 4 P aten t unbleached 10.70 0.162 442 1940 38.87 12.67 93 92
P aten t bleached 11 .1 2 0.18 881 + 1950 39 .16 12.87 93 89

65 -66 U nbleached paten t 12.66 0.126 556 — 2020 39.34 12.40 94 92
Bleached  paten t 12.88 0.126 648 + 1980 39 .98 12.92 93 89

95 -96 U nbleached 12.20 0.144 494 1920 41.83 14.05 94 94
Bleached 12.24 0.189 716 + 1970 41.78 13.67 93 94

91 -92 P aten t unbleached  
P a te n t b leached

13.10
13.12

0.126
0.135

540
844 +

51-55 U nbleached, clear 
B leached , clear

12.44
12.32

0.216
0.252

504
928 +

97 -9 8 U nbleached
B leached

11.46
11.40

0.189
0.198

544
868 +

70299 B leached 10.99 0.198 736 +
70300 Bleached 11.22 0.207 900 +
65-63 U nbleached

Bleached
12.88
12.69

0.306
0.324

576
667 +

70-72 U nbleached
Bleached

12.56
12.68

0.18
0.234

501
972 +

73-71 U nbleached
Bleached

12.42
12.42

0.216
0.270

496
855 +

flour as com pared w ith the corresponding unbleached 
sam ple is noted in nearly every  instance. T h e chlorine 
content varies from  442 parts per million to 576 parts 
per million in the unbleached flour; when bleached 
the variation  is 648 to 972 parts per million. All 
bleached sam ples reacted positively  with the copper 
wire reaction for chlorine.

T h e differences in loaf volum e are not much greater 
than  one would expect to  find in individual loaves 
from  the same flour. L oaf volum e favors th e unbleached 
flour in some cases, in others the bleached flour. All 
loaves were graded against a stan dard loaf m ade from 
hard w heat flour under the sam e conditions, as is the 
custom . It will be noted th a t in nearly every  case 
the bread m ade from  the unbleached flour grades better. 
The bleached flour gives a loaf havin g an objectionable 
color and texture.

The gluten  tests run practically  uniform  for the 
bleached and unbleached flour, there being no more 
difference than  on duplicates. H ow ever, physically
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the gluten  of th e chlorine-treated flour is som ew hat 
softer in some cases, showing th a t the chlorinc m ay have 
affected th e gluten to some extent.

Several sam ples of unbleached flour gave the follow ­
ing am ounts of chlorine, expressed in parts per m illion: 
(1) 4 45 ;  (2) S°3 -8 ; (3) 492 ; (4) 4 4 8 ; ( s )  348 ; (6) 373; (7) 
452; (8) 484; (9) 496; (10) 544. A  num ber of sam ples 
of chlorine-treated flour on the K ansas m arket yielded 
the follow ing am ounts of chlorine expressed in parts 
per m illion: (1) 7 4 2 ;  (2) 260; (3) 591; (4) 608; (5) 732;
(6) 712; (7) 1056; (9) 904. A ll of these gave a positive 
test writh the copper wire reaction.

A  num ber of sam ples of bleached and unbleached 
flour were shipped to the lab oratory  in cloth sacks, 
p acked  together. T h e unbleached flour yielded the 
follow ing am ounts of chlorine, parts per m illion:
(1) 528; (2) 532; (3) 612; (4) 598; (5) 592. In each 
case a sligh t color developed in the copper wire re­
action, showing th a t some chlorine w'as prob ab ly 
taken  up b y  th e unbleached flour. A  sam ple of soft 
w heat ga v e  452 parts chlorine per m illion; a sam ple 
o f hard w heat gave 496 parts, and tw o sam ples of bran 
gave 464 and 431 parts chlorine per million.

S U M M A R Y

T he chlorine content of un treated  flour m ay run 
as high as 576 parts per m illion. C hlorine-treated 
flour will contain  over 600 parts per million of chlorine.

The chlorine can be detected  w ith  certain ty  by 
m eans of th e  copper wire reaction. Sam ples of un­
bleached flour in con tact w ith chlorine-treated flour 
m ay give the reaction.

C hlorin e-treatm en t increases the acid ity  of the 
flour and does not im prove its breadm aking qualities.

In conclusion credit should be given  to M iss Leila 
D unton of the D ep artm en t of M illing In d u stry  of the 
K an sas S ta te  A gricu ltu ral College for m aking the 
b akin g and gluten tests, and to  D r. J. T . W illard, of the 
D ep artm en t of C hem istry , for suggestions in carrying 
out the work.

K a n s a s  S t a t e  A g r i c u l t u r a l  C o l l e g e  
M a n h a t t a n

DETERM INATION OF PRUSSIAN BLUE IN TEA1
B y  G . W. K n io h t  

R eceived A ugust 31, 1914

T his m ethod of determ ining the artificial coloring 
m atter, Prussian blue, on tea is the conclusion of a 
series of experim ents to  ascertain  an a n alytica l m ethod 
th a t would be rapid, accurate and q u an titative . B y  
m eans of it, i p a rt in 200,000, and som etim es even 
1 part in 300,000, can be detected. A  man inexpe­
rienced in the m anipulation can run four determ ina­
tion s in a d ay easily, and doubtless w ith  experience 
could  run m any more. T w o operators w orking inde­
pen den tly  on the sam e sam ple obtained 0.0019 an<i  
0.0016 per cent of Prussian blue.

m e t h o d — 100 g. of tea  are ground to a fine pow'der 
in a coffee grinder, placed in a round-bottom ed dis­
tilling flask of sufficient c a p acity  and m oistened w ith 
enough 85 per cent phosphoric acid to thoroughly

1 C ontributed w ith th e perm ission of th e Secretary of the Treasury  
„and the U . S. Appraiser. Port of N ew  York.

m oisten all of the tea. (U sually  from  30 cc. to 60 cc. 
are sufficient.) T he flask is then fitted w ith a delivery  
tube, which passes through a tw o-liole stopper into a 
m ixture of 4 cc. of 10 per cen t N aO H  solution and 
30 to  40 cc. of w ater contained in a 100 cc. E rlenm eyer 
flask. T h e E rlenm eyer flask is supported in a beaker 
of cold w ater.

, A n  outlet tub e bent a t right angles passes through 
the other hole of th e tw o-hole sto p p er for the escape 
of unabsorbed gases. T h e apparatus is placed in a 
well ven tilated  hood and a Bunsen burner flam e is 
placed in front of the outlet tube to  burn the un ab ­
sorbed gases.

T h e flask is then heated, slow ly at first, w ith a sm all 
flam e and finally more stron gly  until the phosphoric 
acid begins to distil over. U sually  10 or 15 m inutes 
are sufficient for th e distillation.

A fter th e distillation is com pleted, the d istillate is 
filtered and th e filtrate placed in a casserole; if acid, 
it is neutralized w ith 10 per cent N aO H  solution, 
then 3 cc. of 10 per cent N aO H  solution in excess are 
added. A  crysta l of FeSO i abou t the size of a pea 
and a few  drops of 10 per cent P e C l3 solution are 
added and the solution boiled for 1 m inute. HC1 
(sp. gr. 1.2) is then added, drop b y drop, to  the hot 
solution till it  is d istin ctly  acid. T h e solution is 
filtered and the precip itate washed w ith 95 per cent 
alcohol, until the w ashings run colorless. Cold 10 
per cent N aO H  solution is dropped on the filter, using 
as little  as possible b u t washing the whole area of 
the filter, and then  the filter is washed w ith  as sm all 
an am ount of w ater as possible. I t  is best to  drop 
the wash w ater, drop b y  drop, from  a pip ette. A b o u t 
4 cc. of N aO H  and 8 cc. of w ater are sufficient for this 
operation.

The filtrate is acidified w ith acetic acid and a few  
drops of H C 1 (sp. gr. 1.2), a  few  drops of 10 per cent 
F eC li solution are added and then H C 1 (sp. gr. 1.2) 
is added until an y brown color th a t m ay h ave developed 
has disappeared.

T h e solution is then placed in a casserole and ev ap o ­
rated to  half its  bulk  on the w ater b ath ; more w ater is 
added to  dissolve an y salts th a t m ay have crysta llized  
out, and the Prussian blue is filtered on a Gooch 
crucible, washed w ith  ve ry  dilute H C 1, w ater, alcohol 
and ether, and dried at 100 0 C. to con stan t'w eigh t.

T he w eight in gram s gives d irectly  the per cent of 
Prussian blue in the sam ple.

Several sam ples of uncolored China and Japan teas 
were run b y  this m ethod, and no Prussian blue detected. 
T hen va ryin g  am ounts of Prussian blue, from  1 p art 
in 75,000 to 1 part in 400,000, were m ixed w ith these 
uncolored teas. Prussian blue was obtained in all 
cases up to 1 part in 200,000 and in some cases up to 
1 part in 300,000. T h e am ount appeared proportion­
ate to th a t put in, b u t the am ount was too sm all to 
weigh except in the case of 1 p a rt in 75,000; and in 
this case where 1.5 m g. was p u t in 1 mg. was recovered. 
A s the p u rity  of the Prussian blue put in w as question­
able, this wras a fa irly  q u an tita tive  recovery.

Three sam ples which gave 1 spot, 2 spots and 3
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spots, resp ectively , b y  the R ead te s t,1 gave 0.0005, 
0.0022 and 0.0022 per cent, or 1 part in 200,000, 1 
p art in 45,000, and 1 p art in 45,000.

T hree other sam ples of colored tea  th a t gave an 
average of 50 spots, 48 spots and 32 spots, respectively, 
b y  the R ead  test, and showed color d istin ctly  in 1 and
2 and b arely  percep tib ly  in 3 b y  a q u alitative  infusion 
m ethod devised b y  W . G. B erry (unpublished) gave 
0.0072, 0.0044 and 0.0016 per cent, or 1 part in 14,000, 
1 part in 23,000, and 1 part in 63,000. Sam ple num ber
3 repeated b y  a different operator gave 0.0019, checking 
fa irly  well w ith 0.0016 by the first operator.

T he w riter contem plates m aking a more exhaustive 
stu d y  of the m ethod as to its su ita b ility  in the analysis 
of various classes of tea.

U . S . C u st o m s  L a b o r a t o r y  
P o r t  ok  N e w  Y o r k

A N  I N V E S T I G A T I O N  O F  T H E  D I A S T A S E  O F  A L F A L F A  
A N D  T H E  E F F E C T  O F  R A P ID  C U R IN G  U P O N  

T H E  F O O D  V A L U E  O F  A L F A L F A 2

B y R a l p h  C. S h u b y  

R eceived M ay 22, 1914 

IN T R O D U C T IO N

In a search for a com m ercial source of diastase 
am ong the green plants, a lfa lfa  was found to have an 
excep tion ally  high diastatic content, and further work 
indicated  a close relation between d iastatic content 
and the proportion of w ater-soluble constituents of 
the dried plant. I t  was found possible, by careful 
and rapid curing, to increase the d iastatic value very  
m aterially; and this paper will deal principally w ith 
these relations and their possible econom ic im portance. 
Before ta k in g  up the experim ental work, however, it 
m ight be well to  review  briefly the occurrence of di­
astase, its role in th e econom y of the green plant and 
the chem ical changes related thereto.

D iastase, or am ylase, m ay be defined as th a t enzym e 
or organic ca ta ly st which is elaborated b y the living 
organism  for the purpose of assisting in or bringing 
about the conversion of starch into sugar. B u t little  
is know n of the chem ical n ature of diastase. As 
ordinarily prepared, the substance contains nitrogen 
and m ight be classed writh  the proteins, but some work 
of Fran kel and H am bourg3 and others indicates th at 
the protein m ay not be necessarily an integral part 
of the substance, b u t th a t the protein and diastase 
are alm ost inseparable on accoun t of their colloidal 
nature and other ph ysical properties. T he action of 
diastase is easily  affected b y  slight variation s in condi­
tions. Aside from  the tem perature and concentra­
tions of h yd ro lyte , h yd ro lyst and h yd ro lytic  products, 
the presence of ve ry  slight am ounts of hydrogen— or 
hydroxyl-ions or of salts m a y  produce very  great 
changes in the a c t iv ity  or even com pletely inhibit 
action. In the m oist sta te  or in solution, diastase is 
easily destroyed b y  heat, continued heating at 80° C .,

1 “ E igh th  International Congress of A pplied C hem istry."  Vol. X V III. 
p. 301.

J T h is in vestigation  was m ade in connection  w ith Industrial Fellow ­
ship N o . 2, in the U niversity  of K ansas, during the years 1907-10, and has 
been w ithheld from publication  in fu lfilm ent of the conditions of the Fellow ­
ship A greem ent.

* W och.fU r B rauw , 23 (1906), 473.

being sufficient but if perfectly  dry a tem perature of 
io o °  C . for a considerable tim e has no noticeable effect.

As we are not concerned w ith the diastases of animal 
origin, th ey  will not be discussed. The vegetable 
sources of diastase m ay be roughly divided into three 
groups:

I— In the green plants diasfase is present for the 
conversion of the deposited storage m aterial, starch,, 
into the soluble and transportable sugars which may* 
after tran sportation, be again deposited as one of the 
less soluble carbohydrates, starch or cellulose, or m ay 
be used up in the m etabolic processes of the plant. 
T h e diastase from  green plants possesses the property 
of dissolving unboiled or granular starch to a much 
greater degree than  does th a t from  the other twro sources.

II— T he germ inating seeds elaborate a ve ry  active 
diastase for the purpose of m aking availab le to the 
grow ing em bryo the stored up m aterial of the endo­
sperm. A lthough this diastase atta ck s unboiled starch, 
it does so only v e ry  slowdy. M alted or sprouted grain 
is the m ost generally know n source of diastase. Aside 
from  its use in the ferm entation  industries as malt, 
the soluble portions, concentrated to  a syrup or powder, 
are used in the baking ind u stry  and in medicine.

III——-M any of the fungi and b acteria  secrete diastase 
for the purpose of m aking availab le the food material 
of a starch y medium  in which th ey  are grow ing. This 
has found application  in the m oyashi or y ea st used 
in m aking the Japanese alcoholic drink, sake, from  rice. 
T he diastatic extract from  this fungus, Aspergillus 
oryzac, is used in medicine under the nam e T a k a ' 
diastase.

h i s t o r y : t h e  p r e s e n c e  o r  d i a s t a s e  i n  g r e e n

P L A N T S

T h e first investigation  of d iastatic a c tiv ity  in green 
plants noted was th a t of K osm an n 1 in 1877. He made 
aqueous infusions of lichens, moss, algae and fungi, 
p recipitated  w'ith alcohol, and obtained a substance 
which showred diastatic action in ev ery  case when 
starch paste was used as hyd ro lyte , and even in some 
cases when unaltered starch w as used.

The follow ing year a m onograph was published by 
B aran etsk y ,2 describing sim ilar work on the seeds, 
bulbs, stem s and leaves of plants. His conclusions 
wTere th a t the q u an tity  of enzym e present a t any one 
tim e was very  sm all, it being elaborated  as needed 
and used up as fast as form ed.

J. B oehm 5 agreed w ith the form er in vestigators 
and added this piece of inform ation, th a t freezing and 
thaw ing the leaves stops the depletion of starch, as 
does also im m ersion in an atm osphere of hydrogen. 
None of these investigators used an y antiseptic pre­
cautions and their tests were more q u alitative  than 
q u an titative .

In 1884, Brasse4 followed K osnlan and B aran etsky 
but used chloroform  as an antiseptic and measured 
the d iastatic  a c tiv ity  b y  means of the quan titative 
reduction of copper solutions in place of using the iodine

■ B u l l .  Soc. C h im . .  27 (1 8 7 7 ), 2 51 .
5 " D ie  Starkeum biidenden Ferm ente in den Pflanzen,” Leipsic, 1878._
1 Zeit. fu r  d. g. B rouu\ 6 (1883), 76.
4 Comptes Rendus, 99 (1884), 878.
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test for starch. He found diastase in th e precipitate 
formed b y  adding strong alcohol to solutions of potato, 
dahlia, Jerusalem  artichoke, corn, beet, tobacco and 
ricinus leaves.

Schim per1 found feeb le .d ia sta tic  action  in all leaves 
he in vestigated  and noted th a t A llium  ccpa did not 
form starch w ithin its chlorophyll granules. He 
thought th a t perhaps th is m ight be due to a high 
diastatic a c t iv ity  in the leaf p reven tin g the form ation 
of solid starch. H ow ever, com parisons of A llium  with 
Euphorbia and Tropaeolium , which fo rm .sta rch  abun ­
dantly, showed the la tter  to possess m uch higher dias­
tatic a c tiv ity , leading to the conclusion th a t the dias­
tase bears a direct relation to  the starch present.

Then W ortm an 2 raised a dissenting voice. Using 
the clear filtrate obtained b y  shredding and pounding 
leaves w ith w ater, he found no d iastatic  action in 27 
out of the 32 species exam ined and only very  feeble 
action in the other 5. B oth  0.5 per cent starch solu­
tion and unaltered w heat starch were used as h ydrolyte. 
Leaves k ep t in an atm osphere of CO2 in the dark did 
not lose starch, while those kept in oxygen lost starch 
readily. Prom  these results he concluded th a t the 
role of diastase in the p lant was either v e ry  unim portant 
or th a t it had no function  w hatever and th a t the solu­
tion of the starch w'as brought about b y  the direct 
action of the livin g protoplasm . He adm itted  one 
exception, th a t of germ inating seeds.

S. H. V ines3 alm ost im m ediately  published a criti­
cism of W ortm ann ’s w ork, ob jectin g to the iodin starch 
determ ination in the presence of leaf extract, for 
W ortm ann him self had shown th a t coloring m atter 
and foreign substances interfered w ith the color re­
action. In his own wrork he found the tu rbid  extract 
much more active  than the clear filtrate. In some 
cases th e added starch solution hindered the hydrolysis 
of the starch n atu ra lly  occurring in the plant. He 
concluded th a t the carbohydrate form ed was not 
maltose. V in es’ wrork agreed w ith th a t of B aran etsky 
and Boehm  and he concluded th a t, although the am ount 
of diastase th a t could be extracted  was sm all, yet the 
secretion was doubtless a continuous process, so th a t 
the am ount produced during a given  tim e m ight 
suffice to  effect th e observed conversion of starch into 
sugar.

A. P run et4 observed th a t the end sprouts of a sprout­
ing po tato  developed m uch faster than those near the 
middle and exam ination showed much more diastase 
in the ends of the potato, thus showing a relation b e­
tween the production of diastase and the dissolution 
of starch. He also found a relation betw een the ap ­
pearance of diastase and th e com m encem ent of grow th 
in the tubers.

A. M eyer5 studied and tab u lated  the starch-form ing 
ability  of the leaves of different plants and found th a t 
many of the m onocotoledons do not? store starch. He 
concluded, how ever, th a t this was not due to the rapid 
rem oval of carbohydrates. He arranged the plants

! Bol. Z rit.. 43, 1885, p. 738.
'I b id . .  1890, p. 582.
■ A nti, o f Bol., 8 (1 8 9 1 ), 4 09 .
4 Corn pies Rendus, 115 (1 8 9 2 ), 7 51 .
* Bot. Z eit., 1885, pp. 2 7 -3 2 .

into five orders of decreasing starch storage, placing 
the Solanaceae and P apillonaceae first. He also 
found th a t leaves could convert sugars into starch 
when the plucked leaves were im m ersed in sugar solu­
tion.

Brow n and M orris1 in 1893 published an extensive 
research into th e diastase of leaves. , A fter determ in ­
ing the diastase in the leaves of m any different species, 
th e y  concluded th a t it  was a lw ays present in q u an ti­
ties sufficient to h yd ro lyze more starch than the leaf 
could contain  at an y one tim e, som etim es enough to 
h yd ro lyze m any tim es the dry w eight of the leaf itself. 
T annin  v e ry  often prevented the m aking of an extra ct 
of an y power, although b y precipitatin g the tannin  
w ith raw hide raspings th e diastase could be dem on­
strated. T h ey  concluded th a t neither the leaf nor 
the pow dered tissue gave a full measure of the diastase 
present, for drying and pow dering the leaf and using 
a suspension of the pow der in w ater gave an a ctiv ity  
about seven tim es greater than  the filtered extract of 
the crushed green leaf. T h e Papillonaceae and Solan ­
aceae proved to be exceptionally  high in diastase. 
E xpressing the diastatic a c tiv ity  b y  the num ber of 
gram s of m altose produced in 48 hours’ hydrolysis 
a t 30° b y  ten gram s of dry leaf, th ey  found in P isum  
sativum an a c t iv ity  of 240.3 °, abou t one-third the 
a c tiv ity  of pale b arley m alt.

The diastase was found to be from  35 per cent to 
70 per cent more active  in leaves plucked after being 
kept in the dark some hours than  after a full d a y ’s 
insolation. In one case keeping in the dark for four 
days increased the a ctiv ity  153 per cent, but this 
was w ith a ve ry  feebly  d iastatic sam ple. A lthough 
floating leaves on w ater in the dark increased the d ia­
stase ju st as keeping the grow’ing plant in the dark had 
done, y et floating on a dilute solution of dextrose in 
the dark decreased the d iastatic a ctiv ity . From  this 
and the results of sim ilar experim ents2 on sprouting 
grains th e y  concluded the secretion of diastase to  be 
a starvation  phenomenon.

L eaf diastase was found capable of acting on solid 
starch, especially th a t of buckw heat. In the pres­
ence of 0.006 per cent form ic acid a suspension of P isum  
sativum caused com plete disintegration of m any of the 
soaked buckw heat starch grains placed in it for 10 
hours at 30° C. W hen actin g on boiled starch the re­
sultin g carbohydrates were found to be m altose and 
dextrin, but no dextrose.

A fter studying the relation of leaf starch to the total 
products of assim ilation, th e y  concluded th a t “ There 
is no evidence w hatsoever of starch being a necessary 
link betw een the sugars of assim ilation and th e sugars 
of translocation; it is far more probable th a t the starch 
is only elaborated w ithin the cell when the sup ply of 
n utrient is in excess of the cell requirem ents and th a t 
m ost of the assim ilated products never pass through the 
stage of starch at a ll.”  T h ey  found sucrose to be the 
prevailing sugar in the juice of the plants exam ined.

Browne and B louin 3 found in the sugar cane leaves
1 Jour. Chettt. Soe. Trans., 63 (1893), 604.

1 Brown and M orris. Jour. Chettt. Soc. Trans., 57 (1 8 9 0 ), 4 5 8 .
* La. Agr. Exp. S ta ., Bull. 91.
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a much higher percentage of sucrose in the evening than 
in the m orning. T h e carbohydrates were transported 
as reducing sugars w hich were reconverted to  sucrose 
and stored up in the p ith  cells. A  portion o fith e  in ­
ve rt sugar was used up in the vital processes of the cane 
(form ation of new tissue, etc.) for which purpose levu- 
lose appeared to be used in greater am ount.

B u tk ew itsch 1 found a v e ry  active diastase in the 
bark of a num ber of plants and stated  th a t in the barks 
of some of th e P apillonaceae it is only slightly  inferior 
to  m alt in its a ctiv ity .

T he presence of diastase in the leaves, stalks, bark 
and ripening fr u it2 m akes it appear th a t diastase is 
present in all parts of plants, a t least a t some period 
during their grow th.

T h e success of these investigations, dem onstrating 
the presence of such appreciable quantities of diastase, 
indicated th e p rob ab ility  of the diastatic content of 
fodders bearing an im portant relation to th e a va ila ­
b ility  of the food constituents. E xperim ents were 
conducted along sim ilar lines, using alfa lfa  as an ex­
am ple of a h igh ly d iastatic plant, and endeavoring 
to learn the optim um  conditions for the production 
and retention of diastase in a cured hay.

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

p r e p a r a t i o n  o f  s a m p l e s — A ll sam ples of alfalfa, 
excep t wrhen otherwise noted, were cut w'hen from  */io 
to Vio in bloom , the stem s from  the different plants 
th o rou gh ly  m ixed and afterw ards divided into 1000 
or 2000 gram  portions for curing. T he control sam ples 
were placed in ovens im m ediately and dried at 4 5 -5 0 0 
C. for 48 hours. T h e “ air cu re d ”  sam ples were al­
low ed to lie on the floor of the lab oratory  for three 
days and afterw'ards dried a t 45-30° C. for 48 hours 
to bring them  to  the same m oisture content as the 
controls. A ll sam ples, after the treatm ent noted, 
received th is final drying.

In the sam pling of the stacks several sam ples were 
taken  from  different parts of the stack b y  raising a 
portion of the h ay on poles and rem oving an arm ful 
from  th e undisturbed portion, being careful not to 
shake off an y leaves. These sam ples were m ixed, 
coarsely ground and resam pled for final grinding.

If leaves and stem s were determ ined separately, 
after dryin g, the leaves were stripped from  the stem s 
b y  hand, w eighed and ground separately. T h is m ethod 
of separation, although extrem ely crude, gave a m axi­
mum error of abou t 2 per cent.

d i a s t a s e  d e t e r m i n a t i o n — Starch paste— 2 0 0 0

gram s of distilled w ater were roughly weighed into 
a tared  b ea ker-a n d  boiled. F o rty  gram s of neutral 
soluble starch prepared according to L in tn er3 were 
a ccu rate ly  w eighed out and stirred w ith about 1 0 0  

cc. of w ater and added to the bulk  of the w ater with 
stirring and th e whole boiled and stirred for five m inutes, 
then cooled and m ade up to exa ctly  2 0 0 0  grams.

T w o and one-half gram s of the dry pulverized plant 
were accu rately  w eighed into a 100 cc. wride-m outhed 
b ottle  and e x a ctly  50 cc. of w ater added from  a pipette. 
T w o drops of toluene were added and the wrhole allowred

> Biochem. Z eit., 10 (1908). 314.
1 G eerlings, Intern. Sugar Jou r., 10, 372.
* Jour, prakl. Chem., 34, 378.

to digest for eight hours a t room  tem perature with 
occasional shaking. T his w as filtered through an 
em p ty porcelain Gooch crucible until clear, the pul­
verized p lant actin g as filtering m edium . This gave 
about 45 cc. of liquid which was assum ed to  contain 
''Vsoths of the w ater-soluble substance of the plant. 
E xperim ent showed this assum ption to be within 
experim ental error.

For digestion 100 cc. portions of the starch solution 
were m easured into 120 cc. tubes, placed in a water 
bath  a t 40°, and allowed to come to th a t tem perature: 
5 cc. of p lant solution were added to  a tu b e of starch 
solution which was then stoppered and well shaken 
and 25 cc. im m ediately w ithdraw n and placed in a 
200 cc. E rlenm eyer flask containing 5 drops of alkaline 
Fehling solution. T his sam ple was used for the pur­
pose of determ ining the am ount of sugar present be­
fore digestion and the alkaline solution wras used merely 
to stop further action and so allow  the solution to 
stan d until cupric reduction could be determined. 
T h e tim e required for filling the tubes was noted and 
at the end of ex a ctly  one hour 25 cc. portions were 
w ithdraw n into flasks as before, so gauging the time 
th a t both the first and last tubes had exactly  one 
hour for digestion.

Ten  cc. each of A llih n ’s m odification of Fehling’s 
solu tio n 1 and 25 cc. of w ater were m easured into an 
E rlenm eyer flask and heated  to boiling. This solu­
tion  w as added to one of the digestion samples, the 
whole heated to boiling and allow ed to boil for ex­
a ctly  four m inutes. The m ixture was filtered imme­
d iately  through a Gooch filter containing a good thick 
m at of asbestos. A fter thoroughly  washing, the filter, 
tube and stopper were transferred to  a 250 cc. flask 
and 4 cc. of concentrated nitric acid were added to the 
precip itate: 1 cc. of acid  was also added to the pre­
cipitating flask to dissolve an y adhering copper oxide 
and all thoroughly washed into the flask.

T h e resulting copper solution w as evaporated to 
dryness on a hot plate and the last traces of oxides of 
nitrogen rem oved b y  a b last of air. A fter cooling, 
10 cc. of 50 per cent acetic acid  were added and boiled 
until solution was com pleted, then cooled and made up 
to 23 cc.

F ive  cc. of a solution containing 30 gram s of potas­
sium  iodide per 100 cc. were then added and the solu­
tion titrated  im m ediately  against stan dard sodium 
th iosulfate, 1 cc. of 2 per cent soluble starch being 
added as indicator a fter the color had begun to fade. 
T he th iosulfate solution contained about 9.5 grams 
per liter, eq u ivalen t to abou t 0.0025 gram  of copper 
and was stan dardized  against pure copper.

T h e am ount of m altose eq u ivalen t to the copper 
found was read from  a curve prepared in this labora­
to ry  from  determ inations on pure m altose. T h e maltose 
per unit of co p p ef oxide obtained b y  th is method is 
about 96.9 per cent of th a t obtained b y  the Munson 
and W alker m ethod.2

1 U . S. D ep t. Agr., Bur. of C hem ., Bull. 107 (1909), 49.
2 T h e difference in the m altose con stant of th ese tw o  m ethods is due 

largely to  th e difference in concentration of th e alkali and the substitution  
of potash  for soda. T h is m ethod was used because it allow ed of somewhat 
more rapid m anipulation.
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The w eight of p lant represented b y  th e 25 cc. of 
starch solution w ithdraw n for analysis was:

2-5 g- X  5/50 X  25/105 = 0.0595 g- 
for s/so th s  of the extra ct were added to the starch 
and 2 5 /io 5 th s of this digestion were used for analysis. 
The a c tiv ity  of the sam ples was expressed b y  the 
number of gram s of m altose produced b y  one gram  of 
sample during one h our’s digestion a t 40° C ., th a t is, 
the difference in m altose content of control and d i­
gestion, divided b y  0.0595.

D E T E R M IN A T IO N  OF W A T E R -S O L U B L E  E X T R A C T  For
this purpose a glass d ialyzin g apparatu s was used, 
heavy filter cloth being su b stitu ted  for the parch­
ment: 25 gram s of th e d ry  sam ple were allow ed to
digest for eight hours at room tem perature w ith 1000 
cc. of w ater and a little  toluene. T h e cloth and alfalfa 
were then squeezed as d ry  as possible and fresh w ater 
added. T h e to ta l tim e of extraction  was 48 hours 
and five changes of w'ater were m ade, the sam ple finally 
being squeezed out and dried. T h e difference in 
weight before and after extraction  represented the 
“ w ater-soluble ex tra ct.”

D IS T R IB U T IO N  OF D IA S T A S E  I N  T H E  P L A N T

For the purpose of determ ining the distribution  of 
diastase in the plant, the leaves and stem s were ex­
amined sep arately  and in every  case there was much 
more diastase in the stem s than  in the leaves. The 
average of all separate' determ inations on laboratory- 
cured sam ples showed a ratio  of 4.3 to  1, th e ratio 
number va ry in g  from  3.3 to 5.2. A  sam ple having 
53.6 per cent leaves showed the follow ing distribution:

Sam ple
106

A ctiv ity  of 
leaves  
0 .3 4

S tem s
1.75

W hole
0 .9 9

Blossom s plucked a few  days later showed an ac­
tiv ity  of 0.35, or abou t the sam e as th a t of leaves. 
A later separation of h a y  tak en  from  the m ow showed:

Sam ple
84
85
86 
87

P art of p lan t 
C oarsest stem s  
Finer stem s 
P etio les  
L eaves

A ctiv ity
1 .17
0 .7 9
0 .5 5
0.21

W hether the presence of tannin  is the sole explanation 
of the low  a c tiv ity  of the leaves is doubtful. As there 
is m uch more starch in th e stem s than  in the leaves 
and the plants were a ctiv e ly  grow’ing and flowering 
when cut, it is conceivable th a t the diastase is present 
for the m aintenance of the sugar-starch equilibrium  
which seems to  exist in the p la n t juices.

FA C T O R S W H IC H  A F F E C T  T H E  A M O U N T  OF D IA S T A S E  

D U R IN G  T H E  G R O W T H  OF T H E  P L A N T

T h e variation  of diastase with ligh t and darkness 
can be shown b y  these sam ples:

Sam ple C ut Cured
24 Ju ly  8 , 8  p .m . Air-dried
27 July 9, 5 a .m . Air-dried
55 Oct. 6 . 6  p .m . A t 5 0° C.
49 Oct. 6 , 8  a .m . A t 5 0 °  C.

Per cent 
A ctiv ity  increase 

0 .5 7
1 .0 5  84
0 .9 2
1 .25  36

agreeing ve ry  closely w ith  the daily  changes observed 
by Browrn and M orris w ith Tropaeoleum .

Sam ples were also cut and kept in the dark in w ater 
but th e relative increase observed in this case was 
very m uch sm aller; for exam ple:

Sam ple C ut
26 Ju ly  9 , 5  a .m .
3 6 Ju ly  9, 5 a .m .
43 Oct. 3 , 8  a .m .
4 6 O ct. 3 , 8  a .m .
55 O ct. 6, 6  p . m .
57 O ct. 6. 6  p .m .

These differences

T reatm ent A ctiv ity
D ried  im m ediately  0 .8 4
D ried  in dark for 50 hrs. 0 .9 7  
D ried im m ediately  0 .9 0
In w ater in dark 72 hrs. 0 .9 3
D ried im m ediately  0 .9 2
Tn w ater in dark 22 hrs. 0 .9 5

Per cen t  
increase

i 5

*3

3

obtained b y  Brow'n and M orris w ith Tropaeoleum  
and are very  m uch less th an  in their experim ents w ith 
H ydrocharis in which an increase of 153 per cen t was 
observed.

s e a s o n a l  v a r i a t i o n s — T here seems to be a gradual 
increase in diastase w ith advan cin g sum m er, follow ed 
b y  a decline at the approach of cold w eather. D e­
term inations on the five crops were as follow s:

Sam ple Crop N o.
94
26

147
49
69

D ate  cu t 
M ay 23, 8  a .m . 
Ju ly  9, 5 a .m . 
A ug. 2, 8 a .m . 
O ct. 6 , 8 A.M. 
N o v . 9, 8  a .m .

A ctiv ity
0 .7 5
0 .8 4
1.51
1 .25
1 .03

T h e first four sam ples were cu t at the proper tim e for 
hay-m akin g; i. e., Vio to 3/io in bloom . T h e fifth , 
perhaps, ought not to  be included, as it  was only about 
a foot high when cut— ju st tw o days before the first 
frost. A  sam ple b u t six inches high and cut a t the 
same tim e showed an a c t iv ity  of 1.24, indicating th a t 
the younger plants are higher in diastase.

T H E  E F F E C T  OF D IF F E R E N T  C U R IN G  C O N D IT IO N S  U P O N  

D IA S T A T IC  A C T IV IT Y

c h a n g e s  d u r i n g  d r y i n g — B row n and M orris ex­
posed a num ber of their sam ples to chloroform  vapor 
before dryin g and assum ed th a t the diastase found 
after chloroform ing and dryin g was the am ou n t p re s­
ent a t the tim e of cu ttin g and th a t the values obtained 
b y  dryin g w ithout chloroform ing were due to  a change 
brought about b y  the plant a ctiv ity .

E xposing alfa lfa  to chloroform  vapors caused the 
plants to  w ilt as if frozen and the sam ples so treated , 
after dryin g, showed activ ities from  42 to 84 per cent 
low'er than the controls. W hether the observed d if­
ference was due to the chloroform  breaking dow n a 
certain  resistance to the action of some substance 
which destroys diastase, or to  some a c tiv ity  of the 
livin g p lant producing diastase during dryin g, is n ot 
know'n. C hloroform  itself has a ve ry  slight in h ibitin g 
action on enzym es. It  w as found im possible to  get 
concordant results from  the fresh plant, either b y  grind­
ing w ith sand or grinding in liquid air w ith  and w ithout 
sand, b u t in every  case the a c tiv ity  was ve ry  low . 
T hus it  has been im possible to  obtain  values for the 
a c tiv ity  of the fresh plant.

Sam ples dried a t 50° C . in an oven showed b u t from  
79 to 99 per cent of the a c t iv ity  d isplayed b y  the sam ­
ples allowed to  d ry  at room  tem perature and after­
wards placed in the oven a t 50°. T h is w'as p rob ab ly  
due to the wrarm , hum id atm osphere of the ovens, for 
from  some experim ents wrhich will be described later 
it was found th a t dryin g in a current of air a t 50° 
increased the diastatic a c t iv ity  as m uch as 50 per cent. 
The effect of oven -dryin g can easily  be seen from  the 
follow ing determ inations. A ll sam ples were cut th e 
m orning of M a y 23rd:
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A ctiv ity

Sam ple T em p. W hole Per cen t L eaves Per cen t S tem s Per cen t  
98 R oom  0 .8 8  100 0 .2 9  100 1 .43  100
94 5 0 °  0 .7 5  85 0 .3 5  83 1 .17  83
95 100° 0 .1 9  22 0 .0 8  28 0 .3 1  22
97 150° 0 .0 3  3 0 .0 1 5  3 0 .0 6  4

D ry in g  a t room  tem perature in the dark and in full 
sunlight com pared as follows:

D ecrease
S am ple A ctiv ity  Per cent

98 D ried  in dark 0 .8 8
99 Dried in full sun ligh t 0 .6 8  23

A  ground sam ple exposed to direct sunlight for a year 
in a closed b ottle  showed the follow ing loss in ac­
tiv ity :

A ctiv ity
( Before exposure 1.03

Sam ple 53 ■< A fter exposure, interior portion 0 .7 6
/ A fter exposure, portion next to  b ottle 0 .7 0

T h e portion next to the b ottle  had lost a good share
of its color, while the interior portions had lost but
little  color in com parison. T h e bleached layer was 
less than  a quarter of an inch in thickness.

T h e effects of w eathering are apparent from  the fo l­
low ing parallel experim ents:

Loss
S am ple T reatm ent A ctiv ity  Per cent

106 C ut and im m ediately  cured a t room  tem p. 0 .9 9
109 C ut and allow ed to  lie in th e field for a

week during w hich several showers oc­
curred .......................................................... 0 .2 5  75

107 C ut and placed in  sunlight, w ith occasional
sprinkling, for tw o w eek s..................  0 .0 9  91

E ven  a single, short night rain has considerable effect:

Loss
Sam ple T reatm ent A ctiv ity  Per cent

147 C ut m orning of Aug. 2nd, after n ig h t’s rain,
dried a t 5 0 ° .............................................. 1.51

150 C ut even ing of Aug. 1st, lay in windrow
w ith out w ilting  during rain, was dried  
follow ing m orning at 5 0 ° ................... 0 .9 9  34

148 C ut m orning of Aug. 1st, thrown in to  cock
in evening, dried follow ing m orning at 5 0° 0 .4 8  69

In  com parison, the hays harvested and stacked
under the regular season’s conditions wrere very  much 
low er in d iastatic  a c t iv ity :

Sam ple A ctiv ity
82 F irst crop, som e of it had been exposed to rain, stacked  0 .1 4
73 Second crop, s ta ck ed . . ......................................................  0 .5 0
76 Third crcp. sta ck ed .............................................................  0 .5 7
89 Fourth  crop, stored in m o w ............................................. 0 .6 0

Three sam ples of alfa lfa  m eal obtained in the m arket 
showed a ctiv ities  of 0.23, 0.40 and 0.41. These were 
supposed to  be m ade from  selected a lfalfa, but were 
abou t six m onths old when analyzed.

D IG E S T IB IL IT Y  W A T E R -S O L U B L E  E X T R A C T

It  is n atural to  ask whether the enzym e content of 
a h ay is of a n y  real value. T h a t can be answered posi­
tiv e ly  only b y  extensive feeding experim ents and even 
then w ith d ifficulty, for the conditions th a t m ake for 
high diastase are also th e conditions which are in­
fluential in th e production of good hay. T h e buyer 
who selects choice h ay of good color and odor is se­
lecting h ay of high diastatic content, for it was noticed 
th rough out th is research th at diastase and color, odor 
and flavor w ent hand in hand.

H ow ever, there is good reason to expect a relation 
betw een enzym e content and d igestib ility . I t  «’as 
pointed out th a t there is m uch more diastase present 
in good h ay than  is needed to transform  all the 
starch present. T h e alfa lfa  contains other enzym es 
as well which m ay or m ay not v a ry  in the sam e manner.

Some work of H. T . B row n 1 indicates th a t all the cellu­
lose digested b y  both the horse and pig is digested by 
the cytase or cellulose-dissolving enzym e in the food, 
and not b y  the enzym es secreted b y  the digestive 
tract. I t  is true th a t much greater action was ob­
served in the anim al than in vitro, b u t foods which 
were deficient or lacking in cytase showed little or 
no cellulose digestion. It  is a com m on observation 
th at enzym es show greater a c t iv ity  under the condi­
tions obtaining in the digestive tra c t than  under labora­
to ry  conditions.

In thirteen  series of digestion experim ents made 
under the direction of the D epartm en t of Agriculture2 
ten of the trials showed a positive loss due to cooking 
grain before feeding: th a t is, “ The am ount of food 
required to produce a pound of gain was larger when 
the food was cooked than  when it  was fed raw. In 
some cases the difference was considerable.”  Soaking 
the food on the other hand, produced a larger gain 
in w eight per pound of feed than  when dry grain was 
fed. E. F. L a d d 3 found the loss in digestibility of 
clover h a y  b y  cooking to be about the same as that 
of grain.

A s a rough measure of probable d igestibility, samples 
were sub jected  to  autodigestion and the proportion 
which was soluble in w ater determ ined. In nearly 
every  case factors which made for high diastase were 
found to also m ake for greater so lu b ility ,' although 
the diastase varied  much more w idely than  the solu­
b ility . T his is illustrated  b y the follow ing determina­
tions on the first and third  cuttin gs:

F ir s t  C u t t in g
Per cent

Sam ple T reatm ent A ctiv ity  soluble
97 D ried a t 15 0 ° ............................................ ......................  0 .0 3  2 8 .4

144 Stacked w hile dam p, som ew hat " bu rn t”   0 . 10 3 0 .7
95 D ried a t 10 0 ° ............................................ ...................... 0 .1 9  3 2 .2
92 D ried a t  1 0 0 ° ...................................................................  0 .4 1  3 4 .9

108 D ried a t  100° (gas turned oft after a few  hours,
finished follow ing d a y ) ............ ............................  0 .5 3  3 5 .8

99 D ried  in fu ll su n lig h t ......................................................  0 .6 8  3 8 .0
94 Dried a t  5 0 ° ...........................................................................0 .7 5  3 6 .6
98 D ried in d ark ......................................................................  0 .8 8  37 .7

106 D ried a t  room  tem p ......................................................... 0 .9 9  4 0 .5

T h ir d  C u t t in g
Per cent

Sam ple . T reatm ent A ctiv ity  soluble
148 Exposed to  rain in cock, dried a t 5 0 ° ..................... 0 .4 8  3 2 .8
150 In windrow during rain, dried a t  5 0 ° .................... .0 .9 9 ,  3 5 .4
147 D ried a t 5 0 ° ........................................................................  1.51 3 6 .8
149 Dried in  b last of air, average tem p, about 5 0° 2 .2 7  3 7 .0
151 Dried in  b last of air^ average tem p, ab out 5 0° 2 .2 8  3 7 .2

T h e accom p an yin g curves m ay illu strate the varia­
tions perhaps still better. T he three circled points 
below the “  xst c u ttin g ”  curve represent-tw o samples 
injured  b y  rain and one sprinkled in the laboratory. 
In these the loss of diastase has been much greater
th an  the loss of soluble m atter. T h e variations in
diastase and solu b ility  of leaves and stem s are also 
shown for the first cutting.

I t  .appears th a t the percentage of water-soluble 
substance does not continue to increase beyond a 
certain  point, even when th e d iastatic  a c tiv ity  is much 
higher and it  was th o u gh t probable th a t all the sub­
stances acted  on b y  the enzym es m ight be dissolved 
out. T h e leaves and stem s of sam ple 106, which was
40.5 per cent soluble, were digested separately with

1 Jour. C htm . Soc. T rans.. 1892, p. 352.
1 U . S. D ep t. Agr., F arm er's Bull. 22, 25.
s 4lh A n n . Rep. N . Y . Agr. E xp. S ta ., 1885, p. 348.
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cold w ater as usual and then parallel digestions m ade 
with th is difference: th a t a fter the eight hours at 
room tem perature the whole digestion apparatus was

placed in an oven a t 50° for five hours, then heated 
to boiling and afterw ards washed as usual. The re­
sults were as follow s:

L e a v e s
A ctiv ity

0 .3 4  4 9 .6  per cen t soluble a t  room  tem perature
5 1 .6  per cen t soluble by heating

2 . 0  per cen t gain by heating  
S t e m s

A ctiv ity
1 .75 3 0 .0  per cen t soluble a t room  tem perature

3 0 .4  per cen t soluble by heating

0 .4  per cen t gain b y  heating

showing th a t in the w eakly  d iastatic  leaves there were 
1 still present substances which could be dissolved out 

by th is treatm en t, while in the stron gly d iastatic 
stems the loss was b u t one-fifth as great. As this 
sample was 53.6 per cen t leaves and 46.4 per cent stem s, 
this would represent a to ta l so lubility  of:

4 0 .5  per cen t at room tem perature  
4 1 .8  per cen t b y  heating

1 .3  per cen t gain by heating

In alfa lfa  analyzed  a t the Colorado E xperim ent S ta ­
tion1 it  was found th a t a to ta l of 40.53 per cent was 
soluble b y  consecutive extractions w ith four changes 
of 80 per cent boiling alcohol, 24 hours’ digestion with 
cold w ater and subsequent treatm en t w ith hot w ater 
and m alt extract. Prom  this it  would be inferred 
that the substances soluble b y  w ater and diastase had 
been p retty  thoroughly rem oved. T hese substances 
would include the sugars, dextrins and starch , about 
half th e protein  and a part of the coloring m atter and 
mineral constituents.

A  partial analysis of sam ple 89 (4th cu ttin g, field- 
dried) showed the relative  proportion of these con stitu ­
ents in choice h ay:

L eaves Stem s W hole
Cane su gar................ ..........  1 .35 3 .9 0 2 .4 3
M a lto se ....................... ..........  0 .2 0 0 .1 7 0 . 19
D ex tro se ..................... .......... 1 .38 0 .5 0 1.00
L ev u lo se ..................... .......... 0 .7 8 0 .3 9 0 .6 2
S tarch .......................... ..........  8 .3 4 14.22 10 .84
Crude p ro te in ........... ..........  2 5 .9 7 10 .42 19 .29

1 Colo. A Kr. Exp. S ta„ B ull. 124, 12.

L O S S E S  T H R O U G H  H A N D L IN G  A N D  C U R IN G  OF H A Y

M ention has been m ade several tim es of separations 
of leaves and stem s. These separations g ive some 
interesting figures as to  the losses m et w ith in field 
curing. T h e average percentage of leaves found 
in the laboratory-cured  sam ples, where no losses oc­
curred, was 52.6 per cent. T w o sam ples were allow ed 
to lie in the rain b u t were dried in the lab oratory , 
so th a t no dim inution in the num ber of leaves oc­
curred, and both gave 47.4 per cent leaves, or a differ­
ence of 5.2 per cent. T h e average am ount of leaves 
in sam ples cured in the field under favorab le  condi­
tions was 46.2 per cent, or a loss of 5.6 per cent. One 
sam ple which was cured and stacked after h avin g been 
exposed to  rain in the w indrow  showxd b u t 35 p e rcen t 
leaves, or a loss of 17.6 per cent. Assum ing th a t  the 
stem s were unaltered b y the rain or curing and figuring 
th a t all sam ples originally contained the sam e propor­
tion of leaves (52.6 per cent), then the rain m ust have 
caused a loss in w eight of 10 per cent of the to ta l 
w eight of the h ay, this loss all being leaves. The field 
curing caused a loss of 1 2 per cent and both rain and 
field curing showred a loss of 22.8 per cent in the one 
sam ple exam ined. These figures show loss in w eight 
b u t not loss in food value, which was m uch greater, 
as shown b y  the follow ing analyses:

Sam ple D escrip tion  Protein  Sugar Starch Fiber
A verage Lab. cured (no loss) 17 .83  4 .1 8  10 .71 2 7 .5 0
A verage F ield  cured (12.0%  loss) 13 .77  2 .2 5  12 .4 0  30 .5 1

80 Exposed to rain 11 .33  0 .7 5  14 .1 2  3 6 .4 9
Field  cured (22.8%  loss)

C alcu latin g  the constituents on the original 100 per 
cent:

D escription  Protein  Sugar Starch Fiber
Field  cu red ...........................................  12.11 1 .9 8  10 .91 2 6 .9 2
Exposed to  rain, field c u r e d ... 8 .7 5  0 .5 8  10 .91  2 8 .1 8

w'hich am ounts to, in pounds loss per 100 pounds of h ay:
D escription  Protein  Sugar Starch Fiber

Field  cu red ...................................  5 .7 2  2 .2 0  0 .2 0  (gain) 0 .5 8
E xposed to  rain, field cu red . 9 .0 8  3 .6 0  0 .2 0  (gain) 0 .6 8  (gain)

showing losses of 32 per cent and 51 per cent, respec­
tiv e ly  in the protein, and 53 per cent and 86 per cent 
in the sugar content. T here m ust also have been a 
loss of starch and fiber through the m echanical loss 
of leaves, b u t the experim ental error in the determ ina­
tion of these substances is re lativ e ly  large; so, consider­
ing other possible errors in sam pling, etc., th is dis­
crepancy is not surprising.

F leischm an n 1 has show'n th a t in th e curing of h a y  
the cellulose conten t does n ot change and the starch 
content drops som ew hat when curing takes place 
slow ly. The K ansas E xperim ent S ta tio n 2 has found 
in w eathered h a y  a calcu lated  to ta l loss of 31.7 per 
cent, in which 60 per cent of the protein w as lost.

W . P. H eadden3 estim ated the loss due to  w eather­
ing of a lfa lfa  at 4/ i0 of the total crop, exclusive of loss 
b y  shatterin g and estim ated the loss of leaves and 
stem s b y  shatterin g at from  Vs under favorab le  con­
ditions to 2/z under extrem e conditions and repeated 
handling.

C . L ipscom b4 in some determ inations on tim o th y
1 Landwirlschaftlichen Versuchsstalionen, 762 (1912), 237-447 .
2 K ans. Agr. Exp. S ta., Bull. 155 (1908), 288-90.
* C olo. Agr. E xp . S ta ., Bull. 110, 7.
« U . S. D ep t, of A gr., Farmers' Bull. 362, 26.



T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. n9x6

h a y  found from  20 per cent to 40 per cent of “ no 
g ra d e ”  h a y  on th e outside of stacks which graded 
N o. i in the interior, showing the w ea th e rin g 'o f the 
outside of th e stack  to  be considerable. A lfa lfa  is 
perhaps even  m ore sensitive to  w eathering than tim othy.

R etu rn in g to our first figures and assum ing the m arket 
valu e of choice a lfa lfa  h ay to be $20 per ton, the loss 
of from  12 to  23 per cent m eans a loss of from  $2.75 
to  $6.00 w orth of h a y  for every  ton harvested; or, for 
$20.00 w orth harvested  the crop should h ave been 
worth $22.75 to $26.00. T h is is regardless of the 
fa ct th a t the rem aining h a y  is of less value. T akin g 
the reduced value into consideration, not $20.00 
b u t perhaps only $13.00 to $18.00 would be realized 
per ton of h a y ; th a t is, land which could have pro­
duced $26.00 w orth of choice h ay m ay, on account of 
weathering, produce b u t $13.00 w orth, giving a loss 
of 50 per cent. Or, land w hich could have produced 
$22.75 produces b u t $18.00, g iv in g a loss of over 
20 per cent.

M E T H O D S  OF C U R IN G  A N D  S T O R IN G  H A Y

P erhaps th e m ost approved m ethod1 for field curing 
is to begin cu ttin g  as soon as the dew is off in the 
m orning and, if th e w eather is favorable, to rake and 
put into sm all cocks th e sam e afternoon. A fter 
allow ing to cure in th e cocks for several days, the cocks 
are opened for a short tim e and the h ay taken  up be­
fore th e leaves becom e dry enough t a  shatter appre­
ciab ly . S toring under cover is, of course, preferable, 
b u t if th e h a y  is stacked  in th e open the stack  should 
be well protected  w ith can vas or “ slough grass.”  Curing 
in the w indrow  requires less labor, but has the dis­
ad va n ta ge  th a t as the leaves d ry  m uch faster than  the 
stem s a larger proportion is lost b y  shattering.

Several m ethods have been suggested for reducing 
th e losses due to  w eathering and shattering, such 
as storing in the green state as ensilage, or curing in 
ven tila ted  stacks or sheds. A n y  process which re­
quires the rem oval of the h ay from  the field while still 
in  th e green state  necessitates the handling of from  
three to four tim es as great a w eight Of h ay, owing 
to  the contained w ater.

A lfa lfa  does n ot lend itself to the m aking of ensilage 
as readily  as some other fodders, p artially  ow ing to 
the fa c t th a t it  does not pack  well in the silo. T he 
ensilage spoils readily  around the edges and the losses 
due to changes in curing am ount to about 10 per cent 
of the d ry  w eight of the feed. Feed stored in this 
form  m ust be used w ithin a reasonable tim e after 
rem oval from  th e silo and, therefore, can not be easily 
shipped and m arketed.

C urin g in ven tila ted  stacks and sheds has m et with 
considerable success when prop erly  conducted. For 
curing in the stack, poles are erected and the green 
h a y  piled in layers tw o to three feet in thickness, each 
layer being separated  from  the low er layer b y  cross 
pieces nailed to  th e poles, thus allow ing the free circu-

1 l it e r a t u r e  o n  m e t h o d s  o v  c u r in o — U . S. D ept, of Agr., Farm ers’ 
Bull. 339 and 499; W is. Agr. E xp . S ta ., B ull. 121 and Special Bull. “Seeding, 
Growing and C uring of A lfa lfa;” K ansas Agr. E xp. S ta ., Bulls. 155 and 175; 
Ohio Agr. Exp. S ta ., Circ. 91; M iss. Agr. E xp . S ta ., Bull. 84; "A lfalfa,” 
F . D . Coburn, Orange Judd C o., 1911; “ A lfalfa Farm ing in Am erica,"  
Jos. E . W ing, Sanders Pub. C o., 1909.

lation  of air during dryin g. Som e sort of a cover is 
also necessary to preven t excessive w eathering of the 
loosely-piled hay.

In shed curing, sufficient space m ust be provided 
so th a t  the whole of one crop m ay be spread out in 
a loose layer not exceeding three or four feet in thick­
ness. T h is crop will be th o rou gh ly  cured before 
cuttin g-tim e com es again and the succeeding crops 
are spread out one above the other in the sam e manner. 
Sheds for this purpose m ust be raised well off the ground 
and be bu ilt of open slats so th a t the air can circulate 
freely  and allow  the evap oration  of the w ater to take 
place rapidly.

W ith  the hope of being able to  cure alfa lfa  quickly, 
w ith ou t losing the enzym e valu e and at the same time 
preven t th e losses which seem ed to be necessary in 
the curing and handling of h a y  in the field, an experi­
m ental drier was constructed to effect th e curing in 
a current of warm  air. As it  was found th a t although 
heat injures the diastase when the h a y  is in the green 
state  b u t exposure to  100° C . a fter th e h ay is dry 
does not affect the d iastatic  a c t iv ity  appreciably, 
a system  based on th e principle of counter-currents 
ought to  accom plish com plete dryin g in  a ve ry  short 
tim e w ithout the loss of a n y  of the va lu able  properties.

T h e h a y  produced b y  th e drier, which w ill be de­
scribed later, appeared to  be even  b etter than was 
expected. I t  had a bright green color equal to that 
of th e grow ing p lant and had th e odor and flavor of 
fresh ly-cut a lfalfa. Shaken up w ith w ater, it appeared 
to have all the properties of th e green h ay. A  sample 
k ep t for tw o years has largely  retained these properties, 
although th e color has becom e, perhaps, a little  lighter. 
T h e appearance on th e whole was far superior to that 

.o f a n y  field-cured alfa lfa  ever exam ined. Its  di­
astatic  a c t iv ity  w as 2.27 or an increase of 50 per cent 
over th a t of the sam e h a y  dried a t 50° C . Its solu­
b ility  in w ater was, how ever, b u t sligh tly  greater.

[ N o t e — A fter these experim ents in  artificial drying 
had been started , there w as brought to  our notice 
through S tate  Secretary of A gricu lture, F. D . Coburn, 
another m ethod of dryin g a lfa lfa  b y  steam  heat. 
T h e process, b riefly  described, was th is: A fter the
h ay  is cut and finely chopped, it  is passed into a drier 
which consists of a large cylin der contairfing pipes for 
the circulation  of steam  under pressure. T h e whole 
cylin der is revolved  and a tem perature of about 130° 
C. is m aintained, which is claim ed to  com pletely dry 
the h a y  in 17 m inutes. T h e process is continuous. 
A  sam ple of this meal was exam ined and it was found 
to h ave an a c t iv ity  of only 0.40 and b u t 34.8 per cent 
was soluble in w ater. T h is  would place it w ith the 
sam ples which were oven dried at io o °  C. in the labora­
to ry  and w ould indicate th a t  the d igestib ility  had been 
lessened b y  the heat. I t  w as n ot as sw eet in taste 
as a good field-cured sam ple, on account of the inversion 
of a ’portion of th e cane sugar. T h e h a y  had some­
thin g of a peptone odor and the color was about the 

'sam e as th a t of the best field-cured sam ples.
A fter the com pletion of this w ork H. B. M cC lure1 

published a brief outline of some experim ents by
l U . S . D ep t. Agr., Bur. of P lan t Indus., Circ. 116, 27-31 .
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T. P. R ussell on steam  d ryin g of a lfa lfa  and cow pea 
hay using a p lant of th e belt conveyor typ e . A  single 
set of duplicate analyses on ly was given. T his 
showed the a rtific ially  cured h a y  to be abou t 5 per cent 
above the field-cured h a y  in protein content. In the 
present w ork the average difference w as found to be 
about 4 per cent. No cost figures were given  b u t the 
final conclusion was th a t such a drier could be m ade 
to p ay  for itself in from  one to four seasons.]

T H E  E X P E R IM E N T A L  D R IE R

T h i s  c o n s i s t e d  o f  a  b o x  s i x t e e n  f e e t  l o n g  a n d  a  f o o t  

s q u a r e ,  b u i l t  o f  m a t c h e d  f lo o r i n g .  A t  o n e  e n d  w a s  

f i t t e d  a n o t h e r  b o x  t w o  a n d  a  h a l f  f e e t  l o n g  a n d  fi lle d  

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

h e a t i n g  t h e  a ir  b y  m e a n s  o f  t h e  e l e c t r i c  c u r r e n t .  A  

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

o v e r  t h e  h e a t i n g  c o ils  a n d  t h r o u g h  t h e  drier.

The dryin g shaft w as b uilt abou t fifteen degrees 
from th e horizontal and four closely-fitting boxes 
three and a half feet long with ends of wire screen were 
built to  slide easily through the drier and hold the 
hay. It  w as found th a t when the boxes were com ­
pletely filled w ith coarsely-chopped h ay th e resistance 
to the air was too great to be econom ical; therefore, 
a wire screen was placed d iagon ally  through the boxes 
in such a m anner as to allow the air to pass up through 
a four or five inch layer of h a y  placed upon the screen. 
W ith the boxes all filled in th is m anner, the air had 
a ve lo city  of about 160 feet per m inute a t the open 
end of the drier. A ir velocities were determ ined b y 
means of a portable anem om eter p laced in different 
positions at the open end of the shaft and the average 
reading taken . E ven  b y  using averages, the velocities 
so obtained were valueless, ow ing to  th e ed d y currents 
produced b y  th e uneven distribution  of the hay. 
K en t1 cites some work to  show th a t the anem om eter 
can give errors as high as 40 per cent when used for 
m easuring velocities in pipes less than  tw o  feet in 
diam eter. On this accoun t the anem om eter readings 
were not used in the calculations. Tem peratures 
and hum idities were m easured b y  m eans of w et and 
dry bulb  therm om eters placed at in tervals along the 
drier, using th e psychrom etric table  of the U. S. 
W eather B u reau 2 to convert th e observed fa ll in tem ­
perature due to  evaporation  into percentage hum idity. 
The evap oration  of th e w ater caused a. drop in the 
tem perature of the air passing through the drier so 
great th a t occasionally the tem perature of the es­
caping air was even low er than  th a t of th e air at the 
intake before passing over the heating coils. A t 
these tim es the escaping air w as p ractica lly  100 per 
cent saturated.

W hen the drier was in operation, a box w as rem oved 
from the low er or warm  end- of th e shaft every  th irty  
m inutes, then  all th e boxes shifted  down one place and 
a box of fresh h a y  added at the upper or cold end of 
the shaft. B y  th is means each box of h a y  was exposed 
to a tem perature of 25° to  35° C. for a period of half 
an hour, then m oved down to a region of 35° to  45° 
for a like period, then  to  4 5 0 to 5 5 0 and finally exposed

1 "M echanical E ngineers’ P ocket Book,"  W iley & Sons, 1904, p. 491.
2 U . S . D ep t, of Agr., Weather Bureau Bull. 235.

to  a tem perature of 55° to 65°, the lim it obtainable 
w ith the heatin g arrangem ent used.

W hen the drier was operating norm ally  and the 
boxes all being advanced  one position ev ery  half 
hour, a period of tw o hours was a lw ays sufficient to  
d ry  .the h a y  so thoroughly  th a t allow ing it  to  stan d  
in the open after rem oval from  the drier caused it 
to take up m oisture.

T h e results of tw o half-hour periods will be given  
as exam ples. T h e h a y  for these runs was cut after 
sundown on A ugust the 2nd and allow ed to lie in a 
pile covered w ith can vas until it  was chopped pre­
p arato ry  to p u ttin g  into the drier. T h e follow ing 
m orning the drier was started  on tw o boxes, and an 
additional box added every  half hour, advan cin g 
those a lread y in and rem oving the d ry  boxes as fast 
as necessary to  keep up the half-hour additions. A fter 
th e irregularly-tim ed boxes had all been rem oved, the 
existing conditions were as follow s:

T im e of ru n ....................................... 11:00-11:30 1:00-1:30
T em p, of air at in ta k e ................. 2 8 . 5 ° C .- 8 3 . 3 0 F . 2 9 ° C - 8 4 .2 °  F.
T em p, of w et bulb a t  in ta k e .. . 24 7 5 .2  24 7 5 .2
E q u al to  a h um id ity  a t in tak e. ?0%  6 6 %
T em p , of air a t  warm en d   6 5 °  C .-1 4 9 °  F . 64 °  C.—147° F.
T em p, of w et bulb a t warm end 30 86  30 86
E q u al to  a  h um id ity  a t  warm

en d ...................................................  A bou t 9%  A bou t 9%
T em p , of air a t cold en d ............... 3 1 .5 °  C - 8 8 . 7 °  F . 3 3 .5 °  C - 9 2 .7 °  F .
T em p, of w et bulb a t cold  en d . . 31 8 7 .8  3 1 .5  8 8 .7
Equal to  a  h um id ity  a t cold  end 96%  85 %
V eloc ity  of air through IQ* X

10" area, ft. per m in u te  161 237
V olum e of air per m inute, cu. ft. 112 165

T h e w eights of h a y  and losses during these runs were:
W eight of W eight W eight T ota l
green hay a t 11:00 at 11:30 Loss P er cen t per cen t

B ox Pounds Pounds Pounds Lbs. loss loss
1 w arm .. . . . .  6.00 2 .9 0 2 . 2 0 0 .7 0 11 .7 6 3 .3
2 .................. 5 .1 0 3 .3 0 2 .3 0 1 . 0 0 1 9 .6 5 4 .9
3 .................. 4 .8 5 4 .4 5 • 3 .4 5 1 .00 2 0 . 6 2 8 .9
4 cold 5 .4 0 5 .4 0 4 .8 0 0 .6 0 1 1 . 1 1 1 . 1
T o ta l ......... . . .  21 .3 5 3 .3 0 15 .5

W eight W eight
a t  1 :00 at 1:30

’ 1 w arm .... 5 .4 0 2 .6 5 1.95 0 .7 0 1 2 .9 6 3 .9
2 .................. 4 .8 5 2 .5 0 1.85 0 .6 5 1 3 .4 6 1 .9
3 .................. 5 .6 0 4 .5 0 2 .3 0 1 . 2 0 2 1 .4 5 8 .9
4 co ld ........ 4 .9 0 4 .9 0 4 . 10 0 .8 0 16 .3 16.3
T o ta l......... 20 .7 5 3 .3 5 1 6 .0

T h e total losses of m oisture in  pounds of 3.30 and 3.35 
correspond to  losses per m inute of o .n o  and 0.112 
pounds, respectively.

T h e calculations of results w hich follow  were m ade 
b y  th e use of G rosvenor’s “  C alcu lations for D ryer 
D esign,” 1 and com pared w ith results obtained b y  the 
use of the tables and form ulae found in K e n t’s “  M e­
chanical E ngineers’ P ocket B o o k ” 2 and the “ P sych ro ­
m etric T a b le s ”  of th e U . S. W eather B ureau.3 V alues 
obtained from  these sources are m arked w ith  an as­
terisk. (*)

T h e air a t the fan in take w as 83.3° F . and the per­
centage hum idity corresponding to the observed dropi 
of 8 .1 0 F . a t th a t tem perature is 70 per cent (*). 
One pound of air under these conditions has associated 
with it  0.0172 pounds (*) of aqueous vapor. W hen 
the tem perature of the air is raised to  1 4 9 0 F . the sa t­
uration drops to 8.5 per cent (*); th a t  is, th is w eight 
of vapo r is b u t 8.5 per cen t of the m axim um  q u a n tity  
of aqueous vapor, which could be present a t th a t te m ­
perature under atm ospheric pressure. A  h u m id ity

1 Trans. A m . Inst. Chern. Eng., 1 (1908), 184.
2 1904, p. 491.
3 Loc. cit.
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of abou t 9 per cent (*) was calcu lated  from  the differ­
ence betw een the tem peratures of the w et and dry 
bulbs placed in the w arm  end of th e drier. The 
h um id ity  a t th e ou tlet of the drier was found to be 
90 per cent (*). If  the cooling effect while passing 
through th e drier had been due solely to  the evap ora­
tion of w ater, the ex it tem perature should have been 
9 1.5 ° F . (*); b u t in a drier as sm all as this the loss 
m ust have been considerable and the observed tem pera­
ture w as on ly  88.7° F. A t a tem perature of 88.7° F. 
and 96 per cent saturation  there is present 0.0278 (*) 
pound of w ater per pound of air, or a gain of 0.0106 
pound. T o  effect the observed evaporation  of 0.110 
pound of w ater per m inute would, therefore, require 
10.37 pounds of air per m inute.

One pound of d ry  air at 88.7° F. occupies 13.82 
cu. ft. (*) and one pound of “ sa tu ra te d ”  air occupies 
14.48 cu. ft. (*). In terpolation  shows th a t one pound 
of 96 per cent saturated  air would occupy 14.45 cu - ft. 
Therefore, 10.37 pounds would occupy 150 cu. ft. and 
150 cu. ft. per m inute w ould be necessary to effect

T h e last three colum ns of th e ta b le  represent cal­
culations using the average observed inlet tem perature 
and h u m id ity  of 84° F. and 70 per cent saturation, 
outlet hum idities of 90 and 85 per cent and the much 
higher m axim um  tem peratures of 2 12 0 F . and 17 5 0 F. 
These calculations are given  as a basis for comparison 
w ith driers sufficiently long to allow slow and uniform 
rise to  these higher tem peratures, thus shortening the 
tim e necessary for drying.

For large-scale dryin g the process would be made 
continuous either b y  the use of a horizontal rotating 
cylinder containing baffles arranged for the agitation 
of the coarsely-cut h ay or. b y  m eans of a vertical shaft 
containing open-mesh shelves and some sort of a 
dum ping m echanism . T h e dum ping m ight be ac­
com plished either b y  revo lvin g rakes fastened to 
a central shaft or b y  a m echanism  which would lower 
and raise the shelves on hinges.
C O M M E R C IA L  P O S S IB IL IT IE S  OF D R Y IN G  B Y  A R T IFIC IA L

H E A T

No d ata  was a t hand for determ ining the probable

T a b u s  I -

R ate of evaporation  of w ater, pounds per m in u te ..
T em perature a t in tak e, ° F ............................................
Saturation  at in take, per c e n t ......................................
E q u iva len t to  pounds of w ater per pound of a ir ... .
M axim um  tem perature, ° F ...........................................
R esulting  hum id ity , calcu lated , per cen t.

-D a t a  O b t a in e d  (a n d  C a l c u l a t e d ) p r o m  D r y in g  E x p e r im e n t s  

11:00-11:30 R un 1:00-1:30  R un C a l c u l a t e d

.110
.3

0 .
83 
70

0 .0 1 7 2
149

8 .

0.110 
8 3 .3  
70 

0 .0 1 7 2  
149 

8 .5  
about 9 

96  
9 1 .5

' ‘Ô1Ô305 
0 .0 1 7 2  
0 .0 1 3 3

R esu ltin g  hum id ity , observed, per c e n t................... about 9
H u m id ity  a t ou tlet, per c e n t ................................ 96
T em perature a t ou tlet, ca lcu lated , ° F ..................... ..........
Tem perature a t  ou tlet, observed, ° F ............ 8 8 .7
P ou n d s of w ater per pound of air a t o u tle t   0 .0 2 7 8
P ounds of w ater per pound of air a t in le t............  0 .0 1 7 2
G ain  in passing through drier.......................................  0 .0 1 0 6
Pounds of air per m inute necessary to rem ove

w ater a t observed r a te ....................................  10 .37  8 .2 7
V olum e of 1 pound of dry air a t ou tlet tem pera­

ture, cu . f t .............................................................  13 .82  13 .90
V olum e of 1 pound of saturated  air a t ou tlet .

tem perature, cu. f t ............................................ 14 .48  14 .62
D ifference in volum e, cu. f t ............................................  0 .6 6  0 .7 2
M ultip lied  by per cent saturation  equals, cu. f t . . . .  0 .6 3  0 .6 9
V olum e of 1 pound of m oist air a t ou tle t  tem pera­

ture and saturation , cu. f t .............................  14 .45  14 .59
V olum e of ou tgoin g air, calcu lated , cu . f t ...............  150 .00  120.5
V olum e of ou tgoin g air, observed, cu . f t .................. 112 112
Specific heat of m oist air a t in take, B . T . U . per lb. 0 .2 4 6  0 .2 4 6
B. T . U . per pound necessary to  effect observed

rise in tem perature............................................ 16 .1 6  16 .16
B. T . U. per m inute im parted to ingoing a ir   167 .8  133.7
B . T . U . per 100 pounds of w ater evap orated .. . . 152500 121700
V olum e of air per 100 pourids o f w ater evaporated,

cu . f t ......................................................................................  94200 75200
P ounds of coal per 100 pounds of w ater evaporated 2 8 .2  2 2 .5

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

m i n u t e .

T h e specific heat of dry air is 0.2373 (*) and of w ater
vapor 0.475 (*) at constan t pressure, and one pound
of air and 0.0172 pound of w ater vapor require 0.264 
B . T . U. (*) for each degree of rise in tem perature. 
A  change in tem perature o f fr o m  83.3° F . to 149 0 F., 
or 6 5.7°, would, therefore, require an expenditure of 
16.16 B. T . U. for each pound of air used and 10.37 
pounds of air would require 167.8 B. T . U. per m inute.

T h e r e  a r e  p l a c e d  s i d e  b y  s id e  in  T a b l e  I t h e  c a l ­

c u l a t i o n s  u s i n g  f ir s t  t h e  o b s e r v e d  e x i t  t e m p e r a t u r e ,  

a s  r e p r e s e n t a t i v e  o f  t h e  e x p e r i m e n t a l  d r ie r ,  a n d  t h o s e  

u s i n g  t h e  c a l c u l a t e d  e x i t  t e m p e r a t u r e ,  a s  r e p r e s e n t i n g  

m o r e  n e a r l y  a  d r ie r  o f  c o m m e r c i a l  d i m e n s i o n s .  T h e  

r e s u l t s  o f  b o t h  r u n s  r e c o r d e d  a r e  g i v e n  a n d  i t  is  t o  b e  

n o t i c e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  c a l c u l a t e d  a n d

o b s e r v e d  e x i t  t e m p e r a t u r e s  w a s  m u c h  le ss  in  t h e  s e c o n d  

r u n  a f t e r  t h e  d r i e r  h a d  b e e n  in  o p e r a t i o n  f o r  f o u r  h o u r s  

t h a n  a f t e r  t h e  first  r u n .

0 . 1 1 2
8 4 .2  
66 

0 .0 1 6 6  
147 

8 .7  
ab out 9 

85

92! 7 
0 .0 2 8 5  
0 .0 1 6 6  
0 .0 1 9 9

9 .41

13.92

14.68
0 .7 6
0 .6 5

14.57
137.1
165

0 .2 4 5

15.43  
145. 1 

129500

85500
2 4 .0

0.112 
8 4 .2  
66 

0 .0 1 6 6  
147 

8 .7  
about 9 

85
9 3 .5

0 !o292
0 .0 1 6 6
0 .0 1 2 6

8 .8 9

13.95

14.72
0 .7 7
0 .6 5

14 .60
129 .8
165

0 .2 4 5

15.43
136.3

121600

81700
2 2 .5

100
8 4 .0
70

0 .0 1 7 8
212

100
8 4 .0
70

0 .0 1 7 8
212

100
8 4 .0
70

0.0178
175

90
103.

' 0 .
0 .
0 .

3970

85
105.

90
98

0430
0178
0252

14 .2 0

15. 
1 . 
0 .

15.
60300

0 .
0 .
0 ,

4050

14..

15.
1 .
1.1

15.
61800

0425
0178
0247

25

0
0
0

5620

14

14.
0 .
0 .

14.
83700

0356
0178
0178

.0 6

31
125000
125000

60300
23.;

246

5 31
127600
127600

61800
23.1

246

5 22
126000
126000

83700
23..

246

4

efficiency of a drier of com m ercial size heated b y  steam. 
H ow ever, the follow ing approxim ations were made 
b y  calcu latin g from  assum ed values based upon in­
form ation  from  several m anufacturers of drying ma­
chinery and from  various other sources.

Assum ing the h ea t, eq u ivalen t of coal brought 
at S2.60 per ton  to be 12,000 B. T . U. and th a t the 
boiler gave an efficiency of 75 per cent or evaporated 
10.3 pounds of w ater at 100 pounds boiler pressure 
for ev ery  pound of coal and th a t there was a total 
radiation  and indirect loss of 40 per cent in the heating 
system , then the to ta l efficiency of the plant would 
be 0.75 X 60 per cent or 45 per cent and the B. T . U. 
im parted to the air from  every  pound of coal would 
be 45 per cent of 12,000 or 5400 B. T . U. Reducing 
all calculations to a basis of 100 pounds of w ater evap­
orated  and d ivid ing the B. T . U. so obtained b y  5400, 
we arrived  at values, in the seven different columns, 
of 28.2, 22.5, 24.0, 22.5, 23.2, 23.6, and 23.3 pounds of 
coal per 100 pounds of wrater evaporated.
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T h e am ount of m oisture in green alfa lfa  varies 
considerably. A  sam ple cut during a rain contained 
81 per cent m oisture while in other sam ples the m ois­
ture content was as low  as 60 per cent. T he average 
of those sam ples dried in the lab oratory  was n early  
75 per cent. T h is of. course is much greater than would 
be found in h a y  cut under ordinary conditions. The 
sam ples used for these tests contained about 64 per 
cent w ater, while a sam ple taken  at the same tim e, but 
dried im m ediately, contained 74 per cent w ater, show ­
ing a loss of 10 per cent from  handling and ly in g  in 
the pile over n ight. M ow ing, raking and hauling on 
a bright d a y  w ould p rob ab ly  show a greater loss.

A ssum ing the m oisture content of a h a y  to be 75 
per cent when it reaches th e drier, it w ould require 
the evaporation  of 6000 pounds of w ater per ton of 
dry hay; 6000 X 23.2/100 = 1390 pounds of coal 
per ton of dry hay. A t S2.60 per ton, this would 
am ount to $1.81 per ton of h a y  for heat. To this 
should be added som ething like 25 cents per ton for 
interest and depreciation of p lant and about $1.00 
per ton for chopping, pow er and labor, m aking a total 
cost of S3.06 for drying one ton, d ry  w eight, of hay.

Assum ing the m oisture content to be 64 per cent, 
as was found in the trials here shown, the production 
of one ton of d ry  h ay would require the evaporation  
of but 3600 pounds of w ater, using 835 pounds of coal 
a t a cost of S i .09. A ddin g to  this $1.25 for interest, 
power, labor, etc., a to tal cost of $2.34 per ton is shown. 
A lthough these cost figures are on ly  approxim ations, 
th ey  lead to  some interesting conclusions.

A s it was shown th a t the to ta l loss in the value of 
h ay due to  field curing and handling am ounts to from  
20 per cen t under favorab le  conditions to  50 per cent 
under adverse w eather conditions, and as the calculated 
cost for artificial drying is from  S2.35 to S3.00 per ton, 
producing on ly choice alfa lfa  of uniform  grade, it is 
apparen t th a t artificial dryin g m ay be conducted a t 
a profit in districts where the drier can be situated  
near both field and source of fuel. T he alfalfa  meal 
in d u stry  has grown to  considerable proportions in the 
last few  years and the dem and is for w ell-cured alfalfa  
of good color. Several a lfa lfa  millers have expressed 
the opinion th a t a h ay of such dryness could be ground 
at abou t half the cost of the average hay, taken  from  
the stack.

Som e m illers sub ject their h a y  to a short, prelim ­
in ary  dryin g before grinding. A  drier run in connec­
tion w ith an alfalfa-grin ding plant would be an ex­
cellent com bination.

T h is sam e principle of dryin g could doubtless be 
applied to other fodders and perhaps even to  sm all 
fruits and other farm  products which are occasionally 
dam aged b y  u n favorable w eather during the drying 
season. A m ong the other fodders to which drying 
m ight be applicable m ight be m entioned the pea vines 
from  th e canning factories and the com m on weed, 
sweet clover or yellow  M ellilot. Pea vines are often 
m ade into ensilage b u t as such th e y  have b u t a lim ited 
dem and and th e canner often has trouble disposing 
of the enorm ous q u a n tity  of vines w hich accum ulate 
and becom e a nuisance. Pea-vine meal has been

used to a certain exten t as an addition to a lfa lfa  meal. 
Y o u n g  sw ?et-clover is used as forage to a sm all ex ­
tent in E urope but sun curing does not produce a good 
hay. D ryin g in an oven at 50 °, how ever, gave a h a y  
of good appearance and flavor. Sam ples of these 
plants exam ined gave analyses as follow s:

W ater
Protein  D iasta tic  so lu b ility  
Per cen t a c tiv ity  Per cent

Pea v in es .........................................  17 .73  0 .5 4  4 4 .2
Sw eet c lo v er ................................... 18 .85  0 .0 3  3 2 .7

T h e m oisture contents of the tw o plants in the green 
state were 84.7 per cent and 83.2 per cent and this 
would prob ab ly be the principal draw back  in curing 
them  for feed.

S U M M A R Y

I—— T he d iastatic  a c tiv ity  of a lfa lfa  is greater in the 
m orning or after a period of darkness than after a 
period of exposure to light. There is m uch more 
diastase present in the p lant during the warm , active, 
grow th-producing sum m er than  during the spring or 
fall. Y o u n g plants contain more diastase th an  older 
ones.

II— D ryin g at elevated  tem peratures in a hum id 
atm osphere decreases the diastatic a c tiv ity , even  
though the tem perature is only 50°. D ryin g  in a 
current of air w ith grad u ally  increasing tem perature, 
on th e other hand, increases the a c t iv ity  m arkedly. 
L ight and w eathering in the field ten d  to destroy the 
diastase. R ain  during curing is v e ry  detrim ental.

II I— H ighly d iastatic  alfalfas generally  show  a 
greater solu b ility  in w ater b y  auto digestion th an  sam ­
ples low  in diastase. H ow ever, the degree of solu b ility  
in w ater cannot be increased above a certain  lim it.

IV — T h e loss in digestible constituents during 
handling and curing in the field m ay v a ry  from  20 
per cent under favorable conditions to as m uch as 
50 per cent under adverse w eather conditions.

V — Curing b y  artificial heat, using the principle 
of counter-currents, gives a h a y  of b etter color, odor 
and flavor than  can be produced b y  other m eans. T h e 
h ay appears to retain  m any of the valuable properties 
of the green plant, which are ordinarily lost in curing.

V I — The cost of artificial dryin g is estim ated  to  be 
less than  the losses generally  sustained in field curing 
and, therefore, it  ought to be possible to conduct 
dryin g at a profit when th e drier can be located  near 
both field and source of fuel.

T h e w riter desires to  acknow ledge his indebtedness 
to the late R o bert K en n ed y D uncan for helpful d i­
rection and valuable advice in connection w ith  this 
work.
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passage into the m edium  of grow th is of great interest 
since ( i)  vanillin  has been found injurious to  plant 
gro w th 1 and (2) it has been found in a num ber of 
soils.5 A s y e t  it  has n ot been reported as form ed b y  
m icroorganism s.

A m ong the plan ts and plant m aterial in which 
vanillin  has been reported are asparagus sprouts, 
seeds of w hite lupine, ilex leaves, dahlia tubers, grain 
of oats, and roots of couch grass, potato, pine wood, 
peat, raw  beet sugar, and in resins such as A safoetida 
and Siam  benzoin.3 I t  has been found also in orchid 
flowers exposed to  sudden frosts4 and in the incrusting 
pigm ent of sugar cane on w arm ing w ith dilute acids.5

V an illin  or a closely related m other substance, in 
large or sm all quantities, seems to  be fa irly  wide-spread 
in the vegetab le  world. A ccordin gly, as a possible 
explanation  of its  occurrence in field soils, i t  becam e of 
interest to determ ine whether or not van illin  could be 
found in w heat as a type of field crop and in the 
w ater in which w heat had grown.

v a n i l l i n  i n  w h e a t — W hen w heat seedlings were 
extracted  w ith h ot alcohol (recently distilled) there 
w as obtained on evap oratin g the alcohol extract a 
sy ru p y  mass, p art of which w as soluble in ether. The 
ether extra ct w as treated  w ith a half saturated  solution 
of sodium  bisulfite in the usual w ay in testing for 
aldehydes. The bisulfite solution was freed from  sul­
fite b y  means of dilute sulfuric acid and the excess of 
sulfur dioxide driven off b y  passing air through the 
liquid. A fter extraction  with ether and evaporation  
of the ether solution a sm all am ount of m atter which 
sm elled of van illin  was obtained. T h is gave the 
characteristic  van illin  color reactions: blue with ferric 
chloride, green wTith  ferrous sulfate and brom ine w ater, 
vio let w ith a m ixture of hydrochloric and sulfuric 
acids and acetone w ater.

W ith  the recognition th a t w heat contained vanillin, 
it  becam e of interest to  determ ine how much of the 
a ldehyde w as present. For the q u an titative  estim a­
tion  recourse w as had to  the colorim etric m ethod 
described b y  Folin and D enis.6

F or th e q u an tita tive  determ ination, 200 g. of w heat 
seeds were extracted  w ith alcohol and the extract was 
then treated  in th e custom ary w ay  for extractin g 
aldehydes. T h e final ether extract from  the solution 
freed from  bisulfite was evap orated  and taken' up with 
w arm  w ater. T his w ater solution was treated  with 
equal parts of lead acetate and lead subacetate as long 
as a precip itate form ed. T h e filtrate or 'an  aliquot 
part of it w as treated  w ith  5 cc. of the phosphotungstic- 
phosphom olybdic reagen t as described b y  Folin and 
Denis and after 5 m inutes a saturated  solution of 
sodium  carbonate wras added until the volum e of the 
liquid  was 50 or 100 cc. A fter stan din g 10 minutes, 
the solution w as filtered and the blue color generated 
in the reactions com pared in a Schreiner colorim eter 
w ith  th a t produced b y  a sim ilarly  treated  standard

1 Schreiner and  R eed, Bull. 47, Bur. of Soils, U . S. D ep t. Agric. (1907); 
Schreiner and Skinner, Bull. 77, Bur. of Soils’ U . S. D ep t. Agric. (1911).

* E . C. S horey, J . A gr. Res., 1 (1914), 357.
* A bderhalden, Biochemische Ilandlexikon, 1 (1911), 837.
* V. Lippraann, Ber. d . chem. Ges., 45 (1912), 3431.
5 L angguth and Steuerw ald , Chem . Z enlr., 1912, I, 83.

Biol. Chem., 12 (1912), 239; T h is  J o u r n a l , 4 (1912), 670.

solution of vanillin . The standard was of such a 
strength th a t 10 cc. diluted w ith the reagents to 100 cc. 
contained i mg. of vanillin  or 10 parts vanillin  per 
m illion. T he stock solution of vanillin  w as made, as 
recom m ended b y  H arder,1 by dissolving 2 g. of vanillin 
in 200 cc. of 95 per cent alcohol and diluting to ' 1 liter 
and then using 10 cc. of this solution to  m ake 200 cc. ■ 
of the standard solution as needed. T en  cc. of this 
standard were treated  w ith 5 cc. of th e phosphotungstic- 
phosphom olybdic reagent and then w ith sodium  car­
bonate as outlined above.

V anillin  was sim ilarly determ ined (1) in the ether- 
soluble part of a solution obtained b y  heatin g wheat 
seeds 4 hours on a steam  bath w ith 5 per cent sulfuric 
acid; (2) in the alcohol extract of w heat bran; (3) in 
the alcohol extracts of the roots, tops, and seeds of 
w heat seedlings 5 to  10 days old; (4) in the seed water 
or the w ater bath in g the seedlings for the first 24 hours;
(5) in the root w ater or the w ater which bathed the 
roots for 4 to 10 d ays with a change of w ater every 
tw o days. T h e w ater solutions were concentrated 
under reduced pressure and extracted  w ith ether. 
T h e q u an tita tive  results are given  in the following 
table:

T a b l e  I — V a n il l in  i n  W h e a t  a n d  i n  t h e  W a t e r  in  w h ic h  W h e a t  
S e e d l in g s  H a d  G r o w n

V a n il l in
M a t e r ia l  Q u a n t it y  P a r t s  p er  million

W heat seed s ....................................................  200 and 500 g. 1 -6  3
W heat seeds d igested  w ith  5%  H jSO < .. 200 g. 5 -1 4  11
W heat b ran .....................................................  200 g. 3 (a ) 3
R o o ts  of w heat seed lings............................  1500 seedlings 7 -18 (a ) 13
T op s of w heat seed lings..............................  1500 seedlings 13-16(a) 15
Seeds of w heat seed lings.............................  1500 seedlings 6- 8 (a)
Seed w ater .........................................................  4000 cc. T race-3
R oot w a ter ........................................................  5000 cc. Trace to  10(a)

(a) B ased  on  w eight of original seeds.

T h e effect of germ ination on the am ount of vanillin 
in w h eat m ay be seen more clearly in the following 
experim ent where the vanillin  in 1717 ungerm inated 
seeds and in the sam e num ber of seeds germinated 
is com pared:

T a b l e  I I — V a n il l in  in  U n g e r m in a t e d  S e e d s  a n d  i n  S e e d s , T o p s  a nd  
R o o t s  o f  S e e d l in g s  5 D a y s  O l d  

P . p . ra.
S eed .....................................  3 .6
P lant seed .........................  7 .7
P lant to p s .........................  1 5 .2  (B ased  on w eight o f 1717 seeds or 58 g.)
P lant ro o ts ........................ 13 .0

W h o l e  P l a n t   3 5 .9

T h e tables show th a t vanillin  occurs free in un­
germ inated w heat to a slight degree, th a t it is increased 
in am ount during the early  grow th of the plant and 
can pass from  th e p lant to  th e m edium  of growth 
either d irectly  or more p rob ab ly  as a residt of cell 
sloughing and disintegration. T reatm en t of ground 
seeds w ith dilute sulfuric acid increases th e am ount 
of vanillin  extractab le. A ccordin gly , it would seem 
th a t a m other substance of vanillin  occurs in wheat 
and yields vanillin  on hydrolysis b y  acids or in the 
process of germ ination.

C oniferin is regarded b y  m any as the m other sub­
stance of vanillin . Coniferin gives a blue color with 
phenol and hydrochloric acid  especially in the presence 
of a little  potassium  chlorate, gives glyco-vanillin  on 
treatm en t w ith potassium  perm anganate and chromium 
trioxide, yields van illin  on treatm en t w ith chromic 

> T h is  J o u r n a l . 5  (1 9 1 3 ), 6 19 .
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acid m ixture, yields glucose and a resin b y  boiling w ith 
dilute sulfuric acid. From  the roots of w heat seedlings 
there w as obtained, b y  extraction  w ith hot w ater and 
hot alcohol and precipitation  from  alcohol b y  means 
of ether, m aterial which gave a greenish blue color 
w ith phenol and hydrochloric acid; a blue color w ith 
phenol, hydrochloric acid and a little  potassium  
chlorate; a reducing substance on boiling w ith dilute 
sulfuric acid. T h e m ethod of obtaining the m aterial, 
its reaction w ith phenol, and the form ation  of reducing 
substances on boiling w ith acid w ould indicate the 
presence of coniferin in th e w heat roots. Coniferin, 
it m ight be said in passing, has been found in the 
lignified tissue of a num ber of plants.

V an illin  we have found also in rotten  oak wood, in 
pineapple pulp and parings and in the hot water 
extract of law n grass, consisting of blue grass and a 
sm all am ount of white clover. T he am ount of vanillin 
extractab le  from  grass is considerably increased b y 
heatin g w ith  5 per cent sulfuric acid for 4 hours on a 
steam  bath . U n doubtedly it  occurs to a greater or 
less degree in m any plants either free or in a conjugated 
form, from  which it  m ay be liberated  b y  oxidation 
and hydrolysis. Its presence in wood and various 
forms of vegetation  w ould lead to  the conclusion th a t 
the vanillin  in soil has its origin in vegetab le débris 
and to  a m inor degree also in d irect excretion or cell 
sloughing b y grow ing plants.

S o il  F e r t il it y  I n v e s t ig a t io n s , B u r e a u  o f  S o il s  
U . S . D e p a r t m e n t  o p  A g r ic u l t u r e  

W a s h in g t o n

A N  E X A C T  A N D  E A S Y  M E T H O D  F O R  P R E P A R I N G  A  
N E U T R A L  A M M O N I U M  C I T R A T E  S O L U T I O N

B y  J. M . M c C a n d l e s s  

R eceived A ugust 8 , 1914

Since the w riter m ade his official report as Referee 
on Phosphoric A cid , in 1908 to the A ssociation of 
Official A gricu ltural Chem ists, there have appeared 
a num ber of interesting articles on the sub ject m atter 
of th a t report showing how the am m onium  citrate 
solution could be rendered neutral both b y  physical 
and chem ical m ethods. A ll of th is w ork has confirm ed 
the accu racy  of the W'ork done, and the conclusions 
reached b y  the w riter in his original report. As this 
report was never published in an y chem ical journal, 
being printed only in the Proceedings of the A. 0 . A . C . ,1 
and has therefore never been seen b y m any who are 
interested  in the su b ject, the w riter m ay be pardoned 
for reproducing here a part of th a t report.

PARTIAL REPRODUCTION OF REFCRT OF REFEREE ON PHOS­

PHORIC ACID FOR 19 0 S

“ As the referee was to decide whether the various solutions 
of ammonium citrate sent him were neutral or not, and as 
scarcely any two chemists can agree upon the exact point of 
neutrality, whether from lack of sensitiveness of the indicators, 
or color-blindness 011 the part of the operators, he decided to 
make an analysis of each sample according to the method out­
lined in his last report to the Association, and be guided by those 
results in deciding upon neutrality.

m e t h o d  o p  a n a l y s i s — "Twenty-five cc. of each solution were 
pipetted into a 250 cc. flask, diluted to mark, shaken, and 25 cc. 
of this solution were pipetted into a distillation flask. To the

1 Bur. of C bem ., U . S . D ep t, of Agr., Bull. 132, 11.

solution in the flask, 40 cc. N/4. caustic soda solution were 
added, and the contents of the flask distilled into 20 cc. N/2 
acid, continuing the distillation till the volume of the distillate 
measured from 65 to 70 cc. The ammonia in the distillate was 
then titrated by means of N/10 alkali and cochineal. The 
residue in the distillation flask was washed into an Erlenmeyer, 
excess of standard acid added, a few drops of phenolphthalein, 
and the excess acid estimated by N /10 alkali. From the result, 
the weight of citric acid originally combined with the ammonia 
was calculated. Calculating from the formula of the pure salt, 
(NH4)aCsHsOi, that the ratio of ammonia to citric acid was as 
i : 3-765, a basis of comparison was established. Results ob­
tained are given in table below:

M illigram s
M illi­ of citric

gram s of acid in
am m onia 25 cc. of
in  25 cc. d iluted

of d iluted so lu ­ R atio  of R atio  in
N um ber solution  = tion  = am m onia neutral salt R e a c t i o n

of 2 i / i  cc. 2 7 2 .cc . to  citric (N H O j- w i t h

an alyst original original acid CcHsCb C o r a l l in

1 * 113 .9 4 3 3 .2  . 1 :3 .8 0 3 1 :3 .7 6 5 N eu tral
2 109 .3 4 1 2 .8 1 :3 .7 7 5 1 :3 .7 6 5 Alkaline
3 ....... 104 .9 4 2 4 .9 6 1:4 .051 1 :3 .7 6 5 Acid
4 . .  113.7 4 3 3 .9 1 :3 .8 1 6 1 :3 .7 6 5 N eu tral
5 110.5 4 3 0 .0 8 1:3 .891 1 :3 .7 6 5 S ligh tly  acid
6 111.5 4 3 6 .4 8 1 :3 .9 1 5 1:3 .7 6 5 Acid
7 , , . . .  108.7 421 .1 1 :3 .8 7 4 1 :3 .7 6 5 S ligh tly  acid
8 . , , 104.7 3 9 8 .7 1 :3 .8 0 8 1 :3 .7 6 5 N eu tral
9 1 0 2.8 4 3 0 .7 1 :4 .1 8 9 1 :3 .7 6 5 Acid

“ In the above table, all the solutions which showed materially 
more citric acid than 3.765 parts to 1 of ammonia, also showed 
a decidedly acid reaction to corallin.

"It appears that some chemists prepare their ammonium 
citrate solution by treating the citric acid with excess of ammonia, 
and then leave the hot solution to neutralize itself, or finally 
adjust by means of red and blue litmus paper, or corallin. No. 3 
in the above table was prepared in this way. The heat of the 
mixture not only drove of! sufficient ammonia to render it neutral, 
but continued and left it decidedly acid.”

T h e w riter has, only in the past few  days, had his 
atten tion  called to  the article of P atten  and M a rti1 
where in referring to  the solutions, analyses of w'hich 
are given  in the above table, th e y  use th e follow ing 
lan guage: “ T h e three solutions claimed to  be neutral
b y  M cC andless contained 44.3 g. NH3, and 168.76 g. 
CsHgO; per liter, th e ratio  being 1:3.809. T h e results 
obtained b y  us conclusively  prove th a t such a solution 
would be sligh tly  acid, which fa c t is fu rth er su b stan ti­
ated  b y  the ratio  of am m onia to  anhydrous citric  acid 
being too w ide.”

P atten  and M arti had ev id en tly  failed  to  note the 
headings of C olum ns 5 and 6 in th e above tab le , or 
th e y  would not have attrib u ted  to  th e w riter the 
“ C l a i m ”  th a t solutions Nos. 1, 4 and 8 were rea lly  
neutral, since the heading of Colum n 6 expressly 
stated  th a t th e words “ n eu tral,”  “ acid ”  and “ alkalin e”  
in the colum n below referred to  th e reactions w ith  
corallin, and the heading of C olum n 5 showed th a t the 
only ratio  of am m onia to  citric  acid which the referee 
recognized as being neutral was th a t of 1 : 3.765.

T h e m ethod given  b y  P atten  and M arti is an in ­
teresting and excellent m ethod of preparing a n eutral 
solution. T h e w riter proposes the follow ing exact 
and easy m ethod of m aking a n eutral solution of 
am m onium  citrate which in volves no analyses or 
distillations, b u t on ly  a couple of titra tio n s w ith 
solutions a lw ays ready in every  lab oratory:

1 T h is  J o u r n a l , 5 (1 9 1 3 ), 5 6 8 .
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P R O P O S E D  M E T H O D

C arefu lly  sam ple th e lot of citric acid on hand, b y  
grinding a sufficient q u an tity  to  get an average sam ple 
through a coffee or other suitable mill. M ix th o r­
oughly, and weigh 7 g. into a liter flask. D issolve in 
w ater, and dilute to  m ark. P ip ette out 50 cc. or 
0.35 g. of th e  citric  acid, and titra te  w ith N / 10 caustic 
soda and phenolphthalein. If the acid is pure and 
unefiloresced, ju st 50 cc. of N/ 1 0  alkali will be re­
quired. W eigh 1850 g. of pure uneffloresced acid or 
its eq u ivalen t in acid value of effloresced or im pure 
•acid into a large b ottle  or carboy, and cover with 
7 liters of cold w ater. C alcu late  the exact num ber of 
g. of anhydrous citric  acid present. Run from  a 
b u rette  25 cc. of concen trated  am m onia into a 500 cc. 
flask contain ing cold distilled w ater. D ilute to m ark 
and m ix. C arefu lly  measure 25 cc. of th is solution 
and titra te  with N / 2 acid  and m eth yl orange. C a l­
culate th e volum e of concen trated  am m onia necessary 
to  n eutralize th e citric  acid  in the ratio of 1 of am ­
m onia to  3.765 of anhydrous citric  acid. (If a stock 
of approxim ately  10 per cent am m onia is on hand, it 
is perhaps preferable to  use it  instead of concentrated 
am m onia using, of course, a correspondingly suitable 
volum e of w ater for the citric  acid.) A dd  the carefully 
m easured am m onia solution to  th e citr ic  acid in th eb o ttle  
or carboy, close im m ediately  with a tig h tly  fitting 
rubber stopper, and shake till the acid  is dissolved; 
allow  to  stand tig h tly  stoppered until cold, then 
shake again before rem oving th e stopper. B ring 
to  a g ra v ity  of 1.09 a t 200 C. T he volum e of 
the solution should approxim ate 10 liters. T h e ac­
cu racy of the solution m ay be confirm ed if desired, by 
analysis, using either the distillation  m ethod already 
described in th is paper, or the m ethod of P atten  and 
M a rti,1 or th a t of E astm an  and H ildebrand.2

It w as suggested b y  one of m y associates th a t we 
a ttem p t to prepare th e pure salt, tri-am m onium  citrate, 
and determ ine th e ratio  of am m onia to  citric acid in it. 
As an ticipated  it w as found im possible to prepare, 
b y  evap oration  and crystallization , b u t b y  adding 
to a solution of am m onium  citrate m ade d istin ctly  
alkaline w ith  am m onia, a large excess of strong alcohol, 
a salt was precip itated  which on standing over night 
becam e b ea u tifu lly  crystallin e. T he supernatant 
liquid  w as filtered off, and the crystals washed thor­
oughly on the pum p w ith  a large excess of strong 
alcohol; the mass w hich was a felt of interlaced crystals, 
w as dried q u ick ly  b y  pressure betw een b lottin g pads, 
and a portion dissolved in w ater; its reaction  with 
corallin w as d istin ctly  alkaline, and an analysis of the 
solution showed the ratio  of am m onia to citric  acid 
to  be 1 to  3.768. T h e rem ainder of the crystals left 
exposed over n ight to the sum m er tem perature of the 
lab oratory  had en tirely  changed the n ature of its 
crystallin e structure, and a portion of it, w’hen dissolved 
in w ater and tested  w ith corallin, w as decidedly acid 
to th a t reagent and upon analysis showed a ratio  of 
1 to 3.94. It is evid en t, therefore, th a t the norm al 
salt is not en tirely  h yp o th etica l, th a t it  can be a ctu ally

1 Tins J o u r n a l ,  6  (19.13). 5 6 7 .
'Ibid., « (1914). 577.

prepared and dissolved in w ater, and its solution then 
shows an alkaline reaction to corallin and has very 
nearly the ratio of 1 of am m onia to 3.76s of citric acid.

T here seems little  reason to  doubt th a t the neutral 
am m onium  citrate  solution which the A . O. A. C. has 
been prescribing since the date of its organization 
m any years ago, and which able and conscientious 
chem ists have ever since been earnestly  tryin g to 
m ake ex a ctly  neutral, succeeding som etim es perhaps 
b y  accident, but usually  only approxim ating it, was 
really  intended to be a solution of th e norm al salt. 
T his opinion was expressed b y the -writer in his report 
as Referee in the follow ing w'ords: “ W hile the referee 
has a strong conviction  th a t the only proper method 
of m aking the solution is b y  analysis and calculation 
of the exact q u a n tity  of am m onia and citric acid to be 
added to it, still he hesitates to  urge it  officially, as 
no work has y e t  been done b y  an y other referee along 
this line, and because the referee is him self no longer 
an official chem ist.”  In th is opinion he has since 
been supported b y  those who h ave given  the most 
earnest th o u gh t and painstakin g experim ent to the 
subject, as P atten  and M arti, E astm an  and Hildebrand 
and others.

The lab oratory  w ith which the w riter is identified 
still m akes its solution as prescribed b y  the A . O. A. C., 
approxim ating n eu tra lity  as closely as possible b y  the 
use of corallin, since th a t is still one of the legal and 
official m ethods, b u t the w riter know s of other chemists 
who have already adopted the n eutralization  b y  anal­
ysis, and it is little  wonder th a t under these conditions 
analyses for availab le  phosphoric acid  on tankages 
and bone meals, and fertilizers containing those in­
gredients should v a ry  quite w idely. L et us hope that 
the A . 0 . A . C . a t their next m eeting will conclude 
th a t th e su b ject has been in vestigated  long enough, 
and ta k e  som e definite action  a t th a t m eeting, or else 
appoint a sm all com m ittee in whom  th e y  have confi­
dence, w ith power to  act in prescribing a method 
which shall be legal and official after a definite date.

M c C a n d l e s s  L a b o r a t o r y  
A t l a n t a , G a .

T H E  I N F L U E N C E  O F  F I N E N E S S  U P O N  T H E  A V A IL ­
A B I L I T Y  O F  B O N E  M E A L

B y  S. S . P e ck  
R eceived Ju ly  6 , 1914

It  has been thoroughly  established th a t the availa­
b ility  of raw phosphate rock or of basic slag depends 
prim arily on its fineness of subdivision. These two 
purveyors of phosphoric acid  and bones or bone meal 
com prise the three form s in w hich insoluble phosphoric 
acid  is supplied in fertilizers. In the case of basic 
slag, the phosphoric acid exists as a tetra-calcic or a 
four-lim e phosphate. In phosphate rock and bones 
the phosphoric acid is com bined w ith  three parts of 
lim e, and is know n as tri-calcic phosphate, to which 
the general term  of bone phosphate is applied.

A s superphosphate, phosphoric acid is supplied in a 
form  soluble in w ater. I t  is term ed availab le not be­
cause after being applied to the soil it rem ains perm a­
n ently  soluble but because it is fixed in a finely divided
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form and well distributed. From  this it can be logically 
concluded th a t the finer the state  of subdivision of 
rock phosphate, and the more thorough its d istribution 
in the soil, the greater will be its a va ila b ility  to  the 
crop. A s a m atter of fa ct, the latter condition is 
directly dependent on the form er, since any given 
quan tity  of m aterial can be more even ly  distributed as 
its state  of fineness increases. T he influence of fineness 
in increasing yields has been dem onstrated b y  the 
New Y o rk  A gricu ltural E xperim ent S ta tio n ,1 and the 
U niversity of W isconsin A gricu ltural E xperim ent S ta ­
tion2 has shown th a t thoroughness of m ixing has a 
decidedly beneficial effect on plant grow th.

T ruog has published tests showing th a t the a v a ila ­
bility of raw  phosphate rock is d irectly  influenced by 
the sim ultaneous presence of ferm enting organic m a­
terial, this favorin g the chcm ical and biological pro­
cesses th a t give rise to carbon dioxide and other agencies 
which a tta ck  the fine rock and u ltim ately  give the 
m aterial a finer and more uniform  distribution through 
the soil. For this reason the experim ental d ata  from 
phosphate rock experim ents cannot be used in arriving 
at conclusions relative to bone m eal action, since here 
the solven t action  is influenced d irectly  b y  the de­
com position of the nitrogenous part of the bone p a rti­
cles, w ith the accom pan yin g evolution  of carbon dioxide 
and form ation  of n itric nitrogen. E xperim ental data, 
however, is not w anting on th is point. T he Berlin 
A gricultural E xperim ent Station  has found th a t' the 
finer bone m eal is ground the b etter its utilization, 
coarse meal havin g but 66 per cent of the action of 
fine m eal, when each contained the sam e phosphoric 
acid per cent. T h e im portance of th is condition has 
alw ays been recognized. A  hundred or more years 
ago when bones first began to be used in E ngland, they 
were applied either unbroken, or later in coarse frag­
ments, at the rate of ten or tw e lv e  hundred pounds to 
the acre. A fterw ards, when bone meal came to be 
m anufactured, 600 or 700 pounds of the meal per 
acre were deem ed a sufficient dose, while later 100 
or 200 pounds of superphosphate (in which a state of 
subdivision is reached th a t would be im possible by 
grinding) .were found to produce the same effect on 
the sam e soils and crops.3

Storer1 says: “ T h e fineness of the meal to which
bones are ground is a v e ry  im portant consideration. 
Not so m any years ago it was the custom  to  use crushed
bones, but there is no longer an y question th a t
fine meal is greatly  to be preferred to th a t which is 
coarse. T he finer the m eal, so m uch the more readily 
will it p u tre fy  and dissolve in the earth, so m uch the 
more q u ick ly  can the plants be fed b y  it, and so much 
the sooner and the more surely w ill the value of the 
crop be increased .”

Voorhees5 also states in positive term s th e necessity 
of fineness of division of bone meal. M an y of the 
experim ent station s in the U nited States a ttach  
different values to the phosphoric acid  and nitrogen

> Bulletin  358, F eb., 1913.
2 Research Bulletin  20, January, 1912.
3 B . H. H ite , Bulletin  80, W est Virginia E xperim ent S tation , April, 1902.
‘ "A griculture,’' Vol. I.
4 '‘Fertilizers," 1900, p. 73.

in fine, m edium , and coarse bone meal respectively , 
but do not in all instances agree in their definitions of 
these term s. In general, b y  fine bone meal is signified 
such as w ill pass through a sieve w ith  circular holes 
one-fiftieth of an inch in diam eter, and coarse such as 
will not. T he New' Jersey A gricu ltural E xperim ent 
Station  uses values on this basis as follow s: Fine bone
m eal—-nitrogen 19 cents, phosphoric acid  4 cents per 
pound; coarse— nitrogen 15 cents, phosphoric acid 3.5 
cents per pound.1 T he K en tu ck y  A gricultural E x ­
perim ent S tation 2 defines fine bone meal as th a t which 
passes through a 25 mesh sieve, and m edium  as th at 
which passes through a 6 mesh sieve, valuing the 
phosphoric acid from  the form er at 4 cents and from  
the latter at 3 cents per pound. O ther stations, 
p articu larly  th a t of C alifornia, no longer indicate 
valuation s depending on the degree of fineness, since 
such a gradation  is purely arb itra ry; nevertheless, th ey  
insist on the necessity of such a condition.

There is a lim it to which bone meal should be ground 
on three accounts: (1) W hen ground too fine to an
im palpable powder, know'n as “ floated b on e,” it is apt 
to be carried aw ay b y the wind when being applied;
(2) in this condition it is extrem ely liable to p u tre fy , 
especially in m oist air; and (3) there is a question 
w hether its a v a ila b ility  is raised for ordinary cu ltural 
purposes in a measure com m ensurate with its extrem e 
fineness. In experim ents with various crops, and using 
bone meal ranging from  th a t passing a 60-inch sieve to 
th a t passing through bolting cloth, the N ew  Y o rk  
A gricultural E xperim ent S ta tio n 3 found th a t w ithin 
the lim its tested, fineness seemed to have little  or no 
influence on availa b ility .

A ttem p ts have been m ade to m easure the a v a ila ­
b ility  of raw  phosphates b y  their solubility  in various 
dilute solutions of acids, organic or inorganic, b u t it 
has not been found possible to duplicate or even ap ­
proxim ately  represent conditions in the field w ith 
lab oratory  tests. T h e solvent action  of th e soil is 
being exerted on the insoluble phosphates over a long 
duration of tim e, during which a part of th e dissolved 
m aterial is being grad u ally  b u t co n stan tly  rem oved 
b y  the growdng crop, and also p rob ab ly  suffering other 
alterations in character not possible to determ ine. It  
m ay be said th a t at the present tim e, there is no chem ­
ical m ethod of determ ining this point in w hich absolute 
confidence can be placed.

I t  has already been stated  th a t bacterial action  w ith 
its consequent evolution  of carbon dioxide and de­
velopm ent of acids increases the solub ility  of rock 
phosphate, and th a t th is condition exists in th e de­
com position of bone meal in the soils. In an endeavor 
to measure the a va ila b ility  of various grades of bone 
m eal, this station  has com pleted a series of tests in 
which attem p ts were m ade to answer the question of 
ava ila b ility , and in which the decom position of the 
organic m atter of the bone w as presum ed to h ave a 
direct relation to the relative a va ila b ility  of the phos­
phate content.

1 Bulletin  259, Septem ber, 1913.
2 Bulletin  168, D ecem ber, 1912.
s Bulletin  358, February, 1913.
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For the purpose of these tests, a com m ercial bone 
meal was sifted and divided  into four sizes. The sizes 
and analyses of each lot were as follows:

Phosphoric  
N itrogen  acid

N um ber S ta te  of d ivision  Per cen t Per cent
1 Less than  40 m esh s ie v e ...................................  3 .9 8  17 .84
2 From  20 to  40 m esh s ie v e ................................  4 .3 4  2 2 .2 8
3 From  12 to 20 m esh s ie v e ................................  4 .2 0  2 3 .0 0
4 G reater than 12 m esh s iev e ............................  4 .0 9  2 3 .3 4

TEST NO. I

T h is  te s t  w a s in ten d ed  to  m easure the re la tiv e  ra tes  o f am m o n i­
fica tio n  o f th e  n itro g en  of th e  d ifferen t sizes o f bone m eal. T o  
S ta tio n  soil rep resen tin g  200 g. o f d ry  m a tte r  p laced  in b eak ers 
en o u gh  o f each  grad e w a s  ad d ed  to  su p p ly  200 m g. o f n itro gen ; 
to  o n e  lo t n o b o n e w a s ad d ed . T h e  bon e w as th o ro u g h ly  m ixed, 
an d  th en  en o u gh  w a te r  ad d ed  to  b rin g  th e  soil to  tw o -th ird s 
sa tu ratio n .

T h e  b e ak e rs  and  co n te n ts  w ere w eigh ed , a n d  e v e r y  tw o  d a y s  
d u rin g  th e  te st  w ere  a g a in  w eig h ed  and  w a te r  ad d ed  to  rep lace  
th a t  lo st b y  e v a p o ra tio n . A t  s ta te d  tim es one scries o f each  w as 
a n a ly z e d  for am m o n ia  n itro g en  b y  d istillin g  th e  w h o le  sam ple, 
th o ro u g h ly  m ixed  and  d ilu ted  w ith  w ate r, w ith  re ce n tly  ca lcin ed  
m agn esia  in to  N / 1 0  a c id . A s  th e  resu lts  o f the fo u rth  d is tilla ­
tio n  sh ow ed  a  co n sid erab le  drop in  am m o n ia  n itrogen , on the 
fifth  a n d  la st te s t  th e  residue from  d istilla tio n  w a s transferred  
to  a  g ra d u a te d  v esse l, coolcd , m ad e up to  th e  m ark  a n d  filtered . 
In  an  a liq u o t o f the filtra te , n itra te  n itrogen  w a s  determ in ed. 
T h e  re su lts  are g iv en  in T a b le  I.

T a b l e  I
M gs. A m m onia N itrogen  M gs. after 18 d ays as

B one m eal  -------------------------- *-------------------------- - ——----------- -------------------
N o . 2 d ays 5 d ays 9 days 11 d ays A m m onia N itrate T otal

B lank  0 .2 8  0 .1 4  0 .1 4  0 .1 4  0 .1 4  2 .1  2 .2 4
1 5 .4 6  12 .8 8  6 .7 2  4 .2 0  1 .8  2 9 .3 2  3 1 .1 2
2 1 .9 6  4 .4 8  2 .1 0  2 .3 8  3 .0 8  13 .40  16 .48
3 1 .40  3 .9 2  3 .9 2  0 .9 8  1 .12  1 0 .8  11 .92
4 1 .2 6  2 .2 4  2 .1 0  0 .2 8  1 .26  1 3 .4  14 .66

U p  to  th e  fifth  d a y , th e  ra te  o f am m o n ia  fo rm atio n  w as 
grea test w ith  th e  fin est bon e m eal a n d  le a st w ith  th e  coarsest. 
O n  th e  n in th  d a y  a co n sid erab le  d ro p  in am m onia  co n ten t is 
n o tice d  in th e  lo t  w ith  th e  fin est m ateria l, w h ich  progressed  u n til 
th e  j8 th  d a y . F ro m  th e  figures o b ta in ed  fo r n itr ic  n itrogen , 
th is  ca n  be e xp lain ed  b y  th e  fa c t  th a t  n itrificatio n  h ad  sta rted  
in  a n d  w a s  p rogressin g ra p id ly . O n  th e  n in th  d a y  th e  three 
co a rser m ate ria ls  sh ow ed  p r a c tic a lly  th e  sam e s ta te  o f a m m on i­
fica tio n . T h e  fin a l figures fo r n itrogen , am m o n ia  and  n itra te  
o f th e  18tli d a y  sh o w  th a t  d eco m p o sitio n  o f th e  bone m eal h ad  
ta k e n  p lace  in th e  fine m a te ria l to  d ou ble  th e  e x te n t it  h ad  in 
th e  co arser; an d  th a t  in th e  co arser m ateria ls  th ere  w ere  b u t 
sm all a n d  irreg u lar d ifferences.

TEST NO. 2

T h is  te s t  w a s a  re p e titio n  o f th e  p rev io u s on e w ith  th e  e x ­
c e p tio n  th a t  th e  soil w a s  k e p t  a t  a  m o istu re  co n te n t e q u iv a le n t 
to  h a lf sa tu ratio n , a n d  th a t  n itr ic  n itro g en  as w ell as th e  am m onia  
w a s d eterm in ed  in  each  in stan ce; exc ep t th a t  in th e  first d e­
term in a tio n , o n ly  th e  a m m o n ia  w a s  d eterm in ed, n itrifica tio n  
n o t h a v in g  in  tw o  d a y s  su ffic ien t o p p o rtu n ity  to  m ak e  m uch 
d ifferen ce, a n d  a t  th e  la st  d ete rm in a tio n  o n ly  the' n itra te s  w ere  
d eterm in ed . T h e  resu lts  a p p e ar in T a b le s  I I ,  I I I ,  and  I V .

T a b l e  I I — A m m o n if ic a t io n - o f  B o n e  M e a l — M g s . A m m o n ia  N it r o g e n

N o . 2 4 7 10 14 17 d ays
B lank 1 .40  2 .3 1  0 .7 0  0 .8 4  0 .7 0  1 .2 6

1 S .47 9 .8 0  12 .32  7 .4 2  1 .2 6  2 .3 8
2 7 .4 2  9 .9 4  8 .6 8  5 . IS 0 .7 0  1 .9 6
3 6 .0 9  10 .08  12 .74  4 .7 6  1 .12  0 .9 8
4 5 .1 8  8 .1 2  10 .22  2 .2 4  0 .7 0  1 .26

T a b l e  I I I — N it r if ic a t io n  o f  B o n k  M e a l — M g s . N it r a t e  N it r o g e n

N o. 4 7 1 0 -  14 17 21 days
B lank 4 .2 0  4 .2 0  4 .6 2  4 .6 2  4 .2 0  3 .0 8

1 3 .9 2  4 .5 4  9 .2 4  2 0 .3 0  17 .92  2 4 .6 4
2 3 .2 2  4 .7 6  10 .6 4  14 .70  14 .98  15 .4 0
3 3 .0 8  2 .1 0  7 . 7 0 .  9 .6 6  15 .5 6  14 .70
4 3 .0 8  2 .2 4  9 .9 4  9 .9 4  13 .3 0  14 .40

T a b l e  I V - -M g s . T o t a l N i t r o g e n A m m o n ia  a n d N it r a t e

N o . 4 7 10 14 17 days
B lank 6 .5 1 4 .9 0 5 .4 6 5 .3 2 5 .4 6

1 13 .72 16 .86 16 .66 2 1 .5 6 20 .3 0
2 13 .16 13 .44 15.82 15.40 16.94
3 13 .16 14.84 12 .46 10.78 16.54
4 , 1 1 . 2 0 12.48 12.18 10 .64 14.56

In  th is  test, th e  to ta l w ate r-so lu b le  n itro gen  a t  th e  end of 
th e  17 -d a y  perio d  sh o w ed  a  d ire ct re la tio n  to  th e  size  o f the bone 
m ea l; th is  m a y  b e  sa id  to  h o ld  tru e  fo r m o st o f th e  tests, the few 
irreg u larities  o ccu rrin g  b ein g  o n ly  w h a t m a y  b e  u su a lly  expectcd 
in in v e stig a tio n s  o f th is  c h a ra cte r. I t  w a s  th o u g h t, however, 
th a t  th ese  irreg u larities m ig h t b e  e xp lain ed  b y  th e  fa c t  th a t the 
n itra te  n itro g en  as fo rm ed  w as a ccu m u la tin g  to  a  m uch larger 
d eg ree  th a n  u su a lly  o b ta in ed  in n a tu re  (am o u n tin g  to  as high 
a s  123 p a rts  p er m illio n  o f d r y  so il), an d  p erh a p s th e  results 
w o u ld  b e  m ore re g u la r if th e  n itra te  n itro g en  form ed were re­
m o ve d  a t  in te rv a ls . W ith  th is  in  v ie w , a  n e w  scries o f tests 
w as ca rried  o u t as fo llow s:

TEST NO. 3 — LYSIMETER TESTS 

F o r  th is  pu rp ose, g a lv a n ized  iron  co n tain ers, w ith  facilities 
fo r co llectin g  th e  d rain age , w ere  filled  w ith  s ta tio n  soil. The 
ly sim e te rs  w ere  2 fe e t in  h e ig h t b y  e ig h t in ch es in  diam eter, 
th e  b o tto m s b e in g  p e rfo rate d  a n d  co v ered  w ith  coarse sacking, 
a b o v e  w h ic h  w as one in ch  o f an im al ch arco a l, p rev io u sly  digested 
w ith  a c id  a n d  w ash ed . E a c h  ly sim e te r  w a s  g iv e n  40 pounds of 
soil. T h e  a n a ly sis  o f th is  so il b y  th e  official a c id  d igestion  was: 

Per cent
T.oss 011 ig n itio n ..................  10 .28
Insolub le residu e................  3 4 .3 9
Iron ox id e ..............................  2 4 .9 6
A lu m in a..................................  19 .56
M anganese ox id e ................ 0 . 15
L im e .........................................  2 .0 1
M agn esia ...................... 5 .35

T o  each  te s t  w h ere  bon e w as ad d ed , su fficien t w as given  to 
rep resen t a n  a p p lica tio n  o f 100 p ou n d s o f n itro g e n  per acre, 
a m o u n tin g  a c tu a lly  to  363.5 m g. p er ly s im e te r. In  addition 
to  th e  b o n e  tests, th ree  w ere  ca rried  o u t w ith  b lo o d  and fine 
g ro u n d  p h o sp h a te  ro ck  (60 m esh), a lo n e a n d  to g e th er, to  see if 
th e  e ffe ct o f th e  d eco m p o sin g  a c tio n  o f th e  b lo o d  w o u ld  render 
m ore o f th e  p h o sp h a te  r o c k  so lu b le , a n d  a lso  to  o b serve  w hether 
th e  p resen ce o f th e  p h o sp h a te  ro ck  w o u ld  m a k e  a n y  difference 
in  th e  r a te  o f d eco m p o sitio n  o f th e  b lo o d . T h e  blood  supplied 
co n ta in ed  n itro g en  a t  th e  ra te  o f 100 p ou n d s p er acre, while 
th e  p h o sp h a te  r o c k  w as e q u iv a le n t  in  its  p h o sp h o ric  acid  con­
te n t  to  th e  lin e b on e m eal. T h e  p la n  o f th e  te sts  w a s  as follows:

L y s im e t e r  T e s t s  
0.3635 g. N  per lysim eter (100 lb . N  per acre)

G ram s per lysim eter Pounds per acre

Per cent
P o ta sh ....................................  0 .29
S o d a ........................................  1 .56
Sulfuric o x id e ...................... 0 .16
Phosphoric o x id e ...............  0 .68
C hlorine  ...................  0 .01
N itro g en ................................ 0.21

N o.
1
2
3
4
5
6
7
8

Phosphoric
M a t e r i a l  A d d e d  M aterial acid  M aterial

(B la n k ).........................................................  ...........................
F ine bone m ea l.............................  9 . 133 1 .629  2513
N o . 2 bone m ea l........................... 8 .3 7 5  1 .8 6 6  2304
N o . 3 bone m ea l........................... 8 .6 5 5  1.991 2381
Coarse bone m ea l........................  8 .8 8 8  2 .0 6 8  2445
B lo o d .................................................  2 .8 7 8  . . .  792
B lood and phosphate rock  7 .2 1 8  1 .629  1985
Phosphate rock ............................. 4 .3 4 0  1 .629  1193

P hosphoric
acid

448
513
548
570

448
448

T h e  m ateria ls  w ere  ad d ed  b y  re m o vin g  fro m  th e  to p  of each 
ly sim e te r  th e  su rfa ce  tw o  in ch es o f soil, in co rp o ratin g  thoroughly 
th e  re sp ectiv e  m ateria ls  w ith  h a lf  o f th is, rep lacin g  in the 
ly sim e te rs  a n d  co v e rin g  w ith  th e  rem ain d er o f th e  soil. The 
bon e, e tc ., w a s th u s  one in ch  b e lo w  th e  su rfa ce  a n d  thorou gh ly 
ad m ixed  in  th e  secon d  in ch . T o  e ach  ly s im e te r  500 cc . o f w ater 
w ere  ad d ed , and  fu rth e r  a d d itio n s o f w a te r  m ad e w h en  th e  surface 
o f th e  so il w as sh o w in g  signs o f d ryn ess. A fte r  th ree  weeks, 
an d  e v e r y  th re e  w eek s th erea fte r, th e  ly s im e te rs  w ere flushed 
w ith  3 lite rs  o f w a te r  a n d  th e  p erco lates a n a ly ze d . In  the 
in terim  b e tw e e n  irr ig atio n s sm all a p p lica tio n s  o f  w a te r  were 
m ad e  w h en  th e  su rface  soil sh o w ed  n eed  o f it.

In  th e  a n a lyses, n itra te  n itro g en  a n d  lim e w ere  determ ined 
in  la rg e  a liq u o ts  o f th e  p erco lates, th e  w h o le  d ra in a g e  being 
m easu red  a n d  th e  resu lts  fig u red  to  m illigram s rem o ved . P or­
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tions w ere  c o n ce n trate d  a n d  se t aside for ph osp h oric a c id  d e­
term in ation s. I n  all, six  p erco la tio n s w ere  co m p leted , rep re­
sen tin g a  to ta l t im e  o f 18 w eeks.

In  th e  fo llo w in g  ta b le s  w ill be fou n d  th e  a m o u n ts o f n itra te  
n itrogen  a n d  lim e re m o ve d  a t  each  irr ig atio n .

T a b l e  V — N it r a t e  N it r o g e n  R e m o v e d  (M il l ig r a m s )
Irri- L ysim eter num ber

gation /■-------------------------------------------------*------------------------------------------------ s
N o. 1 2 3 4 5 6 7 8

1 4 9 .0 5 6 .2 5 2 .7 5 2 .0 6 2 .3 6 9 .4 6 7 .2 9 1 .2
2 2 3 .3 4 1 .2 3 7 .1 3 3 .2 3 3 .7 9 7 .6 8 1 .9 4 0 .5
3 18.1 2 7 .8 2 4 .9 21. 1 18 .8 9 0 .4 9 5 .7 19.7
4 1 3 .0 2 0 .5 2 0 .3 1 8 .6 1 6 .6 3 1 .4 4 5 .8 9 .8
5 1 7 .9 2 9 .0 2 2 .1 22 .1 2 3 .0 2 2 .1 2 7 .3 1 9 .4
6 1 3 .6 2 5 .5 2 0 .2 2 2 .5 2 2 .0 17.1 17.3 1 4 .9

T ota l 134 .9 2 0 0 .2 177 .3 169 .5 176 .4 3 2 8 .0 3 3 5 .2 195 .5

T a b l e  V I— C a l c iu m  O x id e  R e m o v e d  (M il l ig r a m s ) 
Irri- L ysim eter num ber

gation ✓--------------------------------------------------*-----------------------------------
». 1 2 3 4 5 6 7 8

4 7 .2 5 3 .5 1 9 .0 44 . 1 4 5 .3 4 8 .6 5 3 .4 6 3 .6
5 4 .7 7 0 .2 3 7 .8 6 6 . 1 5 8 . 1 8 5 .5 8 6 .3 8 0 .6
6 4 .8 79. I 3 8 .8 7 1 .8 6 7 .3 111 .6 116 .6 9 5 .8
6 1 .4 7 0 .0 3 9 .8 7 3 .8 6 9 .3 77. 1 9 4 .2 7 0 .4
5 8 .4 6 2 .2 4 6 .8 6 1 .3 4 6 .9 6 6 .8 2 2 .2 12 1 .4
5 0 .1 3 6 .4 4 0 .0 6 1 .0 5 8 .3 4 1 .1 9 4 .8 8 2 .1

T ota l 3 3 6 .6 3 7 1 .4 2 2 2 .2 378 .1 3 4 5 .2 4 3 0 .7 4 6 7 .5 5 1 3 .9

I t  w ill b e  n o ticed  th a t  in  th e  first irr ig atio n , th e  lys im eter 
to  w h ich  p h o sp h a te  ro ck  o n ly  w a s  a d d e d  g a v e  th e  h ig h est re­
turn s fo r n itra te  n itrogen , a n d  o f th e  bon e m ea l tests, th e  coarsest 
ran ked  first in  th is  resp ect. I t  is a p p a re n t th a t  th is  d iscrep a n cy  
is due to  an  u n eq u al co n d itio n  o f th e  soil a t  th e  tim e  of being 
p laced in th e  lysim eters, w h ich  w a s co rrec tcd  a fte r  th e  first 
irrigation . In  th e  fo llo w in g  tab les , th e  to ta l a m o u n ts o f the 
e lem ents re m o ve d  in  th e  la st fiv e  irr ig atio n s are  rep o rted  in 
term s o f p ou n d s per acre:

T a b l e  V I I — P o u n d s  ok E l e m e n t s  R e m o v e d  p e r  A c r e  
(C a l c u l a t e d  o n  S u r f a c e  A r e a  o f  L y s im e t e r )

N itra te  nitrogen L im e Phosphor'c acid
L ysim - .------------- *-------------   *--------------- '--------------- . .---------------   .

eter E xcess over E xcess over E xcess over
N o. R em oved check R em oved check R em oved check

1 2 3 .6 7 9 .6 4 .3 9
2 3 9 .6 i é ’6 8 7 .4 ' Ï . 8 6 .4 2 . i
3 3 4 .3 10 .7 5 5 .9 5 .2 0 .9
4 3 2 .3 8 .7 9 1 .9 12,3 5 .4 1.1
5 3 1 .4 7 .8 8 2 .5 2 .9 6 .0 1 .7
6 71 .1 4 7 .5 105.1 2 5 .5 5 .2 0 .9
7 7 3 .7 5 0 .1 113 .9 3 4 .3 8 .1 3 .8
8 2 8 .7 5 .1 123 .8 4 4 .2 5 .0 0 .7

F ro m  th is  ta b le  it  a g a in  ap p ears th a t  th e  fineness o f d ivision  
of bone m eal is a  m easu re  o f its  ra te  o f d eco m p o sitio n  in the 
soil, b ased  on  th e  fo rm a tio n  o f n itr ic  n itro g e n  from  th e  o rg an ic 
m atter in  th e  bon e. I t  w a s  th o u g h t th a t  th e  a m o u n t o f lim e 
found in th e  p erco lates m ig h t g iv e  som e in d ica tio n  o f th e  ra te  
a t w h ic h  th e  lim e p h o sp h ate  w a s  d isso lved  w ith in  th e  soil, b u t 
the resu lts  a re  to o  irreg u lar to  allow' a n y  in te rp re ta tio n . T h is  

is p a r t ly  caused  b y  th e  fa c t  th a t , as in  ly sim e te r  6, w h ere  no 
lim e w a s  a d d ed , th e  ra p id  n itr ific a tio n  o f th e  b lo o d  and  the 
con seq uen t n itra te  n itro g e n  p rodu ced , m ad e fo r an  in crease in 
the lim e w ith d ra w n  from  th e  soil itse lf. A t  th e  sam e tim e, it  
is in te re stin g  to  n o te  th a t  th e  g re a te st a m o u n t o f lim e ap p eared  
in the te s t  to  w h ich  lim e p h o sp h a te  as p h o sp h a te  ro ck  w as add ed, 
and in  w h ich  th e  n itr ic  n itro g en  p ro d u ced  w a s  less th an  in  a n y  
other o f th e  te sts  w ith  th e  exc ep tio n  o f th e  ch eck . T h e  p h o s­
phoric a c id  d eterm in atio n  sh ow ed  th e  g re a te st so lu b ility  in  th e  
case o f th e  p h o sp h ate  ro c k  and  b lo o d  te st, a n d  here th e  lim e 
co n ten t is  secon d  in  q u a n tity  to  th a t  o f th e  ro ck  alon e. In  th e  
bone m eal, th e  d ifferen ce  in  re su lts  is w ith in  th e  lim its  o f ex­
p erim en tal error, b u t  th e  fine b o n e  sh o w s a  g re a te r  so lu b ility  
th an  th e  coarser. T h e  second size  o f b o n e sh ow ed  a  d rop  below  
the ch eck  in  lim e and  w a s  less in  p h o sp h o ric  a c id  th a n  th e  tw o  
coarser b o n es; th e  lim e d rop  is  s ig n ifica n t a n d  p o in ts to  som e 
fau lt in  th e  soil o r its  m eth o d  o f p a ck in g  a n d  n atu re  o f d rain age, 
but th e  n itro g en  tra n sfo rm atio n  w as a p p a re n tly  n o t a ffected .

W h ile  n o t germ an e to  th e  qu estion , i t  is  n everth e less o f in terest 
to  co m p are  th e  re su lts  o f the b lo o d  a n d  r o c k  tests  w ith  th ose

from  th e bon e. W h ere  th e  p h o sp h a te  ro ck  a lon e w as em p lo yed , 
a n  in creased  n itrific a tio n  o f th e  soil n itro g en  to  th e  e x te n t  o f 
5 p er ce n t is n o ted . W ith  one e xcep tio n , a ll th e  d rain ages 
from  th is  te s t  sh o w ed  a  h igh er n itra te  co n te n t th a n  th e  ch e ck . 
O f th e  n itro gen  ad d ed  as b lood , 4 7 .5  and  50.1 p er ce n ts  w ere 
reco vered  in th e  period o f 1 8  w e e k s  as n itr ic  n itro gen , w h ile  
th e  b e st y ie ld  from  th e bon e w a s  16 p er cen t. N itr ific a tio n  o f 
th e  b lo o d  n itro g e n  w as a cce lerate d  b y  th e  a d d itio n  o f p h o sp h a te  
ro ck  ju s t  as w a s th e  soil n itrogen , b u t  to  a  lesser ex te n t. M o re  
ph o sp h o ric  a c id  w a s  fo u n d  in  th e  te st w ith  b lo o d  a lo n e th a n  
in th e  ch eck , w h ich  p o in ts to  a  so lv e n t e ffe ct exerted  b y  th e  fe r ­
m en tin g  a ctio n  o f th e  b lo o d  on th e  soil p h osp h ates.

TEST NO. 4

A  final te s t  w a s m ad e w ith  an  a tte m p t to  m easure th e  a m o u n t 
o f p h o sp h o ric  acid  ren d ered  so lu b le  b y  b a cte ria l a c tio n . In  
th is  te st, q u a rtz  san d  p rev io u sly  d ig ested  w ith  acid  a n d  w ash ed  
w ith  w a te r  till free o f a c id  w as m ixed  w ith  th e  v a rio u s  m ateria ls. 
F resh  sta tio n  soil w a s  sh ak en  th o ro u g h ly  w ith  w a te r , a llow ed  
to  s e ttle  fo r tw e n ty -fo u r hours, and  th e  san d  tests m oistened  
w ith  th e  su p e rn a ta n t liq u id . T w o  series w ere star.ted, b e in g  
a llow ed  to  sta n d  th ree  a n d  fiv e  w eeks, re sp e c tiv e ly . F iv e  g ra m s 
o f th e  v a rio u s  sizes of bon e m eal w ere  p la ced  in 200 g ram s o f 
sand. In  tw o  fu rth e r  tests, b lo o d  a n d  p h o sp h ate  ro ck  or p h o s­
p h a te  ro ck  alon e, w ere  ad d ed , in  a m o u n ts  e q u iv a le n t to  th e  
p h o sp h o ric  a c id  and  n itro gen  c o n te n t o f th e  fine b o n e m eal. A t  
a n a ly sis , th e  c o n te n ts  o f th e  b e ak e r w ere  tra n sferred  w ith  w a te r  to  
a  filter , an d  w ashed  th ro u gh  p a p er u n til th e  ru n n in gs a m o u n ted  
to  300 cc. T h e  en tire  filtr a te  w as a n a ly ze d  fo r p h o sp h o ric  acid . 
In  th e  case  o f th e  p h o sp h ate  ro ck  te sts , th e  filtra te  w a s  v e r y  tu r ­
b id . T h e  resu lts, th erefore , do n o t exp ress w h a t  w a s in so lu ­
tion , b u t rep resen t m ateria l in  so fin ely  d iv id e d  a  co n d itio n  
th a t  it  p assed  th ro u g h  th e  pores o f filter p ap er, an d  w e n t in to  
so lu tio n  im m e d ia te ly  on th e  a d d itio n  o f  a cid . T h e  resu lts  w e re  
as fo llow s:

T a b l e  V III— P h o s p h o r ic  A c id  D is s o l v e d  i n  S a n d  T e s t s  
896.5 M g. o f  P h o s p h o r ic  A c id  A p p l ie d

3 w eeks 5 w eeks T o ta l
Fine bone m ea l........................................... ........................  4 .0 3 .4 7 .4
N o . 2 bone m ea l......................................... ........................  2 .2 3 .8 6 .0
N o . 3 bone m ea l......................................... ........................  2 .6 3 .7 6 .3
Coarse bone m ea l...................................... ........................  1 .3 3 .1 4 .4
Phosphate rock ........................................... .............  5 .1 7 .8 1 2 .9
P hosphate rock and b lood ..................... ............... 7 .5 11.1 1 8 .6

I t  w ould appear from these tests th a t the phosphoric acid  

in fine bone meal is more available than th a t passing a 20 mesh 

sieve b y  23 per cent, and alm ost 70 per cent more availab le than  

th a t passing through a 6 mesh sieve. T h e  tw o interm ediate  

sizes are ab ou t equal, and both superior to the coarsest. T h e  

phosphate rock gave, as w as expected from the appearance of 

the filtrate, a considerably greater phosphoric acid content of 

the filtrate, w hich w as augm ented to  an im portant exten t b y  

the decom posing action of the blood.

S U M M A R Y

T h e results of these tests, based on those from  the 
fine bone meal as 100, m ay be seen from  the follow ing 
com parative tables-

T a b l e  I X — A m m o n if ic a t io n  in  T w o -t h ir d s  S a t u r a t io n

D a y s 2 5 9 11 18
B o n e  m ea l A m m o n ia  n itr o g e n S o lu b le

S iz6  N o .  . -------, n itr o g e n A v e r a g e
1’ 100 100 100 100 100 100
2 32 34 30 55 49 40
3 22 30 ‘ 57 21 34 33
4 19 • 17 30 3 43 22

T a b l e X — N it r if ic a t io n in  H a l f  S a t u r a t io n

D a y s 2 4 7 10 14 17 21
B one m eal A m m onia A m m onia and n itrate nitrogen N itr a te

S iz e  N o . n itr o g e n n itr o g e n A verage
1 100 100 100 100 100 100 100 100
2 85 92 71 92 62 77 57 77
3 66 92 83 62 34 75 54 67
4 53 65 64 60 33 62 52 56
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T a b l e  X I — N it r if ic a t io n  in  L y s im e t e r s

W eek s  
B o n e  m ea l  
S iz e  N o .

1
2
3
4

6 9 12 15 18
A verage

100 100 100 100 100 * 100
77 70 93 38 55 67
55 31 75 38 75 54
58 7 48 46 71 46

T a b l e  X I I — S a n d  T e s t s -
1  100
2   81

-W a t e r -s o l u b l e  P h o s p h o r ic  A cid

 3 ..................  85
 4 ........................... 60

C O N C L U S IO N S

I— T h e fineness of bone meal determ ines the rate 
at which its nitrogenous part will decom pose in the 
soil to  am m onia and thence to  n itric nitrogen.

II— T h e solu b ility  of bone phosphate is d irectly  
influenced b y  b acterial action, and an increased am ­
m onia or n itrate decom position m ay be held to indi­
cate a more efficient phosphoric acid solvent action.

III— Since there is a lim it to  which bone meal can 
be ground to perm it of its convenient handling, fine 
bone meal should possibly be defined as th a t which 
passes through a 50 mesh sieve.

IV — Since, how ever, it is not com m ercially prac­
ticable to prepare so fine a product w ithout also in­
cluding a considerable proportion of the very  fine dust, 
a stan dard of fine bone meal of 65 per cent to pass a 
50 mesh sieve, and at least 90 per cent of the rem ainder 
to  pass a 25 mesh sieve is presented as one to  which 
no reasonable objection  can be offered b y  the dealers, 
and from  which sa tisfactory  results will accrue to the 
crops.

C h e m ic a l  L a b o r a t o r y , E x p e r im e n t  S t a t io n  
H a w a iia n  S u g a r  P l a n t e r s * A s s o c ia t io n  

H o n o l u l u , T . H .

A  R A P ID  M E T H O D  F O R  T H E  D E T E R M I N A T I O N  O F  
C A M P H O R  A N D  O F  C E R T A I N  E S S E N T I A L  O IL S  

W H E N  IN  S O L U T I O N  IN  A L C O H O L

B y  W .  B . D . P h n n x m a n  a n d  W . W .  R a n d a l l  

R e c e iv e d  J u n e  1, 1914

As th e result of series of experim ents carried out in 
this lab oratory  at in tervals during several years, a 
m ethod has been devised for the assay of spirits of 
cam phor and of pepperm int, and of the extracts of 
lem on, orange, pepperm int, anise and nutm eg, which 
appears to  be more rapid and much more accurate 
th an  an y m ethod with which we are fam iliar. T he 
fa cts  which form  the basis of the m ethod m ay be 
grouped under three heads, as follow s:

1— Cam phor and the several oils enum erated above 
are com pletely  expelled from  solution in alcohol, when 
these solutions are m ixed w ith from  four to  ten volum es 
of a strong solution of calcium  chloride.

2— T h e separated  cam phor or oil dissolves w ith the 
greatest ease in low -boiling gasoline, an operation with 
w hich alcohol, at least in the presence of such a cal­
cium  chloride solution, does not interfere.

3— W ithin  certain  fa irly  wide lim its, the volum e of 
the gasoline solution form ed is e x a ctly  equal to  the 
sum  of the volum es of the gasoline itself and the 
solid cam phor (or oil) which has been dissolved.

T he m ethod here described is b y  no means entirely 
new. S ch m ato lla1 'n o ted  th a t when cam phor dis-

I A poth . ZeiL. 16, 290; A bslr. Chem. Cenlr., 1901, 1 (20). 1117; J . Soc. 
Chem. In d ., 20 (1901), 756; A llen’s "Com m ercial Organic A nalysis" (new  
e d .) .  Vol. IV . p. 200.

solves in light petroleum  oil, the volum e-relation 
stated  in “ 3”  obtains. He em ployed a burette grad­
uated in ten th s cc. as a m easuring apparatus, and 
weighed out the cam phor spirit, which was later pre­
cip itated  b y  m eans of saturated  sodium  chloride solu­
tion. W e have secured better results b y  the use of 
calcium  chloride solution, and prefer graduated  milk 
bottles and the use of the centrifuge as m eans of ac­
curate m easurem ent of sm all quantities. A rnost1 
used a som ew hat sim ilar m ethod to determ ine camphor 
in celluloid, correcting for alcohol dissolved. Chit- 
t ic k ,2 we have found since these experim ents were 
m ade, used a m ethod sim ilar to  ours for peppermint, 
precip itatin g the oil w ith w ater and, b y  means of a 
blank, correcting for alcohol dissolved. W e have not 
found w ater à satisfactory  precipitan t, and believe 
th a t m uch tim e can be saved  w ith ou t decrease in 
accu racy b y  the use of pipettes and the avoidance of 
weighings.

T he apparatu s called for consists sim ply of several 
accurate full p ipettes, a B ab cock  centrifuge, and one 
or more accu rate ly  graduated  B ab cock  m ilk bottles. 
If the divisions on the neck of th e bottle  be from o to 
10, then the graduated  portion will contain  ju st 2 cc. 
W ith a m agn ifyin g glass the volum e of a column of 
sup ern atan t solution in the neck of the bottle  can be 
read with accu racy, prob ab ly to 0.008, perhaps to 
0.004 cc.

A s the volum e of gasoline used should not be much 
less than, nor m uch more than  tw ice as great as that 
of the cam phor or oil to be dissolved (if the volume- 
relation m entioned under “ 3”  is to  hold good), it is 
well to work w ith such quan tities th a t not much over 
0.5 cc. of cam phor or oil is to  be determ ined. Thus 
we have found th a t 5 cc. of the alcohol solution serves 
well for strengths from  5 to 15 per cent; 10 cc. is proba­
b ly  b etter for 4 per cent solutions or an yth in g weaker. 
The q u a n tity  of gasoline should in general be some­
w hat greater than  th a t of the oil.

M E T H O D  OF A N A L Y S IS

FO R  S T R E N G T H S  B E T W E E N  7 A N D  I 5 P E R  C E N T----

P ip ette  5 cc. of the solution into the B ab cock  bottle; 
fill nearly to the neck w ith clear calcium  chloride 
solution of sp. gr. 1.37; shake, add exactly 1 cc. of 
gasoline (b. p. 40° to 6o° C .); shake, fill w ith the salt 
solution to near the top of the graduation; stopper 
tig h tly ; shake v io len tly , and whirl in the centrifuge 
a t high speed for abou t five m inutes. If now the salt 
solution is still cloudy, shake th orough ly, and whirl 
again. R ead  the menisci as in a m ilk-fat determ ina­
tion ; i. e., th e low est point of the low er m eniscus and 
the extrem e edge of th e upper. F or exam ple, sup­
pose the readings are 9.32 and 1.77; the colum n cor­
responds to  7.53 ( =  1.51 cc.). Of th is 5.00 ( =  i cc.) 
is gasoline, and 2.55 ( = 0.51 cc.) is oil. Then 4 X 2.55 
= 10.20 = percentage of oil in th e extract.

FO R  S T R E N G T H S  L E S S  T H A N  7  P E R  C E N T  UsC IO  CC.

of the solution and a q u a n tity  of gasoline not more 
th an  tw ice th a t of th e oil or cam phor to  be set free;

' Z . IJnter. N a h r, u. Cenussm ., 12 (1906), 532; A bslr. J . Soc. Chem. In i-. 
25, 1169.

! Proc. A Jin. A m . D airy , Food Sr Drug Off.. 1913, p. 160; Abslr. Chem. 
Abstr., 8 (1914), 1847.
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otherwise the operation is as before. N ow , how ever, 
the volum e of the oil (2.55 in the exam ple given above) 
must be m ultiplied b y  2 to y ield  the percentage.

For stren gth s of 3 per cen t or less, the accuracy 
of the m ethod n atu ra lly  is not as great as in the case 
of those first m entioned. ’ T o  collect w ithout loss in 
the neck of the B ab cock  b ottle  0.2 cc. of oil and 0.2 to 
0.4 cc. of added gasoline (as m ust be done in the case 
of a 2 per cent extra ct), and to read the volum e of the 
resulting solution w’ith accu racy, is not easy; never­
theless we have m et w ith considerable success.

R E S U L T S

c a m p h o r — Using a bottle which had been calibrated 
with the aid of m ercury, the follow ing ty p ica l results 
were obtained:

S tan d ard  10 per ce n t sp irit o f cam p h o r— 5 cc. used w ith  1 cc. 
gasoline. R e a d in g s: 8.38 and 0.87. 8 .3 8 — 0.87 =  7 .5 1 ;
7.51 — 5.00 =  2 .5 1 ; 2 .51 X  4 =  10.04 p e r c e n t .

S tan d ard  5 p er ce n t sp irit— 10 cc. used  w ith  1 cc. gasoline. 
R eadin gs: 8.60 and  1.09. 8 .6 0 —  1.09 =  7 .5 1 ; 7.51 — 5.00
= 2 .5 1; 2 .51 X  2 =  5.02 p er cen t.

S am p le  N o . 6826— R o ta tio n  in d icated  9.93 p er cen t. 5 cc. 
used and  1 cc. gasoline. R e a d in g s: 10.40 and 2.90. 10.40 —
2.90 =  7.50; 7.50 —  5.00 =  2.50; 2.50 X  4 =  10.00 per cent.

S am p le  N o . 6828— R o ta tio n  g a v e  no sa tis fa c to ry  resu lt 011 
a ccoun t o f the m ark ed  clou d in ess of sp irit— b etw een  9.00 and  
9.40 per ce n t in d icated . 5 cc. used  w ith  1 cc. gasolin e. • R e a d ­
ings: 9.00 an d  1 .7 1 . 9 .0 0 — 1.71 =  7.29; 7.29 —  5.00 =  2.29;
2.29 X  4 =  9 .16  p er cen t.

S am p le  N o . 6831— R o ta tio n  in d icated  7.32 per cen t. 5 cc. 
used w ith  1 cc. gasolin e. R e a d in g s: 9.08 and  2.27. 9.08 —
2.27 =  6 .8 1; 6 .8 1 — 5.00 =  1.8 1; 1.81 X  4 =  7.24 p er cen t.

T h e  angles o f ro ta tio n  w ere d eterm in ed  in a ll cases in a  200 
mm. tu b e  a t  20° C . P e rce n ta g es  w ere  ca lcu la te d  011 the as­
sum p tion  th a t  u n der such  co n d itio n s a  10 p er cen t cam p h o r 

spirit sh ow s a  ro ta tio n  o f 8 .22°.

In order to try  out th e m ethod, 68 sam ples were 
assayed, using m ilk b ottles of all sorts, ju st as th ey 
happened to come from  the shelf; prob ab ly forty  
different b ottles were thus brought into use. M an y 
of these, on close exam ination, w'ere clearly  seen to  be 
quite in accu rately  graduated. A ssum ing th a t the 
percentage strength  was actu ally  th a t deduced from 
the rotation  observed, th is m ethod in the 68 assays 
made, showed an average error of 0.25 per cent; in 
each of 22 assays the error was less than  0.10 per cent. 
Other assays w ith calibrated  apparatu s indicated th at 
the errors referred to were in large measure to  be 
charged to the in accuracy of the graduation  upon the 
bottles.

p e p p e r m i n t — Six extracts of pepperm int were made 
from as m any pepperm int oils, and labeled A , B , C, 
D, E and F. From  experim ents m ade w ith these 
extracts, it was found th a t the laevo-rotation s of the 
oils varied from  21.0° to  28.9°. A ssays b y  this 
method gave:

S tated  Cc. used Per cent
stren gth s -̂---------- *----------- * pepperm int

Sa m p le  Per cent E xtract G asoline found
A .....................................................  9 .0  5 1 .0  9 .0 4

5 0 .5  9 .0 0
13............................................................ 1 0 .0  5 1 .0  9 .9 2
C ............................................................ 1 0 .0  5 0 .5  10 .0 0
I>...........................................................  1 5 .0  5 1 .0  15 .04
E ............................................................ 12 .5  5 1 .0  12 .48
F ............................................................ 1 0 .0  5 1 .0  10 .04

An a ttem p t to  m ake an assay of “ C ,”  in which

10 cc. of ex tra ct and 1 cc. of gasoline were em ployed, 
resulted in the figure 11.10  per cent. A p p aren tly , 
alcohol, when present to  such an exten t as th is with
011 of pepperm int, is also taken  into solution. Hence 
it would seem best to  restrict the am ount of pepper­
m int extra ct used (when of about 10 per cent strength) 
to 5 cc.

A 3 per cent ex tra ct gave the follow ing results:
E xtract G asoline Per cent E xtract G asoline Per cent

Cc. Cc. found Cc. Cc. found
10 0 .5 3 .0 6 15 .0 1 .0 3 .3 3
10 0 .5 3 .0 0 12 .5 0 .5 3 .2 3
20 1 .0 1.75 12.5 0 .5 3 .3 6
15 0 .5 2 .9 2

From  a stu d y of these results it would appear th a t 
the m ethod w ill give good results w ith w eak extracts 
of pepperm int, only when the q u a n tity  used is not 
over 10 cc.

Other extracts  analyzed  are reported below :

Strength  Cc. Cc. Per cent 
S a m p l e  Per cen t extract gasoline found

Oil of lem on, A ................... .. 5 10 1 .0  4 .9 2
5 10 1 .0  5 .0 4

Oil of lem on, B ...........................  5 10 1 .0  4 .8 2  (a)
5 10 1 .0  4 .9 6

Oil of orange (sw eet).................... 5 10 1 .0  4 .9 6
5 10 1 .0  5 .0 2

Oil of a n ise ...................................... 3 10 1 .0  2 .9 4
3 10 1 .0  2 .9 8  (6)
3 10 1 .5  2 .8 0  (¿)

Oil of n u tm eg ................................  2 10 0 .2  1.94
2 10 0 .4  1 .88

(а) H ere a notable am ount of solid precip itated insoluble in  gasoline.
(б) C lear solu tion  in gasoline difficult to  obtain .
(c) Probably, as th e volum e-relation , oil : gasoline «  1 : 5 in  th is  case, 

the lim it for accurate results had been passed.

It  will be noted th a t, in the case of th e 'o ils  listed 
above, extracts  of the standard Pharm acopoeial 
stren gths were m ade as well as several of greater 
strength. In addition, U. S. P. ex tracts  were pre­
pared from  oil of wintergreen (3 per cent), oil of cassia 
(2 per cent), and oil of cloves (2 per cent). So far, 
successful results have not been secured w ith these 
extracts. Oil of cassia is too insoluble in gasoline, and 
oil of w intergreen and oil of cloves gave low results, 
possibly because of the presence of phenolic com pounds, 
for the oils were colored dark red and deep violet, 
respectively , w’hen shaken w ith the calcium  chloride 
solution.

Strength  Cc. C c. Per cent
S a m p l e  Per cent extract gasoline found

Oil of w intergreen.......................  3 10 1 .0  2 .4 6
10 1.0  2.68
10 0 .5  2 .3 8

Oil of c lo v e s ...................................  2 10 0 .2  1 .4 0
10 0 .4  1 .40

In m any instances in the course of the experim ents 
here described, there w as throw n out of solution, by 
the calcium  chloride solution, a notable am ount of 
solid particles only slow ly soluble, or en tirely  in­
soluble, in gasoline. T h is m aterial collected as a 
laye r  betw een the tw o solutions; b y  thorough shaking 
and w hirling in the cen trifugc it  could be washed by 
the gasoline and packed into a thin, flat layer. T h e 
question n atu ra lly  arises in such cases where th e lower 
reading of the gasoline colum n should be m ade. We 
have in general follow ed the rule th a t, where the 
solid m aterial m ay be regarded as an im purity  in the
oil— e. g., the green coloring m aterial in ex tra ct of 
pepperm int— the gasoline colum n ■ extends upw ard 
from  its  upper surface; where, on the other hand, the 
solid m aterial is prob ab ly a norm al constituen t of the
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oil, b u t is n ot en tirely  soluble in gasoline, we have 
read from  the low er surface of the solid layer.

So far as our experim ents have gone, no solvent 
other th an  petroleum  oil has been found which possesses 
the peculiar volum e properties m entioned above under 
headings “ 2”  and “ 3.”  In  the case of cassia oil, a 
m ixture of equal volum es of gasoline and benzene 
readily  dissolved th e oil set free, b u t a m arked con­
traction  of volum e appeared to take place on solution. 
O rdinary kerosene oil w ill serve in m any cases, but in 
our experience, the low -boiling oils w ill dissolve es­
sential oils more readily. W e have so far noted no 
case where the volum e relations described under 
“ 3”  above, failed  to hold, provided a petroleum  oil 
was em ployed, and solution took  place readily. Other 
strengths of calcium  chloride solution m ay serve as 
well as th a t  em ployed; we have used only the one.

T his work is to  be continued, and experim ents made 
with other solven ts th a n  gasoline. A n y  results of 
interest th a t m ay be obtained will be published in 
due tim e.

A D D E N D U M

A fter the foregoing paper had been w ritten  and 
subm itted  to  the editor, a suggestion was m ade by the 
P ublication  Com m ittee of T h i s  J o u r n a l  th a t we 
endeavor to replace th e solvent origin ally  called for 
(gasoline of b. p. 40° to 50° C.) b y  some other more 
readily  obtained and more safely  handled. A series of 
experim ents was accordin gly undertaken, under our 
direction, b y  M r. C. O. M iller, in the hope th a t a less 
vo latile  oil w ould be found to serve as well as the low- 
boiling gasoline which we had used. Com m ercial 
benzine w as distilled and fractions collected:

5 0 6o°,  6 0 7 0 ° ,  ................. , 160° to  170°

M r. M iller, who had not, up to  th is tim e, worked with 
the m ethod described in th is paper, w as able to check 
m ost sa tisfactorily  our results as long as he made 
use of the 400 to  500 gasoline which we had em ployed, 
or of the 50° to  6o° benzine fraction , which he had 
distilled; b u t as soon as he attem p ted  to em ploy a 
benzine boiling above 60 variation s began to  m ake 
their appearance; the volum e relation no longer held 
good in all cases. A s a rule too  high results were 
obtained, and the higher the boiling point of the 
benzine fraction  used, the greater becam e the error. 
In addition, w ith repeated shaking and rewhirling 
the percentage of essential oil indicated  continued to 
rise, instead of com ing, as in earlier experim ents, 
q u ick ly  to  a final value. It  m ay be th a t, continued 
sh akin g and rew hirling caused the alcohol present to 
dissolve more and more in the higher boiling oils.

A s a result of these experim ents we are apparen tly  
justified  in advising the use of a gasoline boiling at or 
below  600 C . as applicable in the assay b y  this m ethod 
of spirits of cam phor, and of extracts of lem on, orange, 
pepperm int, anise, and nutm eg. W e have therefore 
changed th e boiling point given  in the b o d y  of this 
article so as to  read 40° to  6o° C.

L a b o r a t o r y  o p  t h e  S t a t e  D e p a r t m e n t  o p  H e a l t h  
B a l t im o r e , M a r y l a n d

S T U D Y  O F  T H E  M E T H O D S  F O R  E X T R A C T I O N S  B Y  
M E A N S  O F  I M M I S C I B L E  S O L V E N T S  F R O M  

T H E  P O I N T  O F  V IE W  O F  T H E  D I S ­
T R IB U T I O N  C O E F F I C I E N T S . II

B y J. W. M a r d e n  a n d  V a n n a  K e.i.iott  

R eceived  A u g u st  I I ,  1914

T h e use of the distribution  coefficient in indicating 
b etter conditions for the extraction  of certain  substances 
from  aqueous solution b y  m eans of im m iscible solvents 
has been shown in a previous com m unication.1 The 
present paper is a continuation  of th a t work, studying 
several more of the com m on m ethods for extractions 
and, if b etter conditions are indicated, suggestions are 
m ade which, it is believed, aid in obtainin g better re­
sults. A lso, a further use of the distribution  coefficient 
is suggested in which, if its value is accu rately  known 
and conditions are strictly  adhered to, it is unnecessary 
to  m ake successive shakings and separations, but with 
one extraction  and a calculation  from  the distribution 
coefficient, the percentage of substance can be de­
term ined.

T he valu e of such a stu d y  w ill be seen from  a con­
sideration of the large num ber of alkaloidal extractions 
th a t it is necessary to m ake in some laboratories and, 
also, of the great varian ce in directions given  b y differ­
ent authors for the determ ination of th e same sub­
stances. M an y an alysts still ex tra ct alkaloids several 
tim es and then  stop to  test a sm all portion of the non- 
aqueous solven t to  ascertain  if the m aterial is all ex­
tracted . T h is is unnecessary because these substances 
a lw ays d istribute them selves in the sam e w ay. The 
sam e num ber of washings th a t w ill rem ove a large 
portion of an alkaloid  will rem ove a sm all portion, 
provided, of course, th a t th e lim its of the solubilities 
are not exceeded in either of the tw o solvents.

It  has been shown th a t b y  a determ ination  of the dis­
tribution  coefficient and a subsequent algebraic cal­
culation  th e num ber of washings can be determined 
for given  volum es of aqueous and non-aqueous solvents 
which are necessary to  extract 99.9 per cent of the 
m aterial in question. T h e distribution  ratio  (d) is in­
d icated  b y  the expression

C on centration  in 10 cc. w ater _ Ci _ ^

C on centration  in 10 cc. non-aqueous solven t C;

T h e algebraic expression for the calcu lation  of the 
num ber of washings necessary for an extraction is

• , xn / da \ "
indicated b y  — = ( , where

*0 +  dal
a = volum e of aqueous solvent, 
e = volum e of non-aqueous solvent, 
d = distribution ratio, as given  above, 
x 0 — original am ount of m aterial to  be extracted  in 

the w ater layer, and 
x„  =  th e am ount of m aterial in the w ater layer after 

n extractions.

T h e expression — = th e fraction  of m aterial in the
*0

w ater layer after n extractions.
For the calculations of (d), the solubilities of chloro­

form  and w ater in each other, excep t in the case of
1 T h is  J o u r n a l , G (1 9 1 4 ), 3 15 .
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strychnine, were assum ed to  be negligible for our pur­
poses and th e volum e of each, upon saturation  w ith the 
other, was taken  as th a t originally used. For ether 
and w ater, how ever, where there seems to be con­
siderable d iversity  of opinion and, since in the case 
of ether and w ater we are seeking an indication of 
better conditions rather th an  absolute accuracy, the 
solubility  of ether in 100 cc. of w ater was assumed 
to be 8 cc. and of w ater in 100 cc. of ether to be 2 cc. 
at 250 C .1 From  a consideration of the w ork of H erz2 
and others, the volum es of these tw o solvents, when 100 
cc. of w ater and 50 cc. of ether were mixed and sa tu ­
rated w ith  each other, were taken  as 104 cc. and 43 
cc., respectively . These are perhaps more n early  the 
true volum es th an  the values previously  taken  (100 cc. 
w ater and 42.2 cc. ether). H ow ever, the final results 
are affected  but little.

T he m aterials used for determ inations were of M erck ’s 
best, carefu lly  prepared for analysis and the alcohol, 
ether, chloroform  or other noil-aqueous solvents were 
of U. S. P. strengths. T h e shakings were made in 
200 cc. glass-stoppered b ottles in a therm ostat regu lat­
ing at 250 C . to w ithin o . i °  C . variation . The therm o­
stat was so arranged th a t six b ottles could be placed 
in a rack  and turned end over end at a rate of 30-40 
revolutions per m inute during a tim e interval of 35— 
40 m inutes. T h e b ottles were then  allow ed to hang for 
a short tim e in th e th erm ostat till the tw o solvents 
were clear; a portion of the non-aqueous solution 
was p ip etted  off and the m aterial determ ined. In 
addition to  th e d ata  as ta b u la ted  in th e previous paper 
the volum es assum ed for both aqueous and' non- 
aqueous solven ts are inserted so th a t the d ata  can be 
more readily  recalculated.

It  m ust be adm itted  at the beginning of th is paper 
th at the valu e of (d) is b y  no means a lw ays a constant 
over ve ry  wide variation s in concentration b u t in most 
cases w ith the concentrations ordinarily used in the 
laboratory, the results were found to be v e ry  nearly 
so and certain ly  can be used to  good a d van tage in this 
work. A  slide rule w as th o u gh t sufficiently accurate 
for the calculations of th is paper. W here m odi­
fications of old m ethods are suggested it is sim ply in­
tended to indicate b etter conditions under which the 
experim ents can be done.

A C O N IT IN E

T he U nited S tates P harm acopoeia suggests the ex­
traction of aconitine w ith  ether from  aqueous solu­
tion m ade alkaline w ith am m onia. The distribution 
ratio was run using xoo cc. of w ater, 5 cc. of N H 4OH  
and 50 cc. of ether w ith  the follow ing result :

T a b l e  I

W t. W t. found in
aconitine 25 cc. ether

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

W t. in ether W t. in w ater & )
layer layer Cone. 10 cc._water.

(V ol. 43 cc.) (V ol. 109 cc .) C one. 10 cc. ether  
0 .0 5 0 8  0 .0 1 8 5  0 .1 4 3
0 .0 7 4 8  0 .0 2 5 2  0 .1 4 2
0 .1 3 3 0  0 .0 4 5 0  0 .1 3 4

A verage, 0 .1 4 0

From this, abou t l/j  of the aconitine rem ains in the 
aqueous layer on one extraction, where equal volum es

1 In th e previous paper these va lu es w ere assum ed to  be 1.2 cc. for 
water in ether and 7.8 cc. for ether in w ater.

* Ber., 31 (1898), 2670.

of the tw o  solven ts are used. W hen 50 cc. of aqueous 
liquid are washed w ith  10 cc. portions of ether (14 
cc. for the first and 10 cc. for the subsequent washings, 
assum ing th a t 4 cc. of the first ether portion saturate 
th e  aqueous layer) the value of (d) would be

0.140 X  50 7.0 .
— or 0.417. It  takes six such

0.140 X  50 +  10 

w ashings, j  =

17.0
i

to extract more than  99 per
.4 /  1 9 1

cent and eight washings for more th an  99.9 per cent 
of the aconitine present. T h is would appear to  be 
a fa irly  good separation b u t there are othej- non- 
aqueous solvents which h ave a greater so lu b ility  for 
aconitine and are less soluble in w ater.

. From  a consideration of these solubilities it was 
found th a t chloroform  and benzene were b etter solvents 
than  ether and it  was judged th a t the distribution  
ratios betw een these substances and w ater w ould be 
more favorable th an  in the case of ether. I t  is difficult, 
how ever, to obtain  benzene sufficiently free from  
thiophenes and other im purities which are not vo latile  
and for th is reason, attem p ts w ith com m ercial benzene 
did not m eet w ith much success.

I t  is difficult to  obtain  good results where (d) is so 
sm all b u t the best set of results, using 100 cc. of w ater, 
S cc. of NH-iOH and 30 cc. of chloroform , is given 
here. , [_ [_ r

W t. W t. found in
acon itine 20 cc. chlor.

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

T a b l e  I I  
A eon, in chlor. A eon, in w ater

layer  
(30 cc.) 
0 .0 9 6 6  
0 .1 3 9 8  
0 .1 6 7 0

layer  
(105 cc.)  
0 .0 0 6 4  
0 .0 0 6 5  
0 .0 1 1 4

id)
0 .0 1 9
0 .0 1 3
0 .0 1 9

A verage, 0 .0 1 7

A  v e ry  few  washings, using even com p aratively  sm all 
volum es of chloroform , would alm ost com pletely  ex­
tra c t th e aconitine. T w o extractions from  50 cc. of 
aqueous solution, containing 5 cc. ( 1 -1 )  NH4OH w ith 
10 cc. portions of chloroform , separate out more than  
99 per cent and three extractions more than  99.9 per 
cent of th e alkaloid . I t  is, m oreover, more convenient 
to use chloroform  than  ether because th e chloroform  is 
heavier than  th e aqueous solution and, hence, in 
our ordinary Squibb sep aratory funnels, can be drawn 
off w ithout the use of another funnel.

T o  prove these conclusions on aconitine, sam ples were 
w eighed out into 50 cc. of aqueous solution which 
contained 5 cc. (1—1) N H 4OH  and the solution washed 
w ith  tw o 10 cc. portions of chloroform .

T a b l e  I I I
W't. T o ta l w t. R esidue in C orrected Percentage

aconitine found chlor. w t. aeon. found
0 .1 0 3 2  0 .1 0 3 5  0 .0 0 1 0  0 .1 0 2 5  9 9 .3
0 .1 0 2 5  0 .1 0 2 6  0 .0 0 1 0  0 .1 0 1 6  9 9 .1

C alcu lated , 9 9 .2

Portions of aconitine were tried in the sam e w ay  using 
tw o portions of ether, 14 cc. for th e first, allow ing 4 
cc. for th e saturation  of th e aqueous layer, and 10 cc. 
for the second. In every  case the sep aratory  funnel 
w as shaken for tw o m inutes and several m inutes 
tim e allow ed for th e separation of the layers. T h is set 
of results appears to  be low , how ever, due, no doubt, 
to  th e d ifficulty in gettin g  an yth in g like a com plete 
separation w ith the ether.
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T ab l e  IV
W t. T ota l w t. R esid ue in C orrected Percentage

acon itine found ether w t. aeon. found
0 .2 0 0 0  0 .1 5 7 0  0 .0 0 0 5  0 .1 5 6 5  7 8 .5
0 .2 0 3 5  0 .1 5 9 2  0 .0 0 0 5  0 .1 5 8 7  7 8 .2

C alcu lated, 8 2 .6

It  is suggested from  the above results, then, th a t 
aconitine be extracted  from  50 cc. of aqueous solution, 
containing 5 cc. ( 1— x) N H 40 H, w ith three 10 cc. por­
tions of chloroform . This will give over 99.9 per cent 
of the aconitine présent.

A T R O P IN E

It  w as found th a t the distribution  ratio  of atropine 
betw een w ater and chloroform  was very  small and th a t 
three washings from  50 cc. of aqueous solution with 
10 cc. portions of chloroform  were quite sufficient for 
all practical purposes.

C IT R A L  I N  L E M O N  O il.

A practical application  of the distribution  ratio 
has been made in the determ ination of (d) between 
lem on oil and 45 per cent alcohol. In the preparation 
of “ T erpeneless”  lem on extract, lem on oil is treated 
w ith 45 per cent alcohol, the alcohol being supposed 
to dissolve out all the citral which is considered the 
a ctiv e  constituen t of this kind of lem on flavoring. 
V ary in g  volum es of lemon oil and 45 per cent alcohol 
were shaken in 200 cc. bottles, the percentage of citral 
in the oil being determ ined before and after the exp eri­
m ent. T he pure lem on oil showed, b y  analysis, 3.61 
per cent of citral. T h e alcohol w as carefu lly  made up 
and checked at 15.6° C . to be 45 per cent.

T able  V
G. citral G. citral G . citral (d)

Cc. Cc. in oil found in W t. in 10 cc. alcohol
alcohol oil used in oil alcohol W t. in 10 cc. oil

100 50 1 .8 0 1 .58 0 ,2 2 0 .0 7 0
150 30 1 .08 0 .8 2 5 0 .2 5 5 0 .0 6 2
100 100 3 .6 1 3 .3 4 0 .2 7 0.081

A verage, 0 .0 7  or */n

W ith  equal volum es of the oil and 45 per cent alcohol 
[although (d) is not a constan t] one part of citral 
goes into the alcohol and thirteen  parts rem ain in the 
oil. From  this it  is apparent th a t it would be difficult 
for the m anufacturers to  get all of the citral. It is 
well know n th a t it is b etter to wash precipitates on 
the filters repeated ly  w ith sm all portions of wash w ater 
th an  once w ith a large portion and this principle is 
eq u ally  true of extractions of this kind. If one volum e 
of lem on oil were shaken out w ith  eighteen volum es of 
45 per cent alcohol, about 60 per cent of the citral would 
be obtained, while, if six portions using three volum es 
for each washing were em ployed, abou t 75 per cent 
of the citral would be extracted.

T h e distribution  ratio  for lem on oil and 50 per cent 
alcohol was also-run to  see if the concentration of the 
alcohol greatly  affected the results. In th is case (d) 
was found to  be abou t 0.2 or Vs- If one volum e of 
oil is extracted  with 18 volum es of 50 per cent alcohol, 
abou t 90 per cent of the citral will be extracted. It 
is better, then, and more econom ical, to use 50 per cent 
alcohol for the extraction  and to  dilute to  the proper 
strength  of alcohol later.

C O C A IN E

T h e distribution  ratio  of cocaine alkaloid  betw een

ether and w ater was found to be ve ry  sm all, in the 
neighborhood of 0.01. If 50 cc. of aqueous solution, 
m ade alkaline w ith N H jO H , are shaken out with 10 cc. 
portions of ether, three w ashings extract more than 
99.9 per cent of the cocaine alkaloid. It was found 
th a t the concentration  of N H jO H  does not affect 
this ratio  greatly.

C O D E IN E

T he distribution  ratio  of codeine betw een 100 cc. 
of w ater, 5 cc. of N H jO H  and 50 cc. of ether was run ■ 
with the follow ing result:

T a b u ; VI
Cod. Cod. in  Cod. in

W t. in 25 cc. ether layer w ater layer
codeine ether layer (43 cc.) (109 cc.)
0 .0 6 8 8  0 .0 1 1 8  0 .0 2 0 3  0 .0 4 8 5
0 .1 2 5 8  0 .0 2 1 5  0 .0 3 7 0  0 .0 8 8 8
0 .2 0 8 6  0 .0 3 6 2  0 .0 6 2 2  0 .1 4 6 4

0

A verage, 0 .9 3 9  =  l/i.w

T h is m eans th a t when using equal volum es of water 
and ether under the above conditions, abou t as much of 
the codeine rem ains in the aqueous layer as goes 
into the ether layer. E xtractio n s from  aqueous solu­
tion  with ether are im practicable. From  a study of 
the solubilities it  would seem th a t ether should extract 
th e codeine b etter th an  it does b u t w ith ether it is 
difficult to  prophesy w h a t the value of (d) should ap­
proxim ate. The aqueous layer containing several per 
cent of ether m akes a much b etter solven t for codeine 
than  pure w ater and nearly as good as eth er saturated 
w ith w ater.

Betw een 100 cc. of w ater, 5 cc. of NH4OH and 30 
cc. of chloroform , th e results w ith codeine were as 
given  in T ab le  V II.

T a b l e  V II
C od. Cod. in Cod. in

W t. in 20 cc. chlor. layer w ater layer
codeine chlor. (30 cc.) (105 cc .) (d)
0 .0 7 3 8  0 .0 4 8 0  0 .0 7 2 0  0 .0 0 1 8  0.0071
0 .1 0 6 0  0 .0691  0 .1 0 3 7  0 .0 0 2 3  0 .0063
0 .1 7 2 9  0 .1 1 2 6  0 .1 6 8 9  0 .0 0 4 0  0 .0068

A verage, 0 .0067

Three washings, using i6  cc. of chloroform  for each 
extraction, would rem ove the codeine as completely 
as could be desired in the an a lytica l laboratory.

T hese conclusions were tried b y  analysis. F ifty  cc. 
of the aqueous solution were washed three times 
w ith io  cc. portions of chloroform :

T a b l e  V III
R esidue Corrected Percentage
of chlor. w t. cod. found

0 .0 0 1 0  0 .2 0 0 1  9 9 .7
0 .0 0 1 0  0 .2 0 0 9  100.3

C alcu lated, 9 9 .9

U sing ether instead of chloroform :
T a b l e  I X

W t. T o ta l R esidue C orrected Percentage
codeine residue o f ether wt. cod . found
0 .1 9 9 7  0 .1 0 5 5  0 .0 0 1 0  0 .1 0 4 5  5 2 .4
0 .2 0 0 0  0 .1 0 8 0  .0 .0 0 1 0  0 .1 0 7 0  5 3 .5

C alcu lated , 4 5 .0

The agreem ent in the case of ether is not so good but 
the results show how m uch b etter chloroform  is lor 
this w ork than  the ether and from  these e x p e r i m e n t s  

a satisfa cto ry  m ethod for the extraction  of codeine 
would be as follow s: D issolve th e codeine substance
in dilute acid, m ake up to  abou t 45 cc., neutralize

(d )
0 . 9 4 3
0 . 9 4 7
0 .9 2 8

W t. cod. T ota l
used residue

0 .2 0 0 7  0 .2011
0 .2 0 0 1  0 .2 0 1 9
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and add 5 cc. of strong N H jO H . E xtra ct w ith three 
10 cc. portions of chloroform , shaking tw o m inutes 
at each extraction  and allow ing the separatory funnels 
to stand after each shaking so th a t the tw o layers of 
liquid separate as com pletely as possible. This method 
gives 99.9 per cent of the codeine present.

C O N IIN E

T rials were made w ith coniine to find its d istri­
bution ratio. T h ey  did not m eet w ith much success, 
however, due to th e failure to obtain  results which 
checked well. Coniine alkaloid is so vo latile  th a t when 
0.14 g. of this substance w as exposed to the lab oratory  
air at the ordinary tem perature where there was a slight 
draft, it lost 93 per cent of its w eight in one hour. 
Even when the alkaloid was changed to the h yd ro­
chloride salt consistent results were not obtained. 
The value of (d) w as abou t 0.05, so th a t three to five 
washings w ith 10 cc. portions of ether would be suffi­
cient to  rem ove from  99 to  . 99.0 per cent of the coniine 
from 50 cc. of aqueous solution, made alkaline with 
NH4OH.

M O R P H IN E

M orphine and its salts present much d ifficulty when 
an a ttem p t is made to extra ct them  from  aqueous solu­
tion because of their insolubility  in most non-aqueous 
solvents. Chem ical literature seems to  give no sol­
vents which are im m iscible with w ater th a t serve very  
satisfactorily  for this extraction. Perhaps the best 
extraction is with a chloroform  and eth yl alcohol 
m ixture from  a saturated  salt solution b u t with such 
a m ethod not much over ‘/io g. could be extracted, 
even after six or seven washings, using only a m oderate 
am ount of non-aqueous solvent for each extraction.

Schaeffer1 has shown recently  th a t morphine can 
be extracted  from  aqueous solution b y m eans of a m ix­
ture of fusel oil and chloroform . The fusel oil m ust 
be especially distilled and dried before use. Schaeffer 
has also shown th a t com m ercial m ethyl alcohol (C olum ­
bian Spirits) dissolves m orphine in the ratio 1 : 1 3 ,  
and a m ixture of equal volum es of m ethyl alcohol and 
chloroform  nearly as well. W hen a 1 : 1  m ethyl 
alcohol-chloroform  m ixture is shaken w ith w ater, how ­
ever, ^practically all of the m ethyl alcohol dissolves in 
the w ater, so th a t th is m ixture could not be used to 
extract m orphine d irectly  from  aqueous solution.

There have been m any other w ays suggested for 
the estim ation  of m orphine, m ostly  for crystallizin g 
the m orphine in ether and subsequent weighing or 
titration. This m ethod and its difficulties for the ex­
traction of this alkaloid  are well know n. T he very 
great num ber of m odifications of this m ethod and sug­
gestions for new ones indicate th a t there is a feeling 
of need for a m ethod which will extract large and sm all 
am ounts of morphine with equal ease and accuracy and 
that an y inform ation  which would help to solve the 
problem would be welcom e to  chem ists who have mor­
phine to determ ine.

It is well known th a t various inorganic salts pre­
cipitate th e higher alcohols from  aqueous solution. Ac-

1 A m . Jour. Pharm ., 85, « 9 .

cording to L in eb arger1 and F ran kforter and F ra r y ,2 
potassium  carbonate is the only substance which is 
capable of salting out m ethyl alcohol, while m any salts 
have been found b y  various investigators which w ill 
sa lt e th yl alcohol.

The distribution coefficient of m orphine was de­
term ined betw een w ater, nearly saturated  w ith K 2C 0 3, 
and m ethyl alcohol, also with a i : i m ixture.of m eth yl 
alcohol and chloroform . It was found w ith m ethyl 
alcohol alone and w ater th a t considerable am ounts of 
K2CO3 w ent through into the m ethyl alcohol and the 
a b ility  of th is liquid to dissolve morphine (as has been 
noted b y Schaeffer) is ve ry  m uch dim inished b y  even 
sm all am ounts Of w ater. An equal volum e m ixture 
of chloroform  and m ethyl alcohol was next tried. V ery  
little  w ater and K 2C 0 3 dissolved in the m ixture. I t  was 
found, how ever, th a t m orphine, under such conditions, 
did not go into the non-aqueous layer as pure m orphine 
but as a definite m ixture of K 2C 0 3 and m orphine, 
which gave b y  titration  ju st tw ice the norm al value of 
m orphine. C h asta in g3 has prepared a com pound 
of m orphine corresponding to the form ula (M )2K 2- 
C 0 3.2H 20. W hen the substance above was ex ­
tracted  and dried, a cream y, am orphous solid was 
obtained which, on standing exposed to the air, 
changed to a white crystallin e condition. Under 
the m icroscope at least three d istin ct crysta ls were 
identified, tw o form s of m orphine and one of K 2C 0 3. 
T his indicates th a t the substance is a physical m ix­
ture in the solid condition b u t in all p rob ab ility  a 
chem ical com pound in solution. A n alysis showed 
th a t the com position corresponded ve ry  nearly to  the 
form ula (M )2K 2C 0 3.2H 20 . T his substance could 
be titrated  very  readily but in extraction  it would be 
exceedingly difficult to rem ove the non-aqueous layer 
w ithout gettin g sm all am ounts of the aqueous liquid, 
which, being a concentrated solution of K 2C 0 3, would 
v itia te  the results.

For this reason, in determ ining the value of (d), 
the non-aqueous liquid could not be evap orated  and 
the m orphine titrated  d irectly. A  portion of the non- 
aqueous liquid was pip etted  off into a sm all beaker, 
the chloroform  evap orated  gen tly  on the hot plate, 
25 cc. of w ater and enough m ethyl alcohol added to 
keep the morphine in solution, 5 cc. of a 5 per cent solu­
tion of B a C lj added and the precipitated  B a C 0 3 
allowed to stand and settle. T he precip itate was 
then filtered off and washed four tim es w ith 2 cc. por­
tions of the m ethyl alcohol-chloroform  m ixture. The 
filtrate was again evap orated  gen tly  on th e hot plate 
until m ost of the m ethyl alcohol was rem oved. T h is 
step is necessary, for too large am ounts of m ethyl 
alcohol interfere w ith the end point of the titration s. 
An excess of standard acid was then added and the 
titration s m ade in the usual w ay, using m ethyl red as 
an indicator. T h e volum e of each layer was determ ined 
in order to m ake the subsequent calculations of the 
distribution  coefficient. B y  observing in a narrow 
cylinder, accurate to 0.1 cc., it was found th a t when

1 L inebarger, A m . Chem. Jour., 14 (1892), 380.
2 Frankforter and Frary, “ Studies in C h em istry /' V ol. I , U n iv . of 

M innesota.
3 C hastaing, Jahr. die Forsch. der Chem., 1881, p. 928 .
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20 g. of K 2C 0 3 were dissolved in 25 cc. of w ater and 
this liquid m ixed w ith 25 cc. of the m ethyl alcohol- 
chloroform  m ixture, there resulted 32.0 cc. of aqueous 
liquid and 23.0 cc. of non-aqueous liquid.

T h e follow ing results were obtained b y  this m ethod, 
using 50 cc. of w ater, 40 g. of K2CO3 and 50 cc. of the 
chloroform -m ethyl alcohol m ixture.

T a b l e  X
W t. W t. found M or. in  M or. in

m orphine in  25 cc. non-aq. layer w ater layer
used non-aq, layer (46 cc.) (64 cc .) (d)

0 .0 6 6 0  0 .0 3 0 2  0 .0 5 5 6  0 .0 1 0 4  0 .1 3 4
0 .1 2 0 5  0 ,0 5 1 2  0 .0 9 4 2  0 .0 2 6 3  0 .2 0 0
0 .1 9 4 3  0 .0 8 9 8  0 .1 6 5 2  0 .0291  0 .1 2 7

A verage, 0 .1 5 4

A lth o u gh  these results are in the same order of m agni­
tude, th e y  are n ot v e ry  constant. T h e d ifficulty seem ed 
to be th a t when the BaCC>3 was precipitated  a little ' 
of the m orphine was carried clown and not easily  washed 
out. T itratio n s w eie tried w ithout the use of BaCU  
to get a titration  tw ice the valu e of the m orphine but 
no more constant results were obtained in th is w ay, 
although th e y  had about the sam e average value of 
(d). If the average valu e reached above, 0.154 or 
V6'5> is taken  for (d) and 5° cc. of aqueous solution 
shaken out w ith 20 cc. portions of th e 1 : 1 chloro- 
form -m ethyl alcohol m ixture, it  would tak e four w ash­
ings to  rem ove 99 per cent of the m orphine present.

T h is m ethod, therefore, suggests a possibility  th at 
m orphine can be determ ined in th is w ay  and th a t fa irly  
large am ounts could be extracted. T h e above results 
are recorded for the purpose of indicating a heretofore 
untried  field, th a t  is, the extraction  of substances by 
means of the alcohols which can be n early  q u an tita tive ly  
salted out from  aqueous solution. I t  is unfortunate 
th a t in th e case of m orphine, m eth yl alcohol can be 
salted out w ith only K2CO3, which salt m ust be com ­
pletely  rem oved before the m orphine can be determ ined. 
If a suitable neutral salt could be found for this p u r­
pose, 110 doubt more satisfactory  results could be 
reached.

T rials were m ade for the distribution  ratio between
\

100 cc. of w ater, n early  saturated  with 35 g. of N aC l, 
and 45 cc. of a 2 : 1 m ixture of chloroform  and ethyl 
a lcohol. T ab le  X I  shows the resu lts:

T a b l e  X I
W t. W t. in W t. in W t. in

m orphine 20 cc. non-aq. non-aq. layer  
(40 cc .)

w ater layer
used liquid (100  cc.) id)

0 .0 3 5 8 0 .0 0 8 5 0 .0 1 6 0 0 .0 1 9 8 0 .4 9 5
0 .0 5 5 2 0 .0 1 1 1 0 .0 22 2 0 .0 3 3 0 0 .5 9 5
0 .0 7 3 6 0 .0 1 7 5 0 .0 3 5 0 0 .0 3 8 6 0 .441
0 .0 9 7 2 0 .0 1 9 4 0 .0 3 8 8 0 .0 5 8 4 0 .6 0 2

A verage, 0 .5 2 8  
or ab out */j

C losely  checking results were not obtained here either, 
the varian ce p rob ab ly  being due to  slight differences 
in w eight of the sodium  chloride. If (d) is equal to 
Vsj it w ould take a t least seven w ashings to  extract 
99 per cent of th e to ta l am ount of m orphine present, 
using 50 cc. of aqueous solution and 25 cc. portions of 
th e eth yl alcohol-chloroform  m ixture after th e aqueous 
solution  is satu rated . T h is w ould m ake a to ta l volum e 
of 175 cc. of non-aqueous solven t and it would, th ere­
fo re , be a tedious task  to extract m orphine in this 
w ay.  ̂ T- >

Since the solu b ility  of m orphine is som ew hat higher

in e th yl alcohol than  in chloroform , a 1 : 1 mixture 
of chloroform  and eth yl alcohol w as tried, using 33 g. 
of N a C l, 0.5 cc.' of N H jO H , 100 cc. of w ater and 50 cc. 
of th e non-aqueous solvent. T h e results indicated 
th a t the m ixture previously  used (about 1 : 3) worked 
b etter, for, as th e alcohol content w as increased, the 
ten den cy of th e N a C l to  com e through w ith the 
m orphine increased and th is in turn  caused much 
trouble.

T h e va lu e of (d) w as also determ ined for morphine 
betw een w ater and a 3 : 1 m ixture of chloroform 
and am yl alcohol. T h e solu b ility  of m orphine is more 
favorable in am yl alcohol but th is alcohol boils at 
such a high tem perature th a t it  is hard to  remove 
b y  evap oration. For th is reason, a lthough numerous 
trials were m ade, only th is one is given  here as being 
the m ost favorab le. One hundred cc. of water, 0.5 
cc. of NH-iOH, 30 cc. of chloroform -am yl alcohol 
m ixture and m orphine hydrochloride were used. Since 
there were no other substances used in  th e solutions, 
20 cc. of the non-aqueous liquid were pipetted off, 
evap orated  and the residue w eighed as morphine.

T able  X I I
W t. in W t. in non- W t. in

W t. W t. 20 cc. non-aq. aq. layer w ater layer
(M )IIC l morphine layer (30 cc.) (100  cc.) GO
0 .0 6 0 0 0 .0 4 5 5 0 .0 1 4 0 0 .0 2 10 0 .0 2 4 5 0 .350
0 .0 7 8 7 0 .0 5 9 8 0 .0 1 9 2 0 .0 2 8 8 0 .0 3 1 0 0.324
0 .0 9 9 3 0 .0 7 5 3 0 .0 2 2 5 0 .0 3 3 8 0 .0 4 1 5 0.367
0 .1 1 9 8 0 .0 9 1 0 0 .0 2 8 4 0 .0 4 2 6 0 .0 4 8 4 0.341

A verage, 0.345

If the average valu e of (d) is taken  as 0.34, it would 
take three washings of 20 cc. each of th e  above mix­
ture to rem ove 90 per cent of the m orphine from 50 
cc. of aqueous solution or six washings to  remove 
99 per cent. T h is w ould, of course, be extrem ely 
tedious and too long for th e a n alytica l chem ist.

x„ / da \
F rom  a consideration of the form ula —  = (■-]

x„ \ e + d a j ’
it is to be seen th a t, if the value of (d) is accurately 
know n, it  is possible to  ta k e  only th e m aterial from the 
first extraction  for a determ ination. If  (d) is known,

and from  th a t, the value of —  ca lcu late d ,1 using the de-
x 0

sired volum es of th e tw o solvents, and then the
am ount of m aterial in the non-aqueous liquid in
the first extraction  estim ated, th is should equal

( - 1 )  of th e to ta l m aterial present. Consequently,

if th e am ount found is represented b y  (W ), the total
W

w eight of m aterial w ill equal (>--)'■ a v
The distribution  coefficient, therefore, opens the 

w ay  to  determ ine, w ith  m uch less labor, substances 
w hich ta k e  continued extractions. I t  m ight be said, 
how ever, th a t when such determ inations are made, 
th e valu e of {d) should be determ ined w ith th at set 
of reagents and som ewhere near the sam e conditions. 
If  results were desired w ithin 1 per cent of the true 
value, about as accurate as m ost of our extraction

*» the fraction of m aterial in  th e aqueous liquid  after one ex­

traction.
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determ inations, this should be of considerable ad­
vantage in the com m ercial lab o rato ry  where m any such 
extractions are made.

The conclusions draw n in the preceding paragraph 
were tested  in th e estim ation  of acetanilid  and sac­
charin and later, m orphine. T h e m ixtures were m ade 
in 150 cc. glass-stoppered bottles and the bottles shaken 
by hand for ten m inutes, th e lab oratory  tem pera­
ture being kept as n early  250 C. as convenient. P or­
tions were p ip etted  off and the m aterials determ ined. 
This checking was not done in a th erm ostat because 
the average a n alytica l lab oratory  does not h ave a 
constant-tem perature bath . T h e determ inations of 
acetanilid and saccharin  are based upon the values of 
(d) as foun d in the previous paper on this subject. 
When acetan ilid  was shaken w ith 30 cc. of chloroform  
and 30 cc. of w ater, containing 5 cc. ( i - i )  NH4OH, 
82.3 per cent of the m aterial should go into the chloro­
form :

expression

T aulk  x i i i

W t. W t. in W t, chlor. i**) X 100
acetanilid 20 cc. chlor. layer (30 cc .) 82.3

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

Percentage
found
100 .5
100.4

T a b l e  X IV
Wt- *n ♦ të) v

W t. 20 cc. W t. in am . acet. y** X  100
saccharin am . acet. layer (30 cc .) 95 .0

0 .1 9 9 0  0 .1 2 7 9  0 .1 9 2 0  0 .2021
0 .2 0 0 0  0 .1 2 9 0  0 .1 9 3 5  0 .2 0 3 8

Percentage
found
101 .5
101.8

It m ight be observed th a t the results here v a ry  with 
the am ount of concen trated  H C 1 used, so th a t th ey are 
good considering the m any errors involved .

W eights of m orphine hydrochloride were shaken out, 
using 50 cc. of w ater, 0.5 cc. of NH.1OH and 30 cc. of 
the chloroform -am yl alcohol m ixture. U nder these 
conditions we should get 63.8 per cent of the m orphine 
in the non-aqueous layer. A lthough d ifficulty was 
experienced in rem oving the am yl alcohol b y  evap ora­
tion w ith ou t loss of m orphine, the results g ive an idea 
of how well the m ethod could be worked.

T a b l e  X V

W t. in
(4) 

W t. in (4) X  100W t. W t. 20 cc. non-aq. Percentage
(M )H C l m orphine "m ixture’' layer 63.8 found
0 .0775 0 .0 5 8 8 0 .0 2 5 0 0 .0 3 7 5 0 .0 5 8 8 10 0.0
0 .0 8 2 8 0 .0 6 2 8 0 .0 2 6 4

P IC R IC

0 .0 3 9 6

A C ID

0 .0621 9 8 .9

The solu b ility  of picric acid betw een w ater and 
several im m iscible solvents, chloroform , toluene, am yl 
acetate, etc., is given  b y  Seidel1 b u t there are no data  
given, nor was there any obtained in this in vestig a ­
tion, which shows, upon calculation, a value of (d) 
sufficiently sm all to m ake a possible q u an tita tive  ex­
traction from  aqueous solution. It  is, m oreover, of

Cx
interest to  know  th a t the expression

C ,
not hold, nor can th e expression 

more than

C 2 

= d
V Q

It is only

= d does

be applied 

w ith theapproxim ately.
1 "The S o lu b ility  of Inorganic and Organic S ub stan ces,” D . V an  

Nostrand Co.

nCi

V c 2
d, where («) equals 1.65 to 1.95,

W hen 30 cc. of am yl acetate  were shaken up with 
50 cc. of w ater containing saccharin  and A1 /2 cc. of 
concentrated I iC l, 95 per cent of the saccharin should 
go into th e non-aqueous layer:

depending upon the organic liquid used as the im m isci­
ble solven t w ith  w ater, th a t (d) is equal to a constant.

Q U I N I N E

B etw een w ater, m ade alkaline w ith NH4OH, and 
chloroform , the distribution  coefficient of quinine 
was found to  be v e ry  sm all so th a t three washings 
from  50 cc. of aqueous solution w ith 10 cc. portions 
of chloroform  w ould nearly com pletely rem ove the 
quinine.-

S T R Y C H N IN E

T here is much varian ce of opinion as to th e best 
m ethod for the extraction  of strychn ine from  aqueous 
solution. Some authors prefer to  use chloroform  while 
others use a m ixture of ether and chloroform . T h e 
U nited States Pharm acopoeia gives the so lu b ility  
of strychn ine in chloroform  as 1-6  and in ether as 
1-5500. A t  first th ought it  would seem th a t the value 
of (d) would be ve ry  much sm aller when a 3: 1 m ixture 
of ether and chloroform  was used for the extraction  
instead of chloroform . B u t in the case of a m ixture 
like ether and chloroform , the ether acts more as a 
m edium  and a diluent for the chloroform  rather 
than  as a hindrance to the strychn ine when dissolving 
in th e non-aqueous layer.

T he distribution  ratio, using 100 cc. of w ater, 2 cc. 
of NH4OH and 30 cc. of chloroform , is given  below. 
D ried strychn ine sulfate w as used for these trials.

W t. dry  
strychnine  

sulfate  
0 .0 5 7 0  
0 .0 9 4 9  
0 .1621

Wrt. 
strych . 
0 .0 4 9 8  
0 .0 8 2 8  
0 .1 4 1 7

T a b l e  X V I  
W t. found W t. in  chlor. W t. in 

in  20 cc . layer  w ater layer  
chlor. (29.5 cc.) (100.5 cc .) (d )

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

A verage, 0 .0 0 3

In this case, where (d) is so sm all, the solu b ility  of 
chloroform  in w ater and vice versa was tak en  into con­
sideration. T h e solu b ility  of chloroform  in w ater 
is abou t 0.5 cc. per 100 cc. of w ater and, hence, the 
volum e of chloroform  at equilibrium  was assum ed 
to  be 29.5 cc. and of w ater, 100.5 cc.

T h e results show th a t (d) is v e ry  low and t h a t ’ 
tw o  washings w ith 10 cc. portions of chloroform  would 
extract 99.9 per cent of the strychnine, provided, of 
course, th a t none of the m aterial was lost around 
the stoppers of the sep aratory funnels, etc.

W ith  100 cc. of w ater, 2 cc. of NH4OH and 30 cc. 
of the 1 : 3 chloroform -ether m ixture, the value of (d)
is som ew hat larger.

T a b l e  X V II
W t. dry W t. found in W t. in non- W t. in

strych n in e W t. 10 cc. non-aq. aq. layer w ater layer
sulfate strych . liquid (22  cc.) (106 cc.) (<*)
0 .0 5 0 3 0 .0 4 4 0 0 .0 1 4 0  0 .0 3 0 8 0 .0 1 3 2 0 .0 8 9
0 .0 5 8 7 0 .0 5 1 3 0 .0 1 6 3  0 .0 3 5 9 0 .0 1 5 4 • 0 .0 8 9
0 . 1717 0 .1 0 2 3 0 .0 3 3 0  0 .0 7 2 6 0 .0 2 9 7 0 .0 8 4

A verage, 0 .0 8 7

One washing, using 10 cc. of the m ixture and 50 cc. 
of aqueous liquid , would extract 66 per cent of the to ta l 
am ount and tw o washings 90 per cent. I t  tak es four 
such washings to extract 99 per cent of th e strychnine 
present.

T ria ls were m ade to prove these conclusions. Ex-
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traction s were m ade w ith tw o  10 cc. portions of chloro­
form  from  50 cc. of aqueous solution, m ade alkaline 
with 0.5 cc. of NH4OH:

T able  X V III
W t. 

strychnine  
used  

0 .1 5 9 4  
0 .1 5 9 4

T ota l 
wt. 

found  
0 .1 6 2 3  
0 .1 6 2 2

Corr. for 
residue 

in chlor. 
0 .0 0 1 5  
0 .0 0 1 5

Corrected Percentage  
w t. found

0 .1 6 0 8  10 0.8
0 .1 6 0 7  100 .8

C alcu lated, 100 .0

Using 50 cc. of w ater, 0.5 cc. of N H jO H , one 10 cc. 
portion of the 3 : 1 ether-chloroform  m ixture and 
4 cc. of eth er (allowed for satu ratin g  the w ater) for 
th e first extractio n  and 10 cc. of the m ixture for the 
second extractio n , the follow ing results were reached:

w t .
strychnine

used
0 .0 6 3 8
0 .0 6 2 6

T ota l
wt.

found
0 .0 5 8 2
0 .0 5 7 0

T a ble  X IX  
Corr. for 
residue in 

ether-chlor. 
0 .0 0 1 0  
0 .0 0 1 0

C orrected Percentage 
w t. found

0 .0 5 7 2  8 9 .7
0 .0 5 6 0  8 9 .5

C alculated, 9 0 .8

W e m ust conclude, then, th a t chloroform  alone is to 
be preferred in th is extraction. It  is possible th a t 
some authors m ay have other reasons for using the 
m ixture.

C O N C L U S IO N S

I— T h e distribution  coefficients of a num ber of 
substances have been studied w ith a v iew  to  finding 
the best set of conditions under which to m ake ex­
tractions.

II— It has been shown th a t chloroform  serves to 
extra ct aconitine and codeine from  aqueous solution 
b etter th an  ether. C hloroform  extracts strychnine 
b etter than  m ixtures of chloroform  and ether, as 
suggested b y m any authors, w hile ether serves very 
satisfactorily  for the extraction  of cocaine alkaloid.

I I I— T h e distribution of c itral betw een lemon oil 
and 45 per cent and 50 per cent alcohol has been dis­
cussed from  this point of view.

IV — A  stu d y  of the extraction  m ethods for mor­
phine has been m ade and none has been found to be 
short and accurate for the an alytica l chem ist.

V — Under m orphine, a use of the distribution ratio 
has been suggested to avoid laborious and continued 
extractions.

S o u t h  D a k o t a  F oo d  a n d  D r u g  D e p a r t m e n t  
V e r m il io n , S o u t h  D a k o t a

LABORATORY AND PLANT
T H E  E X P L O S I B I L I T Y  O F  G R A IN  D U S T S 1

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

R eceived  October 8 , 1914

As a result of a num ber of explosions in grain mills 
and industrial plants in this cou n try  and in Europe, 
and more especially as a result of an explosion in a feed- 
grinding p lant at B uffalo, N ew  Y o rk , in June, 1913, 
b y  which th irty-th ree men lost their lives and up­
w ards of seven ty  were injured, a cooperative m ovem ent 
betw een m illing interests generally and the Bureau of 
M ines was arranged for the purpose of m akin gs scientific 
stu d y  of the exp losibility  of grain dusts, and of m ethods 
pertaining to  the prevention of such explosions. T he 
m illing interests were represented in the conduct of the 
work b y M essrs. Law rence E . H arm on, President of 
B uffalo C ereal C om p an y; Frank F. H enry, M anager 
W ashburn -C rosby C om p an y; and George P . U rb an ,S ec­
reta ry  G eorge U rban M illin g C om pan y, all of Buffalo, 
N ew  Y o rk .

T h is w ork was started  A u gu st 1, 1913, being placed 
under the direction of Prof. George A . H ulett, C hief 
C hem ist of the Bureau of M ines. D avid  J. Price 
was assigned to  the field-engineering work, and on 
F eb ru ary  1, 1914, Dr. H. H. Brow n began a labora­
to ry  stu d y  of the problem .

D uring the prelim inary stu d y  thirteen  explosions 
were in vestigated  which have occurred since 1905. 
Three of these took  place in Iow a, three in N ew  Y o rk , 
tw o in Illinois, and one in V erm ont, In dian a, Kansas, 
Ohio and Texas. These explosions were classified 
am ong the various lines of m illing as follow s: Cereal
mills, 4; elevators, 3; feed mills, 2; starch factories,- 2; 
glucose fa cto ry , 1; flour mill, 1. It is reported th at, 
as a result of these explosions, at least 78 men were

1 A bstract of a Prelim inary R eport by D avid  J . Price and Harold H. 
Brown, published by the M illers’ C om m ittee of Buffalo, N . Y.

killed and 119 injured. The to ta l dam age to property 
exceeded $2,000,000. ,

Since 1911 four explosions h ave occurred in Europe, 
tw o in dextrine works, one in a provender mill, grinding 
peas, beans, and w heat, and one in a linseed mill. As 
a result 47 men were killed and 119 injured.

In order to m ake a lab o rato ry  stu d y  of the problem, 
sam ples of the follow ing dusts were collected, and the 
conditions under which th ey  were produced were studied:

1— D usts produced during the process of elevating 
and handling grain, and know n as elevator dusts

2— W heat-flour dusts from  rolls, bolters, purifiers, 
conveyors, packin g m achines, etc.

3— W heat-flour dusts from  beam s, rafters, elevator 
heads, etc.

4— D usts produced during the cleaning of oats
5— D ust from  grinding w hite corn
6— D ust from  grinding yellow  corn
7— D ust from  grinding oat hulls
8— O atm eal dust from  packing m achines
9— Floor dusts from  elevator sweeping
10— O at-groat dusts after aspirator
These dusts were first analyzed  in the U nited States 

Food and D rug L ab orato ry , C hicago. Determ ina­
tion of m oisture, ether extract, proteins, crude fiber, 
ash, and nitrogen-free extra ct or carbohydrates, were 
m ade, to ascertain, not only the chem ical nature of 
the m aterials, b u t also wherein th e y  m ight differ from 
the grains from  which th ey  originated.

E xperim ents were then  started  in th e Bureau of 
M ines, P ittsb u rgh , to determ ine the ignition-tem pera- 
ture of these dusts, using the m ethod of Wheeler. 
T his consisted in forcing the dust in a cloud through a

1 “ R eport on th e  Inflam m ability  and C apacity  for T r a n sm itt in g  Ex- 
plosions of C arbonaceous D u st, L iable T o  Be G enerated on Premises, 
under the Factory  and W orkshop A cts,"  1913. R . V. W heeler.



N ov., 1914 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 93 5

glass tube, 3 inches in diam eter and 55 inches long, 
against a heated platinum  coil, which was 1 5 . 7 5  

inches from  one end of the tube. T he tem perature 
of the coil was obtained b y  a P t-P tR h  therm ocouple, 
havin g its hot junction  within the quartz tube upon 
which the coil was wound. Using this m ethod, W heeler

determ ined the ignition -tem pcrature— tem perature of 
propagation— of m any dusts, obtaining results varyin g 
from  805° C. for sugar, 960-1035° for starch, 990° 
for oat husks, 995° for grain (flour-m ill), to 1060° 
for flour and 1100° C. for castor-oil meal. The re­
su lts obtained upon grain dusts b y  the author varied

E x p l o s io n  in  B u r e a u  o p  M i n e s  I n f l a m m a b il it y  A p p a r a t u s  
N o . 35, W h e a t — P r e s s u r e , 1 i .6 P o u n d s  

D u s t  f ro m  S id e w a l l s  o f  E l e v a t o r , D r ie d

from t;95° C . for oat and corn elevator dusts, 1015° 
for feed dust from  dust collector, 1020° for ground 
oat hulls, 1025° for yellow -corn dust, to 1 1 1 5 0 for w heat 
elevator dust and 1235° - i  270° for flour dusts. W heeler 
w orked with sam ples which had been dried at 107 0 C .; 
the author used the sam ples as received from  the mill.

W hile th is w ork gave the relative  ignition-tem pera- 
tures it  did not give the low est tem perature of ignition 
or the relative inflam m ability. This la tter  was de­
term ined b y  m eans of an apparatu s developed in the 
Bureau of M ines. It  consists of an explosion flask 
of about 1400 cc. (85.36 cubic inches) cap acity  havin g 

tw o tubulures, a platinum  coil, a device 
for driving a dust cloud against the coil, 
and a C rosby pressure-gauge for m easuring 
the pressure developed'. In  each deter­
m ination 50 mg. (0.00176 oz.) of the dust 
are forced in a cloud against the coil, 
which has been previously heated to  a 
known tem perature determ ined b y  a th e r­
m ocouple. T he tem perature is th a t inside 
the coil and, therefore, higher than  the 
actual tem perature on the outside of the 
coil. T he dust is ignited by the heated 

coil and a pressure developed w ithin the flask, which 
is registered b y  the gauge. The relative inflam m a­
b ility  at an y tem perature is m easured b y  the d if­
ference in the pressures developed w ithin  the flask.

D eterm inations were m ade of pressures developed 
b y the different dusts, as received and dried at 105 0 C ., 
when th e y  were forced against the coil heated to  1200°, 
1100°, io o o ° and 900° C. As no stan dard has been 
taken" for carbonaceous dusts, other than coal dust, 
P ittsburgh stan dard coal dust, which is v e ry  constant 
in its properties, and which is used as a standard in 
the Bureau of M ines, was taken as a stan dard and all 
determ inations run against it and checked against the 
average value obtained for it at each tem perature.

T ables and curves are given  which indicate th a t m ost, 
if not all, th e 'g ra in  dusts are more inflam m able than  
P ittsburgh  stan dard coal dust, higher pressures being 
developed in m ost cases, and especially  so at the 
lower tem peratures. The results also seem to  in d i­
cate th a t th e : dusts from  oats and yellow  corn are more 
inflam m able than those from  w heat or other grain. 
H ow ever, the results are only .very prelim inary and it 
is possible th a t later w ork will change this supposi­
tion, and probably will change the curves, extending 
them  to still low er tem peratures.

It is interesting to 'n o te  the difference in the in ­
flam m ability of the dried and undried dustu. In 
nearly every  case the pressure developed was appreci­
a b ly  increased after drying. T hree are especially  
noticeable. These gave 0.5 pound pressure or less 
a t 1200° when undried and over 8.0 pounds when 
dried, P ittsburgh  standard coal dust giv ing 9.0 pounds 
at the sam e tem perature. T h is is an indication of 
w hat m ay be expected when the hum id ity  of the air is 
decreased.

E xperim ents carried out b y  the Bureau of M ines' 
have shown th a t an explosion could be produced when 
there was only 0.03? ounce of coal dust suspended 
in each cubic foot of air, or one pound in 500 cubic 
feet of air. In the experim ents of M . J. T affan el, 
at the Lievin  E xperim ent Station in France, in one 
instance as low a w eight as 0.023 ounce of coal dust 
per cubic foot of space was sufficient to produce an

1 “ T h e E xplosib ility  of Coal D u st,” Bull. 20 , Bureau of M ines, p. 102.

E x p l o s io n  in  W h e e l e r 's  A p p a r a t u s — N o . 61, Y e l l o w  C o r n — 1150° C . (2 102° F .)  
D u s t  f r o m  F ir s t  B r e a k  in  D ry  M il l in g , a s  R e c e iv e d
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SA M PLES DRIED IN ELECTRIC  OVEN AT 105 DEC. CENT.

a Screened through 2QPmesh screen 
b Screened through 100 mesh screen
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ignition. Since prelim inary experim ents already con­
ducted indicate th a t m any of the grain dusts have 
re lativ e ly  a low er ignition-tem perature th an  m any 
kinds of coal dust and are re lativ e ly  more inflam m able, 
it  m ay be possible th a t an ignition of dust of th is nature

m ight be produced w ith  a sm aller proportion  per cubic 
foot th an  is n ecessary for coal dust.

D uring th e in vestig ation s it  has developed th a t the 
follow ing causes h ave been assigned to  m any of the ex­
plosions in m illing plants in th is cou n try  and abroad:
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1— Use of open lights, or naked flam es, such as lam ps, 
torches, gas jets, lanterns, candles, m atches, etc.

2— P ro p erty  fires.
3— In troduction  of foreign m aterial in grinding 

machines.
4— 1E lectric  sparks from  m otors, fuses, switches, 

lighting system s.
5—— S ta tic  e lectricity  produced by friction  of pulleys 

and belts, grinding m achines, etc.
T he in vestigation  has in dicated  th a t a large num ber 

of the recent explosions and fires h ave been caused b y  
the in troduction  of foreign m aterial into grinding
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machines. I t  w ould appear th a t a possible m eans of 
prevention w ould be to devise some system  b y  which 
the foreign m aterial m ight be rem oved before it  reached 
the m ill.. Other preventions suggested are: a com plete 
electric-lighting system , th e use of portable electric 
lam ps instead of lanterns or naked lights, th e in­
closing of the electric-light bulbs in strong wire guards 
or protectors, and the possible use of vapor-proof 
globes, and the locatin g of all fuses, sw itches, starting 
boxes, m otors, etc., a t points where no dust is present. 
It is also advised  to have the receivin g bins from  the 
grinding m achines as sm all as p ractica l w ith the 
operations, as increased size gives increased space for 
dust clouds and, therefore, op p ortu n ity  for a more v io ­
lent and destructive explosion.

T H E  R E C O V E R Y  O F  T H E  S P E N T  L I M E  F R O M  
C A U S T I C I Z I N G  O P E R A T IO N S

B y  J a m e s  H .  P a y n e  

R eceived  Septem ber 30, 1914

T h e disposal of th e large quan tities of lim e sludge 
th at are d aily  produced in the cau sticizin g operation

is

a Screened through 200 mesh screen 
b Screened through 100 mesh screen
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b y those pulp mills using the soda or the “ su lfa te”  
process and b y the alkali works has long been a serious 
problem  for a num ber of the mills. In m ost cases it 
is not law fu l to  dum p th is m aterial into the stream s, 
hence the nearest availab le low ground is used as a 
dum ping pond. These ponds have in m any instances 
grown to alarm ing proportions, often using space th a t 
is .needed for p lant extensions.

A n other and a more im portant phase of the problem  
is th a t this w aste lim e itself carries so m uch poten tial 
and actual value th a t it should not be throw n aw ay  
after all. I t  is doubtful if in the average soda pulp 
mill practice the am ount of alkali th a t goes to the d u m p  
w ill fall below  1V2 per cent calculated  as sodium  hy->- 
drate. T h is means a .value of abou t 30 cents per ton_ 
T h e average price paid for lim e is p rob ab ly  $4.00 per- 
ton delivered into the plant. T he actu al u ltim ate' 
cost of disposing of lim e mud varies at different plants 
w ith conditions, b u t w ill n ot fa ll below 25 cents per 
ton in an y case, all factors being taken  into  considera­
tion. T his w aste lim e, therefore, represents a possible 
value of n ot less th an  64.50 per ton  to the avera ge  
pulp mill or alkali w orks if burned b ack  to q uicklim e. 
In other words, the mill can afford to spend S4.50 per 
ton  upon a recovery  process and still break even .

Som e tw o years ago the w riter m ade a s tu d y  of th e  
problem  sim ultaneously for a large alkali w orks and 
a pulp mill. B urning tests of their sludge were m ade 
in a 2o-foot test kiln , and all availab le data were su b ­
m itted  to them . A fter due consideration, both of 
these com panies have installed recovery plants which 
are now in successful operation.

A  brief sum m ary of th e facts in the case m ay be of 
interest to  the readers of T h i s  J o u r n a l .

S T A T E  OF T H E  A R T

A b ou t 1900, one of the large pulp mills installed a 
ro ta ry  kiln  6 ft. in diam eter and 60 ft. long preceded 
b y  a ro ta ry  driver 4 ft. in diam eter and 40 ft. long which 
used the hot gases from  the kiln. A  10-ft. producer 
was used to  furnish gas. T h e results were so un­
satisfactory  as regards o u tp u t and fuel econom y th a t 
the sim ple 4-ft. driver was later replaced b y  a R uggles- 
C oles drier, with a fan at the outlet of the system  to 
produce sufficient draft. T h is introduced a dust 
trouble so serious th a t the p lant has n ever been able 
to  operate successfully.

A b o u t the sam e tim e the W estern beet sugar plants 
began to  use the ro ta ry  kiln  for re-burning their 
spent lim e. T h e results in their case were en tirely  
satisfa cto ry  and to d a y  a num ber of kilns are in opera­
tion. T h e size, a t first 6 ft. X  60 ft., has later been 
increased to  7 ft. X  60 ft. and even larger. B eet 
sludge differs from  causticizin g mud in th a t it contains 
less alkali and is of coarser grain, so th a t  filter cakes 
with as low  as 35 per cent w ater can be produced. T hese 
plan ts use oil as fuel exclusively.

A b o u t 1905 one of the alkali works installed a ro ta ry  
kiln 6 ft. X 100 ft. for re-burning causticizing m ud. 
T h e ro ta ry  was preceded b y  a tunnel system  of d ry in g 
the cakes which used waste heat from  th e kiln. A fte r  
dryin g, th e cakes were crushed to  about 1 in. size and 
fed to the kiln. T h e tunnel system  seriously inter­
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fered with the draft and the dry feed produced an ex­
cessive am ount of ,dust. T h is installation  is now, 
however, w orking satisfactorily , a fter being rem odeled 
several tim es.

In Sweden and other E uropean countries several 
pulp m ills using very  long kilns 100 to  125 ft. in 
length, are now reburning their sludge successfully, 
in spite of the high price th e y  have to p a y  for fuel.

In the P ortlan d  cem ent in d u stry  it is now standard 
practice to furnace m aterial ve ry  sim ilar to lim e sludge 
according to  w hat is know n as th e “ wet process”  of 
cem ent m anufacture. A m ixture of lim estone and clay 
is ground to 100 mesh, m ixed w ith 35 per cent w ater 
and  fed d irectly  to kilns 7 to  9 ft. in diam eter and 120 
to 180 ft. long. In passing through, it is heated to a 
tem perature of 2700° F. b y  a je t of pow dered coal, 
oil or gas, w hich burns the lim estone first to lime 
and then  at the high tem perature clinkers or fuses the 
lime with th e c lay . E xperience has shown th a t a 
kiln  8 ft. X 125 ft. will handle 120 tons of m ixture on 
a d ry  basis per 24 hours w ith a consum ption of 434 
lbs. pow dered coal per ton, heatin g sam e to  2700° P.

It is also now stan dard practice to burn lim estone to  
quicklim e in ro ta ry  kilns. T he lim estone is crushed 
to about "A in. and fed d ry  through kilns 6 to 8 ft. 
in d iam eter and 100 to  150 ft. long, fired with producer 
gas. A  kiln 6 ft . X  100 ft. will handle 75 tons lim estone 
per 24 hours w ith a consum ption of 210 lbs. coal fed 
to  producer per ton  of lim estone, th is coal also fu r­
nishing the pow er to  drive the kiln. F igu red 'to  q u ick­
lim e th is is 45 tons of lime produced w ith 350 lbs. coal 
per ton.

The stan dard practice in burning cem ent m ixture 
b y  the d ry  process is for a 6 ft. X  100 ft. kiln, under 
sim ilar conditions as in lim estone burning, 340 lbs. 
coal per ton of m ixture, or 520 lbs. per ton of clinker 
produced. T h e fuel consum ption for an S ft. X  125 
ft. k iln  is about the sam e, although the cap acity  is 
m uch greater.

F U E L  R E Q U IR E M E N T S

A com parison of these figures shows th a t the fuel 
required to  burn d ry  lim estone to lim e in the rotary  
kiln  is only tw o-thirds of th a t required to burn dry 
cem ent m ixture to  cem ent. Further, we find th a t the 
fuel used in the w et process is 30 per cent higher than 
in the dry. Therefore, the fuel required to  burn wet 
lim e sludge m ay be safely figured to  be 30 per cent 
higher th an  the figures for dry lim estone, or 210 
plus 30 per cent, which is 270 lbs. coal per ton dry 
sludge, or 470 lbs. per ton of quicklim e.

It is to be regretted  th a t neither of the installations 
th a t h ave recen tly  been put into operation are provided 
w ith independent gas supplies so th a t the fuel can be 
m easured w ith sufficient accuracy to  verify  the above 
figure. One p lant uses natural gas from  the service 
m ains, and the other uses producer gas from  a main 
used in com m on b y  other furnaces. There is every  ind i- 
eation th a t the estim ate is correct. For instance, the 
natural gas burner was designed am ply large for fear 
the estim ate m ight be low. On sta rtin g  up, this burner 
proved to  be tw o  sizes too large and had to  be replaced 
b y  a sm aller one.

D IS T R IB U T IO N  OF C O STS

A s only -two men are required per shift, over and 
above those th a t would be required to  place the sludge 
upon the dum p or otherwise dispose of i t ,  it is apparent 
th a t the principal item  is fuel. As tw o men can handle 
a kiln capable of turnin g out 50 tons lim e per day as 
easily  as th e y  can one turnin g out 25 tons it follows 
th a t the labor cost varies w ith cap acity . Fuel charges 
should be abou t th e same.

R epairs are v e ry  low  to  the m oving parts of a rotary 
kiln, as there is so little  to wear out. T h e life of a kiln 
is 20 years, w ith  a replacem ent of the rolls and bearings 
ev e ry  tw o years. R epairs to the lining m ay be safely 
assum ed to  be tw o relinings a year for half the length 
of the kiln. A  gas producer requires lining about once a 
year.

P ow er required for a cap acity  of 30 tons lime per day 
is 20 H. P. for the kiln, 5 H. P . for the feeding mecha­
nism, and 5 H. P. steam  for blow ing the producer.

T he total in vestm en t for a 30-ton p lan t would be 
abou t $17,000 and interest and depreciation are figured 
a t 10 per cent.

T h e cost sheet for a 30-ton plant using producer gas 
is, therefore, as follow s:

Fuel 500 lbs. coal at $3.00 net to n ...................................................  $ 0 ,7 5 0
Labor 2 m en at $2.50, and 2 men a t $ 2 .0 0 ..................................  0 .3 0 0
R epairs (including one lining per year at $ 9 0 0 ) ........................  0 .155
Power 30 H. P. at $40.00 per y ea r .............. .................................... 0 .1 1 0
Interest and d ep reciation ...................................................................... 0 .1 9 5
T axes  and insurance........................................   —  0 .0 4 0
Y ard labor, supplies and m iscellan eou s.........................................  0 .1 5 0
U nforeseen 10 per c e n t ........................................................................... 0 .1 6 0

T o t a l  C o s t  p e r  T o n  Lim p;.................................................................  $ 1 .8 6 0

These figures indicate th a t lime sludge can be re­
burned far more cheaply than  new lim e can be bought, 
and th a t a re-burning plant is a good investm ent even 
for the alkali w'orks th a t burn their lim e from  their 
own quarries.

Q U A L IT Y  OF T H E  R E C O V E R E D  L IM E

T here rem ains the question of q u ality  of the re­
covered lim e. This depends to a great exten t upon the 
q u a lity  of the original stone from  w hich it w as pro­
duced. If the stone is pure and free burning the sludge 
produced from  it is of coarse grain and is also free burn­
ing, retaining th is prop erty  after repeated trips through 
the circuit. C ertain  sludges tested b y the w riter in a 
20-foot test kiln have shown a tenden cy to roll into 
hard lum ps which it  w as im possible to  burn com pletely 
to  the center of, a lthough nothing unusual could be de­
tected  from  their analyses or appearance except that 
th ey were of extrem ely fine grain.

It  is, of course, im possible to  re-burn the same lime 
indefinitely as it grad u ally  becom es contam inated 
from  constan t use, m ainly from  the lining of the kiln. 
T h e custom ary practice is to  introduce a certain  quan­
t ity  of new lime into the circu it periodically. T his usu­
a lly  am ounts to  abou t 15 per cent of the lime used.

C om p arative  causticizin g and settlin g tests made 
upon fresh lim e and recovered lime show th a t re­
covered lime slakes more slow ly and, therefore, caus- 
ticizes more slow ly, but ev en tu a lly  show's the same per­
centage of cau sticity . On the other hand it settles 
m uch more rap id ly , due to its coarser grain and slower 
hydration . Therefore, it is safe to sa y  th a t any time
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lost in causticizin g the liquor is m ade up in settling 
tim e.

D U S T  A N D  H E A T  L O S S E S  I N  B U R N IN G

C o n tra ry  to the usual supposition, there is p rac­
tica lly  no dust produced by a properly designed 
plant.

A t  one of the plants now in operation the tem pera­
ture of the w aste gases as th e y  leave the kiln is m ain­
tained around 350° F ., which is about the lim it even 
for good boiler practice.

C O N C L U S IO N S

The developm ent of the long rotary  kiln in the ce­
m ent ind u stry  together w ith im proved m ethods of 
filtration  and dew atering have m ade the recovery of 
th e lim e sludge from  causticizin g operations a per­
fe c tly  sim ple and feasible proposition. T o  all soda 
fiber mills and to m ost alkali w orks there is such a 'w ide 
m argin of profit th a t an installation  cannot but be a 
profitable investm ent, one like ly  to p ay  for itself in 
tw o or three years.

20 2  N o r t h  C a l v e r t  S t .
B a l t im o r e , M d ,

A  L A R G E  IN C U B A T O R  F O R  L A B O R A T O R Y  U S E

B y  F .  A l e x  M c D e r m o tt  

R e c e iv e d  J u n e  2 9 , 1914

In view  of the large num ber of incubators for la b ­
o ratory  use which have been described or listed in 
the catalogues of dealers in chem ical apparatus, it 
m ight seem th a t the design of further apparatus of 
this typ e was rather superfluous. H ow ever, the 
apparatu s here described has proven so easily and 
cheaply constructed and set up and so satisfactory  
th a t it is believed others m ay profit from  our expe­
rience w ith it.

The first incubator constructed on the plan here 
described was 5 ft. long, 3 ft. high and 2 ft. deep o u t­
side. The walls, including top, bottom  and doors, 
were m ade of tw o thicknesses of one-hdlf inch poplar, 
separated b y a one-half inch space; this space was 
filled with powdered cork. (In constructing further 
apparatu s of this typ e, the w riter would m ake this 
space one inch.) Four doors were provided, the tw o 
upper ones opening upw ard until th ey  were flush with 
the top of the incubator, where th ey  were held b y  a 
slotted  brass rod and pin, while the tw o lower doors 
dropped down and were held pendant from  the bottom  
of the incubator. M edian vertical and horizontal 
cross-pieces in the front of the box were provided, 
upon which were placed the door catches. These 
cross pieces were beveled at an angle of 4 5 °, as were 
also the front edges of the box, and the doors. The 
doors thus form ed a fa irly  tig h t jo in t when closed. An 
upright was placed against the back, inside, and shelf 
b rackets were placed betw een this upright and the 
front vertical cross-piece and also at the ends of the 
box, inside. The shelves rested upon these brackets. 
T he shelves were m ade of galvan ized iron, perforated 
with y 2 inch holes, spaced on about 4-inch centers, and 
each shelf had tw o “ V ” shaped braces on the under 
side for th e sake of rigidity.

T he heating and tem perature control were both 
en tirely  electrical and both were operated on a n o

vo lt lightin g circuit. T he heating (for 30° C.) was 
secured b y  m eans of four coils each contain ing 50 ft. 
of No. 26 N ichrom e wire, tw o  sets, each set of tw o 
coils in series, being connected in parallel, th e to ta l 
heating current being about one am pere. In these 
heating coils or elem ents, th e1 wire w as wound on a 
fram e consisting of tw o strips */* inch square in cross 
section and the necessary length (in this case 8 inches) 
'of h ea v y, hard asbestos board, spaced at the desired 
distance (14 inches) by means of 3/ie inch bolts; extra  
nuts on the ends of these bolts served as binding 
posts for the term inals. E ach elem ent w as supported 
b y cylin drical, porcelain insulating knobs, such as are 
used in electrical work. T w o elem ents were fastened 
to  the ceiling and tw o to the floor of the incubator.

For the tem perature control, a 2oo-ohm m ain line 
relay arranged for back con tact, was connected in 
series w ith  a 10 w a tt carbon lam p and an electrical con ­
ta c t therm om eter (Eim er and Am end, No. 6838) 
constructed for the desired tem perature. Of course, 
the S. M . Co. incubator therm ostat m ay also be used. 
T h e to ta l current in the tem perature control circuit 
was abou t 0.08 am pere. A  sm all n o  vo lt m otor 
w ith a 6 inch fan w as placed upon the upper shelf 
a t one end of the incubator and connected in parallel 
w ith the sets of heating units, to secure more even 
distribution  of tem perature. T he con tact therm om e­
ter, which was constructed to close the circuit at 
30° C ., actu ally  closed it at about 29. 75° C. and the 
tem perature in the incubator held, according to  a 
large incubator therm om eter placed cen trally, at 
29.5 to 3 0 .5 0. C ., depending upon the tem perature of 
the room. T h e above regulation is sufficiently close 
for m any purposes and the range of v a r ia tio n ' would 
be considerably reduced in a sm aller apparatus. 
T h e outside of the box was painted w hite with tw o 
coats of b ath -tu b  enam el over tw o coats of ordinary 
white paint.

A num ber of m odifications of the design are possi­
ble. T he con tact therm om eter m ay be obtained so 
constructed as to close the circuit at an y one of a n um ­
ber of points, and a sm all incubator has been constructed  
on this principle to hold 4 5 0, 50° or 5 5 0 C. A  three- 
point b attery  sw itch w as provided to cu t in and out 
the different leads. In this case, an ordinary double­
wall steam  oven w as used for the box and a single 
heating elem ent was used. Instead of the 10 w att 
lam p, it is b etter to provide an ad ju stab le resistance, 
as the sensitiveness and sm oothness of operation of 
the relay m ay th ereby be im proved; for this purpose 
the stu d en t’s rheostat (m ade b y Jas. G. B iddle, of 
Philadelphia) has been found satisfactory . A  sim ilar 
resistance m ay be em ployed in series with the heatin g 
system  in order to v a ry  the tem perature of the h ea t­
ing coils. T h e apparatus, as described, w orks well 
on direct current. On altern atin g current it is neces­
sary  to  ad ju st very  carefu lly  th e tension of the relay  
spring, the distance of the poles from  the arm ature, 
length of travel of the arm ature, etc. A ttem p ts  to 
utilize the e lectro lytic  v a lv e  rectifier in the tem pera­
ture control circuit were un satisfactory. T h e hum m ing 
of the relay on altern atin g current is, of course, ob jec­
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tionable, b.ut b y  proper ad justm ent m ay be largely  
elim inated. W hile no trouble was experienced in 
the breaking of a n o  vo lt circuit a t the con tact th er­
m om eter, using as low  a current stren gth  as here em ­
ployed, it is ad van tageou s to run the tem perature 
control circuit on th e secondary of a sm all to y  or 
bell-ringing transform er g iv in g 10 or 15 volts.

The to ta l cost of m aterial of the large wooden box 
incubator was abou t $50.00. T h e labor cost would 
v a ry  w ith the circum stances of construction.

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

P it t s b u r g h

A  P R O P O S E D  N E W  S T A N D A R D  L O O P  F O R  U S E  IN  
B A C T E R I O L O G I C A L  T E S T S  O F  D I S I N F E C T A N T S

B y A. D . St . John 

R eceived Ju ly  7, 1914

T h e w ork described herew ith w as undertaken 
with a view  to obtaining a m ethod of transferring 
sm all quan tities of a liquid from  one containing vessel 
to  another, w ith rap id ity  and a fa ir degree of accuracy; 
w ith special reference to  the use of such m ethod in 
the inoculation  of broth cultures, as practised  in the 
principal tests of th e antiseptic valu e of disinfectants.

As is pointed  out b y  D u yser and L ew is,1 the main 
ob jection  to  these tests lies in the u n reliability  of the 
“ stan dard loop ,”  which ( i)  transfers too sm all a quan ­
t ity  of liquid, i. e., abou t 0.003 cc., and (2) transfers 
a q u a n tity  which varies as much as 80 per cent from  
th e average.

T ests  made in connection w ith  this paper con­
firmed the second of these objections and indicated 
th a t th e variation  was due to  tw o principal causes:

I— T h e position of th e loop on leavin g th e surface 
of the liquid.

II— The rate of rem oval from  the surface.
T h e variation  betw een rem oving th e loop slow ly 

edgew ise, and rather quickly  flat to  the surface, was 
from  0.002 to 0.008 g., respectively.

In  order to  ob via te  the variation  due to  position 
tw o loops placed with their planes a t right angles 
to  one another were tried; and this arrangem ent gave 
abou t equal results when lifted  out at any angle 
perpendicular to  th e supporting wire, b u t varied  from  
the result when lifted  out with the wire support v e r­
tical to  the surface of the solution.

Hence a third  loop w as added w ith its plane per­
pendicular to the wire support, g iv in g  three concentric 
loops, the plane of each a t right angles to those of the 
other tw o. As a ten den cy of the drop to b reak aw ay 
from  the wire a t a point farth est from  the junction  
of th e wires had been observed, this loop w as further 
m odified b y  changing the spherical shape of th e loops 
to squares, joined a t the corners. T h e loop, or rather 
cage, thus form ed, has th e appearance of the outline 
of a cube, supported b y a wire from  one corner, and 
m easuring about 3 mm . on an edge. T h e corners 
should be w elded rather th an  tw isted. T h e wire of 
the cube is conven ien tly  m ade of No. 28 B. and S. P t 
wire, and th a t of the support of No. 25.

This last described loop gave drops va ryin g  in w eight
1 T h is  J o u r n a l , 6 , 199.

from  abou t 0 .0 19  to 0.021 g., according to the 
angle a t which it w as lifted  from  the solution; while 
th e m ost un favorable results obtained, va ryin g  the 
rate of liftin g  out from  as slow ly as possible, to a quick 
jerk , was from  0 .0 17  to  0.023 g-> respectively;
w hile w ith  ordinary care, several consecutive results 
of from  0.020 to 0 .0 21 g. were obtained.

Up to this point the m easurem ent of the drop was 
m ade b y  hanging the wire q u ick ly  on the balance 
and w eighing b y swings. O nly slight error was caused 
by evap oration, as the drop w as rather large.

T h e results w ith th e cube-shaped loop appeared, 
how ever, to ju s tify  further trials, and tests were now 
m ade according to the m ethod of D uyser and Lewis 
(above), i. c., b y  dipping out drops of a strong iodine

solution, placing in distilled w ater, and titra tin g , 
using dilute th iosulfate. E ig h t consecutive tests gave 
the follow ing ratio:

T hiosu lfate  
cc.
35 5 .
36 6 .
36 7.
35 8 .

T hiosulfate A 
cc.

. . .  38
. . .  35
. . . 36  
. . . 36

P u ttin g  the m ean, 35 . 9  = 100. o, we get a m axim um  
variation  of 6 per cent.

I t  w ill also be noted th a t the volum e of the drop 
carried b y  this loop is abou t 0.020 cc., or over six tim es 
the volum e given  b y  D uyser and Lew is as th a t of the 
present “ stan dard loop,”  thus overcom ing largely  th e 
first objection  advanced b y  them  in the article quoted.

It  would therefore appear th a t a loop such as the one 
described above w ould eradicate some of the difficul­
ties a t present encountered in m akin g determ ina­
tions of the antiseptic va lu e  of d isinfectants by the 
m ethods m entioned.

T h e valu ed  aid  of M r. W alter E rlen ko tter, of this- 
lab oratory, in connection w ith  th e preparation  of this 
paper, is gra tefu lly  acknow ledged b y  the author.

S t a n d a r d  T e s t in g  L a b o r a t o r y  
B o a r d  o p  E s t im a t e  a n d  A p p o r t io n m e n t  

N e w  Y o r k  C it y

N O T E  O N  S U B S T I T U T E  F O R  T H E  B L A S T  L A M P

B y  P a u l  J. F o x 1 

R eceived  Ju ly  15, 1914

T o  the m any su b stitutes for the b last lam p, the 
w riter begs to  add one, which, though extrem ely sim ­
ple, he has not seen in use in an y lab oratory  th a t he 
has visited. It consists of an ordinary assayer’s- 
crucible of convenient dim ensions, of w hich the b o t­
tom  has been ground or sawed off, form ing a jacket.

1 S cientist in Soil Laboratory Investigation s, Bureau of Soils. U . S. 
D ep t. A griculture, W ashington, D . C.
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of tru n cated  conical shape, open a t both ends. T hus 
prepared, the ja c k e t is placed over the crucible or dish 
to be ignited, w ith  the larger end down. T h e top is 
p a rtly  closed b y  a porcelain crucible cover which 
can be easily  adjusted  to secure the m axim um  am ount 
of heat w ithout un du ly  im peding the draft. Using 
a T irrill burner of ordinary lab oratory  size, it is possi­
ble to convert even large am ounts of calcium  carbon­
ate to  the oxide. T he crucibles in which the ign i­
tions ta k e  place should be covered, but with the lid 
p a rtly  placed to one side to leave a sm all opening. 
Besides doing aw ay  w ith the necessity of com pressed 
air, this m ethod of ignition also avoids the strong air 
current of a b last lam p b y  which sm all am ounts of 
light precipitates m ay be lost. A  platinum  crucible, 
also, appears to  be less a ttacked  than  when a blast 
lam p is used.

A  tran sparen t crysta l of calcite was found on a n a ly ­
sis to  have the follow ing com position:

Per cent
C aC O i..................................................................  9 9 .4 6
M gCOa......................................................................  0 .5 3
S ilica ..........................................................................  0 .0 5

100.04

T h is would correspond to  a loss on ignition of 44.01 
per cent. T w o sam ples of the sam e m aterial were 
then ignited, using the ja ck et as described. Sam ple 
No. 1 consisted of 1.0308 g. and after fifteen m inutes 
ignition weighed 0. 5779 g., or a loss of 43 .95  per cent. 
Sam ple No. 2 w eighed 1 . 3 1 1 7  g. and after ignition for 
fifteen m inutes yielded 0. 7355 g- C aO , or a loss of 
43-93  Per cent. In neither case was there an y addi­
tional loss on further heating.

A  convenient size of assayer’s crucible is the D enver 
Fire C la y  No. 9, which m easures 3 inches in diam eter 
and 5V2 inches high. If a c lay  ring piece of the same 
d iam eter as the a'ssayer’s crucible is available, it  m ay 
be a d van tageou sly  used as a rest for the triangle 
th a t carries the platinum  or porcelain crucible con­
tainin g th e sam ple. T his has the effect of extending 
the ja c k e t below the triangle. The results quoted 
above, how ever, were obtained w ithout the use of 
such a ring piece.

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

T h e  N e w  Y o r k  S ectio n  o f th e  A m e ric a n  C h em ica l S o c ie ty  
d ev o te d  its  first regu lar m eetin g  o f th e  1 9 1 4 -1 9 1 5  season, on 
O cto b er  9U1, a t  th e  C h e m ists ’ C lu b , to  a  d iscu ssion  of th e  need 
and  p r a c tic a b ility  o f e n larg in g  th e  p ro du ctio n  o f d yestu ffs  
in th is  c o u n try . T h e  p rogram  w a s  as fo llow s:

In tro d u c to ry  R e m ark s— C h a irm a n  A lle n  R o g ers.
D y e s tu ffs  a n d  th e  T e x tile  In d u s try — J. M e r r it t  M a tth e w s, 

C o n s u ltin g  C h e m ist to  th e  T e x t ile  In d u stries.
C a m p a ig n  fo r A m e rican  D y e s tu ff In d u s try — A rth u r  P rill, 

E d ito r  Daily Trade Record, M ill M a n ’s S ectio n .
C o a l T a r  C o lo rs  in A m e rica — I. F . S to n e, P resid en t N a tio n a l 

A n ilin e  an d  C h e m ic a l C o .
N e ed s o f th e  T e x tile  In d u s try — A lfre d  L . L u s tig , C h a irm a n  

o f D y e s tu ff  C o m m itte e , N a t io n a l A sso cia tio n  o f F in ish ers o f 
C o tto n  P ro d u cts .

A  C O N V E N I E N T  F O R M  O F  W E I G H I N G  B U R E T T E
B y  H . S. B a il e y  

R eceived A ugu st 19, 1914

In m aking a large num ber of determ inations on 
various oils the w riter a t first attem p ted  to  use R ipper 
w eighing burettes. He soon found, how ever, th a t their 
w eight and especially the necessity for providin g some 
sort of rack for them , when filled, m ade their use 
im practicable. As a result of num erous a ttem p ts to 
devise a suitable w eighing b urette, the one shown in the 
accom panying illustration, which can be placed 
directly  upon the pan of an ordinary 
an alytica l balance, has been finally 
adopted. Its  construction is clearly 
shown b y  the draw ing in w hich the 
three ground joints are indicated  b y 
stippled, areas. T he bottom  cap serves 
both as a base to support th e burette 
and as a catch-cup for an y leakage.
As the sam ple does n ot ordinarily 
come in con tact w ith the tw o large 
ground jo ints, these need not be 
especially  tig h t when the burette is 
used for hom ogeneous non-volatile 
liquids. The sm all v a lv e  at th e tip, 
which of course m ust be tig h t, can 
be readily  m ade b y  m erely draw ing 
down the end of a glass rod and grind­
ing it into place w ith a little  carbo­
rundum  and w ater.

W hen the burette is used for volatile 
substances or non-hom ogeneous m ix­
tures which require frequent agitation , 
such as m ilk, a sm all rubber sleeve is 
slipped over the top of the stopper 
and rod, m aking the jo in t betw een 
them  air-tight.

These burettes m ay, of course, be of an y suitable 
size, the ones com m only used for w eighing oil sam ples 
havin g a cap acity  of abou t 30 cc. A  rough grad u a­
tion  greatly  facilita tes the w eighing ou t of definite 
quan tities of m aterial for such determ inations as the 
R eichert-M eissl num ber, in which it is necessary to 
use approxim ately  the sam e w eight of sam ple.

F o o d  I n v e s t i g a t i o n  L a b o r a t o r y ,  B u r e a u  o p  C h e m is t r y  
D e p a r t m e n t  o p  A g r i c u l t u r e ,  W a s h in g t o n ,  D . C.

A ll th e  p ap ers p resen ted  are  p u b lish ed  in fu ll b elo w . A fte r  th e  
read in g  o f th e  papers, d iscu ssion s w ere  ca lled  fo r: th o se  b y  D a v id  
W . J a y n e , o f th e  B a r r e tt  M a n u fa c tu r in g  C o m p a n y , B e rn h a rd  C . 
H esse and  I. F . S to n e  are p rin ted  in fu ll h e re w ith .— [ E d i t o r .  1

I N T R O D U C T O R Y
B y  C h a ir m a n  A l l e n  R o g e r s  

A t  th e  la s t  m eetin g  o f th e  N e w  Y o r k  S ectio n  o f th e  A m e ri­
ca n  C h em ica l S o c ie ty , w h ich  w a s  held  in Ju n e  o f th is  y e a r , w e 
lit t le  d ream ed  th a t  b efo re  a n o th e r m eetin g  p r a c tic a lly  the w h ole 
o f E u ro p e  w o u ld  b e  in v o lv e d  in  th e  g re a te st stru g g le  th e  w orld  
h as e v e r  k no w n . M a n y  o f th ose w h o  a tte n d ed  th a t  m eetin g  
a re  a t  p resen t in th e  ra n k s o f th ose g re a t arm ies n o w  e n g ag ed  in 
d e a d ly  co n flic t. I t  is e sp e c ia lly  sad  fo r us to  th in k  th a t  p erh ap s 
som e o f o u r d ea rest frien ds, and  m em b ers o f th is  so c ie ty , m a y  be

SYMPOSIUM ON AMERICAN DYE INDUSTRY
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fig h tin g  face  to  face  a t  th is  v e r y  m om en t. J u st w h y  such  a  co n ­
flic t shou ld  h a v e  b een  b ro u g h t a b o u t is e x tre m e ly  d ifficu lt for 
m a n y  o f us to  u n d ersta n d . E v e n  a s  w e  g e t th e  m eagre  n ew s­
pap er acco u n ts  from  d a y  to  d a y  w e  ca n  h a rd ly  rea lize  th e  m ag ­
n itu d e o f th e  stru g g le  ta k in g  place.

T h e  cau se  o f th e  E u ro p ea n  w a r  is a  m a tte r  w ith  w h ich  w e are 
n o t a b le  to  co p e, b u t  th e  efTect u p on  o u r ch em ica l in d ustries is 
a to p ic  w ell w o rth y  o f o u r carefu l co n sid eratio n . A s  ch airm an  
o f th is  section , it, th erefore, seem ed a d v isa b le  th a t  a  conference 
sh ou ld  be a rran g ed , w h ereb y  a ll sid es o f th e  q u estio n  m igh t be 
d iscussed  and  a  m ore d efin ite  u n d ersta n d in g  o f th e  e x istin g  c o n ­
d itio n s d eterm in ed.

A lth o u g h  p ersonal feelin gs and  selfish  m o tive s  m a y  m ak e us 
m ore o r less p reju d iced , w e m u s t  e v e n tu a lly  be influenced  b y  th a t  
w h ich  seem s to  be for th e  b est in terests  o f  th e  n atio n  as a w hole. 
W h a t  w e seek, as ch em ists, is th e  truth. L e t  us, th erefore, p u t 
aside the personal fa c to r  and  ap p ro ach  th e  problem  w ith  an 
op en  m ind.

B e fo re  e n terin g  u p o n  th e  p rogram  o f th e  even in g, I should  
lik e  to  ask , fo r th e  sake  o f arg u m en t, a  few  q u estion s w h ich  a p ­
pear to  h a v e  a  v ita l  b e arin g  upon th e  su b je c t  in hand.

1— Is it  feasib le  to  m a n u fa ctu re  ch em ica ls  and  d y estu ffs  in 
th is  c o u n try ?

2— In  an sw erin g  th is  q u estio n  should  w e n o t ta k e  in to  co n ­
sid eratio n  w h eth e r  or n o t w c a re  to seek the A m erican  m arket 
o r th e  m a rk e t o f the w orld ?

3— H a v e  w e  a su fficient s u p p ly  o f coal ta r  to m eet th e  dem ands 
o f an  A m e rican  co a l ta r  ch em ica l and  color in d u stry?

4— If w e  h a v e  the n ecessary  am o u n t o f co a l ta r  in th is  c o u n try  
h a v e  w e the in te rlo ck in g  ch em ical in d u stries to  m ak e the u n der­
ta k in g  a  success?

5 — If w e  do n o t a t p resen t h a v e  th e  in terlo ck in g  ch em ical 
in d ustries, is it  possible fo r us to  d ev e lo p  th e  sam e in face o f 
th ese w ell-estab lish ed  in d u stries in E u ro p ea n  cou n tries?

6— W ill it  b e  possib le  to  s ta r t  w ith  A m erican  raw  m ateria ls 
and  from  th em  bu ild  up a ll-A m erica n  dyestufTs?

7 — W o u ld  th e  m an u factu re  o f ch em ica ls  and  d yestu ffs  h av e  
a n y  influence u p on  o u r o th e r  exp o rt trad e?

8— W ill i t  be possib le  fo r th e  E u ro p e a n  n atio n s to  fu rn ish  the 
sam e q u a n titie s  o f d y es tu ffs  w h en  h o stilities  h a v e  term in ated , 
as th e y  h a v e  in th e  p ast?

9— H a v e  w e a  su fficien t n u m b er o f te ch n ica lly  tra in ed  m en  to  
c a r r y  on su ch  an  in d u stry?

10— W h a t  w ill o u r u n iversities  and  tech n ica l sch ools do to 
tra in  y o u n g  m en for th is g re a t in d u stry?

1 1 — W h a t  w ill th e  G o v e rn m e n t do to  m ake ou r p a ten t law s 
p ro te ct A m erican  in ven tio n ?

12— W h a t  w ill th e  G o v e rn m e n t d o  to  p ro te ct A m erican  e n ter­
prise?

13— W h a t  g u a ra n te e  w ill the textile , paper, d ry  co lor, lea th er 
and  o th e r  in d u stries g iv e  to  a n  A m erican  C o a l T a r , C h em ical 
and  C o lo r In d u stry ?

14— If i t  is n o t possib le  to  p rodu ce a t p resen t a ll o f th e  g rea t 
v a r ie ty  o f d y es tu ffs  req u ired  b y  these in d ustries, w ill th ey  g u a r­
a n tee  to  use su ch  dyestufTs and  ch em ica ls  as ca n  be m ade?

15— W h a t  su p p o rt ca n  be exp ected  from  the tra d e  and  d a ily  
papers?

16— W ill such  an in d u str y  m eet w ith  fin ancial su p p o rt?
17— W h y  is it th a t  w e h a v e  n o t in th e  p a st m a n u factu red  som e 

o f the m ore im p o rta n t ch em ica ls, such  as b ariu m  chloride, 
m agn esiu m  ch lorid e, o x a lic  a cid , z in c  d u st and  m a n y  oth ers?

18— H a v e  w e a n y  co m m ercia l source o f p otash ?

T h ese  are  a  few  o f th e  m a n y  q u estio n s w h ich  m u st be answ ered  
before w e  can  h ope to  m ak e a n y  h e a d w a y  011 th e  problem . 
S om e o f th ese  p o in ts w ill 110 d o u b t be co v e re d  in th e  p ap ers of 
th e  eve n in g  and  it is a lso  h op ed  th a t  th ose ta k in g  p a rt in th e  
d iscu ssion  w ill th ro w  som e ligh t oil the o th er  im p o rta n t qu estions.

P r a t t  I n s t it u t e , B r o o k l y n

D Y E S T U F F S  A N D  T E X T I L E  I N D U S T R Y
B y  J . M e r r it t  M a t t h e w s

T h a t  th e  m an u factu re  o f fa b rics is an  in d u stry  d ep en d en t to a 
v e r y  large  degree 011 th e  e lem en t o f co lo r is a fa c t  w h ich  is a p ­
p a re n t to  a lm o st a n y  one. T e x tile  fa b rics a rc  em p lo yed  in great 
v a r ie ty  for c lo th in g , fo r a r t  and  u t ility , as essen tials in m any 
lin es o f in d u stry — in fa c t, th e  n u m b er o f uses for textile  fabrics 
is a lm o st legion. A n d  y e t  in a  g re a t m a n y  o f th ese uses color 
en ters as an  e ssen tia l fa cto r  in th e  p rep aratio n  o f the fabric. 
A s  co lo r in te x tile  fab rics is o b ta in ed  b y  th e  use o f dyestuffs, 
the la tte r  a g en ts becom e a v e r y  im p o rta n t a d ju n c t  to  the textile 
in d u stry .

A lth o u g h  w e  h a v e  com e to  regard  d y estu ffs  and  th eir  colors 
as h ig h ly  im p o rta n t fa c to rs  in th e  p ro d u ctio n  o f fab rics, never­
theless, if w e  a p p ro ach  th e  su b je c t from  the u tilita r ia n  point 
o f v iew , w e find th a t  d y estu ffs  d o  n o t add  a n y  real q u a lity  to  the 
fa b ric ; the co lo r of a clo th  m a y  add  m uch  to  its a rtis tic  ap p ear­
an ce and  g iv e  it  b e a u ty  a n d  ch arm  th a t  a p p ea l to  o u r esth etic  

ta s te , b u t  it  c a n n o t be said  th a t  th e  co lo r increases the d ura­
b ility , the stre n g th , or th e  w earin g  q u a lity  o f the fab ric . O utside 
o f a  certa in  influen ce on  h e at and  lig h t ra y s  it  is d o u b tfu l if color 
h as a n y  real in fluen ce on the m ateria l v a lu e  of the fa b ric; its 
in fluen ce is a  p u re ly  su b je c tiv e  one. In o th er  w ord s, the prac­
tica l u t ility  o f the fa b ric  is b u t  s lig h tly  a ffected  b y  its  color. 
O u r c lo th es  w o u ld  be o f th e  sam e p ra ctica l v a lu e  to  us if th ey  
w ere u n d yed  as if th e y  w ere d y e d ; ou r ca rp e ts  w ou ld  w ear ju st 
as w e ll— in fa c t  b e tte r— if th ey  had  n e v e r  b een  orn am en ted  b y  
the d y e r ’s a rt.

IMPORTANCE OF COLOR

W h erein , th en , is the v a lu e  of d y es tu ffs  to  th e  te x tile  industry? 
In  th e  first place, co lo r is em p lo yed  in fa b ric s  to  sa tis fy  the taste 
fo r b e a u ty  and  th e  desire fo r o rn am en tatio n . M a n  from  the 
earliest sta g es  o f his existen ce  ap p ears  to  h a v e  h ad  a stron g pre­
d ilectio n  fo r co lors; w e find the lo w est ord ers o f sa v a g e  tribes 
d ec o ra tin g  th eir sim ple co stu m es w ith  th e  v a rie d , th ough  lim i­
ted , co lors a t  th e ir  com m an d . E v e  no d o u b t se lected  a fig leaf 
as h er co stu m c m ore from  its  p leasin g  shade of green  than  011 
a cco u n t o f its u tilita r ia n  v a lu e  as a  m ean s o f p ro tectio n  against 
th e  in clem en cies o f th e  w eath er. I t  is th is  in n ate  desire to  dec­
o ra te  on eself and  th e  th in g s w h ich  one possesses and  uses th at 
h as led to  the w id e-sp read  and  a lm o st u n iversa l a p p lica tio n  of 
d y es tu ffs  in th e  m an u factu re  o f te xtile  fab rics. In  the second 
place, and  w h o lly  asid e  from  its  a rtis tic  v a lu e , co lor is em ployed 
in fa b rics in ord er to  a vo id , o r ra th e r  to  c o v e r  up, certa in  un­
d esirable  fea tu res. W h e n  w e w e ar o u r c lo th es for a n y  len gth  of 
tim e th e y  becom e soiled, and  th e  d u s t and  d ir t  th e y  acquire 
soon p roclaim  ou r in tim a te  asso cia tio n s w ith  M o th e r  E arth . 
I f  th e  fa b rics  w e  use w ere w h ite  or u n d y ed , th eir  soiled condition  
w o u ld  q u ic k ly  b ecom e a p p a re n t in  a  v e r y  d isag reeab le  m anner. 
C o n s eq u e n tly , w e d y e  th em  in su itab le  colors, an d , th o u g h  th ey 
still a cqu ire  th e  sam e o b je c tio n a b le  im p u rities, th ese  arc not 
v is ib le  to  th e  eye , and  w h a t w e  do n o t see w e  freq u e n tly  ignore. 
I am  q u ite  sure th a t  h ad  m y  p resen t su it o f c lo th es  been undyed 
I shou ld  h a v e  exp erien ced  som e h e s ita n c y  in a p p e arin g  before 
y o u  th is  even in g, b u t  b e in g  d y e d  as th e y  are, I sta n d  here un­
a b a sh ed  and th o u g h tle ss  o f th eir  a p p earan ce. O u r under­
g arm en ts, o u r co llars, o u r  bed  lin en , o u r ta b le  lin en , o u r  tow els, 
and  m a n y  o th er  a rtic le s  o f a p p a re l in d a ily  use are now  gen erally  
le ft  in  th e  u n d y ed  co n d itio n  and  e ven  w h iten ed  th o ro u g h ly  b y  
b leach in g, in o rd er th a t  w h en  th e y  b e c o m e . soiled  th e y  m ay  
p resen t a  d isag reeab le  a p p earan ce  and  force  us to  ta k e  proper 
step s to w ard s clean sin g  them . H a v e  y o u  e v e r  sto p p ed  to  con ­
sid er w h y  th e  b la n k e ts  in P u llm an  sleep in g ca rs  are d y e d  a dark 
g re y , w h y  I ta lia n s  p refer red b a n d an n a  h an d kerch ie fs, and  w h y 
k h a k i co lo red  sh irts  are so p o p u lar w ith  ca m p in g  p arties?  Th ere  

is food  for m uch  th o u g h t in th ese reflections.
In th e  e a r ly  d a y s  o u r fo refath ers n a tu ra lly  em p lo yed  those 

co lo rin g  m a tte rs  w h ich  w ere  n earest to  h an d  in th e  dccoration
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o f th e  fa b rics th e y  m an u factu re d . V ario u s colored earth s and  
m in eral co m p o u n d s w ere  used  110 d o u b t a t  first, and  th en  w hen  
th e  tin cto ria l p ro p erties o f v a rio u s  p la n t ju ice s  and  d eco ctio n s 
b ecam e k n o w n , th ese w ere  e m p lo yed  as d y estu ffs ; a ll th is  g ra d ­
u a lly  led  to  a  ra th e r  c o m p lica ted  a rt  o f th e  a p p lica tio n  o f d y e r ’s 
m ateria ls. I t  w as foun d th a t  ce rta in  p la n t ju ices, th o u g h  h ig h ly  
co lored  in th em selves, cou ld  n o t be p ro p erly  fixed  in a d irect 
m an n er u p on  th e  te x tile  fibers. B u t  b y  first tre a tin g  th e  fa b ric  
w ith  a  so lu tio n  o f a  su ita b le  m eta llic  or m ineral su b stan ce, such 
as a lum  or co p p eras o r b lu esto n e, pleasin g and  perm an en t colors 
co u ld  be p rodu ced . T h is  led to  a k n o w led ge  o f th e  m o rd an t 
d y es , and  th is  a rt  o f d y e in g  te x tile  fa b rics g ra d u a lly  b ecam e a  
h ig h ly  d eve lo p ed  and  o rg an ized  a rt, a n d  m ore or less o f a  ch em ­
ica l scien ce. In  fa c t, th e  p rep ara tio n  o f these v eg eta b le  co lorin g 
m a tte rs  and  the nu m erou s a d ju n c ts  and  a ssistin g  m ateria ls  
w h ich  w ere  e m p lo yed  in  th eir  p rop er a p p lica tio n  to  th e  fiber, 
g a v e  rise to  im p o rta n t and  ex te n siv e  ch em ica l in d ustries. T h e re  
w ere  v a rio u s  lim itatio n s, h o w ev er, in th e  use o f these n atu ra l 
d y estu ffs . In  th e  first p lace, th e  ra n g e  o f co lo r w as som ew h at 
n arrow , th e  q u alities  o f fa stn ess w ere o fte n  d eficien t, th ere  w as 
m u ch  v a ria tio n  in th e  stre n g th  an d  sh ad e o f su ccessive  lo ts  of 
d y estu ff, th e  m eth od s o f a p p lica tio n  w ere  o ften  co m p licated  and  
cu m b ersom e, and  it  w a s  h ard  to  refine th e  a r t  o f d y e in g  in to  an 
e x a c t  science.

SYNTHETIC VS. NATURAL DYES

T h e  d isc o v ery  of A m e rica  g a v e  a  g re a t im p etu s to  th e  d y ein g  
o f te x tiles  b y  reason o f th e  la rg e  n u m b er o f new  d ye  w oods w h ich  
w ere  d isco vered  in th is  hem isp here, e sp e c ia lly  in th e  W e st Indies, 
a nd  C e n tra l and  S o u th  A m erica . A m o n g  th ese  w ere logw ood, 
w h ich , n e x t  to  in digo, soon b ecam e th e  m o st im p o rta n t d y es tu ff 
in  u se; fu stic , a y e llo w  w o o d ; coch in eal, a  v e r y  im p o rta n t red 
co lo rin g  m a tte r  co n sistin g  o f th e  b o d ies o f certa in  sm all insects 
w h ich  g ro w  on  th e  le a ve s  o f th e  c a c tu s  p la n t; B ra zil w ood , also 
a  red  d y ew o o d  o f co n sid erab le  im p o rtan ce , and  m a n y  oth ers of 
m in o r n ote.

T h e  g re a t step , h o w ever, in  th e  d y e in g  o f te x tile  fab rics, cam e 
in the d isc o v ery  o f th e  s y n th e tic  co a l ta r  d yes. T h is  led  to  an 
in tim a te  con n ection  b etw een  d y e in g  and  ch em istry , and  in con ­
seq u en ce p laced  the a rt o f d y e in g  on  a m ore s y ste m a tic  and  scien ­
tific  basis. T h e  d iscovery' of th e  v a rio u s  coa l ta r  d y e s  led  to  the 
in tro d u ctio n  o f a w ide ran ge o f colors, m a n y  ton es and  shades of 
w h ich  w ere h ith e rto  un kn ow n  and  u n o b ta in ab le  in  d yein g . I t  
a lso  resu lted  in th e  in tro d u ctio n  o f m a n y  fa st colors, far exceed in g 
th e  n a tu ra l d y estu ffs  in th is  resp ect. I t  g a v e  rise to  the possi­
b ilitie s  o f m a n y  new  effects  a n d  easier, ch eap er and  sim p ler p ro­

cesses o f d yein g . In  fa c t , th e  gen eral m eth o d s of d j'e in g  soon 
b ecam e sta n d a rd ized  to  a few  d efin ite  processes, w ith  th e  resu lt 
th a t  th e  a rt o f d y e in g  b ecam e w 'idely d issem inated  am on g the 
te x tile  m ills. I t  w as no lo n ger a  secret and  m ysterio u s a rt je a l­

o u s ly  gu arded  b y  th e  m em bers o f its  gu ild , b u t  becam e an  open 
profession.

I t  w as n o t lo n g  before  the coal ta r  d y es  a lm o st e n tire ly  re­
p laced  th e  cru d er v e g e ta b le  co lo rin g  m atters. T h is  w as n o t o n ly  
d ue to  th e  fa c t  th a t  th e  s y n th e tic  d y es  cou ld  be produ ced  ch eap er 
an d  cou ld  be ap p lied  m ore sim p ly  a n d  co n ve n ie n tly , b u t w as also  
becau se  m o st o f the v e g e ta b le  d y e s  w ere  o f an  in ferior q u a lity  
as com p ared  w ith  th e  coa l ta r  p ro d u cts. In  th e  first p lace, the 
v e g e ta b le  d y e s  w ere  fa r from  pure co lo rin g  m atters; th e y  co n ­
sisted  p rin cip a lly  o f w o o d  e x tra cts , and  co n tain ed , besides th e  
a c tu a l co lo rin g  m atters, m a n y  o th er  e x tra c tiv e  su b stan ces, 
such as tan n in s, sugars, resins, and  p ectin o u s bodies o f a  n o n ­
d escrip t c h a ra cte r. I t  w as a  very- c o s tly  proceedin g to  iso late  
th e  pure co lo rin g  m a tte r  from  th ese com p lex  v eg eta b le  e x tra c ts ; 
in fa c t, in m o st cases it w a s  co m m ercia lly  im possible. O n  th is  
a cco u n t, th e  co lors g iv e n  b y  m o st v e g e ta b le  d y e s  w ere m ore or 
less im p u re and  n o t c lea r in ton e; th e y  w ere also  liab le  to  be q u ite  
v a r ia b le  in d ifferen t lo ts  o f th e  e x tra cts . In  th e  second place, 
th ere  a rc  o n ly  a  few  o f th e  v e g e ta b le  d y e s  w h ich  m a y  b e  classed

as re a lly  fa st  co lors in th e  m odern  sense o f the term . In d ig o  
wras no d o u b t th e  fa ste st color, and  still rep resen ts th e  sta n d a rd  
fo r com p arison . L o gw o o d , w h ich  w as once u n iv e rsa lly  e m p lo yed  
fo r th e  d y e in g  o f b la ck  on a ll classes o f fab rics, co u ld  be e m p lo yed  
fo r the d y e in g  o f co lors fa st to  w ash in g, b u t  w as n o t e sp e c ia lly  
fa st  to  lig h t and  exp osu re  to  w eath er. B e fo re  th e  in tro d u ctio n  
o f th e  fa s t  coal ta r  b la ck s, th o se  o f us w h o  are  o ld  en ough can  
w ell rem em b er th a t ou r b la ck  co a ts  had  a  te n d e n cy  to  tu rn  to  
a  r u s ty  faded  co lor; th is  w a s becau se  logw ood  w as th e  d y e s tu ff 
em p lo yed . A t  th e  p resen t t im e  th is  d efe ct is v e r y  seldom  n o ticed  
e v e n  w ith  th e  ch eap er g rad es o f m ateria l, as th e  a liza rin e  b la c k s  
em p lo yed  for th is  p urp ose are  e m in en tly  fa st. F u s tic  w a s a n o th e r 
m uch used  d yew o o d  fo r y e llo w  a n d  brow n s, and  th is  c a n n o t be 
classed  as a fa st d y e  a t  a ll; in fa ct, h a rd ly  a n y  o f th e  m a n y  
y e llo w  a n d  b ro w n  v e g e ta b le  d y e s  h a v e  a n y  rem ark a b le  degree 
o f fastn ess. A m o n g  th e  red colors w e  h ad  m ad d er and  coch in eal 
as th e  p rin cip al rep resen ta tives. M a d d e r w as v e r y  fa st, b ein g  
used fo r th e  p ro d u ctio n  o f th e  w ell-kn o w n  tu rk ey -re d ; b u t  the 
co lo rin g  m a tte r  of m ad d er is a lizarin e  red  and  in the v e g e ta b le  
e x tr a c t  it  is in a ra th e r  im pure con d ition , b ein g  m ixed  w ith  o th er 
e x tr a c tiv e  m atters, so th a t  w h en  th is  co lo rin g  p rinciple, a lizarin e  
red, w as prep ared  sy n th e tic a lly  in the pure co n d itio n  from  coal- 
tar, it  v e r y  ra p id ly  rep laced  th e  cru d e m ad der e x tr a c t . C o ch in ea l 
w as used v e r y  la rg e ly  for th e  d y e in g  o f sca rle ts  on w oolen  m a ­
teria ls  and  w ou ld  be classed  as a  fa ir ly  fa st color. T h e  co a l tar 
acid  scarlets, w h ich  w ere first in trod u ced , w ere n o t as fa st  as 
coch in eal, and  th o u g h  th e y  w ere ch eap er and  easier to  a p p ly  and  
d isp laced  coch in eal to  a v e r y  large exten t, n everth e less th is  
la tte r  d y e  held  an  im p o rta n t p osition  for th e  d y e in g  o f h igh  class 
and  fa st scarlets  for a  lo n g  tim e. W h en  th e  a n th ra cen e  and  
ch rom e scarlets, h o w ever, w ere prep ared  from  co a l ta r , and  
p ro ved  to  b e  e ven  fa ster th a n  co ch in eal, th is  d y e s tu ff g ra d u a lly  
fell in to  disuse. T h ere  w a s a lso  a  lon g list  o f red d yew o o d s, 
b u t  a ll o f these w ere o f in ferior fastn ess as co m p ared  w ith  the 
coa l ta r  d y es  and  a t  presen t are no lo n ger used. A rc h il and  its  
dried e x tr a c t, cu d b ear, w ere once v e r y  e x te n siv e ly  e m p lo y e d  as 
th e  basis o f fa st  purp lish  red and  reddish brow n  co lo rs on  w ool 
and  silk  m ateria ls. I t  w as a lso  used as a  b o tto m  co lo r 011 w oo! 
for th e  d y e in g  o f h e a v y  sh ad es o f indigo, g iv in g  a  rich , deep , and  
b lo o m y color. A rc h il w as prep ared  from  th e e x tra c t  o f a ce r­
ta in  species of p a ra sitica l p la n t g ro w th  to  b e  found p r in c ip a lly  
a lo n g  th e  sea-co asts o f su b tro p ica l cou n tries. E n o rm o u s q u a n ­
tities  o f it  w ere once, o b tain ed  from  th e  w estern  co a st o f lo w er 
C a lifo rn ia . T h e  co lo rin g  m a tte r  did n o t e x ist re a d y  form ed  in 
th e  p la n t e x tra c t b u t had  to  be d evelo p ed  b y  a  series o f ch em ica l 
processes. A  large  n u m b er o f fa st  b ro w n  co lo rin g  m atte rs , 
how ever, h a v e  been prep ared  from  coal ta r  and  h a v e  a lm o st e n ­
tire ly  d isp laced  archil p rep aratio n s in th is  c o u n try , a t  least.

EASE OK DYEING COTTON WITH SYNTHETIC DYES 

A s e v e r y  one k n o w s, th e  fa te  o f th e  o th er  v eg eta b le  d y es  soon 
o v erto o k  in digo, a t  lea st as fa r as its  n atu ra l source w a s co n ­
cerned, and  th is  d y e s tu ff is n ow  a lm o st e x c lu s iv e ly  m ade s y n ­
th e tic a lly  from  coal ta r . T h e  in tro d u ctio n  o f o th er  s y n th e tic  
d y e s  o f th e  in d igo  class and  kn o w n  as th e  " v a t ”  d y es  h as  g re a tly  
raised  th e  q u a lity  o f d y ed  co tto n  m ateria ls. T h e  d y e in g  of 
co tto n  w ith  th e  old  v eg eta b le  d y e s  w as a lw a y s  a  ra th e r  d ifficu lt 
m a tte r  as com p ared  w ith  th e  d y e in g  o f w ool or silk. T h is  w a s  
d ue to  the re la tiv e ly  in ert ch a ra c te r  o f the c o tto n  fiber to w ard s 
th e  co lorin g m atters, and  a lso  to  th e  fa ct th a t  co tto n  co u ld  n o t 
be m ordan ted  w ith  m eta llic  sa lts  w ith  th e  sam e readin ess as 
a n im al fiber; co n seq u en tly , th e  processes o f d y e in g  c o tto n  a n d  
the co lors o b ta in a b le  w ere ra th e r  lim ited , w h ich , o f cou rse, 
g re a tly  restricted  the use o f co tto n  m ateria ls. T h e  d isco v ery  
o f th e  d irect c o tto n  d y e s  d erive d  from  co a l ta r  opened  up a n ew  
field fo r co tto n  d y e in g . T h o u g h  th ese  d y es  y ie ld e d  a  v e r y  w ide 
ran ge o f d e a r  and  b e a u tifu l sh ades, th ey  d id  n o t possess a n y  
g rea t degree of fastn ess, and  co n se q u e n tly  cou ld  n o t be e m p lo yed  
011 co tto n  fa b rics th a t  req u ired  m uch w ash in g  and  laun d erin g.
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T h is  still k e p t  co lo red  co tto n  good s in a  ra th er restric ted  and  
ch eap  class. T h e  d isc o v e r y  o f th e  fa s t  v a t  d y es , h o w ever, w h ich  
a re  e m in e n tly  a d a p te d  to  th e  d y e in g  o f co tto n , open ed  u p  a  new  
era  fo r th e  u se and  m a n u fa ctu re  of co lo red  c o tto n  fab rics. W ith  

th ese  d y e s  c o tto n  c a n  b e  d y e d  in  a ll m an n er o f b e a u tifu l sh ades, 
a n d  th e  colors a re  as p erm an en t a lm o st as th e  fib er itse lf. So  
re m a rk a b ly  fa s t  are  th ese  co lors th a t  th e y  w ith s ta n d  th e  b le a c h ­
in g  a ctio n  o f h y p o ch lo rite s  an d  severe  w ash in g  a n d  laun d erin g. 

I t  is on th is  a c c o u n t th a t  w e  ca n  n o w  m a n u fa ctu re  co lo red  co tto n  
fa b rics  fo r dress good s, sh irtin gs, e tc ., th a t  w ill resist th e  stro n g  
c h em ica ls  e m p lo yed  in m o d e m  la u n d ry  m eth o d s. I t  is a lso  
possible to  a d o p t m a n y  n ew  s ty le s  in th e  m a n u fa c tu re  o f these 
fab rics. F o r  in stan ce , c lo th  m a y  b e  w o v e n  fro m  p a r t ly  d y ed  
a n d  p a r t ly  u n d yed  y a rn s, and  th en  b leach ed  in th e  piece, th e  
co lo red  y a r n s  n o t b ein g  a ffected  b y  th e  b leach in g . T h e s e  im ­
p ro ve m en ts  in th e  d y e in g  o f co tto n  h a v e  led  to  a  g re a t  d ev e lo p ­
m en t in c o tto n  m an u factu re , a n d  c o tto n  fa b rics  are  b e in g  em ­
p lo y ed  m ore and  m ore e x te n s iv e ly  in ap p a re l and  o th er lin es of 
d o m e stic  e co n o m y.

D y e s , h o w ever, are  m ore e x te n siv e ly  e m p lo yed  on  w oolen  
m ateria ls, and  th e  g re a t b u lk  o f th e  d y es tu ffs  m an u factu re d  go 
in to  th is  in d u stry . T h is  co n d itio n  resu lts  from  a  v e r y  sim ple 
fa c t— w oolen  m ate ria ls  c a n n o t b e  w ash ed  a n d  la u n d ered  w ith  
th e  sam e readin ess a n d  im p u n ity  as c o tto n  goods. I f  w e  w ashed  
o u r  w oolen  cloth es, for in stan ce , in  th e  m an n er w e  d o  o u r co tto n  
ones, th e y  w o u ld  sh rin k  u p  a n d  oth erw ise  be s a d ly  in ju red. 
T h erefo re, as I  h a v e  a lre a d y  p o in ted  o u t, i t  is in co n ven ien t to  
h a v e  u n d y e d  w o o len  c lo th es— th e y  b e co m e  soiled  to o  easily . 
T h erefo re, p r a c tic a lly  a ll o f ou r w o o len  c lo th in g  fa b ric s  are d yed , 
and  g e n e ra lly  in  ra th e r  d a rk  colors, a n d  th is  req u ires a  large  
q u a n tity  o f d y es tu ff. F u rth erm o re , th e  ca rp e t a n d  ru g  in d u stry  
req u ires an en orm o us q u a n tity  o f w o o len  m ateria l, and  a ll o f 
th is  h as to  be d y ed , fo r a g a in  it  is n o t p ra c tic a l to  u se u n d y ed  
ca rp ets.

T h e  w oolen  in d u str y  uses large  q u a n titie s  o f th e  acid  d y es  
a n d  th e  a n th ra cen e  and  a liza rin e  colors. In d ig o  is a lso  v e r y  
e x te n siv e ly  u sed, to g e th er  w ith  a  lim ite d  n u m b er o f th e  o th er 
fa s t  v a t  d y es . M o s t  o f th ese, h o w ev e r, are  n o t as a d a p ta b le  to  
w o o l as to  c o tto n  b y  reason o f th e  fa c t  th a t  th e y  are  em p lo yed  
in  s tro n g ly  a lk a lin e  so lu tio n , w h ich  is n o t a  good  th in g  to  use 
in co n n ectio n  w ith  th e  w o o l fiber.

GREAT VARIETY OF DYES NEEDED

T h e  te x tile  in d u stry , as y o u  a ll k n o w , is a  v e r y  b ro ad  one and  
its  p ro d u cts g o  in to  a lm o st e v e ry  o th er lin e o f in d u stry . G e n ­
e ra lly  sp eakin g , te xtiles  are  m o st o fte n  regard ed  as lim ited  to  
m ate ria ls  w o v e n  for c lo th in g  and  h ousehold  and  d o m e stic  econ ­
o m y . B u t  th e  term  is re a lly  m u ch  m ore exten siv e ; fo r in stan ce, 
te x tiles  are  u sed  fo r  th e  m an u factu re  o f au to m o b ile  tires, ropes, 
and  co rd age , sa il-clo th , aw n in gs, w in d o w  sh ades, in su la tin g  
fa b rics  in e le ctr ica l a p p a ra tu s , c lo th  for b o o k b in d in g, and  a 
th o u san d  o th er  uses. T h e  e x te n t  to  w h ich  d y e s tu ils  are  em ­

p lo y ed  and  th e  c h a ra c te r  of th ese req u irem en ts, w ill, o f course, 
d ep en d  o n  th e  n a tu re  o f th e  te x tile  and  th e  use to  w h ich  i t  is to  
be p u t. F a b ric s  used fo r u n derw ear, for in stan ce, are  g e n e ra lly  
n o t d y e d ; c o tto n  h o sie ry  is ch ie fly  d y ed  b la ck , to  a lesser degree 
b ro w n , a n d  to  a  v e r y  sm all e x te n t in colors, w h ile  s ilk  h o siery  
is d y e d  in a ll m an n er o f colors. It w o u ld  be foolish  to  d y e  
fa b rics  fo r a u to m o b ile  tires, w h ereas fa b rics for w in d o w  shades 
m u st n e arly  a lw a y s  b e  d y ed , and  w ith  colors o f excep tio n a b le  
fastn ess to  lig h t, o th e r  q u alitie s  o f fastn ess, such  a s  w ashin g, 
b e in g  d isregard ed  as u n essen tia l. A n d  so it  goes, th e  w id e  
d iv e r s ity  o f fa b rics  lead s to  a  w id e  d iv e r s ity  o f co lo r req u ire­
m en ts b o th  as to  sh ad e a n d  fastn ess. O n  th is  a cco u n t, there 
m u st be a  w id e  d iv e r s ity  o f d y es tu ffs  to  ta k e  ca re  o f th e  v a rie d  
d em and s o f th e  te x tile  in d u stry , an d , in  con sequen ce, it  h as been  
fou n d  im p o ssib le  to  red u ce  th e  m an u factu re  o f d y es tu ffs  to  a 
fe w  sta n d a rd ize d  and  sta p le  p ro d u cts. In  a n y  d iscu ssion  re­
la t in g  to  th e  estab lish m en t o f a  large  A m e rican  d y es tu ff in d u stry

th is  fa c t m u st b e  born e in m in d . I t  m u st be p rep ared  to  tak e  
care  o f th e  m a n u fa ctu re  o f r e la t iv e ly  sm all q u a n titie s  o f this, 
th a t, and  th e  o th er  d y e s tu ff fo r som e p a rtic u la r  p urp ose and 
q u a lity  o f color.

MANUFACTURE OF DYES BY THE TEXTILE INDUSTRY

T h e re  h as  b een  o f la te  a  good  d ea l o f ta lk  as to  th e  fea sib ility  
o f th e  te x tile  in d u stry  itse lf b eco m in g in terested  d ire c tly  in the 
m a n u fa ctu re  o f d y es tu ffs  an d , co n se q u e n tly , I  h a v e  in terview ed  
n u m erou s te x tile  m en  011 th is  s u b je c t  w ith  th e  v ie w  o f o b ta in in g  
a  b ro a d  op in ion  o f th e  m a tte r . T h e  gen eral feelin g , h ow ever, 
is th a t  th e  d y e s tu ff in d u str y  is e n tire ly  se p a ra te  a n d  d istin ct 
fro m  th e  gen eral te x tile  in d u str y  itse lf;  th e  m a n u fa ctu re  o f d yes 
is in r e a lity  a  h ig h ly  d ev e lo p ed  ch em ica l en terp rise , and  the 
a v e ra g e  te x tile  m a n u fa c tu re r  h as  110 m ore desire  to  g o  in to  the 
m a n u fa ctu re  o f d y es tu ffs  th a n  h e h as o f go in g  in to  th e  business 
o f m in in g  co a l o r m a k in g  steel. T h e  d y e s tu ff m an u factu rer 

m u st b e  p rep ared  to  sta n d  on h is o w n  fe e t  and  d ev e lo p  his in­
d u s tr y  th ro u g h  h is o w n  en erg y  a n d  c a p ita l;  lie  m u st m eet the 
co n d itio n s w h ich  co n fro n t h im  (as m u st e v e ry  o th er m an u fac­
tu rer).

W h e n  th e  E u ro p e a n  w a r  b ro k e  o u t  a n d  th e  reg u la r sh ipm ents 
o f d y es tu ffs  w ere  c u t  o ff from  th is  c o u n try , th e  te x tile  tra d e  w as 
th ro w n  in to  a  v e r y  exc ite d  co n d itio n . M o s t  o f th e  m ills, how-: 
e ver, h ad  se v era l m o n th s ’ s u p p ly  o f d y es tu ffs  on  h an d  a n d  this, 
to g e th er  w ith  w h a t th e y  h a v e  b een  a b le  to  p ic k  u p  in th e  m arket, 
h as  k e p t  th em  g o in g  ra th e r  sa tis fa c to r ily  u p  to  th e  p resen t tim e. 
T h e r e  h a v e  a lso  b een  som e fresh  sh ip m en ts from  R o tte rd a m  to  
g iv e  a  fu rth e r  s u p p ly  to  a  n o w  p r a c t ic a lly  d ep icted  m arket. 
I f  th ese  sh ip m en ts ca n  be m ain ta in e d  w ith  m ore or less re g u la rity  

d u rin g  th e  p erio d  o f w ar, th ere  is 110 d o u b t b u t  th a t  o u r textile  
in d u stries m a y  be m ain ta in e d  w ith o u t a n y  serious setb ack . 
T h e re  w ill, n o  d o u b t, be sp ecia l cases w h ere  th e  n e ce ssary  su it­
a b le  d y es tu ffs  ca n n o t be o b ta in ed , and  th is  w ill n ecessitate  a re­
a d ju stm e n t o f s ty le s  to  a certa in  e x te n t. I f, h o w ever, th e  sh ip ­
m en ts o f d y es tu ffs  from  G e rm a n y  c a n n o t b e  b ro u g h t th rou gh , 
o r if th e  m an u factu re  o f th ese  d y e s  is  serio u sly  in terfered  w ith  
so  th a t  w e  ca n n o t o b ta in  th em  a t  all, th en  th e  te x tile  in d ustries 
h ere  w ill, o f course, b e  u n der th e  n e ce ss ity  o f p u tt in g  u n dyed  
go o d s u p o n  th e  m a rk e t. T h is  w o u ld  b e  a  co n sid erab le  hard sh ip, 
fo r  th ere is « 0  d o u b t b u t  th a t  th e  d em an d  fo r su ch  good s w ould  
fa ll fa r  b e lo w  th e  n orm al, a n d  fu rth erm o re s a tis fa c to ry  priccs 
co u ld  n o t b e  o b tain ed .

MEETING PRESENT DEMAND FOR DYES

In  th is  e v e n t th ere  a rc  tw o  p o ssib ilities to  con sid er; (1) T o  
r e v iv e  th e  use o f th e  v e g e ta b le  d y e s  to  ta k e  th e  p la ce  o f th e  G e r­
m an  s y n th e tic  co lors; (2) to  m a n u fa ctu re  th e  req u ired  d y estu ffs  
in th is  c o u n try . T h e  first a lte r n a tiv e  d oes n o t o ffer m uch  hope 
e x c e p t in a  m in o r w a y . In  th e  first p la ce , i t  w o u ld  req u ire  a 
co n sid erab le  tim e to  g e t to g e th e r  th e  n ecessary  ra w  d yew o o d s 
from  th e  co u n tries in  w h ich  th e y  gro w ; th en  th e  co lo rin g  m atters 

w o u ld  h a v e  to  b e  e x tr a c te d  and  p ro p e rly  tre a te d  in  ord er to 
d ev e lo p  a  sa tis fa c to ry  stre n g th  a n d  q u a lity , a n d  in a d d itio n  to  
a ll th is, th ere  w o u ld  h a v e  to  b e  a  con sid erab le  re a d ju stm e n t of 
co n d itio n s and  usages in th e  d y eh o u se  b efo re  th e  n a tu ra l colorin g 
m a tte rs  cou ld  be p ro p e rly  u tilize d  to  g iv e  s a tis fa c to ry  shades. 
E v e n  th en , th ere  w o u ld  b e  a  g re a t  m a n y  co lors w h ich  cou ld  n o t 
b e  o b ta in e d  w ith  th ese  n a tu ra l d y estu ffs , a n d  a  g re a t m a n y  of 
o u r fa s t  co lo rs co u ld  n o t b e  o b ta in e d  a t  a ll. T h e re  are  som e 
cases, i t  is tru e , w h ere  n a tu ra l d y e s  w o u ld  b e  re a d ily  a v a ila b le  
an d  co u ld  b e  used  as. s u b stitu te s  fo r som e o f th e  c o a l-ta r  colors. 
T h e  o u tp u t o f lo gw o o d  co u ld , n o d o u b t, b e  c o n sid e rab ly  in creased  
in a  sh o rt tim e, a n d  th is  co u ld  b e  u tilize d  fo r b la ck s  on w ool and  
c o tto n  goods, th o u g h  fastn ess o f co lo r w ou ld , o f course, h a v e  to  be 
sacrificed . T h e re  are  la rg e  q u a n titie s  o f a rch il w h ich  co u ld  also 
be b ro u g h t in to  use on sh o rt n otice , a n d  th is  co u ld  b e  em p lo yed  
in m a n y  cases w ith  m uch  sa tis fa ctio n  in w o o l d y e in g  an d  ca rp e t 
d y e in g  fo r th e  p ro d u ctio n  o f reds a n d  brow n s. T h e re  is p r o b a b ly



q u ite  a  s u p p ly  of y e llo w  d yew o o d s w h ich  cou ld  be m ad e a v a il­
able  in a  sh o rt tim e. W ith  in digo, h o w ever, it  is n o t p ro bab le  
th a t  th e  p ro d u ctio n  co u ld  b e  m u ch  in creased  fo r sev era l y ears, 
as th is  req u ires th e  ca re fu l p la n tin g , c u lt iv a tio n  and  h arv e stin g  

o f crops.

T h e  o th er  a lte r n a tiv e  open to  us is th e  m an u factu re  o f d ye- 
stu ffs  in th is  c o u n try  011 a  sca le  su fficien t to  ta k e  care of ou r 
needs, b o th  w ith  re sp cct to  a m o u n t and  k in d  of dyestulT. T h e re  
is a lre a d y  a  fa ir  p ro d u ctio n  o f d y es tu ffs  in th is  c o u n try , and  th ere  
is no d o u b t b u t  w h a t th is  in d u str y  co u ld  be sa tis fa c to rily  d e­
v e lo p e d  u n d er p rop er co n d itio n s. I t  w ill, h o w ever, require tim e, 
o rg an ized  tech n ica l effort, a n d  ca p ita l, and  I  am  sure w e h a v e  
a ll th ree  o f th ese  co m m o d ities in th is  co u n try , to g e th er  w ith  th e  
o th er  n ecessary  ra w  m ateria ls  fo r  th e  p ro d u ctio n  of co a l-ta r 
colors. B u t  I  le a v e  th e  d iscu ssion  o f th is  fea tu re  o f th e  case  to  
M r. S to n e , w h o, b e in g  a  m an u fa ctu re r  o f d yestu ffs, c a n  te ll yo u  
a ll a b o u t th e  p o ssib ilities o f th is  in d u stry .

PROBLEM TO BE SOLVED BY CHEMISTS

In  closing , I  w o u ld  s a y  th a t  th e  te x tile  in d u stries o f th is  co u n ­
tr y  a re  v e r y  d ep en d en t on  a  p ro p er s u p p ly  o f dyestufTs, and  I  
am  su re  th e  te x tile  m an u factu re rs  w o u ld  h e a r tily  w elco m e th e  
firm  and  p erm an en t e stab lish m e n t o f a  d y e s tu ff in d u stry  in th is  
c o u n try , so th a t  w e  w o u ld  b e  se lf-co n tain ed  a n d  n o t d ep en d en t 
on fo reign  cou n tries. H o w e ve r, th e y  feel th a t  th is  d y estu ff 
in d u stry  m u st b e  d eve lo p ed  in d ep en d en t o f th em selves, and 
w h ile  th e y  are  w illin g  to  g iv e  it  a ll le g itim a te  su p p o rt and  o p ­
p o rtu n ity , I  d o u b t if th e y  a rc  a t  a ll in clin ed  to  gro w  it  as a  h o t­
hou se p ro d u ct. T h e y  b e lie v e  t h a t  th e  d y e s tu ff in d u stry  ca n  b e  
estab lish ed  h ere  b ased  on sou n d  e co n o m ic  principles. T h e  
o p p o rtu n ity  is here and  o u r ch em ica l m an u factu re rs  shou ld  lose 

no tim e  in ta k in g  a d v a n ta g e  o f it . T h e  a p p e a l of th e  te x tile  
in d u stry  to  th e  ch em ist a t  p resen t is: " W e  need d yestu ffs, so
g e t b u sy  and  m ak e th em ; d o n 't  hem  and  h aw , and  m ak e excuses, 

b u t g e t r ig h t  on  th e  jo b .”

5 0  E a s t  4 1 s t  S t . ,  N e w  Y o r k  C it y

C A M P A I G N  F O R  A M E R I C A N  D Y E S T U F F  I N D U S T R Y
B y  A r t h u r  P rill ,

T h e  te ch n ica l and  co m m ercia l a sp e cts  of the ca m p a ig n  fo r an 
A m e ric a n  d y e s tu ff in d u str y  are  011 th is  pro gram  a lre a d y  in b e tte r  
h an d s th a n  m ine, b u t  y o u  m a y  be in terested  in th e  p u b lic ity  
fe a tu re s  o f th e  m o vem en t, fo r n o w a d a y s  n o th in g  o f m om ent 
th a t  e ffects  th e  gen eral p u b lic  ca n  be a ccom p lish ed  e xc ep t b y  
m o ld in g  p u b lic  opinion.

Y o u  w ill p erh ap s p e rm it m e to  s ta te  a  fu n d am en ta l p ro p o ­
sitio n  u p on  w h ich  rests th e  reason fo r som e o f th e  p u b lic ity  
w h ich  h a s  b een  g iv e n  to  th e  ca m p a ig n  fo r an  A m e rican  d y estu ff 
in d u stry . A  n ew sp ap er h as twro  fu n ction s, first, to  gath er, 
c o lla te  a n d  d istr ib u te  n ew s; seco n d ly , to  m ak e  m en th in k . T h e  
la t te r  o f th ese  fu n ctio n s is b y  fa r th e  m ore d ifficu lt to  accom p lish , 

b u t  c a n  in a  g iv e n  in stan ce  b e  o f th e  h ig h est v a lu e .

T h e  n ew sp ap er m an h as an a d v a n ta g e  o f position  in rece iv in g  
n ew s a t  th e  earliest possib le  m o m en t. H en ce, h e is  in  a  p osition  
to  foresee co m in g e v e n ts  b efo re  th e  gen eral p u b lic  o r som etim es 
e ven  b efo re  a  sp ecia l in d u stry  g e ts  a n y  in k lin g  o f such  fu tu re  

tren d.
N o w , if u n d er su ch  circu m stan ces  he uses h is k n o w led ge  to  

sh o w  fu tu re  p o ssib ilities  to  th e  p a p e r ’s readers, h e w ill find u n ­
b elievers , w ell m ea n in g  b u t  o ften  sh o rt-sigh ted . F u rth e r , if 
h e a d v o c a te s  a  ch an ge  h e is ce rta in  to  arou se  th e  e n m ity  o f th e  
o ld  sy ste m — hence, th e  n eed  o f a  ca m p a ig n . W e  a sk  tw o  far- 
re a ch in g  ch an ges, p a te n t  rev is io n  a n d  ta r iff  a id . W h e n  fo r­
eign ers o b ta in  U n cle  S a m ’s p ro tectio n  fo r th e ir  b ra in -w o rk , 
t h e y  sh o u ld  b e  com p elled  to  u se su ch  p r o te c tiv e  ideas, in  p art, 
a t  lea st, fo r th e  b en efit o f U n cle  S a m ’s c itizen s. A g a in , if w e 
seek  A m e rica n  c a p ita l to  la y  o u t  fu n d s for th e  co n stru ctio n  o f 
d y e s tu ff fa cto ries, th is  c a p ita l h a s  a  rig h t to  d em an d  th a t  fo r­

N ov., 1914 T H E  J O U R N A L  OF I N D U S T R I A L

e ig n  co m p etitio n  b e  k e p t  o u t  o f th e  c o u n try  u n til th e  w h o le  
in d u stry  h as  o b ta in e d  a  firm  fo o tin g.

In  th e  case  o f A m e rican  d y es tu ffs  such  a ca m p a ig n  sh ou ld  n o t 
re a lly  be necessary'. A  th ree-fo ld  gen iu s w h o  fu lly  grasp ed  th e  
te ch n ica l as w e ll as th e  co m m ercia l a sp e cts  o f th e  c o a l-ta r  s itu a ­
tio n  and  w h o  a lso  possessed rh e to rica l an d  lite ra r y  a b il ity  to  
p lace  th e  m a tte r  a d e q u a te ly  b efo re  a ll in terested , w o u ld  lo g ic a lly  
co n vin ce  th em  and  m o ve  th em  to  a ct.

A s  no d ec isive  a ctio n  fo r th e  estab lish m en t o f an  A m e rica n  
d y e s tu ff in d u str y  h as  as y e t  b een  ta k e n , it  is e v id e n t th a t  th is 
th ree-sid ed  gen iu s h as  n o t y e t  ap p eared , b u t  th e  p o s s ib ility  o f 
u n ited  a ctio n  b y  su ch  m en as com p ose th e  A m erica n  Chem ical 
Society— y o u  m en  here to n ig h t cou ld  w ag e  th is  ca m p a ig n  w ith  
c e r ta in ty  o f success. •

T h e  q u estio n  w h ich  arises in y o u r  m ind is, S h o u ld  y o u  ta k e  it  
u p  and  ta k e  it  u p  n o t m erely  in a cad em ic  m an n er, b u t  shou ld  
y o u  p u t in to  th is  ca m p a ig n  th a t  p ra c tic a l e ffo rt a n d  v ita l  force 
w h ich  is essen tial to  v ic to r y ?  T h e  m o st a p p a re n t in ce n tive  
is th e  fa c t  th a t  certa in  b ran ch es of th e  te x tile  tra d e  are  to d a y  
s la ck en in g  fo r w a n t o f su itab le  d y estu ffs . N o t  o n ly  a rc  m ills 
ham p ered  in p ro d u ctio n , b u t  h u m an  b ein gs are  su fferin g fo r 
la c k  o f th e ir  u su al m ean s o f liv e lih o o d . F u rth e r , e v e r y  h o u se­
w ife  in th e  lan d , w h en  she goes in to  a  d ep artm e n t sto re  to d a y , 
fin ds th a t  h er d o lla r w ill b u y  o n ly  e ig h ty  ccn ts  w o rth , in som e 
cases o n ly  f i f t y  cen ts w o rth  o f textiles , as ga u g ed  b y  prices 
w h ich  ru led  th re e  m o n th s ago. A s  a  resu lt, th e  h ousehold  
b u d g e t o f e v e r y  fa m ily  in th e  la n d  suffers m ore o r less.

A n o th e r  in cen tive , a lth o u g h  lit t le  a rg u m e n t n eed  b e  w a s te d  
u p o n  it, is th a t  e v e ry  c o u n try  should  as fa r  as p ossib le  b e  in d e­
p en d en t in its  in d u str ia l a c tiv itie s . A m e rica , a b o v e  all, w ith  
h er w o n d erfu l n atu ra l w ea lth , offers u n lim ited  ra w  m a te ria l to  
th e  co a l-ta r  d y e  m aker.

B u t  h u m an ita ria n  and  p a trio tic  reason s m ig h t n o t b u d ge  y o u  
fa r if a  ce rta in  o th er  in ce n tive  be la ck in g . T h e  d o m in a tin g  
fa c to r  in  a ll co m m ercia l q u estion s is “ W o u ld  it  p a y  y o u  to  ta k e  
a c tio n ? ”  H ere, in th e  d ollars and  ccn ts  e q u atio n , w e h a v e  the 
real o b stac le  to  th e  cam p aign  fo r a n  A m e rica n  d y e s tu ff m a n u ­
fa ctu re . I t  is useless fo r a n y o n e  to  c r y  " A m e ric a n  d y e s  fo r  
A m erican  te x tile s ,”  w h ile  th e  m a jo r ity  o f persons d ire c tly  c o n ­
n ected  w ith  th e  d y e s tu ff industry' g e t th e ir  b re a d  and  b u tte r  
from  n o n -A m erican  d y es tu ff m akers and  w h ile  th ese  persons 
re ta in  co n tro l o f th e  so-called  cam p aign .

I  h a v e  m et m a n y  a  tech n ica l m an  in th e  la st  th ree  m o n th s 
w h o  sa id: “ Y e s , w e  co u ld  in from  one to  tw o  y e a r s  estab lish
lo ca l m an u factu re  o f d y es tu ffs  w ith in  certa in  lim its  perh aps, 
b u t  su fficien t to  su p p ly  p ressin g needs. W e  can  d o  th is  if w e  
g e t rev is io n  o f o u r p a te n t  la w s a n d  ta r iff so as to  p r o te c t  A m e r­
ica n  c a p ita l in su ch  v e n tu re  b u t— m y  s a la r y  or m y  retain ers 
com e from  so a n d  so w h o  do th eir  d y e s tu ff m ak in g  n o t fa r  from  
th e  R h in e . I  c a n  ta k e  n o  a ctio n  w ith o u t ru in in g  m y s e lf fin an ­
c ia lly . I b e g  y o u  n o t to  pu blish  a  w o rd  o f th is  c o n v e r sa tio n .”

T h e  D a ily  Trade Record, h a v in g  serv ed  the te x tile  business 
fo r som e tw e n ty -tw o  y ears, a lso  h as  som e good frien d s a m o n g 
th e  m ill m en, to  w h om  w e ca n  go in  con fiden ce. W e  re c e n tly  
ca lled  th e  a tte n tio n  o f certa in  o f th ese  to  a n  a d v e rtise m e n t in 
a  te x tile  jo u rn a l w h ich  ran  as fo llo w s: “ D o  n o t w o rry  a b o u t
la c k  o f d y es tu ffs ; w e  h erew ith  assu re o u r cu sto m ers th a t  w e  can  

s u p p ly  a ll th eir n eed s.”  T h e  D a ily  Trade Record  a sk ed  th e  m ill 
m en : " Y o u  k n o w  th is  is n o t tru e; y o u  y o u rse lf h a v e  tried  to
b u y  d y estu ffs  from  th a t  firm  w ith o u t g e tt in g  w h a t  y o u  w ere  
a fte r. W ill y o u  b a c k  u s in o u r ca m p a ig n  b y  a llo w in g  us to  p ro ve  
th e  fa cts  b y  y o u r  ow n  busin ess co rresp o n den ce?”  T h e  m ill m en 
rep lied : “ I f  w e  d id, th e  ch an ces arc w e w o u ld  g e t  n o  d y e s  a t
a ll; th is  firm  w o u ld  be b la ck -liste d  b y  a ll th e  im p o rters and  p r a c ­
t ic a lly  h a v e  to  g iv e  u p  bu sin ess.”

U n d er su ch  co n d itio n s, it  is e v id e n t th a t  th e  o n ly  w a y  to  o b ­
ta in  th e  n ecessary  p a ten t and  ta r iff  leg is latio n  is to  a ro u se  w id e ­
sp read  p u b lic  sen tim en t a m o n g p eop le  w h ose b read  and  b u tte r
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d o cs not d ep en d  on th e  en em ies o f the m o vem en t. Y o u , ch em ­
ical engineers, if y o u  a c t  as a  b o d y , are  in d ep en d en t; y o u  could  
lend  th e  w e ig h t o f y o u r profession al re p u ta tio n  and  tech n ica l 
k n o w led ge  to  p ro ve  to  th e  c o u n try  th a t  w e can  o verco m e the 
tech n ica l ob stacles. T e n  m illion  p eople in th e  U n ite d  S ta te s  
from  m ill to  c lo th in g  m erch a n t are  d ep en d en t on th e  te x tile  
trades and  to sh ow  th ese w h ere th e ir  b read  and b u tte r  lies is 
y o u r  problem . W in  th e ir  v o te s  and  y o u  w in  th is  cam p aign . 
T h e  o p p o n en ts o f A m e rican  d y e s tu ff m a n u factu re rs  n e v e r  m en ­
tion  ta r iff or p a ten t-re v is io n — th e y  k n o w  su ch  p rop osals w o u ld  
m eet w ith  p u b lic  a p p ro v a l. T h e  foreign  m a k ers ’ a g e n ts  sim p ly  
re itera te: “ Y o u  can not d o  i t .”

I f  yo u  ta k e  h o ld  o f th is  su b je c t  as a  so c ie ty , sh ow  A m e rica  
th a t  w e  can  do it  an d  exp la in  to  th e  o th er  te ch n ica l o rg a n iza ­
tions in th e  c o u n try  h ow  p ro fitab le  it  w ould  be to  th e  U n ited  
S ta te s  to  d ev e lo p  her c o a l-ta r  resources, a n d  th ro u g h  y o u r 
tech n ica l p u b lica tio n s and  p u b lic ity  d ep artm e n ts  o b ta in  the aid  
o f th e  g re a t A m e rican  n ew sp ap er w orld , y o u  w ill c e rta in ly  su c ­
ceed  in so la y in g  th e  fa c ts  b efo re  th e  A m e rican  p u b lic  th a t  th e  
so lu tion  w e  offer w ill be a ccep ted  and  a p p recia ted . H om e 
m a n u fa ctu re  o f d y es tu ffs  is the o n ly  so lu tion .

S in ce  a c a rp e n te r ’s union  and  an  iron  w o rk e r ’s o rg an izatio n  
h a v e  b ra in s en ough to  w o rk  to g e th er  for th eir  com m on  good, 
w h y  co u ld  n o t ch em ists  a n d  c iv il engineers, even  th e  b o ta n ist  
and  the astro lo ger, possess acum en  en ough to  tak e  u n ited  a ctio n ?  
T e c h n ic a l w o rk ers are  the one g re a t  in te llig en t force  o f c iv iliz a ­
tion, a lth o u g h  th e y  h a rd ly  seem  to  u n d erstan d  th eir  stren g th . 
In  su ch  a ca m p a ig n  as th is  th e y  cou ld  use th eir  stre n g th .

I f  w e  do arouse the a ll p ow erfu l p u b lic  sen tim en t o f th e  A m e r­
ican  people, co m p ellin g  needed  leg is la tio n  a t  *W ashington, 
there w ill resu lt in creased  ch em ica l a c t iv it y  n o t o n ly  in d yestu ffs, 
b u t in a ll o th er  b ran ch es o f th ose n u m b erless in d u stries w h ich  
are  b ased  upon  the w'ork of ch em ists. Y o u r  profession  w ill rise 
to  h igh er and  u n a tta in c d  h e ig h ts  in th e  e stim a tio n  o f th e  c o u n try ; 
fin ancial recom pen se w ill s im ila rly  m u ltip ly  as th e  ca ll fo r y o u r  
serv ice  in creases and  fu tu re  gen eratio n s w ill, due to  y o u r  efforts, 
w o rth ily  ca ll th is  e a r ly  tw e n tie th  c e n tu r y  the “ D a w n  o f A m e r­

ican  C h e m is tr y ."

C O A L  T A R  C O L O R S  O F  A M E R I C A
B y  I. F. S t o n e  

M r .  C h a i r m a n  a n d  G e n t l e m e n :

I t  g ives m e g re a t p leasure to  be able  to  a p p e ar before y o u  th is  
even in g, to  c lea r up, if I can , th e  gen eral sk ep ticism  w h ich  seem s 
to  e x is t  in co n n ectio n  w ith  the m an u factu re  o f coal ta r  d y es  in 
the U n ited  S ta te s.

DYE INDUSTRY IN THE V . S. FOR 3 0  YEARS

T h a t  th ere  is su ch  an  in d u stry  in the U n ited  S ta te s  is a  fa c t 
a n d  h as been fo r o v e r  th irty  y e ars . T h a t  w e ca n n o t com p are 
w ith  G e rm a n y  in m agn itu d e  is o f course tru e, and  th a t  w e shall 
be a b le  to  in crease  ou r p ro du ctio n  in th e  n ear fu tu re  to  tak e  
o v e r  a ll o f th e  co lors now  su p p lied  b y  G e rm a n y  is a lso  m an i­
fe s t ly  im possib le, b u t  th a t  it is possible to  increase the A m e r­
ican  p ro d u ctio n  v e r y  m a te ria lly  is a fa ct, d ep en d in g  on certa in  
co n d itio n s o f w h ich  1 shall sp ea k  la ter . T h a t  there h as been 
m ore or less p reju d ice  a g a in st d y e s  m ade in A m erica  is a lso  true, 
a nd  these d y e s  are fu lly  as good  a s  a n y  m ade in E u ro p e, a lth o u gh  
it  h as b een  a stru g g le  to  p ro ve th a t  the la tte r  sta te m e n t is a b so ­
lu te ly  true. E v e n  a t  th is  la te  d a y  there are people w h o w ould  
a lw a y s  g iv e  the p reference to  E u ro p ea n  d yes a t the sam e price 
and  quality ', if  th e y  h ad  an  o p p o rtu n ity  to  do so, a n d  they' are 
a b e tte d  in th eir  b elief v e r y  n a tu ra lly  b y  the E u ro p ea n  rep re­
sen tativ es.

Only' a  few' d a y s  ago, am on g o th er  le tters w e  h av e  received  
a sk in g  a b o u t th e  m an u factu re  o f d y e s  in th is  country', w as one 
from  a v e r y  su b stan tia l trad e jo u rn a l w h ich  c ircu la te s  largely' 
a m o n g th e  textile  m ills. A m o n g  o th er th in g s it sa y s: “ N o
one b elieves th a t  the A m e rican  d y e s tu ff m an u factu re r ca n  com ­

pete  w ith  the G erm an . T h e  G erm an s are  co u n ted  w izard s in 
d y e s tu ff c h e m istry  a n d  I  d o u b t if y o u  co u ld  in te re st a  great 
n u m b er o f m an u factu re rs  in a  d o m estic  p ro d u ct a t  th e  same 
price as q u o ted  on  e x a c t ly  th e  sam e th in g  from  G e rm a n y .”  
A fte r  a  co u p le  o f p ages o f such  a rg u m e n t it  fin a lly  suggests 
th a t  w e ta k e  u p  the m a tte r  o f a d v e rtis in g  w ith  th em  to  change 
th e  sen tim en t o f th e  b u y ers , w h ich  is v e r y  n a iv e  to  s a y  the least.

B u t  the p o in t is, if a  jo u rn al w ith  th e  in fluen ce of this one 
should  exp ress su ch  sen tim en ts a m o n g its su b scrib ers, h ow  un­
fa ir it  w o u ld  be to  th e  A m erican  m a n u factu re rs  o f d yes, and it 
is s im p ly  an in stan ce  o f one o f th e  sm all th in g s  a g a in st w hich 
w e  are s tru g g lin g . O n th e  o th er h an d , in  th e  p a st few  w eeks 
w e are  e n co u rag ed  b y  p um erous le tters  from  a c tu a l consum ers 
o f d y es , am on g th em  som e o f th e  la rg e st te xtile  m ills in the 
c o u n try , co m p lim en tin g  us upon th e  w a y  w e  h a v e  b een  handling 
o u r p ro d u cts d u rin g  th e  p resen t a b n o rm al co n d itio n s, and  ad ­
v is in g  us th a t th e y  w o u ld  in the fu tu re  g iv e  th e ir  preference 
to  A m e rican  colors w h en e v er w e are  able  to  o ffer th em  in co m p e­
t i t i o n  w ith  foreign  co lo rs; i. c., w h en  w e can  su p p ly  th em  w ith  
th e  q u a n tity  o f colors con su m ed , w h ich  h ith e rto  w e h av e  not 
been  able  to  d o  b y  reason o f n o t h a v in g  a p ro d u ctio n  sufficiently  
large  to  ta k e  care  o f a ll th e  trad e. S o  life does h a v e  its  com ­
p en satio n s and  the A m e rica n  d y es tu ff in d u stry  from  n ow  on 
s ta rts  o u t 011 an eq u a l fo o tin g  w ith  th e  G erm an  in d u stry , as far 
as the good -w ill o f th e  con su m ers is co n cern ed. I t  is therefore 
o n ly  a  q u estion  o f b ein g  able  to  p rodu ce a  large  en ou gh  q u an tity  
a t  c o m p e titiv e  prices to  in sure a  large p ro p o rtio n  o f the bu si­
ness o f th e  U n ite d  S ta te s  fo r the A m erican  m an u factu rers .

B a r e ly  tw o  m o n th s ag o  a  c o m p a r a tiv e ly  sm all p ercen tag e of 
the p o p u latio n  of th e  U n ited  S ta te s  k n ew  a n y th in g  a b o u t aniline 
d y es  or d y estu ffs , th o se  w h o d id  k n o w  so m eth in g  b ein g m ainly 
co n n ected  w ith  in d u stries w h ich  used th ese p ro d u cts. E ven  
th ose w ho d id  use th em  h ad  o n ly  a v a g u e  idea, as a rule, w hat 
th e y  w ere and  th e ir  source, e x c ep t in a  gen eral w a y , th a t  they 
w ere m ade from  coa l ta r  and  th a t  E u ro p e  w as the principal 
sou rce of su p p ly . T h e y  w ere  e ven  regarded  b y  a  large  p er­
ce n tag e  o f th e  con su m ers as a  m ere d eta il o f th eir  business, 
and  w ere p u t  in am on g the su n dries w ith  such item s as oil, soap, 
and  I m ig h t a lm o st s a y  p aper, strin g , and  such  m iscellaneous 
su p p lies, n o tw ith sta n d in g  th a t  it  req u ires th e  h ig h est ord er of 
sc ien tific  tra in in g  to  p rodu ce th ese colors and  a  lo n g  exp erience 
and  k n o w led ge  o f th em  in ord er to  sell th em  su ccessfu lly . T h e 
a v e ra g e  d y e s tu ff sa lesm an  w as re ce iv ed  o n ly  w ith  tolerance 
and  u su a lly  referred  to  som e m inor em p lo yee  for h is in terv iew . 
S u d d e n ly  so m eth in g  h ap p en ed . A  g re a t w a r  w as declared, 
and  the g re a t source o f su p p ly  w as one o f th e  p rin cip al n ations 
in vo lve d . S om e b u y er, m ore in te llig e n t th an  the o rd in a ry  one, 
d iscern ed  th a t  th e  s to c k  o f dy'estuffs w o u ld  be m ore or less 
lim ited  if n o t entirely' c u t  o ff u n der these co n d itio n s, and  im m e­
diately ' m ad e a tte m p ts  to  secure a good  su p p ly  fo r his fu tu re 
w an ts. T h e  n ew s soon spread  a m o n g o th ers u n til there w as a 
gen eral scram b le  fo r d y estu ffs  and  m en w h o  o rd in a r ily  g a v e  th e  
m a tte r  very' litt le  a tte n tio n  are  n ow  lo o k in g  a fte r  it  personally, 
a nd  in te rv iew in g  and  corresp o n d in g  w ith  the h ead s o f such  firms 
a s th e y  th in k  ca n  a cco m m o d a te  th em . T h e  n ew sp ap ers took 
up th e  m a tte r  and  pu blish ed  co lu m n s o f m ore or less a ccu rate  
in fo rm atio n  as to  th e  s itu atio n . T h e  gen eral p u b lic  w as th ere­
fore g iv e n  a n  idea o f w h a t w a s go in g  on, and now  k n o w  m ore of 
the source and  supply- o f aniline p ro d u cts th an  th e y  e v e r  knew  
before.

T h e  u n fo rtu n ate  co n d itio n s n ow  p rev a ilin g  h a v e  a t  least 
b een  o f som e good in d em o n stra tin g  to  o u r people th a t  th ey 
sh ou ld  be as in d ep en d en t as possible o f o th er  n atio n s in con n ec­
tion  w ith  th eir  s u p p ly  o f such p ro d u cts a s  are  needed  in th is 
country-, and  th ere  is n ow  a gen eral d em an d  th a t  th e  p rodu c­
tion  o f aniline  d y e s  as one item  sh ou ld  be im m ed iately ’ d evelop ed  
to  su ch  an e x te n t th a t  w e m ay' b e  in d ep en d en t o f a ll o th er 
n ation s.



N ov., i 9I4 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 947

T h e  serious q u estio n  n ow  th erefore  is w h eth er o r n o t such  an 
in d u stry  ca n  be d ev e lo p ed  to  such  a n  ex te n t, and  th is qu estion  
can  be an sw ered  o n ly  b y  som e e xten d ed  and  m ore or less su p er­
ficial e x p la n a tio n  of co n d itio n s. I t  is n o t m y  in tention  to  p u t 
before y o u  a  scien tific  o r tech n ica l p ap er on the su b je ct, as m o st 
o f y o u  are  m ore or less fa m ilia r  w ith  th e  general con d ition s 
su rro u n d in g  th e  m an u factu re  o f th ese produ cts, or a t  lea st can 
e a s ily  read  u p  th e  d eta ils . I d o  w ish  to  g iv e  yo u , h ow ever, a 
p ractica l sta te m e n t o f th e  fa c ts  so th a t  y o u  m a y  sec w h y  the 
in d u stry  h as n o t d evelo p ed  in th is  c o u n try  as it  has in E u rop e, 
m ore p a rtic u la r ly  in G e rm a n y , for o th er n atio n s are no fu rth er 
a d v an ce d  th an  are the U n ite d -S ta te s .

RAW MATERIALS FOR. DYES

A n ilin e  is a  p ro d u ct o f coa l ta r , th a t  is, coa l ta r  is th e  p rim ary  
raw  m ateria l from  w h ich  co lors are  produced, and it w as o b ­
tain ed  o rig in a lly , in th e  m an u factu re  o f coal gas; b u t recen tly  
th e  co k e  o ven s used fo r m ak in g  h ard  co k e h av e  furnished a large 
and  c o n s ta n tly  increasin g q u a n tity .

T h e  first d istilla tes  are  such  p ro d u cts as benzole, to luole, 
x ylo le , phenol (carbo lic  a cid ), n ap h th alen e, anth racen e, e tc ., 
and  th ese are  p ro d u ced  la rg e ly  in th e  U n ited  S ta te s  as w'ell 
as in G e rm a n y ; b enzole, for in stan ce, w h ich  is p ro b a b ly  the 

m o st im p o rta n t o f th e  gro up , is n o t o n ly  th e  b ase for the m an u ­
fa ctu re  o f th e  in term ed iate  p ro d u cts o f aniline d yes, b u t is also 
used la rg e ly  as a  so lv e n t in p lace  o f b en zin e and  gasoline, and 
in fa c t, in E u ro p e  is la rg e ly  used as a fu el fo r a u to m o b iles as a 

s u b stitu te  fo r th e  sam e p ro d u cts. T h e  prices a t w h ich  it  sells 
in th is c o u n try  are  p ra c tic a lly  th e  sam e as in E u ro p e, as are also 
the prices o f th e  o th er  d istilla tes  first m en tion ed. U p  to  now , 
th e  s u p p ly  h as k e p t  p ace w ith  th e  d em and , and  th ere  is no o v e r­
p ro d u ctio n , b u t  if the m an u factu re  of- d y e s  is to  be co n sid erab ly  
exten d ed  it  w ill th en  b e  a lso  n ecessary  to  exten d  th e  produ ction  
o f b en zo le  w h ich  can  be done in th e  cou rse o f tim e b y  su b ­
s titu tin g  b y -p ro d u c t co k e o v en s fo r th ose th a t  d o  n o t a t  pres­
e n t re c o v e r  th eir  benzole. T h is , h o w ev e r, h in ges on the a b ility  
to  m ak e  a  p ro fit on th is  re co v e ry , so th a t  th ere  is a  chan ce 
th a t  th e  p rice  o f b enzole m a y  in crease to  som e exten t.

A n o th e r  b ase o f im p o rtan ce  is n ap h th alen e , w h ich  is m ade 
la rg e ly  b ecau se  th ere  is a  g re a t  d em an d  for it, th e  co n su m p tion  
in th e  U n ite d  S ta te s  b ein g u p w ard s o f nine or ten  m illion  pounds, 
n o t a lon e fo r th e  m an u factu re  o f d y e s  b u t  m ore as a  m oth  p re­
v e n tiv e . O f th e  q u a n tity  con su m ed  here a b o u t one-th ird  is 
produ ced  in th e  U n ite d  S ta te s  w h ile  th e  b alan ce  com es a b o u t 
e q u a lly  from  G e rm a n y  and  E n g la n d .

I t  is e v id e n t, th erefore, th a t  th e  U n ite d  S ta te s  s ta rts  o u t on 
an  e v e n  b asis w ith  E u ro p e  as fa r as th e  su p p ly  o f the first raw  
m ateria ls  is con cern ed, and  th a t  th e  n atu ra l resources o f th is 
c o u n try  are  a v a ila b le  for a n  in crease in  th e  p ro d u cts w h ich  are 
m a n u factu red  from  th is  source. S o , in th e  b egin n ing, w e are 
a s  w ell p laced  for raw' m ateria l here as th e y  are in G e rm an y ; 
in o th er  w'ords, th is  is n o t a  h o t-h o u se in d u stry  as som e people 
h a v e  cla im ed , b u t  is a  p a rt o f th e  n atu ra l resources o f th e  U n ited  

S tates .
F ro m  these d istilla tes  are m a n u factu red  w h a t  w e  call in te r­

m ed ia te  p ro d u cts such  as n itro-b en zole , aniline  oil, aniline salts, 
to lu id in e, x y lid in e , cu m id in e, benzid in e, b in itro-ben zole , nitro- 
b enzole, su lfo -acids, and  a h o st o f oth ers.

INTERMEDIATE PRODUCTS LACKING

I t  is here th a t  th e  first ch e ck  in th e  econ om ical m an u factu re  
o f aniline  d y e s  is en co u n tered , fo r th e  reason  th a t  w ith  one or 
tw o  excep tio n s, w h ich  I w ill m en tion  la ter , none o f th ese in te r­
m ed iate  p ro d u cts are  m a n u factu red  in th e  U n ite d  S ta te s  b e ­
ca u se  up to  n ow  there h as  n o t b een  a  large  en ou gh  d em an d  fo r 
th em  to  m ak e th eir  m an u factu re  eco n o m ica lly  possible. O n 
th e  o th e r  h an d , E u ro p e— G e rm a n y  p a rtic u la rly —  h as so d e ­
velo p ed  th e  dem and  fo r th ese  in term ed iate  p ro d u cts th a t  m a n y  

p la n ts  h a v e  been  estab lish ed  fo r th eir  m an u factu re , m o st o f

th em  sp ecia liz in g  on ce rta in  com p ou n ds, so th a t  in th e  a g g re ­
g a te  th e y  are  a ll produ ced  on  th e  m o st eco n o m ica l basis. U p  
to  w ith in  recen t years, few  o f th e  aniline  d y e  m an u factu rers  
m ade th ese p ro d u cts th em selves, b u t  d ep end ed  la r g e ly  on  th e  
a forem en tion ed  so-called  sp ecia liz in g  facto ries fo r th eir  su p p lies; 
th is  is n ow  ch an gin g, and  som e o f the large co lor m a n u fa c tu ­
rers are  n o w  m ak in g  th e  p rin cip al in term ed iate  p ro d u cts th e m ­
selves, a lth o u g h  none o f th em  m ake e v e ry th in g  w h ich  th e y  use. 
I t  is th en  v e r y  n ecessary, if the U n ited  S ta te s  is to  be in d ep en d ­
en t o f G e rm a n y , th a t th ese in term ed iate  p ro d u cts be m a n u fa c ­
tu red  on  a large  sca le  in th is  c o u n try , and  it  is h ere th a t  w e  a sk  
th e  G o v e rn m e n t to  s ta rt  in w ith  a su fficient p ro te c tiv e  .d u ty  to  
a llo w  th e  business to  be d evelo p ed . T h e  p resen t d u ty  o f 10 
p er cen t, w h ich  w as p u t on o n ly  in th e  la st ta r iff b ill, is n o t re a lly  
su fficient for the purpose. A s  th e  gro up  w as d u ty -fre e  p re­
v io u s ly , th ere  w a s  no in ce n tive  to  b egin  th eir m an u factu re  here.

ANILINE OIL

O ne excep tio n  w hich  is m ade here is an ilin e  oil, th e  m an u ­
fa ctu re  o f w h ich  w as com m en ced  a b o u t three y e a rs  ago. T h e  
q u a n tity  now' produ ced  is a b o u t o n e-q u arter and  p erh ap s m ore 
o f th e  to ta l co n su m p tio n  o f the U n ite d  S ta te s , ta k in g  oil and  
sa lts  as one p ro d u ct. T h e  q u a lity  is v e r y  s a tis fa c to ry  as c o m ­
pared w ith  th e  G erm an  a n d  E n g lish  p ro d u cts, and  h as  been  
used b y  o u r ow n  fa c to ry  in the m an u factu re  o f aniline  d y es  
since th e  b egin n in g ; in fa c t, if it  w ere n o t b ein g p ro d u ced  in 
th is  coun try' a t  the p resen t tim e the A m e rican  d y e  m a n u fa c ­
tu rers w o u ld  n o t be a b le  to  co n tin u e  to  run a s  th e y  w o u ld  be 
u n ab le  to  o b ta in  su p p lies from  E u ro p e. A s  a resu lt, m a n u fa c ­

tu rers here are  ab le  to  re lie v e  th e  s c a rc ity  o f aniline d y es , and  
h a v e  th u s been  o f g re a t  b en efit to  A m erican  con sum ers. T h e y  
w ill b e  a  g re a t fa c to r  in th is  re lie f as lo n g  as th ese  u n fo rtu n a te  
w a r co n d itio n s con tin ue, so illu stratin g  th e  g rea t b en efit to  
th e  people a t  large  in h a v in g  th is  class o f p ro d u cts m a n u fa c ­
tu red  here, e n tire ly  in d ep en d en t o f E u ro p e.

U n fo r tu n a te ly , h o w ever, th e  com m ercia l side o f th e  m an u ­
fa c tu re  o f aniline  oil h as n o t b een  so s a tis fa c to ry . In  th e  b e ­
g in n in g  the m an u factu rers  h ad  no p ro tectio n  in th e  w a y  of 
d u ty  and  w ere com p elled  to  co m p ete  on a n  e ven  b asis  w ith  
E u ro p e, w h ich  cou ld  n o t be done su ccessfu lly . T h e y  did, h o w ­
ever, su cceed  in  secu rin g  a  d u ty  o f 10 p er cen t u n der th e  p res­
en t tariff, w h ich  w e n t in to  e ffe ct in O cto b er, 1913 , b u t  u n fo r­
tu n a te ly  th is  d id  n o t a v a il th em  a n y th in g  in th e  b egin n in g  b e ­
cau se  th e  co n ven tio n  w h ich  co n tro ls  th e  p ro d u ctio n  of aniline  
oil in E u ro p e  im m e d iate ly  reduced  th eir p rices 10 p er ce n t to  
o ffse t o u r d u ty , so th a t  w e  w ere n o  b e tte r  off th an  before. T h is  
is a  sam p le o f w h a t is ca lled  u n fa ir  co m p etitio n  on  th e  p a rt o f 
E u ro p ea n  firm s in th e ir  a tte m p t to  p rev e n t th e  in crease o f th e  
aniline  in d u stry  in th is’ c o u n try , b u t i t  co u ld  b e  re a d ily  ch ecked  
if o u r G o v ern m en t w o u ld  in co rp o rate  in th eir  ta r iff  w h a t is 
kn o w n  as th e  “ d u m p in g "  clau se, w h ich  w o u ld  forbid  th e  im ­
p o rta tio n  in to  and  th e  se llin g in th e  U n ited  S ta te s  o f a n y  p ro d ­
u c t  a t  a  less price th an  it  is sold in th e  co u n try  w h ere it  is p ro ­
duced . In  sp ite  o f th is  ch eck , h o w ev e r, th e  A m erican  m an u ­
fa ctu re rs  w ill co n tin u e  th e  m an u factu re  o f oil, h o p in g  th a t  co n ­
ditio n s w ill ch an ge in th e  n ear fu tu re  so th a t  th e y  m a y  b e  able  
to  w o rk  a t  a  p rofit. W h e n  th is  o b je c t  is a tta in e d  th e ir  p lan s 
are  th en  to  ta k e  u p  the m an u factu re  o f o th er  in te rm e d iate  
p ro d u cts, u n til e v e ry th in g  necessary' is fin a lly  m a n u factu red  
here. A s  a  m a tte r  o f fu rth e r in terest, I  m ig h t s a y  th a t  ou r 
ow n  fa c to ry  in B u ffa lo  m ad e aniline oil th ir ty  y e a rs  ago, b u t  
w e  w ere o b liged  to  g iv e  up its  m an u factu re  a t  th a t  tim e o w in g  
to  in a b ility  to  secure b enzole, w h ich  s itu a tio n  is, h o w ever, now  
ch an ged , as it should  be possible to  o b ta in  su fficien t b en zo le  
to  co n tin u e  the m an u factu re  u n d er a d v a n ta g e o u s  co n d itio n s.

NITRO-BENZOLE AND CARBOLIC ACID

T h e  o th er  excep tio n  to  m y  sta te m e n t th a t  th ese  in term ed iate  
p ro d u cts  are n o t m a n u factu red  here is n itro -b en zo le , k n o w n  also
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as cru d e  o il o f m yrb an e , w h ich  is in  som e d em an d  from  o u tsid e  
in d ustries as w ell as th e  aniline  in d u stry , b u t n o t to  so la rg e  an 
e x te n t as an ilin e  o il, and  w h ich  is m ad e here from  tim e to  tim e 
a s co n d itio n s w a r ra n t; i . e., w h en  it  ca n  be m ad e a t  a  p ro fit in 
co m p e titio n  w ith  E u ro p e.

T h e re  is a n o th e r  d em an d  sp rin g in g  up fo r  th ese  in term ed iate  
p ro d u cts, w h ich  m a y  in crease th e ir  co n su m p tio n  to  su ch  an  ex-, 
te n t  th a t  th e re  w ill b e  a  la rg e  d em an d  e n tire ly  o u tsid e  o f th e  
an ilin e  industry’ , e. g., in  th e  m a n u fa ctu re  o f sm o keless p o w d er 
an d  o th er  exp lo sives, th e  m ak ers o f w h ic h  are n o w  u sin g su ch  
p ro d u cts  as d ip h en yla m in e , tri-n itro -to lu o le , n itro-b en zole , 
p y rid in e , n itro -n ap h th alin e , e tc . T h is  w ill fin a lly  cre a te  a  d e ­
m an d  w h ich  w ill n ecessitate  th e ir  m a n u fa ctu re  in th is  coun try' 
as a m a tte r  o f sa fe ty , fo r if th e  G o v e rn m e n t d ep end s on  e x p lo ­
siv es  m ad e  from  th ese m ateria ls, it  w ill in  self-d efen se h a v e  to  
cre a te  som e so rt o f su b sid y  o r ta r iff p ro tectio n , m a k in g  i t  p ossi­
b le  fo r th e ir  m a n u fa ctu re  irresp e ctive  o f E u ro p e a n  co m p e ti­
tio n . T h is  is a lso  tru e  o f ca rb o lic  a cid , w h ich  is a  p r im a ry  co a l 
ta r  p ro d u ct an d  w h ich  is used  in  th e  m a n u fa c tu re  o f p icric  acid , 
a n d  exp lo sives used b y  th e  G o v e rn m e n t. C a rb o lic  acid  n o t b e­
in g  m an u factu re d  here a t  p resen t to  a n y  e x te n t, is n o w  p r a c tic a lly  
u n o b ta in a b le  from  G e rm a n y  o r E n g la n d  sin ce th e y  h a v e  p laced  
a n  em b a rg o  on  th is  p ro d u ct.

NUMBER OF DYES MADE IN' UNITED STATES

F ro m  th ese  so -called  in te rm e d iate  p ro d u cts  w e  th en  co m e to  
th e  m a n u fa ctu re  o f th e  a c tu a l aniline  d y e  as sold  in com m erce, 
a n d  th e ir  n u m b er is v o lu m in o u s a n d  co m p lex . M y  good  friend, 
D r . H esse, fo r  in stan ce , re c e n tly  sta te d  in a p u b lish ed  lectu re  
th a t  th ere  w ere  som e nin e h u n d red  d ifferen t m a n u factu red  
p ro d u cts, m o st o f th em  as d ifferen t each  fro m  th e  o th er  as a 
p a ir  o f shoes is  fro m  a  p a ir  o f socks. O f th ese  n in e hun d red  
h e  o b serv ed  th a t  som e se v en ty -six  a re  n ow  m ad e  in th is  co u n ­
tr y , b u t  th a t  th is  n u m b er is a p p a re n tly  n o t su fficien t to  m eet 
th e  u sers’ d em an d , in  w h ich  sta te m e n t I am  q u ite  re a d y  to  agree 
w ith  h im , e x c e p t th a t  w e  n o w  m ak e  n e a rly  on e h un d red  ty p e s, 
w h ich  is m ore th an  he g iv e s  us c re d it  fo r m ak in g . I  w ill sa y , 
h o w ev e r, th a t  o f th ese  nine h un d red  o rig in al ty p e s  a  g re a t m a n y  
a re  o b so lete  and  p r o b a b ly  w e  co u ld  g e t a lo n g  q u ite  w ell w ith  
a  m uch  less n u m b er, b u t  as th e  on e h u n d red  m ad e in A m e rica  
a re  a ll liv e  ty p e s  and  th o se  w h ich  c a n  be m a n u factu ed  reg u la rly , 
y o u  w ill see w e  are  m a k in g  re a lly  a m uch  la rg e r p ercen tag e  
o f the to ta l th a n  is a p p a re n t a t  first glan ce. I m ig h t a lso  v e n ­
tu re  th e  sta te m e n t th a t  w ith  th e  hun d red  o r so ty p e s  a lre a d y  
m a n u fa ctu re d  h ere  to g e th e r  w ith  p erh ap s a  few- m ore w h ich  w e 
w o u ld  b e  p rep ared  to  ta k e  u p  on sh o rt n o tice , w e  w o u ld  b e  able  
to  fu rn ish  th e  A m e rican  con su m ers p erh ap s n in e ty  p er cen t 
o f  th e ir  co lo r d em an d s (sp eakin g  n o w  o f ty p e s  or sh ad es and  
n o t  o f q u a n tity ) , th e  o th e r  ten  p er cen t, w h ich  w e  co u ld  n o t 
fu rn ish , b e in g  su ch  p ro d u cts  as a lizarin es, in d igo  and  p a ten te d  
sp ecia lties  req u irin g  la rg e  in sta lla tio n s w h ich  i t  w o u ld  ta k e  a 
lo n g  tim e to  co m p lete .

I t  w o u ld  p erh a p s b e  in te re stin g  in co n n ectio n  w ith  th ese 
co lo rs to  g iv e  a  h a s ty  sk e tch  o f  th e ir  b egin n in g  a n d  d ev e lo p ­
m e n t in to  th e  g re a t  ch em ica l in d u s try  o f G erm any’ , w ith  its  in ­
v e s tm e n t o f m illion s o f d o llars a n d  e m p lo y m e n t o f th o u san d s 
o f  people.

HISTORY OF DYE INDUSTRY

T h e  first co lo r d isco vered  w a s  m a u ve , a  so rt o f v io le t, by’ P e rk in  
in  1856; th en  fo llo w ed  m a g e n ta  an d  fu ch sin e  in  th e  sam e year, 
a n d  a  sm all e stab lish m e n t for th e  m a n u fa ctu re  o f th e  sam e in 
E n g la n d , w h ich  w as n ot, h o w ev e r, v e r y  su ccessfu l. In  1862 
ca m e th e  d iscovery’ o f S o lu b le  o r  W a te r  B lu es, th en  H o flm a n ’s 
V io le t  a b o u t 1S63, B ism a rck  B ro w n  in  1863, N a p h th o l o r M a r-  
t iu s  Y e llo w  in  1864, and  th e  N ig ro sin es in  1867.

I t  w a s  a b o u t th is  perio d  th a t  th e  G e rm an s b ecam e actively- 
in terested  in  th ese  p ro d u cts, a n d  co m m en ced  th e ir  p a tie n t, 
in te llig en t, a n d  ca refu l research es in to  th e  su b je ct, w-hieh la ter

resu lted  in m o st w o n d erfu l d isco veries an d  th e  develop m en t 
o f th is  in d u str y  in  th e ir  co u n try .

T h e n  fo llo w ed  th e  d isc o v e ry  o f O ran g e, F a s t  R e d , C h rysoid in e, 
M a la c h ite  G reen , P o n cea u  (S carle t), M e th y le n e  B lu e , Eosines, 
an d  M e ta n il Y e llo w ’ a b o u t th e  y e a rs  1875, 1876, 1877 and  1878, 
and  th e  m an u factu re  th en  b ecam e on e o f reco gn ized  m erit and 

im p o rtan ce .

A fte r  1880 fo llo w ed  in  ra p id  su ccession  th e  d iscoveries of 
A u ra m in e  in 1883, T a rtra z in e  in  1S84, B e n zo  P u rp u rin e  in 1884, 
C o n g o  R e d  in 1885, B e n zo  A z u rin e  in  1885, N a p h th o l B la ck  
in  1885, D ia m in e  R e d  in 1886, R h o d am in e  in 1887, to  m ention 
o n ly  a  few’ o f th e  b e st k n o w n  a n d  m o st su ccessfu l colors.

F ro m  1880 to  1890 m ig h t b e  ca lled  th e  gold en  period o f the 
business. J u s t  p rio r to  th a t  tim e a liza rin e  h ad  b een  d iscovered, 
red  in 18 7 1, b lu e  in 1877, p a ten ted , and  su cce ssfu lly  produced 
an d  so ld  a t  h igh  p rices w ith  co rresp o n d in g ly  la rg e  profits. I t  
w a s  a b o u t th a t  tim e th a t  o u r  G e rm a n  frien d s d isco vered  the 
a d v a n ta g e  o f secu rin g  an  exc lu s ive  m a rk e t in  th e  U n ite d  S tates  
th ro u g h  th e ir  p a ten ts  w h ich  en ab les th em  to  sell a t  h ig h  prices 
here, a lth o u g h  co n tin u in g  th e  m an u factu re  in  G e rm a n y . T h e 
profits w ere  en orm o us from  such  p a ten te d  p ro d u cts as alizarine, 
ben zo-p u rp u rin e, d iam in e red  and  o th er  d ire c t d y e in g  cotton  
colors, A u ra m in e, R h o d am in e, T a rtra z in e , a n d  o th er  such 
colors, w h ich  w ere  d isco vered  a n d  p u t on  th e  m a rk e t  in th at 
period, a n d  p u t  th e  G erm an  in d u stry  im m e d ia te ly  on such  a 
h ig h  p in n acle  o f su ccess th a t  it  h as co n tin u ed  u n til the present 

tim e.

In  th e  n in eties cam e th e  d isc o v ery  o f su ch  im p o rta n t products 
as d ire ct b la ck s  fo r co tto n , a n d  acid  and  ch rom e b la ck s  for 
w ool, th e  to ta l co n su m p tio n  o f th ese  b la c k s  b ein g  m uch  larger 

th an  a ll th e  o th e r  co lors com bined .

A ls o  a t  th is  sam e perio d  b eg an  th e  first o f th e  p a ten ts  011 syn ­
th e tic  in digo, o f w h ich  th ere  are  m a n y . I t  w a s  fin a lly  p u t on 
th e  m a rk e t a t  a  trem en d o u s exp en d itu re , a n d  h as  b een  a  com m er­
cia l su ccess o n ly  in  th e  p a st few- y e a rs, th o u g h  it  h a s  n o w  p rac­
t ic a lly  rep laced  th e  n a tu ra l indigo.

I  m ig h t s a y  in co n n ectio n  w ith  th e  d ev e lo p m e n t o f colors, 
th a t  in  the n in eties ca m e also  th e  d ev e lo p m e n t o f su ch  p h arm a­
c e u tic a l p ro d u cts as p h en acetin e, a n tip y rin , e tc ., w h ich  paid 
en orm o us p ro fits  to  th e  m an u factu re rs  a n d  w h ich  w ere  also 

co n tro lled  b y  p a ten ts .

GERMAN INVESTMENTS IN DYE INDUSTRY

S u ch , then , is th e  w o n d erfu l d ev e lo p m e n t of th e  coa l ta r  in­
d u s tr y , th ere  b e in g  in ve ste d  a t  th is  tim e in  G e rm a n y  som eth in g 
lik e  $400,000,000, probably’ m ore, e m p lo y in g  som e 50,000 people. 
Som e o f th e  fa cto rie s  p a y  d iv id en d s o f 25 to  30 p er cen t, a fter 
ch arg in g  off a  th ird  o f th eir  p rofits to  s in k in g  fu n d s fo r th e  erec­
tio n  o f n ew  p la n ts  and  fo r o th e r  su ch  purp oses. T h is  la tte r 
h as  b een  done fo r  so lo n g  a  period  th a t  m o st o f th e  present 
p r o p e rty  and  p la n ts  do n o t a p p e ar on th e  b o o k s a t  a ll as assets, 
b u t  h a v e  b een  b u ilt  from  th e  su rp lu s p rofits. T h is  sta te m e n t is 
m ad e on th e  b asis  o f a  b a lan ce  sh eet fo r 1913  issued  b y  one of 
th e  g re a t fa cto ries, w h ich  h as a  c a p ita l o f 55,000,000 M a rk s , 
b u t  w h o se s to c k  is se llin g fo r o v e r  six  tim es p a r  v a lu e , show ing 
th a t  th e  a c tu a l c a p ita l in  th e  busin ess w a s a t  le a s t fo u r  tim es 
th e  sh ares issued, o r som e 200,000,000 M a rk s . O n  a  c a p ita liza ­
tio n  o f 55,000,000 M a rk s  th e y  show ed a  p ro fit o f 25,000,000, 
o r n e a rly  50 p er ce n t, o n e-th ird  o f w h ich  w-as w ritte n  off from  
th e ir  real e s ta te  and  p la n t a cco u n t, le a v in g  a b o u t 16,000,000 
M a r k s  fro m  w h ich  they’  p a id  a  d iv id e n d  o f 28 p er cen t. A s ­
su m in g th a t  I  am  c o rrec t in m y  e stim a te  o f som e $400,000,000 
b e in g  in ve ste d  in th e  in d u str y  in G e rm a n y  and  assu m in g th a t  
a  fa ir  p ro p o rtio n  o f th e ir  p ro d u ctio n  is sh ip p ed  to  th e  U n ited  
S ta te s , i t  w’ou ld  m ean  th a t  if th e  U n ite d  S ta te s  w ere  to  d evelop  
th is  in d u stry  to  ta k e  ca re  o f  a ll th eir  co n su m p tio n  h ere, th ey  
w o u ld  need  m illion s o f d o llars a n d  w o u ld  need  to  em p lo y  th o u ­
san d s o f people, w h ich  w ill g iv e  y o u  a n  id ea  o f th e  m agn itu d e
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of th e  busin ess th a t  i t  is n ow  proposed  th a t  w e estab lish  here 
to  its  fu ll exten t.

VALUE OF DYIiS IMPORTED

I t  m ig h t b e  in terestin g  a t  th is p o in t to  g iv e  y o u  th e  v a lu e  o f 
th e  aniline  p ro d u cts im p o rted  in to  the U n ite d  S ta te s  from  th ese 
E u ro p ea n  facto ries, th e  figures b ein g  fo r 1913 : A n ilin e  d yes, 
a b o u t $7,000,000; indigo, $1,000,000; a lizarin es, $1,500,000; a  to ta l 
o f a b o u t $9,500,000, th ese  figures b ein g, h o w ever, co st prices. 
W h e n  th e  A m e rica n  d u ty  o f 30 per ce n t is add ed  on aniline  
d yes, and  fu rth e r  a m o u n ts ad d ed  fo r exp enses and  profits on 
th e ir  sa le  here, it  m eans th a t  th e  A m e rican  con sum ers are re a lly  
p a y in g  so m eth in g  lik e  $12,000,000 for th e ir  supplies, n o t co u n t­
in g  th e  co lors p ro d u ced  in A m crica , w h ich  m a y  p erh ap s reach  
a b o u t $2,000,000, th e  p ro d u ctio n  in A m e rica  b e in g  som e 15 to  
20 p er ce n t o f th e  to ta l co n su m p tio n . T h e s e  figures do n o t 
in clu d e th e  im p o rta tio n  o f p h arm a ce u tica l p ro d u cts w h ich  are  
m ad e from  co a l ta r  and  w h ich  is in  itse lf a  la rg e  business.

O u r G erm an  friends are  e n title d  to  a ll th e  b en efits w h ich  h a v e  
accru ed  to  th em  b y  reason  o f th e ir  sh rew d, in telligen t, and  ca re ­
fu l a tte n tio n  to  th is  in d u stry , b u t w ith  such  a  sta te m e n t as th e  
a b o v e , does it  n o t seem  as if th e y  h ad  h ad  en ough and  th a t  it  
is n o w  tim e fo r th e  U n ite d  S ta te s  to  p a rtic ip a te  in th is g rea t 
in d u stry  w h en  th e y  a re  so w ell p rep ared  to  do so b y  h a v in g  as 
good, if n o t b e tte r , n a tu ra l resou rces th a n  h as  G e rm an y , and  
b ein g  con su m ers o f so la rg e  a  p ro p o rtio n  o f th e  G erm an  produ cts? 
W c  m u st a d m it  a t  once, h o w ever, th a t  th e  U n ited  S ta te s  ca n n o t 
co m p ete  w ith  th e  G erm an  m an u factu re rs  u n d er n orm al con d i­

tion s, first, b ecau se  th e y  h a v e  a  g re a t a d v a n ta g e  in ca p ita l, ex­
p erien ce, a n d  th e  gen eral a d v a n ta g e s  o f e v e ry th in g  th a t  goes 
w ith  a  su ccessfu l a n d  en orm ous busin ess; and  second, b ecau se  
th e  a c tu a l exp enses o f p ro d u cin g  in G e rm a n y  th ro u gh  la b o r 
co n d itio n s, a n d  so fo rth , a rc  m uch  less in th is  co u n try , so th a t  
som e w a y  m u st b e  d ev ised  to  p u t  th e  U n ite d  S ta te s  on a co m ­
p e tin g  basis. T w o  th in g s are  n ecessary  fo r th is.

NEED OF PROTECTIVE TARIFF

F irst, a  su fficien t p ro te c tiv e  tariff, w h ich  does n o t n ecessarily  
m ean, b y  th e  w a y , an in creased  p rice  to  consum ers, a lth o u g h  
m a n y  p eople seem  to  th in k  so. F o r  in stan ce, th e  Scientific 
American o f S e p te m b e r 26th fa lls  in to  th is  com m on  error: it  
s ta te s  th a t  w ith  an  a ve ra g e  im p o rta tio n  o f a b o u t $6,000,000 
w o rth  o f co a l ta r  d y es  in th e  la s t  th ir ty  y e a r s  w e h a v e  a  to ta l 
im p o rta tio n  of $180,000,000 d u rin g  th a t  period, and  assum es 

.th a t  h ad  d u ties b een  10 p er ce n t h ig h er  i t  w o u ld  h a v e  m ea n t 
t h a t  a  to ta l o f $18,000,000 w o u ld  h a v e  been  p a id  as an  in sur­
a n ce  p rem iu m  a g a in st th e  possib le  e v e n t  o f a  w a r  such  as is 
n o w  d istu rb in g  com m erce. E v e n  if the Scientific American 
w ere co rrec t in  th e  sta te m e n t th a t  $18,000,000 w o u ld  h a v e  been  
p aid  as an  insurance p rem iu m  in  th ir ty  y ears, th is  re a lly  w o u ld  
b e  ch eap  in su rance com p ared  w ith  th e  en orm ous v a lu e  of the 
co lo red  good s m an u factu red , assu m in g th a t  th e  good s cou ld  
n o t h a v e  b een  m an u factu red  w ith o u t th e  co lors, w h ich  is a lm o st 
th e  s itu a tio n  as it  s tan d s to -d a y  if co lors a rc  n o t soon o b tain ed , 
in  th e  n ecessary  q u an tities. W h e n  I sp eak  o f good s in  w h ich  
a n ilin e  d y es  are  used, I m ean  th e  w h ole ran ge in clu d in g  te x ­
tiles, lea th er, paper, s ilk , p a in ts, and  th e  h un d red  and  one o th er 

d y e d  m a n u factu red  p roducts.

I n  m y  opin ion , h o w ever, b ased  on exp erien ce, ju s t  th e  co n ­
tr a r y  to  th e  Scientific American op in ion  is tru e , fo r th e  reason 
th a t  a  h ig h er ta r iff w o u ld  h a v e  stim u late d  p ro d u ctio n  and  
co m p etitio n , and  co m p etitio n  a lw a y s  co n tro ls th e  pricc. T h is  
is sh o w n  c le a r ly  b y  a c tu a l fa cts; e. g., o n  in d igo  an d  a lizarin e  
co lo rs th ere  is 110 d u ty , and  as a  co n seq uen ce th e y  are  n o t m ad e 
here. T h e o re tic a lly , th erefore, th e y  sh ou ld  b e  so ld  v e r y  ch eap , 
b u t  a s  a m a tte r  o f fa c t, b y  reaso n  o f 110 co m p etitio n  here, th e y  are 
co n tro lled  b y  co n ven tio n s in E u ro p e  w h ich  m ak e a  un iform  
p rice  so  th a t  con su m ers are u n q u e stio n a b ly  p a y in g  m ore th a n  
if su ch  p ro d u cts  w ere  m ad e here in  co m p etitio n . O n th e  o th er

h an d , ta k e  fo r in stan ce  d irect c o tto n  b la ck , an  aniline  d y e  w h ich  
h as  a  p ro te c tiv e  d u ty  o f 30 per ce n t; it is m ad e in th is  c o u n try  
in  large  q u an titie s  and  th e  E u ro p ea n s h a v e  been  o b liged  to  
red u ce th e ir  se llin g price in th is  c o u n try  to  less th an  th a t  in 
E u ro p e, so th a t  A m e rican  con su m ers are  e n jo y in g  p rices as lo w  
a s 17 to  18 ce n ts  fo r a  co lo r w h ich  sells a t  from  22 ce n ts  and  
u p w ard s in E u ro p e  u n d er norm al con d ition s.

D o es a n y  one b e lie ve  th a t  th e  lo w  prices w o u ld  h a v e  b een  
m ad e in th is  c o u n try  w ere  it  n o t fo r th e  co m p etitio n  here, a n d  
does it  n o t th erefore  p ro ve  th a t  co m p etitio n  h ere  reg u la tes 
th e  price a n d  th a t  it  is n o t so m uch a  q u estio n  o f d u ty ?  T h e  
A m e rican  m an u factu rers do n o t  w a n t su ch  a  h igh  d u ty , b u t  th e y  
do w a n t en ou gh  to  eq u a lize  th e  differen ce in m an u factu rin g  
co n d itio n s b etw een  th is  c o u n try  and  E u ro p e  a n d  th e y  w a n t 
p ro tectio n  a g a in st th e  " u n fa ir  c o m p e tit io n ”  referred  to  in m y  
rem ark s in co n n ectio n  w ith  aniline  oil; in  o th er  w ord s, th e  in ­
clu sion  o f th e  so-called  “ d u m p in g ”  clause, and  w ith  a  p ro p er 
tarifT on th ese  lines th e  busin ess cou ld  b e  su ccessfu lly  d ev e lo p e d . 
I f  w c  cou ld  g e t  o u r in term ed iate  m ate ria ls  a t  th e  p rices p a id  
b y  th e  G erm an s, and  then secure fo r o u r co lors th e  p rices o b ­
ta in ed  b y  th e  G erm an s fo r finished co lors in o th er  co u n tries, 
p lu s th e  a c tu a l A m erican  d u ty , th e  p roblem  w o u ld  b e  so lved , 
fo r th is  a c tu a l A m e rican  d u ty , if sufficient, w o u ld  c o v e r  o u r 
e x tra  co st o f m an u factu rin g  a n d  p u t us in th e  e x a c t  p o sitio n  o f 
th e  G erm an s as fa r  as ou r se llin g prices are co n cern ed.h

NEED OF CHANGE IN  PATENT LAWS

S eco n d , o u r p a te n t la w s m u st be m odified, so as to  req u ire  
th e  m an u factu re  in th e  U n ite d  S ta te s  o f a ll th o se  a rtic le s  fo r 
w h ich  U . S . p a ten ts  are issued. E n g la n d  h as  w ith in  th e  p a st 
fe w  y e a rs  m ad e su ch  ch an ges in h e r p a te n t la w s, and  G e rm a n y  

' h a s  a lw a y s  requ ired  th e  m an u factu re  o f p a ten te d  p ro d u cts 
in h e r o w n  c o u n try . H er p resen t law  reads in gen eral th a t  th e  
o w n er o f a  p a te n t m u st w o rk  th e  in ve n tio n  to  an  a d e q u a te  e x ­
te n t in G e rm a n y  o r a t  a ll e v e n ts  d o  a ll th a t  is n ecessary  to  se­
cu re  su ch  w o rk in g, and  if n ot, th en  if th e  p u b lic  in terest is su ch  
th a t  th e  g ra n tin g  o f perm ission  to  o th ers to  use th e  in ven tio n  
a p p ears n eed fu l, th a t  is done b y  m a k in g  som e arra n g em en t 
w ith  th e  ow n er o f th e  p a te n t so th a t  he rece iv es  a d e q u a te  co m ­
p en satio n — b u t  th e  m an u factu re  o f th e  p ro d u ct itse lf is in ­
su red  for G e rm a n y . A b o u t 1909 a  sim ila r c la u sc  w a s  th reaten ed  
in  th e  p a te n t la w s o f th is  c o u n try , and  to  h ead  o ff su ch  a ctio n  
G erm an y' n e g o tia te d  a  tr e a ty  w ith  th e  U n ite d  S ta te s  b y  w h ich  
th e  G erm an  w o rk in g  clau se w as m ad e in o p e ra tive  on  A m e ric a n  
in ve n tio n s; in  o th er  w ord s, in re tu rn  fo r th e  U n ite d  S ta te s  
a llo w in g  G e rm a n y  to  co n tin u e  to  m an u factu re  h e r  p ro d u cts  
in G erm an y' and  ex p o rt th em  to  th e  U n ite d  S ta te s , th e  U n ite d  
S ta te s  w as a llow ed  a  sim ilar la t itu d e  in e xp o rtin g  h e r p a ten te d  
p ro d u cts  in to  G e rm a n y , b u t  w h eth er o r n o t th e  fin a n cia l re su lts  
o f th is  t r e a ty  w ere  b eneficial to  th e  U n ite d  S ta te s  is  a  q u e s tio n ; 
i t  c e rta in ly  did n o t w o rk  o u t to  th e  b en efit of th e  U n ite d  S ta te s  
as fa r  as coa l ta r  p ro d u cts are  con cern ed.

I11 w h a t I h a v e  already' term ed  th e  go ld en  perio d  o f th e  in­
d u s tr y , th ere  w a s  from  1880 to  1883 a  d u ty  o f 35 p er c e n t  ad 
valorem  and  50 ce n ts  p er lb . specific, w h ich  g a v e  a m p le  p ro te c ­
tio n  to  th e  in d u stry . A s  a con seq uen ce th ere  w ere  n in e  o r te n  
fa cto rie s  in th e  U n ite d  S ta te s , and  th e  p ro sp ect o f b eco m in g  
in d ep en d en t o f o th er  n a tio n s fo r o u r s u p p ly  of th e  an ilin e  p ro d ­
u cts  w a s  b rig h t indeed, b u t  th e  ta r iff  a c t  o f J u ly  1, 1883 a b o l­
ished th e  sp ecific  d u ty  o f 50 cen ts p er l lj ., le a v in g  o n ly  th e  ad 
valorem  d u ty  o f  35 p er cen t, and  fixed  a  20 p er ce n t d u ty  on  th e  
in te rm e d iate  p ro d u cts, w h ich  le ft  o n ly  a  n et p ro te ctio n  o f 15 
p er ce n t and  im m e d iate ly  ch eck ed  th e  in d u str y  here. N o  n ew  
fa cto rie s  w ere  s ta rte d , a n d  w ith in  one y e a r  a fte r  th e  n ew  ta r iff 
to o k  e ffe ct fiv e  of th o se  a lre a d y  e stab lish ed  w ere fo rced  o u t o f 
busin ess, le a v in g  o n ly  fo u r to  co n tin u e  th e  w o rk . T h o se  fou r 
w o u ld  h a v e  g la d ly  fo llo w ed  th e ir  exam p le , b u t  as th e y  h ad  in ­
v e s te d  large  sum s o f m o n ey  in p la n ts  w h ich  w o u ld  b e  a n  e n tire  
loss if ab an d o n ed , th e y  d ecid ed  to  co n tin u e  to  o p era te  th e ir
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facto ries, h o p in g  for m ore fa v o ra b le  leg is latio n  in the fu tu re . 
T h u s  far th e y  h av e  been  b it te r ly  d isap p o in ted , and  n o ta r iff 
s in ce th a t  tim e h as  g iv e n  th em  su fficient p ro te ctio n  to  d eve lo p  
th eir  business to  a n y  large ex te n t. O f course a  sp ecific  d u ty  
o f 50 ce n ts  in th ose d a y s  w a s  n o t ab n o rm al as th e  sellin g 
prices o f the co lors w ere  so m uch h ig h er th a n  a t  presen t, and  
if a p rop er d u ty  h ad  been  co n tin u ed  it  w o u ld  h a v e  h ad  th e  sam e 
b eneficial e ffect, b u t  the a b a n d o n m e n t o f a  su ffic ien t d u ty  
h as  le ft  open th e  adm ission  o f co lors on a  b asis  w h ich  re a lly  g ives 
110 p ro tectio n  a t  all.

In  a d d itio n  to  th e  p ro te c tiv e  q u estio n  as a  stim u la n t to  th e  
crea tio n  o f th e  d y e  in d u stry  in A m erica , if th e  G o v e rn m e n t 
h ad  in the e igh ties req u ired  th e  m an u factu re  in th is  c o u n try  
o f a ll p ro d u cts for w h ich  th e y  issued p a ten ts , th en  it  w o u ld  h a v e  
a t  on ce  crea ted  a  large in d u stry  h ere, for th e  E u ro p ea n  p a ten tees 
w ou ld  h a v e  b een  forced  to  b u ild  b ra n ch  fa cto rie s  in th e  U . S . 
T h e se  fa cto ries w o u ld  u n d o u b te d ly  h a v e  d ev e lo p ed  o th er  p ro d ­
u c ts  e ven  th o u g h  th e y  h ad  o rig in a lly  been  erected  o n ly  fo r th e  
m a n u fa ctu re  o f p a ten te d  artic les, an d  w h ile  th is  w ou ld  n o t h a v e  
h elp ed  th e  th en  A m e rica n  fa cto rie s  it  w o u ld  a t  th e  sam e tim e 
h av e  in e v ita b ly  cre a ted  a large  in d u str y  w ith  b en eficen t resu lts 
to  th e  c o u n try  a t  large.

A s  I h a v e  sta te d , th ere  are now  fo u r fa cto rie s  in th e  U n ited  
S ta te s  m an u fa ctu rin g  aniline  d yes, ou r ow n  fa c to ry  h av in g  
been estab lish ed  in 1879. W h ile  o f slow  d ev e lo p m en t, it  h as 
been su ccessfu l to  th e  e x te n t th a t  it  h as k e p t  in busin ess and  
now  m a n u factu res  p ra c tic a lly  a ll of th e  s e v e n ty -s ix  d ifferen t 
co lors m en tion ed  b y  D r. H esse, o r to  be co rrect, th e  one h u n ­
d red, to  w h ich  I referred  in th e  b eg in n in g  o f m y  rem arks, these 
co lo rs b e in g  a ll of th e  o rig in al colors such  as B ism a rck  B row n , 
M a g e n ta , C h ryso id in e , F a s t  R ed , W a t e r  or S o lu b le  B lu es, 
E osin es, N igro sin es, a co m p reh en sive  line o f d ire ct d y e in g  
c o tto n  colors, and  a  co m p reh en sive  lin e o f acid  and  chrom e 
colors fo r w ool and  silk . T h e  list  cou ld  ea s ily  b e  exten d ed  
to  the m an u factu re  o f p r a c tic a lly  a ll o f the n ecessary  co lo rs now  
d em an d ed  and  n o t co v ered  b y  p a ten ts , th u s g iv in g  th e  con su m er 
a large  v a r ie ty  a n d  in su rin g p ractica l in d ep en d en ce o f E u ro p e  
u n d er a n y  con d ition s. T h e  resu ltin g  business w o u ld  b e  large, 
e xc ep t in com p arison  w ith  th e  g rea t G erm an  in d ustries, w hich  
sta n d  a lon e in th eir m agn itu de.

PRESENT WORK OF AMERICAN PLANTS

A ll o f th e  A m e ric a n  fa cto ries w ill co n tin u e  to  m an u factu re  
colors to  th e  b e st o f th eir  a b ility , b u t  th e y  ca n n o t prom ise a n y  
exte n siv e  in crease in th eir  p ro d u ctio n  w ith o u t th e  su p p o rt 
o f th e  G o v e rn m e n t in th e  lin e of ta r iff p ro tectio n , and  in cid en ­
ta lly , th e  ch an ge in  th e  p a te n t la w s. T h e  la tte r , h o w ever, are 
n o t n o w  q u ite  so im p o rta n t as to  co lors b ecau se  m a n y  of 
th e  orig in al p a ten ts  h a v e  exp ired  and  w e are free to  m an u fac­
tu re  a  large  lin e o f co lors p ro vid ed  it  is m ade co m m ercia lly  
possib le  fo r us to  d o  so, w e  h a v in g  a lre a d y  d em o n strated  our 
a b ility  as fa r  as exp erien ce  and  w illin gn ess are con cern ed. I 
m ig h t m en tion  th a t  ou r o w n  factory ' in B u ffa lo , k n o w n  as th e  

S ch o e llk o p f A n ilin e  W o rk s ,”  w as the p ioneer in the m an u fac­
tu re  o f su ch  p ro d u cts as n itro-b en zole , n itro-to lu ole , b in itro- 
to lu ole, b in itro -ben zo le , aniline  oil, an ilin e  sa lts, d im eth yl-  
aniline, a n d  q u ite  a  ran ge o f su lfo -acids, som e o f th em  o f ou r 
o w n  in ven tio n , w h ich  are  n ecessary  for th e  m an u factu re  of 
b o th  acid  a n d  d ire ct colors. W e h a v e  a lso  m ad e such  p rodu cts 
as pure ca rb o lic  acid  and  pure n ap h th alen e , b u t  w ere obliged  
to  g iv e  th em  u p  as w ell as th e  o th ers b ecau se  w e co u ld  n o t co m ­
p ete  w ith  th e  E u ro p ea n  m an u factu rers; w e  are  n ow  h o p in g  th a t 
th e y  ca n  be ta k e n  up a g a in  e ith er b y  us o r b y  possible m an u ­
fa ctu re rs  o f in term ed iate  p ro d u cts and  th eir m an u factu re  
co n tin ued  su ccessfu lly  in th is  co u n try . U n d er th e  p resen t a b ­
norm al co n d itio n s o u r fa c to ry  is a g a in  m ak in g  som e o f these 
p ro d u cts in  ord er to  k eep  in op eratio n , since it  is n o t a  qu es­
tio n  o f price b u t  of a b ility  to  m an u factu re  aniline d y es  a t  a lm o st 
any' cost, su ch  is th e  d em and . B u t  w h en ever co n d itio n s b e ­

com e m ore norm al w e sh all n ecessarily  h a v e  to  g iv e  up 
th e  m an u factu re  o f these in term ed iate  p ro d u cts  fo r the sam e 
reason th a t  w e had  to  g iv e  th em  u p  b efore, viz., th a t  w e can 
pu rch ase  th em  in  E u ro p e  for less th a n  w e  can  m an u factu re  them  
here.

I  m ig h t m en tion  fu rth e r th a t  ou r facto ries in B u ffa lo  are still 
co n tro lled  and  d irected  b y  M r. J. F . S ch o ellk o p f, w h o  orig in ally  
estab lish ed  th em , b e in g  assisted  a lit t le  la te r  b y  h is brother, 
M r . C . P . H u g o  S ch o ellk o p f, so th a t  th e y  h a v e  had  n early  
th ir ty -f iv e  y e a rs  o f co n tin u o u s exp erien ce  in th e  m an u factu re  
o f aniline p ro d u cts, and  are  fu lly  co m p e ten t to  co n tin u e  the m an­
u fa ctu re  in a  large  w a y , sh ou ld  fa vo rab le  co n d itio n s d evelpp .

T h is  p a p er is n o t in ten d ed  to  a p p e a l for s y m p a th y  or help 
from  th e  G o v e rn m e n t o r from  A m erican  con su m ers because 
w e h ap p en  to  b e  so p laced  for th e  p a st few. y e a rs  th a t  w e could 
n o t d ev e lo p  o u r busin ess as it  m ig h t h a v e  been  d eve lo p ed  un­
d er d ifferen t con d ition s, a n d  th e  A m e rican  fa cto rie s  e ven  as th ey  

are, a re  p rosperous and  q u ite  a b le  to  ta k e  ca re  o f them selves 
up to  a  certa in  p o in t; b u t it is in tend ed  to  sh ow  th a t  th e  busi­
ness ca n n o t be e xten d ed  to  large  p rop ortion s fo r th e  p ro tec­
tion  o f A m e rican  con sum ers, e x c ep t w ith  G o v e rn m e n t help 
a s to  ta r iff an d  p a ten t law s, a n d  w ith  th e  a ssistan ce  of th e  con ­
sum ers th em selves, w h ich  m eans g iv in g  th e  A m e rica n  m an u fac­
tu rers th e  p reference w h erev e r  possib le  and  a ssistin g  th em  to 

secu re th e  n ecessary  h elp  from  th e G o vern m en t.
H ere  th en  is a  su p erficial h istory' of th e  p rogress o f th e  aniline 

in d u stry  from  its  in cep tio n  to  th e  p resen t tim e, n o t o n ly  in this 
c o u n try  b u t  in E u ro p e, and  th e  s itu a tio n  a s  re la ted  to  th e  pres­
en t a n d  fu tu re  m an u factu re  o f th ese  p ro d u cts in th e  U n ited  
S ta te s  is fu lly  exp lain ed . W ill th e  U n ite d  S ta te s  G o v ern m en t 
co n tin u e  its  in d ifferen t policy' o f p r a c tic a lly  a llo w in g  th is  im ­
p o rta n t in d u stry  to  d r ift  a lo n g  as h ereto fo re, o r w ill it  now 
w a k e  up and  seize th e  o p p o rtu n ity  to  m ak e itse lf in dep en den t 
o f a ll o th er  n atio n s in its  s u p p ly  o f co a l ta r  p ro d u cts n o t on ly 
fo r aniline  d y e s  fo r co m m ercia l purposes, b u t  for p h arm aceu tica l 
p ro d u cts, w h ich  re liev e  illness and  p erta in  to  th e  h e a lth  of its 
in h ab itan ts , and  fo r p ro d u cts for th e  m an u factu re  o f exp losives 
w h ich  w o u ld  b e  a b so lu te ly  v ita l  in case o f w ar? T h e  fu tu re 
a lon e ca n  a n sw er th ese  questions.

ADDENDUM

A fte r  read in g  th is  paper, in reply' to  a  q u estio n  as to  w h eth er 
o r n o t a n y  orig in al w o rk  h ad  been  done b y  th e  A m e rica n  dye 
m an u factu rers , th a t  is, h ad  th e y  d isco vered  a n y  n ew  products, 
M r. S to n e  sta te d  th a t  six teen  .p aten ts h ad  b een  ta k e n  o u t  b y  the 
S ch o e llk o p f W o rk s  b etw een  1884 and  1903, co m p risin g  colors 
a nd  in term ed iate  p ro d u cts. O ne o f th ese  p ro d u cts, kn o w n  as 
S ch o e llk o p f A cid , h ad  been ta k e n  u p  b y  one o f th e  largest 
G erm an  m an u factu rers  and  used  e x te n siv e ly  b y  th em ; an oth er 
p ro d u ct, D ire c t  B la c k , h ad  b een  ta k e n  up by' a n o th e r large  G e r­
m an  fa c to ry  a n d  a lso  m ad e e x te n siv e ly  by' th em . B o th  p ro du cts 

w ere  used, o f course, th ro u gh  arra n g em en ts w ith  th e  S ch o ell­
k o p f W o rk s.

N E E D S  O F  T H E  T E X T I L E  I N D U S T R Y
B y  A l f r e d  L . L u s t ig

M r . C h a i r m a n , M e m b e r s  a n d  G u e s t s  o f  T i i e  A m e r ic a n  .
C h e m i c a l  S o c i e t y :

I h a v e  been  asked  to  s a y  a few  w o rd s to  y o u  on th e  needs 
o f th e  te x tile  in d u stry  an d , as C h a irm a n  o f th e  D y e s tu ff C o m ­
m itte e  o f th e  N a tio n a l A ss o c ia tio n  o f F in ish ers o f C o tto n  F ab rics,
I am  gla d  to  h a v e  a n  o p p o rtu n ity ' to  b rin g  o u r n eed s to  y o u r 
a tte n tio n . I w ou ld  a t  th is  p o in t like  to  s ta te , h o w ev e r, th a t  
I am  con fin in g my' re m ark s to  th e  s itu a tio n  as it  a ffe cts  th e  d yer 
a n d  p rin ter o f c o tto n  fa b rics (th e  b ra n ch  o f th e  in dustry' w ith  
w h ich  I am  m o st fa m iliar), a lth o u g h  I  b e lie ve  th a t  th e  w ool 
and  s ilk  tra d es are  in a  co n d itio n  sim ila r to  ou r ow n.

A s  y o u  a ll know', a  very ' large  p ro p o rtio n  o f th e  co lors used 
b y  te xtile  fin ishers are im p o rted  from  E u ro p e, m o stly  from
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G e rm an y . O w in g  to  th e  w ar, o u r  reg u la r sources o f su p p ly  are 
co n sid erab ly  d istu rb ed  and  m a n y  of us q u estion  w h eth er, la te r  
on, it  w ill be possib le  to  o b ta in  q u a n titie s  su fficient to  k eep  us 
going.

W h en  the E u ro p ea n  W a r  b ro k e  o u t  tw o  m onth s ago, tw o  p rob ­
lem s presen ted  th em selves to  th e  users o f coa l ta r  colors:

I— H o w  to  secu re th e  n ecessary  co lo rs and  su p p lies to  k eep  
o u r p la n ts  go in g  d u rin g  th e  w a r  and  d u rin g  th e  period o f re­
co n stru ctio n  fo llo w in g  th e  w ar.

I I — R e a liz in g  h o w  d ep en d en t w e  h a v e  been  up till n ow  on the 
E u ro p ea n  m ak ers fo r o u r su p p lies o f  co a l ta r  colors, w h a t steps 
cou ld  be ta k e n  to  p reven t a  re p e titio n  o f th e  p resen t co n d i­
tions in the fu tu re?

In  o u r desire to  secure th e  n ecessary  su p p lies to  k eep  our 
p lan ts goin g, w e u n d o u b te d ly  tried  to  g e t all w e could  from  the 
im p orters, w h o  m e t th e  u n p reced en ted  rush o f orders b y  a p ­
portio n in g  th e  a v a ila b le  su p p lies pro ra ta  and  d iv id in g  ad d itio n al 
im p o rtatio n s so as to  k eep  a ll o f us w o rk in g  as fa r  as it  w as 
possible.

T h e re  h as been  a good  d ea l o f d iscu ssion  and  com m en t as to  
the a b il ity  o f the im p orters to  k ee p  us su pplied  u n der presen t 
co n d itio n s, a n d  th ere  is a  g ra v e  d o u b t in m y  m ind w h eth e r  on 
som e sp ecia l lin es of co lors i t  w ill be possible to  m eet ou r re­
q u irem en ts d u rin g  th e  n e x t few  m on th s. B u t , on the o th er 
h an d , I fee l th a t  e v e ry th in g  possib le  is b e in g  done to  fa c ilita te  
im p o rta tio n s an d  to  secu re su ch  su p p lies as can  be o b tain ed  in 
E u ro p e, a n d  I b e lieve  w e  shall co n tin u e  to  o b ta in  som e colors, 
a t  least fo r a  w hile, u nless co n d itio n s should  u n ex p e cte d ly  ch an ge 
fo r th e  w orse.

W e h av e  h ad  to  p a y  so m ew h a t h ig h er  prices and  w ill p ro b a b ly  
h a v e  to  p a y  still m ore la te r  on. U n fo r tu n a te ly , w e  h a v e  not 
been  a b le  to  o b ta in  a  p ro p o rtio n a te  in crease fo r ou r w o rk  in m a n y  
cases, b u t  w e  b e lieve  th a t  th is  p roblem  w ill a d ju s t  itse lf as soon 
as o u r p resen t agreem en ts, w h ich , in  m o st cases, w ere  m ad e before 
th e  first o f A u g u st, are co m p leted .

W e  m u st ackn o w led g e  th e  u n re m ittin g  e ffo rts  m ad e b y  the 
im p o rters o f d y estu ffs  and  th e  exc ep tio n a l en erg y , fairn ess and  
a b ility , w ith  w h ic h  th e y  h a v e  h an d led  th e  situ atio n . S p eakin g  
from  m y  o w n  exp erien ce, I find th a t  th e y  show ed th e  g reatest 
p a tien ce  u n d er v e r y  try in g  co n d itio n s and  w o rk ed  d a y  and  n ig h t 

to  m eet th e  em erg en cy.
In o rd er to  preserve  th e  s to c k  of co lors and  su pplies, w e 

h a v e  asked  o u r cu sto m ers to  co o p erate  w ith  u s an d , w ith  th eir 
a id , w e h a v e  been  en ab led  to  acco m p lish  a  good  d ea l in p re­
se rv in g  ou r co lo r stocks.

S o m e o f us, 110 d o u b t, grasp ed  th e  o p p o rtu n ity  to  ch e ck  all 
u n n ecessa ry  w a s te  in o u r ow n  p lan ts, w h ich  u n d o u b te d ly  h as 
also  h elp ed  th e  s itu atio n  m ate ria lly .

S o m e o f u s h a v e  proceeded  to  rep lace  im p orted  co a l ta r  colors 
w ith  p ro d u cts o f d o m estic  m an u factu re . T h is  is tru e  to  a lim ited  
e x te n t in th e  use o f v ario u s d y ew o o d  e x tr a c ts  in p lace  o f a liz a ­
rines an d  in som e cases p ig m en ts h a v e  been  su b stitu te d  fo r v a t  
co lors in p rin tin g  sh irtin g  fab rics. M a n y  exp erim en ts are  b ein g  
m ad e in d y e  houses, try in g  o u t m eth o d s w h ich  w o u ld  en ab le  
th e  d y e r  to  use d yew o o d s and  o th er  a v a ila b le  m ateria ls  fo r som e 
shades, w h ere  in the recen t p a st co a l ta r  co lors h a v e  b een  used.

T h e re  is a lso  a  te n d e n cy  on th e  p a rt o f th e  d esign ers to  a d a p t 
th em selves to  th e  p resen t co n d itio n s b y  d ev e lo p in g  s ty le s  th a t  
ca n  b e  exe cu te d  w ith o u t th e  use o f co a l ta r  colors. I refer to  
the stro n g  te n d e n cy  fo r b la ck  and  w h ite  effects  in p rin tin g , w h ich  
can  b e  p ro d u ced  w ith  logw ood  ; a lso  th e  p r o b a b ility  o f a s tro n g ly  
in creased  d em an d  fo r w h ite  goods. W ith  a ll th ese a tte m p ts  
to  p reserve  o u r s to c k  o f co a l ta r  colors, w ith  a  few  cases o f possib le  
su b stitu tio n s and  th e  ch an g es o f s ty le , w e  are still co n fro n ted  b y  
th e  fa c t  th a t  m o st o f us h a v e  su p p lies to  la s t  us fo r a  sh o rt 
tim e o n ly . I f  im p o rta tio n s cease  fo r a n y  co n sid erab le  le n g th  
of tim e, w e  sh all be ob liged  to  cu rta il p ro d u ctio n  and  la te r  on, 
in m a n y  cases, sh u t o u r p la n ts  d o w n  co m p lete ly .

H a v in g  show n  y o u  th e  im m ed iate  e ffe ct o f th e  co n d itio n s 
b ro u g h t a b o u t b y  th e  E u ro p ea n  w a r on  o u r in d u stry , I sh all 
n ow  ta k e  up th e  second p ro blem : W h a t  step s  ca n  be tak en

to  p r e v e n t a  re p e titio n  o f th e  p resen t co n d itio n s in  th e  fu tu re? 
T h e re  seem s to  be o n ly  one a n sw er to  th is— en co u rag e  th e  
d ev e lo p m e n t o f th e  coa l ta r  co lo r in d u stry  in th is  c o u n try .

W e  a ll k n o w  th a t  a  lim ited  n u m b er o f th ese  p ro d u cts  h av e  
been  m ad e here fo r a n u m b e r o f y ears, b u t  w e are  u n d er th e  
im pression  th a t  so fa r th e  in d u stry  h as n o t been  in a  v e r y  flo u rish ­
in g  co n d itio n . T h e  first step , th e  ta r  d istilla tio n , h ad  n o t been 
w o rk ed  o u t  su ccessfu lly  u n til w ith in  th e  la st  few  y e a r s  an d  ou r 
co lo r m an u factu rers h a v e  dep end ed  on E u ro p e  a lm o st e x c lu s iv e ly  
fo r th e  in term ed iate  p ro d u cts req u ired  to  p rodu ce th e  fin ished  
article .

T h e ir  profit w as in the possib le  m argin  b etw een  th e  d u ty  on  
in te rm e d iate  p ro d u cts a n d  th e  d u ty  011 th e  fin ished  co lors, 
m inus th e  co st o f m an u factu re . I h a v e  h eard  it s ta te d  th a t th is  
m argin  is n o t su fficient to  en co u rag e  c a p ita l to  e m b ark  in th is 
b ran ch  o f in d u stry .

T h e  n e x t ste p  w ou ld  seem  to  be an  in crease in th e  d u ty  on 
in term ed iate  p ro d u cts and  an  in creased  m argin  b etw een  th e  d u ty  
011 in term ed iate  p ro d u cts and  th e  d u ty  on  finished co lors. 
O w in g  to  th e  p o ssib ility  o f a  ch an g e  in tariff a fte r  e v e r y  n atio n al 
e lection , th ere could  be no a b so lu te  dep end en ce on th e  co n d itio n s 
e stab lish ed  th ro u gh  th is  m eth o d .

T h e n , th ere  is a  q u estion  o f p a ten ts  to  be con sid ered  an d , 
th o u g h  h un d red s o f th ese  h a v e  exp ired , th e  in d u stry  is p ro ­
gressin g c o n tin u o u sly  a n d  p a ten ts  on  a  g re a t  m an y  o f th e  m o st 
d esirable  p ro d u cts are u n d o u b te d ly  still in fo rce. I b elieve , 
h o w ever, th a t  w ith  su fficien t en co u rag em en t, th e  in d u stry  
w o u ld  soon a ttr a c t  th e  a tte n tio n  o f th e  ch em ists o f th is  c o u y tr y  
a nd  th a t  o u r research  la b o rato ries w o u ld  d ev e lo p  n ew  p ro d u cts 
q u ite  as th e y  a rc  b ein g  w o rk ed  o u t in E u ro p e  a t  th e  p resen t 
tim e.

T h e re  are  sev era l w a y s  in w h ich  th e  te x tile  m a n u factu rer 
ca n  h elp  th e  d ev e lo p m en t o f th is  in d u stry . U n d e r a ll o rd in a ry  
m eth o d s o f co m p etitio n , th e  m an u fa ctu re r  w ill b u y  h is p ro d u cts 
a t  th e  lo w e st price. I t  is q u ite  c o n ce iva b le  th a t  if th e  m an u ­
fa ctu re  o f certa in  p ro d u cts is ta k e n  up ' b y  d o m estic  p la n ts  it  
m ig h t b e  n ecessary  to  p a y  te m p o rarily  a  lit t le  h ig h er p rice  fo r th e  
d o m estic  article , in ord er to  a llo w  th e  d ev e lo p m e n t and  sm o o th in g  
o u t of these p a rticu la r  processes; b u t, la te r  on, a fte r  th e  m a n u ­
fa ctu re  of th ese  p ro d u cts is th o ro u g h ly  d eve lo p ed , I feel th a t  
d o m estic  co m p etitio n  and  increased  e ffic ien cy w ill ten d  to  low er 
th e  prices. T h is  h as been  p ro ven  in th e  p ro d u cts w h ich  a re  b e in g  
p rodu ced  in th is  co u n try  on  a  large  sca le  and  w h ich , I am  to ld , 
are m ee tin g  foreign  co m p etitio n  q u ite  su ccessfu lly .

T h e  te x tile  fin isher w o u ld  h a v e  to  sacrifice  te m p o ra r ily  in 
som e d irectio n s, in ord er to  acco m p lish  th e  g re a te st good  fo r all, 
w h ich  w o u ld  be a  gra d u a l d ev e lo p m e n t o f th e  co a l ta r  in d u stry  
in th e  U n ite d  S ta te s . M o s t  o f th e  colors w h ich  w e use in o u r 
processes, rep resen tin g  as th e y  do in m a n y  cases th e  h ig h es t d e ­
v elo p m e n t of sy n th e tic  ch em istry , w o u ld  be a m o n g th e  v e r y  la st  
on es to  be m an u factu re d  h ere. A n d  y e t  I , for one, feel th a t  it 
w o u ld  b e  good  busin ess ju d g m e n t on  o u r p a rt  to  b e a r  a d d itio n a l 
fin an cial b u rden s fo r  som e y e a rs  to  com e, in  ord er to  h elp  to  es­
tab lish  an  A m erican  coa l ta r  in d u stry , and  in th is  w a y  u lt im a te ly  
ben efit ou rselves.

I u n d erstan d  th a t  th e  co a l ta r  co lo r m an u factu re rs  o f G e r ­
m a n y  h a v e  in th e  p a st g iv e n  th is  m a tte r  som e co n sid eratio n  an d , 
w h ile  I am  co n vin ced  th a t  w e  h a v e  th e  a b il ity  a n d  en erg y  
to  d ev e lo p  th e  in d u stry , I b e lie ve  th a t  b y  co o p eratio n  b etw een  
th e  G erm an  co lo r m a n u factu re rs  and  th o se  in terested  in  d e ­
ve lo p in g  th e  in d u stry  here w e  could  ga in  y e a r s  o f tim e, s a v e  
la rg e  sum s o f m o n ey  a n d  co u ld  estab lish  the in d u stry  u n d er th e  
m o st fa v o r a b le  co n d itio n s.

T h e  G erm an  p eople w ill req u ire  a ll th e ir  fin a n c ia l resou rces 
to  rep a ir  the d am ag es cau sed  b y  th e  p resen t w a r ; b u t  th e y  can
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fu rn ish  us w ith  p a te n t licen ses and  w ith  som e exp erts, w h ich  
w o u ld  form  a  n u cleus fo r th e  e la b o ra te  step s  n eed ed  to  w o rk  o u t 
th is  p roblem . I b e lie ve  th a t  b y  th e  resu ltin g  c o o p e ratio n  w ith  
th e  E u ro p e a n  m a n u factu re rs  w h o , a t  th e  p ro p er m o m en t, m ig h t 
be in d u ced  to  e n ter th is  field , w e  cou ld  h elp  to  estab lish  th e  in ­
d u s tr y  here a n d  in th is  m an n er p rev e n t a  recu rren ce o f th e  co n d i­
tio n s w h ich  je o p a rd ize  te x tile  in terests a t  th e  p resen t tim e. 
T h is  m ig h t b e  done irresp e ctive  o f m ateria l ch an g es in o u r law s, 
su ch  as, th e  a m en d m en t o f p a te n t law s, ch an g e s  o f ta r iff, e tc ., 
w h ich  a re  a lre a d y  b ein g  g iv e n  serious co n sid eratio n .

I  h a v e  n o t a tte m p te d  to  illu stra te  th e  im p o rta n ce  of te x tile  
in d u stry  b y  sta tis tic s . T h e  v a lu e  o f th e  coa l ta r  co lors used  is 
o n ly  a  fr a c tio n  o f th e  v a lu e  o f th e  fin ished  te x tile s  and  th e  p e r­
c e n ta g e  o f th e  co a l ta r  co lors used  in o u r in d u str y  is o n ly  a 
fra c tio n  o f th e  to ta l a m o u n t o f co a l ta r  d e r iv a tiv e s  u sed  in th is  
c o u n try  in  v a rio u s  lin es o f a c t iv ity .  B u t , I b e lie v e  th a t  th e  sam e 
a rg u m en t, w h ich  I h a v e  tried  to  a p p ly  to  o u r industry ', co u ld  b e  
su cce ssfu lly  exten d ed  to  th e  dyrein g  and  fin ish in g o f o th e r  te x ­
tile s  and  in a  gen eral w a y  co u ld  b e  fu rth e r  ap p lied  to  o th er in ­
d u str ies u sin g  coa l ta r  d er iv a tiv e s .

T his A p p o n a u g  C o m p a n y  
A p p o n a u g , R .  I .

T H E  P O S I T I O N  O F  T H E  A M E R I C A N  T A R  D I S T I L L E R
B y  D . W . J ay nb

D r. R o g ers  asked  m e to  resp ond  to  th e  q u estio n  " W h y  d oesn ’t  
th e  A m e rican  ta r  d istiller  w o rk  u p  h is  coa l ta r  p ro d u cts  or sell 
th em  fo r th e  m a n u fa ctu re  o f dyestufTs?”  in  th is  discussion, and  
referred  to  th e  p a p e r p resen ted  b efo re  th e  B e rlin  C o n g ress, in 
I 9° 3 . b y  n iy  fa th er. I w a n t to  q u o te  th e  o p en in g  p a ra g ra p h s of 
th a t  p ap er:

“ T h e  co a l-ta r in d u stry , e sp e c ia lly  th e  m a n u fa c tu re  o f the m ore 
refined p ro d u cts, h as  n o t  reach ed  in th e  U n ite d  S ta te s  th a t  d e­
gree o f d ev e lo p m en t w h ic h  ch ara cte rize s  th e  in d u stry  o f E u ro p e, 
an d  w h ich  sh o u ld  b e  co m m en su rate  w ith  th e  w e a lth  and  p o p u la ­
tio n  o f the co u n try .

" T h e  ch ie f reaso n  fo r th is  b a c k w a r d  co n d itio n  h as b een  th e  
scarcity of the raw m aterial, th e  coa l ta r  itse lf, d ue to  the v e r y  gen ­
era l use o f p etro leu m  a n d  e le c tr ic ity  fo r illu m in atio n , and  also  
to  th e  la rg e  p ro d u ctio n  o f oil a n d  w a te r  g a s .”

In  th e  d ecad e  sin ce  th is  w a s w ritte n  co n d itio n s h a v e  ch an ged  
so th a t  to d a y  i t  is no lo n g er a  q u estio n  of th e  ra w  m ateria ls.

T h is  su b je c t  n o w  d iv id es  itse lf in to  tw o  p a rts , u n der each  o f 
w h ich  th e  ta r  d istiller  m u st ta k e  in to  a c c o u n t tw o  co n sid eratio n s:

I— W h y  d o esn ’t  th e  ta r  d istiller  w o rk  u p  h is p ro d u cts  to  sell 
to  o th ers  fo r th e  m a n u fa c tu re  o f dyestufTs?

1— C a n  h e  g e t a  b e tte r  re tu rn  in d o llars a n d  cen ts fo r th e  sep ­
a ra te d  p ro d u cts th an  fo r th e  s tra ig h t  d istilla tes?

2— H as h e a  rea l d em an d  fo r sp ecific  sep a ra ted  p ro d u cts b y  
m an u factu re rs  o f dycstulTs, w h ich  w ill assu re  h im  a  c o n stan t 
o u tle t  fo r th e  p ro d u cts  if p la n ts  a rc  erected  fo r  th e ir  re co v e ry ?

II—-Why' doesn’t the tar distiller work up his products and 
manufacture the dyestufTs himself?

1— M u s t  h e  find  o u tle ts  fo r excess m a te ria l n o w  p rodu ced  
o r to  b e  p roduced?

2— D o c s  h e  b e lie v e  th a t  a  co m p lete  in d u s try  w h en  estab lish ed  
w o u ld  be p ro fitab le , an d  is  h e  w illin g  to  o p e ra te  a t  n o retu rn  
and  to  in v e st m illion s b ased  on  the b e lie f o f u ltim a te  success?

Y o u  w ill u n d erstan d  a t  on ce  th a t  a ll o f these co n sid eration s 
are  p u re ly  co m m ercia l ones.

L e t  u s firs t  rea lize  th a t  th ere are  fo u r cru d e  co a l-ta r p ro d u cts 
w h ich  co n stitu te  th e  b u lk  o f th e  m ateria l used in d y e  m an u fac­
tu re : n am ely , b enzol, n ap h th alen e , a n th ra cen e  a n d  phenol. 
O f th ese, b u t  n ap h th alen e  and  a n th ra cen e  con cern  th e  d istiller 
o f tar, as n e ith er b en zo l n or phenol o ccu r in  A m e rica n  ta rs  in 
su ffic ien t a m o u n t to  b e  con sid ered  a  fa c to r  b y  th e  ta r  d istiller. 
B e n zo l an d  its  hom ologu es h a v e  b een  refin ed  fo r y e a rs  a n d  a v a il­

ab le  to  a n y o n e  con sid erin g th e ' m a n u fa ctu re  o f in te rm e d iate  
p r o d u c ts : phenol w o u ld  h a v e  to  b e  m ad e syn th etica lly ' from  b en zo l

to  o b ta in  su fficien t q u an titie s , so  th a t  w e  ca n  p a ss o v e r  these 
tw o  b a s ic  p ro d u cts  in  th is  d iscussion.

B o th  n ap h th ale n e  a n d  a n th ra cen e  o ccu r in  th e  creosote oil 
fra ctio n  o f ta r . C re o so te  oil finds a  r e a d y  sa le  here, th e  U nited  
S ta te s  co n su m p tio n  b e in g  a b o u t tw o  a n d  on e-h alf tim es th e  pro­
d u ctio n , an d  it  is e v id e n t th a t  n ap h th ale n e  a n d  an th ra cen e  sep­
a ra te d  from  th e  o il m u st b e  v a lu e d  a t  th e  se llin g  p rice  o f th e  oil. 
S ta r tin g  a t  th is  v a lu e , it  ca n  b e  sh ow n  th a t, co n sid erin g  m an u­
fa c tu r in g  co sts  a n d  in ve stm e n t, th e  p ro d u ctio n  o f th ese  m ateria ls 
in  su ch  s ta te  as is  req u ired  b y  th e  m an u fa ctu re r  o f d yestu ff 
in term ed iates, does n o t g iv e  a n  a d e q u a te  re tu rn  w h en  th e  prod­
u c ts  a re  so ld  a t  th e  p rices w h ich  h a v e  p rev a iled  on th em  w hen 
im p o rted . T h is  s ta te m e n t is n o t b ased  on  gen eralities  o r th eory, 
b u t  on  exp erien ce, fo r w e do p ro d u ce ce rta in  a m o u n ts  o f refined 
n ap h th ale n e  here, and  k n o w  th is  co n d itio n  a c c u r a te ly . H ence, 
u n d er co n d itio n s p rev a ilin g  u p  to  th e  p resen t, i t  h as been  evid en t 
to  th e  ta r  d istiller  th a t  h e cou ld  n o t g e t  a  b e tte r  re tu rn  for the 
sep a ra ted  p ro d u cts th a n  fo r th e  s tra ig h t  d istilla tes .

I t  is b u t  ju s t  to  p o in t o u t  a t  th is  tim e  th e  d istin ctio n  betw een  
th e  coal-tar in d u str y  a n d  th e  coal-tar chem ical in d u stry , which 
d ifferen tia tes  th e  p ro d u ctio n  a n d  use o f ta r , o ils a n d  p itch , etc., 
from  th a t  o f th e  dyestufTs and  d ru gs. W h ile  i t  is tru e  th a t  G er­
m a n y  h as  a  h ig h ly  d ev e lo p ed  c o a l-ta r  chem ical in d u stry , it  is 
b u t  lit t le  k n o w n  or rea lized  th a t  the U n ite d  S ta te s  h as  developed 
th e  coal-tar in d u str y  to  e xte n ts  u n tlio u g h t o f in  G e rm a n y . R e ­
m em b er th a t  a n  a v e ra g e  ta r  y ie ld s  70 p er c c n t  o f p itc h  and  th at 
in E u ro p e, su b s ta n tia lly  th e  o n ly  u se th e y  m ak e  o f th is  p itch  is 
fo r  fu el, w h ile  here o v e r  90 p er ce n t o f th e  p itc h  is used  in  roofing, 
w a terp ro o fin g  and  ro a d  m ak in g , a n d  th e  d ev e lo p m e n t o f th e  in­
d u s tr y  b y  th e  ta r  d istille r  is  m ad e  e v id e n t.

S o  fa r th ere  h as been  n o  re a l d em an d  from  d y e s tu ff m an u fac­
tu rers fo r  th e  sep a ra ted  ta r  p ro d u cts. T h e  p resen t d y e  m anu­
fa ctu re rs  in  th is  c o u n try  h a v e  m ad e o n ly  lin es o f d y e s  fo r special 
fields, s ta rtin g  w ith  th e  so-called  in te rm e d iate  p ro d u cts, and 
th e y  a p p a re n tly  d id  n o t co n te m p la te  th e  m a n u fa ctu re  o f those 
in term ed iates, so th a t  th e ir  in q uiries o f th e  A m e rican  ta r  dis­
tille r  w ere  e n tire ly  fo r in term ed iates  su ch  as a n ilin  oil, beta  
n ap h th o l, e tc ., w h ich  in q uiries n a tu ra lly  w o u ld  b rin g  b efo re  the 
d istille r  th e  co n sid eratio n  o f th e  o th er  sid e  o f th is  su b je c t. W h y  
does n o t h e  w o rk  u p  th ese  p ro d u cts  h im self?

B u t  here th e  first co n sid eratio n  is p ro v id in g  o u tle ts  for excess 
m ateria ls. U p  to  th e  p resen t th ere  h as n o t y e t  b een  an  excess 
o f th e  b asic  m ateria ls  so th a t  th is  in d u cem en t did n o t exist for 
th e  ta r  d istiller. I t  m u st a lso  b e  rem em b ered  th a t  th e  products 
o f ta r  w h ich  can  be used  in  th e  m a n u fa ctu re  o f dyestufTs form  b u t 
a  sm all p ercen tag e  o f th e  t a r  a n d  e v e n  if  a ll o f su ch  p rodu cts 
w ere  se p a ra te d  fo r th e  m a n u fa ctu re  o f d y estu ffs , th ere  w ould  
still be o v e r  90 p er c e n t  o f th e  o rig in al ta r  to  b e  d isposed  o f b y  
th e  d istiller  in  h is re g u la r chan n els. A n d  i t  m u st n o t  be fo r­
g o tte n  th a t  th e  u se o f h e a v y  ch em ica ls, su ch  as a cid s  and  a lk a ­
lies, en ters in to  th e  m a n u fa ctu re  o f dyestufTs in  vo lu m e s largely  
exceed in g  th e  co a l ta r  p ro d u cts  in v o lv e d , so th a t  any’ in d uce­
m e n t to  th e  ta r  d istiller  to  e n ter th is  field  is se co n d a ry  to  th e  in­
d u cem en ts offered  th e  m an u fa ctu re r  o f h e a v y  ch em icals.

T h e  la s t  co n sid eratio n  is th a t  o f th e  u ltim a te  su ccess o f a large 
in d u str y  c o v e rin g  th e  en tire  field  o f dyrestu ffs. T h e  m agn itu de 
o f th e  p r o je c t  is su fficien t reason  w h y  th e  ta r  d istiller  h as n ot 
a c te d  u p on  it, for to  th o se  w h o  h a v e  g iv en  th e  q u estio n  serious 
th o u g h t, i t  h as becom e e v id e n t th a t  o n ly  b y  d u p lica tin g  th e  scale 
on  w h ich  th e  foreign  m a n u fa ctu re  is ca rried  on ca n  w e h op e to  
fin a lly  co m p e te  w ith  th e  estab lish ed  fa cto ries o f G erm an y, 
and  w h a t  p ro sp ect o f gro w in g  to  th is  m ag n itu d e  w o u ld  w e  h av e  
w ith o u t p ro tectio n  d u rin g  th e  y e a r s  o f g ro w th  ? I m ean  b y  p ro­
tectio n , n o t o id y  a d e q u a te  ta r iff p ro tectio n , b u t  a lso  ad eq u ate  
p ro te ctio n  a g a in s t  c o m p e titiv e  m eth o d s a im ed  to  cru sh  th e  in­
fa n t  in d u str y . W ith o u t  su ch  p ro tectio n  no m an  o r gro up  of 
m en, h o w e v e r  stro n g  co m m ercia lly , h as  y e t  h a d  th e  te m e rity  
to  p lan  fo r th e  in ve stm e n t o f th e  m illion s o f d o llars req u ired
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to  c a r r y  i t  th ro u g h . A n d  fu rth er, to  m ak e  su ch  a  p ro ject su ccess­
fu l, th e  c o o p e ratio n  of th e  te x tile  tra d e , in fa c t, o f a ll users of 
d yes, m u st be g iv e n . N o t  e v e n  a  feeb le  in d icatio n  o f su ch  
co o p eratio n  w a s d isp la y e d  b efo re  th e  co n d itio n s arose w h ich  
sh o w ed  th is  c o u n tr y ’s d ep en d en ce on  G erm an  dyestufTs.

W h e th e r  o u r in d u stries sh all h a v e  A m erican -m ad e  dyestulTs 
from  A m e rican  c o a l-ta r  p ro d u cts  dep ends la rg e ly  on th e  con sum ers 
o f  d y es tu ffs . T h e ir  a ctio n  or in actio n  w ill p r o b a b ly  d eterm in e 
th e  answ er.

B a r r e t t  M a n u f a c t u r in g  C o m p a n y  
F r a n k p o r d , P h il a d e l p h ia

R E L IE V IN G  T H E  D Y E S T U F F  C R I S I S 1

B y  B e r n h a r d  C. H e s s e

In  th e  tw o  and  a  h a lf  m o n th s th a t  h a v e  elapsed  since the 
o u tb re a k  o f th e  E u ro p ea n  w a r  th ere  h as b een  m uch a g ita tio n  
in th e  press, b o th  la y  and  te ch n ica l, for an in creased  p ro d u ctio n  
o f co a l-ta r  d y e s  in th e  U n ite d  S ta te s . A ll users o f c o a l-ta r 
d y e s tu ffs  h a v e  k n o w n  fo r as lo n g  as 40 y e a rs  th a t  th e  p rin cip al 
so u rce  o f s u p p ly  is G e rm a n y  and  th e y  h a v e  a lso  k n o w n  of th e  

.v a r io u s  a tte m p ts  m ad e in th is  c o u n try  to  p ro d u ce d y e s  in  the 
U n ite d  S ta te s . J u s t  as th e  users o f d y estu ffs  w ill in v a ria b ly  
b u y  in th e  ch eap est m a rk e t a n d  w ill n o t b e  sw a y ed  b y  m o tives  
o f  p a trio tism  in to  p a y in g  a  h ig h er p ricc  fo r a  d om estic  artic le  
th a n  th e y  w o u ld  h a v e  to  p a y  fo r an  im p o rted  a rtic le  so do 
A m e rica n  m an u factu re rs  and  c a p ita lis ts  in v e st th eir m o n ey 
in  A m e rica n  v en tu re s  w h ich  w ill p a y  th em  a  p rofit, and  th ey  
d o  n o t ta k e  hold  o f such en terp rises th ro u g h  m o tive s  o f p a tr io t­
ism  o n ly  o r o f p h ila n th ro p ic  b en evo len ce  to w ard  th eir fellow  
m an . B u sin ess is co n d u cted  for fin an cia l profit.

I t  req u ired  n o  im ag in a tio n  w h a te v e r  to  foresee th a t  if fo r a n y  
reaso n  o u r c o a l-ta r  d y es tu ff s u p p ly  w a s  sh u t off from  G e rm a n y  
t h a t  c o a l-ta r  d y e s  in th e  U n ite d  S ta te s  w o u ld  becom e scarce. 
N e v e rth e le ss , A m e rican  u sers o f d y es tu ffs  h a v e  co n tin u ed  to  
u se  th e  im p o rted  article . T h e  resu lt is th a t  e ven  a  few  w eeks 
a fte r  th e  o u tb re a k  o f E u ro p ean  h o stilities  th e  u sers in th e  U n ited  
S ta te s  b ecam e clam o ro u s and  h y s te r ic a l an d  ca lled  o u t lo u d ly  
fo r th e  A m e rican  ch em ists to  g o  in and  m ak e  d y es tu ffs  reg a rd ­
less o f w h eth er th e  A m erican  ch em ists  w ere  go in g  to  m ak e  m oney 
o r  n o t. T h e  user h as su ggested  to  th e  m ak er th a t  he increase 
h is  facilities, th a t  he go to  C o n g ress and  g e t  a  h ig h er tariff 
a n d  th a t  h e  go to  C o n g ress for a  ch an g e  in  th e  p a te n t  law s; 
h o w ev e r, th e  user h as, on h is p a rt, n o t m ad e  a n y  su b stan tia l 
o ffer o f a n y  e ffe ctiv e  h elp  th ro u g h o u t th ese  la s t  tw o  m onths. 
T h e  ch an ces are  th a t , as in th e  p a st, th e  g re a te st op p onen ts 
o f  in creased  ta r iff on d y es  w o u ld  b e  th ese  self-sam e users. T h e  
u sers h a v e  confined  th em selves la rg e ly  to  fa u lt-fin d in g  w ith  
A m e ric a n  ch em ica l m an u factu rers . T h e  u sers s a y  th a t  th eir 
p o s itio n  is  a c u te ly  d istressin g a n d  th e y  a rc  fa cin g  serious h a rd ­
sh ip s  fo r w a n t  o f d y estu ffs  a n d  th e y  w a n t step s  ta k e n  b y  oth ers 
to  see th a t  th e y  are  n e v e r  again  p laced  in su ch  p osition  o f h ard ­
sh ip — n o m a tte r  w h a t  th e  o th ers m a y  sta n d  to  lose.

T o  d ate , th e  su ggestion s from  th e  users h a v e  been m erely  w ords 
a nd  so fa r as th e  p u b lic  is con cern ed  th ere  h as  been  110 e ffectiv e  

a ctio n .
T h e  u sers th em selves d eclin e to  p a r tic ip a te  a c tiv e ly  and  fin an ­

c ia lly  in a n y  dyesfulT v en tu re  a n d  th e y  fu rth er d eclin e  to  c o n ­
tr a c t  w ith  p ro sp e ctive  d y e s tu ff m an u factu re rs  fo r e ven  a  p or­
tio n  o f th eir  req u irem en ts. In  o th er  w o rd s, th eir  p o sitio n  is 

one o f p assive  critic ism — d ead  w eig h t.

T h e  d o m e stic  d y e s tu ff m ak ers a rc  in creasin g  th e ir  p ro d u ctio n  
a s  ra p id ly  as circu m stan ccs  w ill perm it. A t  o r a b o u t th e  end 
o f 1912 , 76 d ifferen t ch em ica l d y e s  W'ere m ad e in  th is  c o u n try ;  
to d a y  100 su ch  are  m ad e— in tw o  y e a r s  a  33 p er c e n t  in crease; 
th e  U n ite d  S ta te s  m a rk e t p ro b a b ly  h as n o  few er th a n  900 
d ifferen t ch em ica l d yes, each  o f th em  in a c tiv e  use, som e o f th em  
to  a  v e r y  sm all exte n t, o th ers to  a  v e r y  la rg e  e x te n t an d , 110 
d o u b t, m a n y  o f each  o f th ese  co u ld  be e lim in ated  and  th eir 
p laces ta k c il b y  o th ers n o w  on th e  m ark et.

I f  th e  d y e s tu ff users w ish  to  en co u rag e th e  d o m estic  d ye- 
ètu ff m ak ers th e y  ca n  a t  le a s t d isclose to  th e  m ak ers th e  e x ­
te n t  o f th e  m a rk e t in  th e  U n ite d  S ta te s . T h e  e x a c t c licm ica l 
d y e s  on th e  U n ite d  S ta te s  m a rk e t a n d  th eir  in d iv id u a l co n ­
su m p tio n  and  p rices p aid  are k n o w n  c o lle c tiv e ly  to  tw o  d iffer­
en t classes. T h e  im p o rters c o lle c tiv e ly  k n o w  i t  and  th e  users 
c o lle c tiv e ly  k n o w  it. I t  ca n  h a rd ly  b e  exp ected  th a t  th e  im ­
p o rters are  go in g  to  h an d  th a t  in fo rm atio n  o v e r  to  p ro sp ective  
m akers, th a t  is, to  co m p etito rs. I f  th e  users w a n t in creased  
co m p etitio n  am on g th e  m ak ers  o r w a n t a m ore assu red  sou rce 
o f su p p ly , th en  th e  le a st th e y  can  do is to  p lace  b efo re  th e  d y e- 
s tu ff  m ak ers o f th is  c o u n try  a  lis t  o f a ll such  d y es  as are  used in 
th is  c o u n try  and  th e  a m o u n t o f each  th a t  is u sed  a n n u ally , 
to g e th er  w ith  th e  p rice  p aid  th erefo r. W ith  su ch  in fo rm atio n  
b efore  th em  th o se  w h o  m ak e d y es tu ffs  in  th is  country- ca n  m a k e  
in te llig e n t p ro visio n  fo r exp an sio n  o f th eir  business. T o  b e  
sure, th e  m ak ers co u ld  g o  to  each  and  e v e r y  user and  a sk  h im  
fo r  th e  a b o v e  in fo rm atio n , b u t  i t  is q u ite  sure th a t  th a t  in fo rm a ­
tio n  w o u ld  b e  refused . T h e  u sers w o u ld  d eclin e  to  d isclose  
to  a n y o n e  th e ir  co n su m p tio n  o f d y estu ffs  a n d  th e  a m o u n t o f 
th e ir  d y e s tu ff acco u n t. I f  th e  users a re  re a lly  sin cere a n d  h o n ­
e st in  th e ir  s ta te m e n t th a t  th e y  are  in  a  p lig h t  an d  th a t  th e y  
r e a lly  do w a n t  in creased  p ro d u ctio n  o f d y es  in  th is  c o u n try , 
th en  th e  very' le a st th a t  th e y  ca n  do is to  m ak e  a  fu ll an d  fran k  
d isclosu re o f w h a t th e  p ossib ilities  and  p ro b a b ilitie s  in th e  U n i­
ted  S ta te s  m a rk e t are. A s  sa id  before, th ere  a rc  o v er 900 
d ifferen t fin ished  d y e s  th a t  h a v e  to  b e  m ad e and  b efo re  th ese  
900 d y es  are  m ad e  so m eth in g  lik e  300 su b stan ces, th em selves 
n o t  d y es , h a v e  to  be m ad e; to  a sk  th e  d o m e stic  ch em ica l m an u ­
fa ctu re rs  to  go d o w n  in to  th eir  p o ck ets fo r th e  c a p ita l to  m ak e  
each  o f th ese  900 d y e s  and  each  o f th ese  300 th in g s, th em selv es  
n o t d y es , a n d  th en  to  a w a it  th e  p leasu re  o f th e  d o m estic  
d y e s tu ff u ser as to  w h eth e r  he w ill ta k e  th e  go o d s or n o t  is  
a sk in g  a lto g e th e r  too  m uch  from  th e  m ak ers on  th e  p a rt o f th e  
users.

I f  th e  u sers a re  a fra id  to  d isclose each  to  th e  o th er  h o w  m u ch  
d y e  they- use and  w h a t th e y  p a y  for i t  th e y  are  certainly- in  a 
p osition  to  se le ct som e b a n k  o r tr u s t  c o m p a n y  a s  a c e n tra l co n ­
fid en tia l d ep o sito ry  fo r su ch  sta te m e n ts  a n d  le t  th e  b a n k  or 
tr u s t  c o m p a n y  m ak e  u p  from  these se p a ra te  sta te m e n ts  a  co m ­
b in ed  s ta te m e n t o f th e  m a rk e t a n d  p la ce  th a t  b efo re  th e  m a n u ­
fa c tu r in g  p u b lic. I f  th e  d y e s tu ff users w ill co o p e ra te  to  th a t  
e x te n t  i t  is  m o ra lly  ce rta in  th a t  a n  in crease  ¡11 p ro d u ctio n  o f 
d y e s  w ill ta k e  p lace  w ith  con sid erab le  r a p id ity . I f  th e  u sers 
d eclin e to  co o p erate  to  th is  e x te n t i t  is q u ite  lik e ly  th a t  th e  
n u m b er o f d y e s  m a n u fa ctu re d  w ill in crease  e v e n  in sp ite  o f th e  
users, b u t  th e  ra te  w ill b e  m u ch  slow er. I f  th e  u sers w a n t  th e  
ra te  o f  in crease  speed ed  u p  th e y  m u st co n trib u te  th eir  share, 
a nd  p ro b a b ly  a  p la n  lik e  th a t  o u tlin ed  a b o v e  is as g o o d  as can  
b e  d ev ised .

9 0  W il l ia m  S t . .  N e w  Y o r k
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T H E  P R E S I D E N T ’S  A D D R E S S  B E F O R E  T H E  C H E M I C A L  
S E C T I O N  O F  T H E  B R I T I S H  A S S O C I A T IO N  F O R  

T H E  A D V A N C E M E N T  O F  S C IE N C E

T h e  add ress m ad e b y  P rofessor W illia m  J . P o p e, P res id e n t 
» A lso printed in the Textile Colorist, Vol. 36, N o. 430 (O ct., 1914).

o f th e  C h e m ic a l S e ctio n  o f th e  B . A . A . S ., is rep o rted  in  th e  
Jour. Gas Lighting and Water Sup., 12 7  (19 14 ), 506. T h e  
sp ea k er p o in te d  o u t th a t  th e  in v e stig a to r, c o n tin u a lly  occu p ied  
w ith  his o w n  problem s, a n d  fa ced  w ith  an  ever-in crea sin g  m ass 
o f tech n ica l lite ra tu re , o rd in a r ily  fin d s l it t le  tim e  fo r reflection
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u p o n  th e  rea l m ean in g  o f h is w o rk , and  secures, in  general, far 
to o  few  o p p o rtu n itie s  o f co n sid erin g  in a  p h iloso p hical $ort o f 
w a y  th e  p a st, p resen t, and  fu tu re  o f h is o w n  p a rtic u la r  b ranch  
o f scien tific  a c t iv ity .  H e th en  p roceed ed:

" I t  is n o t d ifficu lt to  form  a  fa ir ly  a ccu ra te  s u rv e y  o f th e  posi­
tio n  to  w h ich  c h e m istry  h ad  a tta in e d  a  gen eratio n — p erh ap s 
even  a  few  y e a r s— ago. P r o b a b ly  n o in te lle ct n ow  e x istin g  cou ld  
p ron ou n ce ju d g m e n t u p on  th e  p resen t p o sitio n  o f ou r scien ce 
in term s w h ich  w o u ld  com m en d  th em selves to  th e  h isto rian  of 
th e  T w e n ty -firs t  C e n tu ry . D o u b tle ss  e v e n  one eq uip p ed  w ith  
a  com plete* k n o w led g e  o f a ll th a t  h as  been  a ch iev ed , sta n d in g  
on the v e r y  fro n tie r o f scien tific  a d v a n ce  and  peerin g in to  th e  
su rro u n d in g  darkn ess, w o u ld  b e  q u ite  in co m p eten t to  m ak e 
a n y  a d e q u a te  fo reca st o f the co n q u ests w h ich  w ill b e  m ad e b y  
ch em ica l and  p h y sic a l science d u rin g  th e  n e xt f if ty  y ears. A t  
th e  sam e tim e, ch em ica l h is to ry  te lls  us th a t  progress is th e  re­
su lt, in large  m easu re, o f im p erfect a tte m p ts  to  a p p re c ia te  th e  
p resen t a n d  to  fo reca st th e  fu tu re . I, th erefore , propose to  la y  
b efo re  y o u  a  sk e tch  o f the p resen t p osition  o f certa in  b ran ch es 
o f ch em ica l kn o w led ge, and  to  d iscuss th e  d irectio n s in w h ich  
p rogress is to  be so u gh t. N o n e  of us d are  cherish  th e  co n victio n  
th a t  his v ie w s  on such m a tte rs  are  co rrec t; b u t  e ve ry o n e  d e ­
sirous of co n trib u tin g  to w ard s th e  d ev e lo p m e n t o f h is scien ce 
m u st a tte m p t an  a p p recia tio n  o f th is  k in d . T h e  im p o rtan ce  to  
th e  w o rk e r  a n d  to  th e  su b je c t  o f free v e n tila tio n  and  discussion  
o f th e  p o in t or v ie w  tak en  b y  th e  in d iv id u a l ca n  sca rce ly  be 
o v erestim a ted .

" T h e  tw o  scien ces o f ch e m istry  a n d  p h y sics  w ere a t  one tim e 
in clu d ed  as p a rts  o f th e  la rg e r su b je c t  e n title d  ‘ N a tu ra l P h il­
o s o p h y ,’ b u t  in th e  e a r ly  p a rt  o f th e  N in ete e n th  C e n tu r y  th ey  
drew  a p art. U n d er th e  stim u lu s o f D a lto n ’s  a to m ic  th eo ry , 
c h e m istry  d eve lo p ed  in to  a  s tu d y  o f th e  in terio r o f th e  m olecule, 
an d , as a  resu lt o f th e  co m p lica tio n  o f th e  o b served  phen om en a, 
p rogressed  from  sta g e  to  sta g e  as a  c lo se ly  reason ed  m ass of 
ob served  fa c ts  a n d  lo g ical con clu sion s. P h y sic s , less en tan gled  
in its  in fa n c y  w ith  n u m bers o f exp e rim e n ta l d a ta  w h ich  a p p a re n tly  
d id  n o t a d m it o f q u a n tita tiv e  co rrela tio n , w a s d ev e lo p ed  la rg e ly  
as a  b ran ch  o f ap p lied  m ath em atics . S u ch  a ch ievem en ts of 
th e  form al p h y sics  o f the la st  c e n tu r y  as th e  m a th em atica l th eo ry  
o f lig h t and  th e  k in etic  th e o r y  o f gas&s are m onu m ents to  the 
p o w ers o f th e  h u m an  in te llect.

“ T h e  p ath  o f ch e m istry , as an  a p p lica tio n  o f pure lo g ical 
a rg u m e n t to  th e  in te rp re ta tio n  o f com p lex  m asses o f o b se rv a ­
tion s, th u s  g ra d u a lly  d iverg ed  from  th a t  tak e n  b y  p h ysics as 
th e  m a th em a tica l tre a tm e n t o f less in vo lve d  exp erim en tal d ata , 
th o u g h  b o th  su b je cts  d erive d  th eir  im p e tu s to  d ev e lo p m en t from  
th e  sp ecu latio n s of genius. I t  is in terestin g  to  n ote, h o w ever, 
th a t  d u rin g  recen t years  th e  tw o  scien ces w h ich  w ere  so sh arp ly  
d istin g u ish ed  tw e n ty  y e a r s  ag o  as to  lead  to  m u tu al m isu nd er­
sta n d in g s, are  n ow  co n verg in g . M a n y  p u re ly  ch em ica l qu es­
tio n s h a v e  received  such  fu ll q u a n tita tiv e  s tu d y  th a t  th e  resu lts 
are su scep tib le  to  a tta c k  b y  the m eth o d s o f th e  m ath em atica l 
p h y sic ist, w h ile, on th e  o th e r  h an d , th e  in tense  co m p licatio n  
p erce iv ed  d u rin g  the fu ller exa m in a tio n  o f m a n y  p h y sica l p ro b ­
lem s h as led  to  th e ir  in te rp re ta tio n  b y  th e  lo g ical arg u m en t o f 
th e  ch em ist, b ecau se  th e  tra d itio n a l m a th em a tica l m ode o f a t ­
ta c k  of the p h y sic is t  h as  p ro ved  pow erless to  d ea l w ith  th e  in ­
trica c ie s  e xh ib ite d  b y  o b served  facts.

“ T h e  progress o f ch e m istry  d u rin g  th e  la st c e n tu ry  h as  been  
m a in ly  the resu lt o f th e  co o rd in atio n  o f o b served  fa cts  in a c ­
co rd a n ce  w ith  a  series o f h y p o th eses  each  c lo se ly  re la ted  in p o in t 
o f tim e to  th e  one p reced in g  it. T h e  a to m ic  th eo ry , a s  en u n cia ted  
b y  D a lto n  in 1803, w as a  g re a t im p etu s to  ch em ica l in v e stig a ­
tion , b u t p ro ved  insufficien t to  em b race  a ll th e  k n o w n  facts. 
I t  w as su p p lem en ted  in  1813 b y  A v o g a d ro ’s th eorem — th a t 
eq u al vo lu m e s o f gases c o n ta in  th e  sam e n u m b ers o f m olecules 
a t  th e  sam e te m p e ratu re  and  pressure. T h e se  tw o  im p o rta n t 
th eo retica l d ev e lo p m en ts led to  th e  asso cia tio n  o f a  d efin ite

p h y sica l m ean in g  w ith  th e  id ea  o f m o lecu lar co m p osition , b u t 
u lt im a te ly  p ro ve d  in su ffic ien t for th e  in te rp re ta tio n  o f th e  ever- 
in creasin g  m ass o f ch em ica l k n o w led ge  co llected  u n der their 
stim ulus.

“ A  fu rth e r im p e tu s  fo llo w ed  th e  in tro d u ctio n  b y  F ran klan d  
a n d  K e k u lé , in 1852 on w ard s, o f th e  id ea  o f v a le n c y  and  the 
m ode o f b u ild in g -u p  co n stitu tio n a l form u lae. T h e  con cep tion  
o f m o lecu lar co n stitu tio n  th u s arose as a refin em en t 011 the 
D a lto n ia n  n o tio n  o f m o lecu lar co m p osition . In  cou rse o f tim e 
th e  th eo re tica l schem e once m ore p ro ved  in su ffic ien t to  accom ­
m o d a te  the a ccu m u lated  fa cts , u n til, in 1874, v a n ’t  H off and  Le 
B e l d em o n stra ted  the a ll-im p o rtan t p a rt  w h ich  m o lecu lar con ­
fig u ratio n  p la y s  in th e  in te rp re ta tio n  o f ce rta in  classes o f phe­
n o m en a  k n o w n  to  th e  o rg an ic  ch em ist.

" D u r in g  th e  e a r ly  d a y s  of ch em ica l scien ce— th o se  o f D a lto n 's  
tim e, and  p erh ap s a lso  th ose o f F ra n k la n d  and  K e k u lé — w e can 
b e lie ve  th a t  ch em ica l theory- m a y  h a v e  la ck e d  the ph ysical 
re a lity  w h ich  it n ow  seem s to  us to  presen t. T h e  a ttitu d e  of 
o u r predecessors to w ard s th e  th eo retica l in te rp re ta tio n  o f their 
o b se rv atio n s w a s ra th e r  th a t  d escribed  b y  P la to :  ‘ A s  w hen
m en in a  d a rk  ca ve rn  ju d g e  o f extern a l o b je c ts  b y  th e  shadow s ' 
w h ich  th e y  c a st in to  th e  c a v e r n .’ In  th e  w ritin g s  o f the m ost 
clear-sigh ted  of o u r forerun n ers w e  ca n  d e te c t  an  u n derlying 
su spicion  o f a  p o ssib ility  th a t, a t  som e tim e o r oth er, th e  th eory  
b y  m ean s o f w h ich  ch em ica l o b se rv atio n s a rc  h eld  togeth er 
m a y  u n dergo  a n  en tire  reco n stru ctio n . A  few  y e a r s  ag o  O stw ald  
m ad e a  d eterm in ed  a tte m p t to  tr e a t  o u r scien ce w ith o u t th e  aid 
o f th e  m o lecu lar h yp o th es is , an d , in d eed , su ggested  th e  desira­
b ility  o f g iv in g  th e  D a lto n ia n  a to m ic  th e o ry  d ec en t b u rial.

" T h e  la st  te n  y e a r s  or so h a v e  seen a  ch an g e  in th is  a ttitu d e. 
T h e  d ev e lo p m e n t o f o rg an ic  chem istry- h as revea led  so com plete 
a  corresp on den ce b e tw e e n  th e  in d icatio n s o f th e  co n cep tio n  of 
m o lecu lar c o n stitu tio n  and  co n fig u ratio n  a n d  th e  observed  

fa cts , a n d  recen t w o rk  on th e  existen ce  o f th e  m olecule, largely  
in  co n n ectio n  w ith  co llo ids, w ith  r a d io a c tiv ity , a n d  w ith  crysta l 
s tru ctu re , is so free from  a m b ig u ity , th a t  persis’ten ee o f d o u bt 
seem s u n reason ab le . Probably- m o st ch em ists  are  prep ared  to 

regard  th e  p resen t d o ctrin e  o f ch em ica l c o n stitu tio n  an d  con­
fig u ratio n  as p ro ved . T h o u g h  th e y  may- tu rn  a  dim  visio n  to ­
w ard s th e  n ext g rea t d eve lo p m en t, th e y  h a v e  few  m isgiv in gs as 
to  th e  s ta b il ity  of th e  p osition  w h ich  h as a lre a d y  been  a tta in e d .”

P A T E N T  M E D I C I N E S  IN  G R E A T  B R IT A IN

L a r g e ly  th ro u gh  th e  e ffo rts  o f th e  A m e rican  M e d ic a l A sso cia­
tio n  and  th ro u gh  leg is latio n  b y  C o n g ress som e p rogress h as  been 
m ad e in th e  U n ite d  S ta te s  in lim itin g  the d an g ers from  th e  sale 
and  use o f secret rem edies. T h e  co n d itio n s are now  w o rse  in 
G r e a t  B r ita in  th an  in th is  c o u n try , and  in 1912 th e  g o vern m en t 
a p p o in ted  a  se lect co m m itte e  w h ich  h as ju s t  issued a n  a b stract 
rep ort. I t  finds [Science, 40 (19 14 ), 3 74] th a t  th ere  is a  large 
and  in creasin g sale o f p a te n t and  p ro p rie ta ry  m ed icin es and 
a p p lian ces and  o f m ed ica ted  w in es; th a t  th is  c o n stitu te s  a  grave  
a nd  w id e-sp read  p u b lic  e v il and  th a t  a n  " in to le r a b le  s ta te  of 
t h in g s ”  req u ires n ew  leg is latio n  to  d ea l w ith  it  ra th er than 
m ere ly  th e  am en d m en t o f e x istin g  law s. L e g is la tio n  is recom ­
m ended as follow s:

1— T h a t  e v e r y  m ed ica ted  w in e and  e v e r y  p r o p rie ta r y  remedy- 
c o n ta in in g  m ore a lco h o l th a n  th a t  requ ired  fo r p h arm acological 
p u rp oses be req u ired  to  s ta te  u p o n  th e  la b el the p rop ortion  of 
a lco h o l co n ta in ed  in it.

2— T h a t  th e  a d v e rtise m e n t and  sale  (e xce p t th e  sa le  b y  a 
d o c to r ’s order) o f m ed icin es p u rp o rtin g  to  cu re  the fo llow in g 
d iseases b e  p ro h ib ited : C a n cer, co n su m p tio n , lu p u s, deafness, 
d iab etes , p ara lysis, fits, epilepsy-, lo co m o to r a ta x ia , B r ig h t ’s 

d isease, ru p tu re  (w ith o u t o p era tio n  o r a p p lia n ce).

3'— -That a ll a d v ertisem en ts  o f rem ed ies fo r d iseases arising
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from  sexu al in terco u rse  o r referrin g  to  sexual w eak n ess b e  p ro ­
h ib ited .

4— T h a t  a ll a d v e rtise m e n ts  lik e ly  to  su g g est th a t  a  m edicine 
is a n  a b o rtific ie n t b e  p ro h ib ited .

5 — T h a t  i t  b e  a  b reach  o f th e  la w  to  ch an ge th e  co m p o sitio n  of 
a  re m e d y  w ith o u t in fo rm in g th e  D e p a rtm e n t o f th e  proposed  
ch an ge.

6— T h a t  fa n c y  n am es fo r reco gn ized  d ru gs b e  su b je c t to  reg u la ­
tion.

7— T h a t  th e  p erio d  o f v a lid ity  o f a  n am e used  as a  tra d e ­
m ark  b e  lim ited , as in  th e  case  o f p a ten ts  and  co p y rig h ts .

8— T h a t  i t  b e  a  b reach  o f th e  la w  to  g iv e  a  fa lse  tra d e  d e­
scrip tio n  o f a n y  rem ed y, a n d  th a t  th e  fo llo w in g  b e  a  defin ition  
o f a  fa lse  tra d e  d escrip tio n : " A  sta te m e n t, design  or d ev ice  
reg a rd in g  a n y  a rtic le  o r p rep ara tio n , o r th e  d ru g s or in gred ien ts 
or su b stan ces  co n ta in ed  th erein , o r th e  c u ra tiv e  o r th erap e u tic  
e ffe ct th ereo f, w h ich  is fa lse  or m islead in g  in a n y  p a rtic u la r .”  
A n d  th a t  th e  onus o f p ro o f th a t  h e h ad  reason ab le  ground for 
b e lie f in  th e  tru th  o f a n y  s ta te m e n t b y  h im  reg a rd in g  a  rem ed y, 
be p laced  u p on  th e  m an u fa ctu re r  o r p ro p rie to r o f such rem ed y.

9— T h a t  i t  b e  a  b reach  o f th e  la w : (a) T o  en close w ith  one
re m ed y  p rin ted  m a tte r  reco m m en d in g  a n o th er rem ed y. (6) T o  
in v ite  su fferers from  a n y  a ilm e n t to  corresp on d  w ith  th e  ven d o r 
o f a  rem ed y, (c) T o  m ak e  u se o f th e  n am e o f a  fic titio u s person 
in  co n n ectio n  w ith  a  rem ed y . (B u t it  sh all b e  w ith in  th e  p o w er 
o f th e  D e p a rtm e n t to  p erm it th e  exem p tio n  o f an o ld  estab lished  
re m ed y  fro m  th is  p ro visio n .) (d) T o  m a k e  u se of fictitio u s te s ti­
m onials. (e) T o  p u b lish  a  reco m m en d atio n  o f a  secret rem ed y 
b y  a  m ed ica l p ra ctitio n e r un less h is o r h e r  fu ll n am e, q u alifica ­
tio n s and  add ress b e  g iv e n . (/) T o  prom ise to  re tu rn  m o n ey 
p a id  if  a  cu re  is n o t effected .

B R I T I S H  F O R E I G N  T R A D E  I N  A U G U S T

A s  w o u ld  b e  exp ected , th e  tra d e  retu rn s o f th e  U n ite d  K in g d o m  
fo r A u g u s t  sh o w  a  g re a t  re d u ctio n  in b o th  im p o rts and  exp orts. 
W ith  G e rm a n y  and  A u s tr ia -H u n g a ry  tra d e  has, o f course, been 
e x tre m e ly  sm all, and  th a t  w ith  o th er  co u n tries h as  b een  se­
r io u sly  in terfered  w ith . T h is  h as  arisen  m ore from  th e effects 
o f th e  w a r  on th e  foreign  exch a n g es th a n  from  th e  w a r  itse lf. 
D u rin g  th e  m o n th  th e  v a lu e  o f th e  good s im p o rted  in to  G r e a t 
B r ita in  w a s  $206,000,000, w h ich  is  $66,000,000 (24.3 p er cen t) 
less th a n  w a s  im p o rted  d u rin g  A u g u s t, 1913  [Engineering  (L o n ­
d o n ), 98 (19 14 ), 326]. E x p o rts  h a v e , h o w ever, decreased  from  
$214,000,000 in  A u g u st, 1913 , to  $118,000,000 in  1914, th e  d iffer­
en ce a m o u n tin g  to  4 5 .1  p er cen t. T h e  p e rcen tag e  d rop  in th e  
v a lu e  o f re-exp o rted  good s is a lm o st e x a c t ly  th e  sam e. B ritish  
im p o rts fro m  G e rm a n y  h a v e  fa llen  from  $9,100,000 in A u g u st, 
19 13 , to  $950,000 la s t  m o n th . M o re  th a n  h a lf  o f th is  red u ctio n  
— $4,140,000— is a cco u n ted  fo r b y  th e  d im in u tio n  in  im p orts 
o f su g a r; th e  figures fo r th is  c o m m o d ity  a lon e w ere  $4,350,000 
in  A u g u st, 1913 , as a g a in st $210,000 la s t  m o n th . S te e l bloom s, 
b ars, girders, e tc ., a c c o u n t fo r  a n o th er $7,500,000 red u ctio n , 
th e  im p o rts  b e in g  o n ly  $245,000 la s t  m on th . T h e  to ta l B ritish  
e xp o rts  to  G e rm a n y  h a v e  d im in ish ed  from  $19,500,000 in  A u ­
gu st, 1913 , to  $3,880,000 d u rin g  A u g u st, 1914 . T h e  p rin cip al 
item  is  coa l, th e  a m o u n t e xp o rted  la s t  A u g u s t  h a v in g  b een  w o rth  
o n ly  $368,000, w h erea s  fo r A u g u s t, 1913 , th e  figure w a s  $2,320,- 
000, W o o l and  w oolen  go o d s com e n ext, th ese h a v in g  fa llen  
o ff fro m  $3,140,000 to  $1,380,000. C o tto n  y a r n  a cco u n ts  fo r 
a  fu rth e r  red u ctio n  o f $1,000,000. F o r  iron  and  steel, th e  ex­
p o rts  la s t  A u g u s t  w ere  $224,000 as co m p ared  w ith  $480,000 
fo r  th e  sam e perio d  la st  y e a r . T h e  o n ly  o th er  item  w o rth  
m en tio n in g  in d iv id u a lly  is  te x tile  m ach in ery , w h ich  h as  fa llen  
o ff from  $293,000 to  $195,000. A lth o u g h  th ese  str ik in g  figures 
g iv e  a  v e r y  good  id ea  o f th e  in flu en ce o f th e  w a r on B ritish  
tra d e  w ith  foreign  co u n tries, its  fu ll e ffects  are so m ew h a t m ask ed  
b y  th e  fa c t  th a t  th e  re tu rn s in clu d e som e go o d s im p o rted  and

exp o rted  b efo re  th e  d ec lara tio n  o f w ar. T h e  R o y a l P ro c la m a ­
tio n  p ro h ib itin g  th e  e x p o rta tio n  o f certa in  good s h as  a lso  a ffe cte d  
th e  figures.

S O M E  D A T A  O F  G E R M A N  A N D  A U S T R I A N  F O R E I G N  
T R A D E

T h e  fo llo w in g  d a ta  w ere  p u b lish ed  in  L o n d o n  E n gineering  

98 (1914). 300, 331, 360. (1/ = $4.86.)
GERMANY’S EXPORTS OF SEWING AND KNITTING-MACHINES A

B o a rd  o f T r a d e  b u lle tin , re c e n tly  issued, sh ow s th a t  G e rm an y  
exp o rts sew in g  and  k n ittin g -m ach in es , and  p a rts  th ereo f, to  a  
v a lu e  of a b o u t 2,840,250/. p er an n u m , w h ile  E n g lish  e x p o rts  are  
v a lu e d  a t  2,367,800/. T h e  d istr ib u tio n  is p ecu liar. E n g la n d  
h as  th e  b e st o f th e  In d ia n  m a rk e t, in  w h ich  h er sa les a m o u n t to  
128,550/., co m p ared  w ith  G e rm a n y 's  44,500/. T o  th e  N e th e r ­
lan ds, G e rm a n  sales are  v a lu e d  a t  78,300/., co m p ared  w ith  
E n g la n d  a t  26,100/. In  S w ed en  th e  re sp ectiv e  sa les are  a lm o st 
e x a c t ly  reversed . I n  B e lg iu m , G e rm a n y  d isposes o f 117,200/. 
w o rth  o f th ese  m ach in es a n d  p a rts ; E n g la n d  sells th ere  o n ly  
42,950/. w o rth . H o w e ve r, th e  ta b le s  are a lm o st e x a c t ly  tu rn ed  
in S p ain , w h ich  b u y s  from  G r e a t  B r ita in  to  th e  v a lu e  o f 108,700/., 
and  from  G e rm a n y  to  th e  a m o u n t o f 50,000/. T h e n , a g a in , 
in R u ssia , E n g la n d  h as  a  g rea ter tra d e  w ith  sa les a m o u n tin g  
to  831,700/., co m p ared  w ith  G e rm a n y ’s 399,300/.; b u t  in I ta ly , 
B ra z il a n d  th e  A rg en tin e , B ritish  busin ess is m u ch  sm aller th a n  
G e rm a n y ’s, as it  is a lso  in  F ra n ce , a lth o u g h  in  th e  la t te r  c o u n try  
E n g lish  sa les a m o u n t to  th e  co n sid erab le  figure o f 218,300/. 
G e rm a n y  sends E n g la n d  m ach in es and  p a rts  to  th e  v a lu e  o f 
136,200/. G erm an  m ach in es find  a  re a d y  sa le  in m a n y  co u n tries, 
su ch  as th e  U n ite d  S ta te s , M ex ico , M o ro cco , B u lg a ria , E c u a d o r, 
e tc ., w h ich  m a rk e ts  seem  to  b e  sca rce ly  to u ch e d  b y  E n g lish  
m an u factu rers .

GERMANY’S EXPORTS OF PHOTOGRAPHIC MATERIALS— T h e  V alu e 
o f th e  exp o rts of p h o to g ra p h ic  m ateria ls  fro m  G e rm a n y  a m o u n ted  
in 1912 to  1,843,600/. T h e  m o st im p o rta n t c lasses o f goods 
d ea lt  w ith  w ere  lenses, film s, a n d  ch em icals. S e n sitized  p a p e r 
a nd  d ry -p la te s  w ere  a lso  e x p o rted  in con sid erab le , b u t  lesser, 
q u an tities . O f p h o to g ra p h ic  ch em ica ls, G e rm a n y  e x p o rted  to  th e  
U n ite d  S ta te s  72,900/. w o r th ; to  R u ssia , 79,950/.; an d  to  E n g la n d , 
45,650/. H e r la rg e st exp o rts o f film s w ere  to  F ra n ce , w h ich  
b o u g h t to  th e  v a lu e  o f 110,550/., E n g la n d  ta k in g  40,350/. w o rth . 
N e x t  to  R u ssia , G r e a t  B r ita in  is G e rm a n y ’s la rg e st cu sto m e r fo r 
sen sitized  papers, ta k in g  n e a rly  40,0001, w o rth . T h e  m o st im ­
p o r ta n t m a rk e t fo r G e rm a n  o p tica l g lasses and  lenses h as  b een  
E n g la n d , w h ich  toojc goods o f th is  class to  th e  v a lu e  o f 104,900/. 
A lto g e th e r, G e rm a n y  sends E n g la n d  a b o u t 232,000/. w o rth  o f 
p h o to g ra p h ic  good s in  th e  y ear.

GERMAN AND AUSTRIAN TRADE IN BRASS AND BRASSWARE----

A n o th e r  w h ite  p a p e r h as  re c e n tly  b een  issued b y  th e  C o m ­
m ercia l In te llig e n ce  B ra n c h  o f th e  B o a rd  o f T r a d e  re la tin g  to  
th e  e xp o rts  o f b rass and  b rassw are  b y  G e rm a n y  and  A u stria . 
C o m p a red  w ith  E n g lish  e xp o rts  in  th ese  trad es, th o se  o f h er r iv a ls  
are  enorm ous, th o u g h  th e  a v a ila b le  figures seem  s lig h tly  less 
fa v o ra b le  to  th e  U n ite d  K in g d o m  th a n  th e y  a c tu a lly  are , s in ce 
th e ir  figures c o v e r  certa in  a rtic les  n o t in clu d ed  in  th e  E n g lish . 
A s  fa r  as th e y  form  a  gu id e, h o w ever, in  a  re ce n t y e a r , w h ile  th e  
U n ite d  K in g d o m  e x p o rted  go o d s o f th is  c la ss  to  th e  a m o u n t 
o f 1.6 m illion s sterlin g , A u s tr ia 's  e xp o rts  w ere  1 m illio n  and  
G e rm a n y ’s n e arly  6.5 m illion s. T h e  p rin cip al e x p o rts  o f G e r­

m a n y  w ere: B ra ss , to m b a c, a n d  sim ilar a llo y s, 549,650/.; rods, 
sh eets, e tc ., o f sam e, 1,088,700/.; w ire  o f co p p er a llo y s , 314,200/.; 
lacq u ered  and  o th er  w ares o f sh eet b rass, e tc ., 2,368,200/.; 
w ares o f cop p er, to m b a c, b rass, e tc ., " v e m i e r t ,”  co lored , c o a te d  
w ith  n ick el, e tc ., 1,075,000/. In  m a n y  o f th ese  a rtic le s  F ra n c e  
a n d  I t a ly  are  th e  la rg e st pu rch asers from  G e rm a n y , b u t  in oth ers 
G r e a t  B r ita in  ra n k s as th e  la rg e st b u y e r . In  on e or 
tw o  cases R u ssia  is G e r m a n y ’s la rg est m ark e t. L ik e  p rev io u s 
rep o rts, th is  one g iv e s  in terestin g  in fo rm atio n  on  th e  m ark ets,
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e x tra c te d  fro m  co n su la r rep orts, e tc ., and  a ll in terested  in en ­
la rg in g  th eir  b u sin ess w h ile  th e  o p p o rtu n ity  offers w o u ld  find 
th ese w ell w o rth  p erusal.

GERMAN AND AUSTRIAN TRADE IN  ANCHORS, GRAPNELS, AND 

c h a i n s — G e rm a n y  h as a  co n sid erab le  fo reign  tra d e  in an ch o rs 
and  v a rio u s  ty p e s  of ch a in  b o th  fo r sh ip  and  gen eral use. H e r 
e xp o rts  in 1913 h ad  a  v a lu e  o f 165,700/. E x c lu d in g  b ic y c le  
ch ain s, th e  corresp o n d in g  tra d e  o f A u s tr ia -H u n g a ry  fo r 1913 
h a d  a  v a lu e  o f 11,910/. T h e s e  figures are  c o n sid e rab ly  b elow  
th a t  o f th e  U n ite d  K in g d o m  fo r th e  sam e c la ss o f m ateria l, 
w h ich  in  1913 w a s 687,200/. T h e  tra d e  is  one, h o w ever, w ith  
w h ich  E n g la n d  is w ell eq u ip p ed  to  deal, and  a n y  e ffo rts  m ad e 
a t  th e  p resen t tim e to  o b ta in  th e  G e rm a n  sh are  sh ou ld  h a v e  

co n sid erab le  ch an ce  of success. T h e  s u b je c t  is d ea lt  w ith  in 
one of th e  m em o ran d a  w h ich  a re  b ein g  issued  b y  th e  C o m m ercia l 
In te llig e n ce  B ra n c h  o f  th e  B o a rd  o f T r a d e  to  assist B ritish  

m a n u factu re rs  to  fin d  new  o u tle ts  for th e ir  m a te ria l d u rin g  th e  
w ar. T h e  ta b le s  w h ich  are  p u b lish ed  sh o w  th a t, as fa r  as sh ip s ’ 
an ch ors, grap n els, a n d  ca b les are  con cern ed, th e  tra d e  is ch iefly  
in th e  h an d s o f th e  U n ite d  K in g d o m , b u t  th a t  th ere  w o u ld  a p ­
p ea r to  b e  sm all op en in gs fo r  th e  sa le  o f B ritish -m a d e  artic les 
in R u ssia , R o u m a n ia , and  T u r k e y . F o r  ch ain s, o th er th a n  
sh ip s' ch ain s and  cables , th e  U n ite d  K in g d o m  hold s an  e x ­
c e e d in g ly  stro n g  p o sitio n  in th e  A u stra lia n , In d ia n , S o u th  
A fr ic a n , C a n a d ia n , J a p an ese, and  S o u th  A m e rica n  m ark ets, 
as w ell a s  h o ld in g  a  la rg e  sh are o f th e  tra d e  in  th e  N o rw eg ia n , 
S p a n ish , and  P o rtu g u ese  m ark e ts . In  th e  N e th e rla n d s , S w ed en , 
F ra n ce , R u ssia , R o u m a n ia , a n d  th e  U n ite d  S ta te s  th ere  w o u ld , 
h o w ever, a p p e ar to  b e  a  p o s s ib ility  o f exten d in g  B r itish  tra d e  
in  th ese  goods.

G E R M A N  R A I L R O A D  M A N A G E M E N T

In  a n  a rtic le  in  th e  N e w  Y o r k  R ailw ay A ge Gazette, on “ G e r ­
m an  C ritic ism  o f S ta te  R a ilw a y  M a n a g e m e n t,”  i t  is said  th a t  
G e rm a n y ’s S ta te  ra ilw a y  m an ag em e n t is a n  o p p ressive  m o n o p o ly  
a n d  a  p o litica l m istak e . R e c e n tly  th is  v ie w  w as exp ressed  a t  
th ree  d ifferen t in d u str ia l con gresses, and  in on e case  th e  in ­
d ic tm e n t w a s  b a c k e d  b y  a  tw o -th ird s  m a jo r ity . T h is  re v o lt  
a g a in st r a ilw a y  n atio n a liza tio n  com es ju s t  a t  th e  tim e  w h en  
som e A m erican s and  E n g lish m en  h a v e  b eg u n  to  see in n a tio n a l­
iza tio n  a n  easy , in fa llib le  w a y  o u t  o f a ll ra ilw a y  tro u b les. W h a t  
a g g ra v a te s  th e  in d ictm e n t is th a t  i t  is m a in ly  d irected  a g a in st 
th e  P ru ss ian  S ta te  sy ste m , w h ich  o f a ll r a ilw a y  sy stem s in  G e r­
m a n y  is  th e  m o st flo u rish in g  a n d  efficien t. E v e r y  ch arg e  th a t  
is cu sto m a rily  lev elled  a g a in s t  co rp o ratio n  r a ilw a y  ow n ersh ip  
is n o w  (J u ly  19) le v e lle d  a g a in st th e  P ru ssian  S ta te  system . 
T h e  m ain  ch arg e  is th a t  th e  P ru ss ian  sy ste m  m ak es for m o n o p o ly  
a n d  re stra in t of tra d e . In  co m m ittin g  a ll th e  offenses w h ich  
p r iv a te  co rp o ratio n s co m m it, th e  S ta te  k n o w s 110 fear, fo r a g a in st 
i t  th e  p u b lic  is d o u b ly  helpless, and  th ere  a re  n o  co m p etin g  roads 
w h ich  can  be u sed  to  b rin g  th e  e x to r tio n a te  S ta te  to  reason. 
G e rm a n  exp erien ce  sh ow s th a t  S ta te  ow n ersh ip  does n o t p rev e n t 
m o n o p o ly . M o n o p o ly  rem ain s m o n o p o ly , e v e n  th o u g h  it  is 
m an ag ed  b y  officials, a n d  th e  S ta te  is o n ly  th e  n atio n a l o rg an  
o f errin g  m en.

b y  G e rm a n  ch em ica l firm s in R u ssia  w ill b e  serio u sly  affected 
b y  th e  w ar. T h e  Chem iker-Zeitung  [38 (19 14 ), 10 14] publishes 
a  lis t  o f th e  m ore im p o rta n t o f th ese. T h e  A k tien -G ese ll- 
sc h a ft  fü r  A n ilin -F a b rik a tio n  h as  fa cto rie s  in  M o sc o w  and  L ib a u , 
a  su b sid iary  o f th e  H ö ch ste r F a rb w e rk e  h as  h ead q u a rte rs  in 
M o sco w , th e  C h em isch e  W e rk e  A lb e r t  m ain tain  fa cto rie s  in 
S a r ta n a  and  T a g a n ro g , an d  th e  B a d isc h e  A n ilin - un d  Soda- 
F a b r ik  h as a  la rg e  p la n t  in  B u tir k i n ear w h ich  a re  th e  R u ssian  
w o rk s o f th e  E lb e rfe ld e r F a rb e n fa b rik e n ; in 1906 th e  A k tien - 
G e se llsch a ft R en n er, on  a c c o u n t o f ta r iff co n d itio n s, acqu ired , 
to g e th er w ith  F ren ch  a n d  R u ssia n  firm s, a n  e x tr a c t  fa c to ry  in 
th e  n eigh borhoo d  o f M o sc o w ; th e  C h em isch e  W e rk e  R ied el 
o w n  a  la rg e  b lo ck  o f th e  sh ares o f th e  S t . P e te rsb u rg e r A .-G . 
P h arm a k o n , and  th e  B e rlin  firm  o f S ch erin g  h as  a lso  large 
R u ssia n  in terests.

T h e  G erm an  iron in d u stry  a lso, a cco rd in g  to  th e  Frankfurter 
Z eitung, h as im p o rta n t in terests  in  R u ssia . A m o n g  th e  com panies 
m en tion ed  in th is  co n n ectio n  are  th e  M ilo w ic e r  E ise n w e rk , the 
D o n n e rsm a rck h k ü tte , th e  O bersch lesisch e E isen b ah n b ed arf, the 
O b ersch lesisch e E ise n -In d u strie  A .-G ., th e  M eta llfa b rik e n  
H a n k e  and  th e  L a u ra h ü tte .

T H E  M A T C H  I N D U S T R Y  I N  R U S S I A

T h e  m atch  in d u stry  in R u ssia  h a s  u n derg on e a  strik in g  
e v o lu tio n  sin ce th e  b eg in n in g  o f th e  tw e n tie th  c e n tu ry . T h e 
Chem iker-Zeitung  [38 (19 14 ), 1000] sta te s  th a t  w h ile  in  th e  y e ar 
1902 ten  fa cto ries m an u factu re d  o v er  fifteen  m illion  phos­
ph oru s m atch es, in  1907 e le ve n  fa cto ries m an u factu re d  less th an  
a  m illion , and  in  1908 th e  p ro d u ctio n  sto p p e d  a lm o st en tire ly . 
O f th e  so-called  m ixed  fa cto ries, m an u fa ctu rin g  b o th  phos­
phorus and  s a fe ty  m atch es, th ere  w e re  th ir ty -th re e  in  1902 
a n d  in 19 11 o n ly  tw o . T h e  n u m b er o f s a fe ty  m atch  factories 
in creased  in  p ro p o rtio n  to  th is  declin e, gro w in g  fro m  e igh ty- 
th ree  in 1902 w ith  an  o u tp u t o f o v e r  tw o  h u n d red  m illion , to 
one h un d red  and  th irte en  in 19 11  w ith  a n  o u tp u t o f m ore 
th a n  th ree  h un d red  m illion . T h e  m atch es exp o rted  in 1911 
w ere  v a lu e d  a t  $675,000.

R u ss ia  is rich  in w o o d  su ita b le  fo r m atch es an d  th e  m an u ­
fa c tu r e  o f m a tch  stick s  is a  p e a san t house in d u stry  in  th e  G o v e rn ­
m en t o f W ja tk a . T h e  exp o rts o f th ese stick s  in 1904, 1909 and 
19 11  am o u n ted  in  rou n d  n u m b ers re sp e c tiv e ly  to  $325,000, 
$274,000 a n d  $179,000.

T E M P E R A T U R E  C O N D I T I O N S  IN  C O K E  O V E N S  

A n  im p o rta n t c o n trib u tio n  to  th e  lite ra tu re  o f ca rb o n iza tio n  in 
co k e  o v en s h a s  la te ly  b een  m ad e in Stahl und E is e n  b y  P r o ­
fesso r O sk a r S im m ersb ach , o f B resla u . T h e  exp erim en ts w ere 
ca rried  o u t  in a  K o p p e rs  re g e n e ra tive  o v en , a n d  th e  tem p eratu re  
co n d itio n s e x istin g  d u rin g  th e  perio d  o f ca rb o n iza tio n  a n d  the 
co m p o sitio n  o f the v o la tile  p ro d u cts  w ere c a re fu lly  d eterm in ed. 
T h e  fo llo w in g  a b s tr a c t  o f th e  a rtic le , w ith  th e  tab les , h as a p ­
p eared  in th e  E ngineering Review.

T h e  o v en  w a s ch arg ed  w ith  S 3/ ,  ton s o f coa l co n ta in in g  22.7 
p er c e n t  o f v o la tile  m a tte r, 6.32 p er c e n t  o f ash, a n d  12.1 p er cen t 
o f w a te r. T h is  y ie ld e d  79.86 p er c e n t  o f co k e. T h e  co a l w as

C o m p o s it io n  of  t h k  G a s  d u r in g  C a r b o n iz a t io n  (Per cen t b y  volu m e)
H eating

Hrs. coal carbonized 2 3 4 S 6 7 8 9  10 11 12 13 15 17 19 21 23 25 27 gas
C O i........................................ 3 .3 0  3 .0  2 .3  2 .5  2 .2  2 .0 0  1 .4 0  1 .9 0  2 .3 0  1 .30  1 .5 0  2 .0 0  1 .9 0  1 .8 0  1 .1 0  1 .05  0 .8 0  0 .7  1 .0  2 .1
C .H t   1 .8 0  1 .5  1 .1  1 .1  1 .0  0 .8 0  0 .6 0  0 .5 0  0 .3 5  0 .3 5  0 .3 5  0 .3 0  0 .2 5  0 .1 0  ......................................................................
CjH«......................................  4 .0 0  3 .5  3 .1  3 .2  2 .8  2 .5 0  2 .5 0  2 .0 0  1 .75  2 .0 5  1 .85  1 .8 0  1 .8 0  1 .9 0  1 .2 0  1 .0 0  0 .6 0  0 .3  0 .3  1 .8
O i...........................................  1 .05  0 .8  0 .6  0 .6  0 .5  0 .5 0  0 .2 0  0 .2 0  0 .2 0  0 .1 0  0 .2 0  0 .2 0  0 .1 5  0 .2 5  0 .1 5  0 .0 5  0 .0 5  0 .1  0 .3  0 .6
C O .........................................  0 .9 0  1 .9  2 .9  2 .8  . 3 . 0  3 .9 5  3 .4 0  3 .1 0  2 .8 0  2 .8 0  4 .1 5  4 .1 0  3 .9 0  4 .1 5  4 .7 0  4 .0 0  3 .8 0  4 .9  5 .8  4 .2
CH<........................................ 3 6 .6 5  3 6 .1  3 4 .5  3 4 .5  3 3 .6  3 2 .4 0  3 3 .6 5  3 3 .4 5  3 1 .2 0  3 2 .4 0  3 3 .4 0  3 2 .4 5  3 3 .2 0  3 0 .6 0  2 6 .1 0  2 1 .1 5  18 .95  1 2 .2  4 .7  2 6 .2
H ............................................. 4 2 .5 0  4 4 .6  4 8 .8  4 7 .8  5 0 .1  5 0 .7 5  5 3 .7 5  5 0 .5 5  4 7 .1 0  5 1 .5 0  5 0 .6 5  4 9 .7 5  5 3 .4 0  5 1 .6 0  5 5 .7 5  5 8 .9 5  6 1 .9 0  6 7 .0  7 0 .0  5 1 .7
N i ........................................... 10 .0 0  8 .6  6 .7  7 .5  6 .8  7 .1 0  3 .6 0  8 .3 0  14 .3 0  9 ;50 7 .9 0  9 .4 0  5 .4 0  8 .6 0  1 1 .0 0  1 3 .8 0  1 3 .9 0  1 4 .8  1 7 .9  1 5 .4
M in. cal. power (0 °  C.,

760 m m .), calculated
per cubic m eter   5402 5271 5086 5071 4971 4802 4906 4797 4324 4583 4660 4530 4665 4369 3978 4487 3412 2960 2419 3964

G E R M A N  C H E M I C A L  I N T E R E S T S  I N  R U S S I A  ca rb o n ized  fo r a  period o f 29 hours. T h e  te m p e ratu re  rose

T h e  m a n y  fa cto ries and  su b sid iary  co m p an ies m ain ta in ed  g ra d u a lly  d u rin g  th is  p erio d , th e  co n clu d in g  rea d in g s b ein g
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10900 C. at one-fourth the distance from the charging side, 
11200 C. in the center, and 9200 C. at one-fourth the distance 
from the discharging side. These temperatures correspond to 
the center of the carbonized mass. In the gas space above the 
coal, the finishing temperatures were respectively 870°, 860 °, 
and 810° C. The resulting coke contained 88.53 Per cent °f 
carbon, 2.56 per cent of volatile matter, and 8.91 per cent of 
ash.

T H E  D I S P O S A L  O F  R E S I D U A L S  IN  G A S  A N D  C O K E  
P L A N T S

Difficulties are being experienced in England, according to 
the Jour. Gas Lighting and Water Sup., 127 (1914), 563, both 
in gas-works and coke-oven plants with regard to the disposal 
of residuals. Ammoniacal liquor is difficult to dispose of since 
the usual buyers have been compelled, through force of circum­
stances, to stop the manufacture of their various products. 
Consequently they have not had sufficient storage room to ac­
commodate the bulk of liquor offered. Those who make sulfate 
at their own works are placed in a rather more favorable position. 
Even though sulfate is not selling well just now, it is not a 
difficult matter to store it in large quantities, the principal ob­
jection being, however, that a large amount of money soon be­
comes locked up in the form of stocks. The disposal of tar, too, 
has not been unattended with difficulty. Again, lack of storage 
accommodation has been an important factor, the large distillers 
having had to restrict their operations owing partly to the em­
bargo placed upon the export of creosote, and partly to the fact 
that the demand for pitch has been below normal. As far as 
benzol is concerned, no difficulty is reported. The increasing 
use of this product as an automobile fuel has created a good mar­
ket, and this is particularly noticeable as soon as there is any 
talk of a petrol famine, or even of a substantial rise in price.

Europe was 655,454 net tons, about 150,000 tons being exported 
to England. The British spelter production was 65,197 tons. 
It is considered that to furnish 150,000 tons to Great Britain 
per year would not strain the resources of the United States. 
The price of spelter rose 1 cent per pound at East St. Louis 
between August 6th and August 20th.

U N I T E D  S T A T E S  M IN E R A L  O IL  E X P O R T S

The Journal of the Society of Chemical Industry extracts from 
the number for August 3, of the Oil, Paint, and Drug Reporter 
the following particulars of exports of mineral oils from the prin­
cipal customs districts of the United States (representing about 
98 per cent of the shipments from all parts) during the twelve 
months, July 1, 1913, to June 30, 1914:

G allons V alue
Crude o i l ....................................    1 4 6 ,0 5 6 ,0 8 6  $ 6 ,8 0 8 ,5 1 3
Illu m in atin g o il............................................. 1 ,1 5 5 ,8 0 9 ,4 3 0  7 4 ,3 7 4 ,0 9 1
Lubricating and paraffin o ils ..................  1 9 5 ,472 ,181  2 7 ,5 6 6 ,3 7 8
N aph th as, gasoline, e t c .............................  1 8 5 ,5 7 8 ,7 7 6  2 6 ,5 6 8 ,6 8 2
R esiduum , gas oil, fuel oil, e t c ..............  5 8 6 ,3 0 1 ,6 0 0  1 5 ,5 6 2 ,1 9 2

T ota l. 191 3 -1 4 ..........................................  2 ,2 6 9 ,2 1 8 ,0 7 3  $ 1 5 0 ,8 7 9 ,8 5 6
T ota l, 1 9 1 2 -1 3 .......................................... 1 ,9 4 7 ,7 4 6 ,3 0 3  134 ,5 1 4 ,1 0 9

T E S T I N G  M O T O R -C A R S  W I T H  T O W N  G A S

According to the Scientific American, in consequence of the 
comparatively high cost of gasoline, and by way of reducing fac­
tory outlay, a number of Detroit makers have taken to testing 
their motors with town gas instead of with gasoline. It is found 
that an economy of as much as $80 a day can be effected by some 
makers. Town gas at 45 c. per 1000 cubic feet is said to be 
cheaper for the purpose than gasoline at 9 c. a gallon. A com­
parison of costs reveals that an engine developing 19.04 horse­
power consumes 458 cubic feet of gas, which costs 20.61 c. an 
hour, while 2.24 gallons of gasoline would be required to develop 
the same power, and the cost would be 33.6 c. an hour with gaso­
line costing 15 c. a gallon. On one test, it was proved that the 
cost of town gas works out at 58 per cent of the cost of gasoline.

S P E L T E R

The United States Geological Survey has recently issued a 
report that stocks of spelter increased by 23,380 tons in the first 
half of the year, and reached on July 1st the total of 64,039 tons, 
la  the calendar year 1913 the production on the Continent of

M I N I N G  IN  S O U T H  A F R I C A

The report recently issued by the Royal Commission on Min­
ing in South Africa states, according to Engineering (London), 
98 (1914), 300, that the coal deposits in South Africa are numer­
ous, but comparatively undeveloped. In 1913 the total output 
only amounted to 8,800,000 tons, valued at about $10,000,000. 
The value of the output in diamonds in the Union of South 
Africa was $55,000,000 in 1913, and in the same year the gold 
output from the Transvaal was valued at $172,000,000. In 
regard to cost of production in the gold mines of the Witwaters- 
rand it is said that by calculating the working capacity of two 
Europeans as equal to that of three natives, it is estimated that 
if natives at their present cost per shift— viz., $0.76 per head—  
had to be replaced by Europeans at $2.40— and this appeared 
to be the minimum wage at which Europeans could live in the 
Transvaal— out of the fifty-two producing mines for which fig­
ures were available, twenty-six would cease to make a profit. 
If the white laborers replacing natives were paid at the rate of 
$3.00, about the current rate in Western Australia, where living 
is cheaper, out of the fifty-two mines, thirty-five would cease to 
make a profit. The average cost of native labor, $0.76 per shift, 
includes the cost of food, recruiting and compound expenses, 
in addition to money-wages. In 1913 the value of gold recovered 
per ton of ore, reckoned at the rate of $20.64 Per ^ne ounce, 
was $6.74, in which sum the working costs per ton of ore were 
$4.35 and the average gross working profit per ton of .ore $2.39.

The total amount paid in salaries and wages by the Rand 
gold-mines was $66,000,000 in 1912, and $63,000,000 in 1913. 
The average wage of the white employee, excluding the technical 
and clerical staff, was $1,540 per year. That of the native was 
$145. If to this latter sum there be added $50 for housing the 
native and for the rations he receives, the white man, who is 
employed almost wholly in supervision, will be seen to receive 
about eight times as much in wage as the native, who does the 
manual work. The Economic Commission has found that, 
when allowance is made for the cost of living, the Witwatersrand 
workman is better off, in a monetary sense, than the workman 
in Australia and America, and much better off than the work­
man in Europe.

P L A T I N U M  O R E  I N  S O U T H E R N  N E V A D A

A deposit of ore, containing the platinum metals in greater 
quantity, and entirely dissimilar in occurrence to the earlier 
finds, has recently been discovered in the western portion of 
Clark County at the property of the Boss Gold Mining Co. 
This deposit, according to the Engineering and Mining Journal 
98 (1914), 641, is 10 miles west of Goodsprings, in the Yellow 
Pine mining district, and only four miles from the California 
line. The ore varies in thickness from 2 to 10 ft., the average 
being about 6 ft., and in appearance is a brownish granular 
mass, showing occasional streaks of hard quartzose material. 
Both walls of the ore are shattered limestone, and along these 
walls occurs an encasement of malachite, varying in thickness 
from a few inches to several feet. The main body of the ore 
zone carries little copper. An average of the ore, sampled at
5-ft. intervals for 200 ft. along the upper tunnel, gave the fol­
lowing results: Gold, 1.13 oz. per ton; silver, 5.20 oz.; copper, 
0.20 per cent. It has since been learned that this ore contains 
0.5 to 1 oz. of platinum per ton.

In June, 1914, a winze was started from the upper tunnel 
following the ore on its dip, and high-grade ore was encountered
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w ith in  a  few  feet. T h e  a p p earan ce  of th e  ore  d id  n o t ch an ge 
m a te r ia lly  e x c ep t fo r  th e  occu rren ce  o f sm all m asses o f greenish  
ta lc  w ith in  th e  vein . S o m e o f th ese  m asses w ere  su fficien tly  
la rg e  to  be m ined  se p a ra te ly , and  tw o  sm all sh ip m en ts, a m o u n t­
in g  to  a b o u t on e to n , w ere  m ade, a  se ttle m e n t an a ly sis  o f w h ich  
w a s as fo llow s, p la tin u m  n o t b ein g  d eterm in ed  or p a id  fo r: G o ld ,
1 2 4 .7 9  07.. p er to n ; silver, 2 3 .9  o z.; lead , 1 .0 5  p er cen t; copp er, 
0 .6 5  p er ce n t; insoluble, 7 3 .2  p er ce n t; su lfu r, 3 . 1  p er cen t; 
iron, 6 .7  p er cen t.

O n  th e  sam e co n tro l sam p le  o f th is  sh ip m ent, th e  fo llo w in g  
w as the resu lt fo r m eta ls  o f th e  p la tin u m  gro u p : P la tin u m ,
9 9 .0 8  oz. p er to n ; p a lla d iu m , 16 o z .; irid ium , tra ce .

I t  h as b een  fu lly  d eterm in ed  th a t  m eta ls  o f th e  p la tin u m  
gro u p  are p resen t in a ll of th e  ore th u s fa r d evelo p ed , a p p a re n tly  
as a llo y s  o f go ld . I t  w o u ld  also  a p p e ar from  n um erous assay s  
th a t  th e  p la tin u m  m eta ls  b e ar a  fixed  ra tio  to  th e  gold  co n ten t, 
b ein g  in th e  p rop ortion  of a b o u t 2/3 oz. p la tin u m  to  1 oz. gold. 
T h e  ore is th o ro u g h ly  o xid ized , n o  su lfides h a v in g  as y e t  been  
reco gn ized , a n d  th e  gold  a llo y s  h a v e  a  “ r u s t y ”  a p p earan ce, 
sh o w in g  n o  co lo r a fte r  p a n n in g  u n til th e y  h a v e  been  th o ro u g h ly  
scru b b ed  o r tre a te d  w ith  acid .

T h e  o ccu rren ce  o f th e  ore  is e sp e c ia lly  p ecu lia r in  th a t  it  o c­
cu rs e n tire ly  in lim eston e, th e  n earest k n o w n  p o r p h y ry  c o n ta c t  
b e in g  a b o u t 600 ft . d istan t.

F ro m  p resen t d ev e lo p m en t it  w ou ld  a p p e ar th a t  th e  d istr ic t  
b id s fa ir  to  becom e an im p o rta n t p ro d u cer o f p la tin u m , for 
nu m erou s o th er  c la im s h a v e  been  lo ca ted  in th e  v ic in ity , and  are 
n o w  u n d er d eve lo p m en t. T h e  A z u rite  M in in g  C o ., w h ose 
gro un d  a d jo in s th a t  o f th e  B o ss, h as  d evelo p ed  som e ore, a lth o u g h  
o f so m e w h a t d ifferen t ch a ra c te r  from  th a t  o f th e  B o ss  m ine.

S A N I T A T IO N  I N  V E R A  C R U Z

T h e  V e ra  C r u z  co rresp o n d en t o f th e  Jou rn al o f the A m erican  
M edical A ssociation  w rites , acco rd in g  to  Science, 40 (19 14 ), 
405, th a t  th e  h o t  season , w h ich  is a lso  th e  ra in y  season, begin s 
in V e r a  C r u z  in M a y  o r J u n e and  la sts  till  th e  en d  o f S ep tem b er, 
and  as th e  season a d v a n ce s  th e  te n d e n cy  is fo r th e  d ea th  and  
m o rb id ity  ra tes  fo r a ll d iseases to  in crease, o w in g  to  tire h e a t 
itse lf a n d  th e  ra p id  in crease in th e  a m o u n t o f m ala ria ; y e t  
th a n k s  to  th e  e ffe ctiv e  w o rk  o f ou r san ato riu m s, th is  y e a r  is an 
ex c ep tio n  in th a t  th e  c iv il d ea th  ra te  for J u ly  is p r a c tic a lly  no 
g re a te r  th a n  fo r  Ju n e, in w h ich  m on th  it  w as lo w er th an  the 
ave ra g e . T h e  c iv il d ea th  ra tes  p er th o u san d  o f p o p u latio n  per 
an n u m  fo r th e  m o n th s o f Jun e an d  J u ly  fo r th e  p a st fiv e  y e a rs  
in  th e  c i t y  o f V e r a  C ru z  are  g iv en  b e lo w ; th e  im p ro v em en t for 
J u ly  o f th is  y e a r  is to o  g re a t to  b e  a cc id e n ta l or d ue to  a n y th in g  
b u t  im p ro v ed  sa n ita tio n .

June Ju ly
191 0 ............................................... 3 8 .8 6  4 6 .8 6
191 1 ............................................... 3 8 .2 9  4 6 .8 6
191 2 ............................................... 4 4 .8 6  4 9 .7 2
191 3 ...............................................  3 6 .8 6  4 1 .1 5
1 9 1 4 . . . . . ....................................  3 2 .0 0  3 2 .5 8

A  c o m p a r a tiv e  s ta te m e n t o f th e  c iv il d ea th s  from  co m ­
m u n ica b le  d iseases fo r Ju n e  a n d  J u ly  o f th is  y e a r  is as fo llo w s:

M alaria ...................................................................................  8 2
S m allp ox ................................................................................  4 1
D y sen tery .............................................................................. 12 4
T u b ercu losis.........................................................................  19 26
D iarrhea and enteritis, under 2 yea rs .......................  19 14
D iarrhea and enteritis, 2 years and o v e r ................  28 23

T h e  in crease o f d ea th s  from  tu bercu lo sis  is n o t u n u su al during 
th e  h o t  w e ath e r; th e  sm allp o x  ep id em ic  is o v e r  and  th ere are 
n o w  no cases in  th e  c ity ;  b etw een  M a y  18 a n d  J u ly  3 1 , 66,432 
persons w ere v a c c in a te d ; re v a cc in a tio n s are  n o w  b ein g  m ade 
w h en  in d icated  b u t  gen eral v a c c in a tio n  ceased  w ith  th e  end of 
J u ly . T h e  p rin cip al g a in  is d ue to  th e  fa ll in  th e  d ea th  rates 
fo r m a la ria  a n d  in te stin a l d iseases, and  th is  im p ro vem en t is 
d ire c tly  d ue to  o u r p re v e n tiv e  m easures.

T h e  a n tim a la ria l m easu res w h ich  a ffe c t th e  c iv il p op ulation  
are  th ree: th e  su ppression  o f m o sq u ito  b reedin g, th e  use o f the 
a rm y  la b o ra to r y  in  e stab lish in g  th e  co rrect diagnosis, and  the 

fo llo w in g  up and  tre a tm e n t o f a ll p ro ved  carriers o f gam etes 
in  th e  b lood . M o sq u ito  b reed in g  h as  b een  la rg e ly  suppressed 
b y  th e  exte n siv e  a n d  in tr ic a te  sy ste m  o f d itch es in  th e  environs 
o f th e  c ity , to ta lin g  a b o u t tw e n ty -fiv e  m iles in len g th ; m iles of 
v a c a n t  lo ts  an d  h u n d red s o f acres o f sw a m p  a t  th e  bases o f the 
g ig a n tic  sand -du n es b eh in d  th e  c it y  h a v e  b een  d rain ed  b y  the 
H e a lth  D e p a rtm en t, and  it  is n o w  possib le  to  sleep  co m fo rtab ly  
in a lm o st a ll p a rts  o f th e  c it y  w ith o u t th e  use o f m o sq u ito  bars, 
so m eth in g  h ith e rto  u n k n o w n  in  th e  h e ig h t o f th e  ra in y  season.

M a la r ia  h as  b een  m ad e  a  re p o rtab le  d isease b y  th e  H ealth  
D e p a rtm e n t an d  d em o n stra tio n  o f th e  p a ra site  in th e  blood  is 
in sisted  on  as fa r  as possib le. A ll  houses w h ere  p ro ven  cases of 
m ala ria  h a v e  occu rred  h a v e  b een  v is ite d  b y  in sp ectors trained 
in  m o sq u ito  e xterm in atio n , and  seco n d ary  cases h a v e  been  so 
fa r  .p r a c tic a lly  u n kn o w n . A s  a  resu lt o f a  p a rtia l m alarial 
su rv e y  o f th e  c ity , i t  h as b een  fou n d  th a t  th e  disease is p rin cip ally  
lo ca lized  a lo n g  th e  ra ilro a d  and  ra ilro a d  y a rd s . F u rth e r  in­
v es tig a tio n s  a lo n g  th is  lin e a re  n o w  u n d er w a y . T h e  w o rk  has 
a d v an ce d  fa r  en ou gh  to  d em o n stra te  th a t  th ere  is v e r y  m uch 
less m ala ria  n o w  th a n  is u su al a t  th is  tim e o f th e  y e a r ; the 
M ex ic ia n  p h y sic ia n s  are  u n an im o u s in  sa y in g  th a t  th e  am ount 
o f paludism o  is n o w  v e r y  sm all.

T h e  o th er  gro u p  o f d iseases w h ich  h a v e  b een  b ro u g h t under 
co n tro l are  th e  d y sen teries  a n d  d iarrheas, a n d  th e  p reven tive 
m easures w h ich  seem  to  b e  d ire c tly  resp onsible  fo r th e  im­
p ro v e m en t are  th e  fo llo w in g : th e  su p p ression  o f flies and  the 
p ro te ctio n  o f foo d -stu ffs  in  th e  m a rk e t b y  screen in g, th e  im­
p ro vem en t in th e  m ilk  su p p ly , and  th e  d isin fectio n  a n d  isolation 
o f d y se n te ric  cases. T h e  n u m b er o f m ilk  ven d ers in  th e  c ity  is 
a p p ro x im a te ly  150, and  200 sam p les o f m ilk  h a v e  b een  exam ined 
fo r d irt, a d u lte ra tio n  and  th e  p ercen tag e  o f fa t. T h e  milk 
e xam in atio n s a re  m ad e a t  irreg u lar in te rv a ls  on  unannounced 
dates, each  v e n d e r ’s m ilk  b e in g  exam in ed  a t  le a st once qu arterly . 
T h e  m easure, h o w ever, w h ich  seem s m o st d ire c tly  responsible 
fo r the d im in u tio n  in th e  n u m b er o f cases a n d  d ea th s from 
in te stin a l d iseases is th e  a n tif ly  ca m p a ig n . T h e  c it y  w a te r  has 
been  fr e q u e n tly  exam in ed  in  th e  la b o ra to r y  and  fou n d  uni­
fo r m ly  good . N o  cases o f y e llo w  fe v e r  h a v e  o rig in ated  in V era 

C r u z  o r b een  b ro u g h t to  th a t  p ort.

N O T E

T h e  d escrip tio n  o f th e  F u lla g a r  in tern al co m b u stio n  engine 
p u b lish ed  in th e  la st  issue o f T h i s  J o u r n a l ,  6 (19 14 ), 862, was 
la rg e ly  q u o ted  fro m  an  a rtic le  in  th e  Jou rn al o f  Gas Lighting  
and W ater S u p p ly , 12 7  (19 14 ), 160. A  fu ll d iscu ssion  o f the 
th eo re tica l p rin cip les in vo lve d  can  be fou n d  in  Engineering  
(L o n d o n ), 98 (19 14 ), 103.

NOTES AND CORRESPONDENCE
N O T E  O N  A N T I S E P T I C S

E d itor o f the Journal o f  In d u stria l and Engineering Chemistry:

T h e  recen t d iscussion  in th ese  co lu m n s as to  w h a t  ozon e w ill 
o r w ill n o t d o  to  b a c te ria  u n d er d ifferen t co n d itio n s su ggests 
th a t  m a n y  o f th e  co m m o n ly  a ccep ted  n o tio n s as to  ch em ica l

s te riliza tio n  m ig h t b e  rev ised  so m ew h a t. In  th is  connection, 
a  few  y e a r s  ago, O w e n ,1 o f th e  L o u is ia n a  E x p e rim en t S tation , 
sh ow ed  th a t  sev era l o f th e  w ell-kn o w n  b a c te ria  o f th e  potato  
b acilli gro up— i. e., B a cillu s vulgatus, B a cillu s  mesentericus 
fu scu s, B a cillu s  mesentericus niger and  B a cillu s mesentericus 

1 T h is  J o u r n a i, ,  3 ,  4 8 1 .
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granulatus— w ere c a p a b le  o f gro w in g  in  ra w  su gars and  th a t  the 
spores o f tw o  o f th e  a b o v e  species co u ld  w ith s ta n d  a  tem p era­
tu re  o f io o °  C . fo r tw o  hours. R u s s e l1 re ce n tly  record ed  th e  
fa c t  th a t  ce rta in  b acte ria l species to le ra te  phenol, cresol and  
h yd ro q u in o n e, in  fa c t  a p p e a r  to  feed  u p on  th ese  sub stan ces. 
T h e  a u th o r w ell rem em bers h a v in g  seen  w ell-d evelo p ed  m o sq u ito  
la rv a e  sw im m in g a b o u t in a  ja r  of b ich lo rid e  of m ercu ry  so lu ­
tion, w h ich  h ad  been  m ad e  u p  in  th e  u su al m an n er fo r d isin ­
fe ctin g  u ten sils  in  a  la b o ra to ry  w h ere  in ve stig atio n s 011 ch olera  
and  o th er  in fectio u s diseases w ere  b ein g  carried  on. T h e  d irec­
to r  o f th e  la b o ra to r y  w as so im pressed  th a t  h e h ad  th e  so lu ­
tion  a n a ly z e d  in  ord er to  s a tis fy  h im self th a t  th ere  h ad  been 
no m istak e  m ad e  in its  p rep aratio n . W h a t  seem s lik e  a  m ore 
rem ark a b le  case  w a s  n oticed  re c e n tly  in  th is  la b o ra to ry ; i. e., 
a  m o ld  g ro w in g  on a  so lu tio n  c o n ta in in g  1 1 .8  p er ce n t of co p ­
p er su lfa te , C u S 0 <.sH20 . F ra g m e n ts  o f th e  m old  g ro w th  first 
d isco vered  g rew  on  o th e r  sam p les o f co p p er so lu tion , sh ow in g 
th a t  th e  first fu lly  d eve lo p ed  m old  film  h ad  n o t a cc id e n ta lly  
d rop p ed  in to  th e  so lu tion . D r. R a y m o n d  F . B a co n , o f th is  
la b o ra to ry , sta te s  th a t  h e h as  o b serv ed  m olds d erived  orig in ally  
from  spo iled  to m ato es, gro w in g  in  a  10 p er ce n t so lu tio r  of 
sod iu m  b en zo a te  and  a lso  in  a  10 p er c e n t  su lfu ric  a c id  so lu ­
tion . P erh a p s th ese  fa c ts  a re  n o t m ore rem ark a b le  th a n  th e  
o x id a tio n  of free  su lfu r to  su lfa te  or th e  assim ilatio n  o f a tm o s­

p h eric  n itro g en  and, d o u btless , o th ers co u ld  c o n trib u te  e q u a lly  
n o te w o rth y  in stan ces w here certa in  b acteria , m olds or lo w  form s 
o f life  h a v e  ap p eared  n o t to  m ind th e  presence o f som e o f our 
co m m o n ly  a ccep ted  an tisep tics.

B e n j a m i n  T . B r o o k s  

M 1:1.1,o x  I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h  
U n i v e r s i t y .o p  P i t t s b u r g h  

O ctober 8, 1914

N O T E  O N  W A T E R  P U R IF I C A T I O N  B Y  O Z O N E

Editor of the Journal of Industrial and Engineering Chemistry:
T h e  w rite r  w a s m uch  in terested  in th e  a rtic le  on “ W a te r  

P u rifica tio n — w ith  R e p o r t  o f th e  A n n  A rb o r  P la n t ,”  b y  R . W . 
P ry e r , th a t  ap p eared  in  th e  O c to b er  issue o f T h i s  J o u r n a l .

In  referen ce to  th is  re p o rt I  w o u ld  lik e  to  s a y  th a t  in A p ril, 
1910, I  m ad e  a  te s t  o f th e  A n n  A rb o r  P la n t  fo r T h e  B a ltim o re  
C o u n ty  W a te r  a n d  E le c tr ic  C o m p a n y , w h ich  w as a t  th a t  tim e 
in sta llin g  a n  ozon e p la n t so m ew h a t sim ilar in d esign  to  th e  
one in  qu estion . T h e  re su lt o f th a t  te s t  show ed th a t  th e  sy s ­
tem , as i t  w as th en  in stalled , w as a  fa ilu re  as fa r as b acte ria l 
e ffic ien cy w a s  co n cern ed, a lth o u g h  th is  in efficien cy w a s ascrib ed  
to  o th er causes th a n  exp lain ed  in  M r. P r y e r ’s rep o rt. I  do 
n o t k n o w  w h a t ch an ges h a v e  been  m ad e in  th e  d esign  or m eth od  
o f o p era tio n  in  th e  A n n  A rb o r p la n t since 1910, b u t  th e  fa ilu re  
to  p ro d u ce effic ien t resu lts  (at th a t  tim e) w a s  d ue m a in ly  to  the 
in te rm itte n t a ctio n  o f th e  a sp irato rs w h ich  caused  a  p oor m ix ­
tu re  o f th e  ozon e and  w ate r. N o  te sts  w ere  m ad e a t  th a t  tim e 
as to  th e  co n ce n tratio n  o f ozo n e p rodu ced  a t  th e  p la n t, b u t 
from  th e  o d o r i t  w a s  n o t g re a te r  th a n  0 .5  g. p er cu b ic  m eter. 
T h e  b a cte ria l e ffic ien cy  w as p r a c tic a lly  n il and  in  som e in stan ces 
th e  n u m b er o f b a c te ria  w as e v e n  g re a te r  th a n  in th e  u n treated  
w ate r. T h is , as w as exp la in ed  b y  M r. P ry er , w as d u e  to  th e  
b re ak in g  u p  o f the su spen ded  m a tte r  co n ta in ed  in  th e  raw  w ater, 
d ue to  v io le n t  a g ita tio n  in  p assin g  th ro u g h  th e  sterilizer.

T h e  O zo n e P la n t  o f th e  B a ltim o r e  C o u n ty  W a te r  and  E le c ­
tr ic  C o m p a n y , co n stru cte d  u n d er the su p erv isio n  o f M r. A . E . 
W ald e n , a lth o u g h  w h en  first in sta lled  so m ew h a t sim ilar in  d e ­
sign  to  th e  A n n  A rb o r P la n t  a n d  b u ilt  o rig in a lly  u n der th e  sam e 
p a te n t r ig h t, h a s  b een  g re a tly  rem odeled  to  o verco m e th e  fa u lts  
en co u n tered  in  th e  o rig in al design. T h e  e ffic ien cy o f th e  s y s ­
tem  h as  b een  g re a tly  in creased  so th a t  i t  is possible to  o b ta in  
9 9 .0  to  10 0 .0  p er ce n t rem o va l o f b a cte ria , w ith  a  m ateria l re­
d u ctio n  in co lo r and  o rg an ic  m a tte r. T h e  co n cen tratio n  o f th e  

1 J . Soc. Chem. In d ., 1913, p. 1136.

ozon e c a n  b e  re g u la ted  from  0 .3  g. to  5 .0  g. p er cu b ic  m eter. 
I t  h as n o t b een  fou n d  econ om ical, h o w ever, to  use a  co n ce n tra ­
tion  h igh er th a n  i . o g . ,  fo r w ith  p rop er filtra tio n  prior to  o zo n iza- 
tio n  a n d  th o ro u gh  m ix in g  o f th e  gas w ith  th e  w a te r , e ffic ien t re­
su lts  ca n  b e  o b tain ed .

I  reg ret th a t  a t  th e  p resen t tim e I  am  n o t a t  lib e r ty  to  s ta te  
ju s t  w h a t  th e  co st o f ste riliza tio n  w ill b e, b u t  it  is fa r  b e lo w  a n y  
figures q u o te d  b y  M r. P ry er .

In  m y  opinion  th e  fa ilu re  o f ozon e as a  steriliz in g  a g e n t fo r 
t h e " p u rificatio n  o f w a te r  h as  b een  m a in ly  b ecau se  o f (1) th e  
fa ilu re  o f th e  sy stem s to  g iv e  a  th o ro u gh  m ixtu re  o f ozon e a n d  
w ate r; (2) th e  im p rop er p rep ara tio n  o f th e  su p p lies (w here 
n ecessary) b y  e ffic ien t filtra tio n  p rev io u s to  o zo n izin g ; (3) th e  
a tte m p t to  p rodu ce h ig h  ozon e co n cen tratio n s, w ith  a  g re a tly  
in creased  co st o f o p eratio n , w h en  b y  th orou gh  m ix in g  w ith  
proper d ev ices  a  m uch low er co n cen tratio n  w o u ld  serve  the 
purpose.

S . T . P o w e l l

B a l t im o r e  C o u n t y  W a t e r  a n d  E l e c t r ic  C o m pa n y  
B a l t im o r e , M a r y l a n d  

October 8, 1914

W A T E R  P U R IF I C A T I O N  B Y  O Z O N E — W I T H  R E P O R T  O F  
A N N  A R B O R  P L A N T — N O T E

Editor of the Journal of Industrial and Engineering Chemistry:
In  T h i s  J o u r n a l ,  6 , 7 9 7 , th e  a rtic le  on  th e  p u rificatio n  o f 

w a te r  b y  ozon e w ith  rep o rt o f th e  A n n  A rb o r  P la n t  is a n  in te re st­
in g  and  p a in stak in g  d escrip tio n  o f th e  p la n t, w h ich  p erm its 
one to  see c le a r ly  w h y  it  h as n e v e r  been a  su ccess. I t  is p r o b ­
a b le  th a t  th e  p la n t w as b u ilt  a t  a  tim e w h en  precise k n o w led g e  
o f the a c tu a l w o rk in g  o f su ch  p la n ts  w a s  n o t e x ta n t or, a t  least, 
n o t g e n e ra lly  a v a ila b le , a n d  fo r th is  reason  se v e ra l errors, w h ich  
a t  p resen t a p p e ar o b vio u s, w ere in tro d u ced  in to  its  d esign  an d  
co n stru ctio n .

T h e  w ells  fo r o zo n izin g  are seen  to  be a b o u t 3 ft . 3 in. X  3 ft . X  
1 5  ft. d eep an d  a re  3 in n u m b er in  e ach  b a tte r y . I t  w ill, th ere ­
fore, b e  seen th a t  the perio d  o f c o n ta c t  b etw een  w a te r  and  ozon e 
is a b o u t 1 2  m in u tes and  4 5  seconds, w h ich  is fa r  in  excess of w h a t 
is n ecessary  to  p rodu ce good  ozo n atio n , b u t  on th e  o th er  h an d , 
th e  q u a n tity  o f ozo n e u sed, n am ely , 0 .2 2 7  g. p er cm . o f w a te r , is 
p erh ap s ‘ /s o f w h a t w o u ld  be req u ired  in a sy ste m  o f th e  ch a ra c te r  
o f th a t  in  qu estion . A lso , it  w ill be n o ted  th a t  th e  ra tio  o f w a te r 
to  ozon e is  1 to  2 .2  a n d  i t  is  n o w  k n o w n  th a t  th e  a ir  sh o u ld  
b e  in  m uch  larg er q u a n tity , b o th  for th e  reason  th a t  th e  a ir  
itse lf is a  v a lu e  in th e  o x id a tio n  o f o rg an ic  m a tte r  a n d  becau se  
th e  gen eratio n  o f ozo n e a t  h ig h  co n cen tratio n s is  d ec id e d ly  u n ­
econ om ical.

T h e re  a re  tw o  ty p e s  o f ozo n e w a te r  pu rifiers used  a b ro ad  
to  a  co n sid erab le  ex te n t. I  refer to  th e  O tto  a n d  S iem en s-de 
F rise  m eth o d s. In  th e  form er, th e  o zo n ized  a ir  is in tro d u ced  
u n der th e  w a te r  b y  m ean s o f a sp ira tin g  a c tio n  o f th e  la t te r  in  
p assin g  th ro u g h  a  su ita b le  su ctio n  p u m p , and  as th e  a m o u n t 
o f a ir  th a t  ca n  be m o ved  w ith  a  g iv e n  flo w  o f  w a te r  is lim ited , 
w e  find th a t  h ig h  ozon e co n cen tratio n s a re  m ad e  use o f in  th is 
m eth o d  o f o p era tin g . In  th e  de F rise  m eth o d , as th e  o zo n ized  
a ir  is in tro d u ced  in d ep en d en tly  o f th e  w a te r  b y  m ean s o f a  
se p a ra te  com p ressio n  p u m p, th e  a m o u n t o f a ir  th a t  ca n  be 
used  is in d ep en d en t o f th e  q u a n tity  o f w a te r  th a t  is u sed  and  
w e  fin d , th erefore , th a t  la rg e  q u a n titie s  o f a ir  are  m ad e use 
o f and  w ith  b enefit.

I t  w ill b e  n o ted  th a t  in th e  A n n  A rb o r  P la n t  m ica  tu b e s  are  
used  in  th e  ozon e gen erato rs in ste ad  o f g lass, a n d  w e  h a v e  
fou n d  in  o u r ow n  exp erien ce  th a t  th is  is a  v e r y  u n eco n o m ica l 
form  o f ozon e gen erato r d ie lectric , th e  losses in  m ica  b e in g  m a n y  
tim es g re a te r  th a n  th e  corresp o n d in g  losses in  glass. F u r ­
th erm o re , i t  w ill b e  n o ted  th a t  lit t le  o r no e ffo rt h as  been m ad e 
fo r coolin g th e  gen erato rs, M r. P r y e r  sp e c ifica lly  m en tio n in g
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th a t  th ere  is n o  w a te r  ja c k e t  p ro v id ed  fo r th is  pu rp ose. T h is  
w o u ld  h a v e  a  d ec id ed  a d v erse  in flu en ce u p on  th e  eco n o m y  of 
th e  ozo n e gen erato rs. T h e  co n ce n tratio n  o f ozon e gen eratio n , 

n am ely , 0.5 g. p er cm . a v e ra g e , is  n o t  too  h igh  b u t  on  th e  co n ­
t r a r y  i t  is n o t  as h ig h  as i t  sh ou ld  be to  in su re eco n o m ica l use of 
a ir.

W h ile  th e  p la n t  as i t  s ta n d s is  a  fa ilu re , I  sh ou ld  n o t h e sita te  
to  s ta te  th a t  w ith  th e  s u b stitu tio n  of a  n ew  o zo n e  g en eratin g  
p la n t  o f 10 k w . c a p a c ity , d esign ed  a cco rd in g  to  p resen t kn o w led ge 
a lo n g  th ese  lines, i t  co u ld  b e  m ad e a  co m p lete  success, u sin g  a ll 
o f th e  s tru c tu ra l w o rk  su ch  as filter, fore b a y , rear b a y s  a n d  ozon e 
w ells . In  fa c t , on e b a n k  o f w ells, and  p erh ap s tw o  co u ld  be 
elim in ated  e n tire ly  an d  a ll o f th e  o zo n e  in tro d u ced  effic ien tly  
in to  th e  w a te r  in  one, or a t  m o st tw o , o f th e  u n its  n o w  used.

M . W . F r a n k l i n  
S p r a g u e  E l e c t r ic  W o r k s , G e n e r a l  E l e c t r ic  C o .

B l o o m f ie l d , N . J .. October 20. 1914

P R E L I M I N A R Y  N O T E  O N  I R O N  IN  F L O R I D A  S O IL S

T h e  to ta l iron  in  s e v e n ty -th r e e  sa m p les o f F lo r id a  soils a n d  
o th er  fo rm atio n s ran ged  from  0.23 to  11 .5 3  p er c e n t  c a lcu la te d  
as ferric  o xide  (FejO s), th e  lo w e st fig ures rep resen tin g  m ateria l 
fro m  th e o v erb u rd en  o f a  p h o sp h a te  m ine a n d  th e  la tte r  a  g a rd en  
soil. T h e  secon d  la rg e st a m o u n t w a s  7.44 p er cen t a n d  o n ly  
s lig h tly  g rea ter th a n  som e su cceed in g  ones. T h is  in d icates 
th a t  th e  h ig h est a m o u n t w as p r o b a b ly  d u e to  ad d ed  iron. T h e  
a v e ra g e  iron c o n te n t fro m  a ll so u rces w a s  2.92 p er cen t.

H u m u s and  iron, in gen eral, w ere  fo u n d  to  b e  p resen t in  d ire ct 
p ro p o rtio n . S o ils  h a v in g  m u ch  h u m u s co n ta in ed  a b o u t 5.72 

p er ce n t iron  o x id e; th o se  co n ta in in g  lit t le  h u m u s co n tain ed  a b o u t 
3.72 p er ce n t; th o se  co n ta in in g  a  tra ce  of h u m u s h a d  2 .57 p er 
ce n t; and  th o se  co n ta in in g  n o h u m u s co n tain ed  a b o u t 1.57 
p er te n t  o f iron  oxide.

U n tille d  soils a t  d ep th s o f 3 and  9 in ch es co n ta in ed  co m ­
p a ra tiv e ly  m ore o r  less iron  d ep en d in g  a p p a re n tly  u p o n  th e  
k in d  o f p la n t  life.

R o u g h ly  th e  a m o u n t o f v e g e ta tio n  u p o n  u n tille d  soils w as 
p ro p o rtio n al to  th e  iron  co n ten t. L iv e  o aks a n d  h ard  w ood s 
w ere  fo u n d  to  gro w  o n  soils c o n ta in in g  4.29 to  5.72 p er c e n t  
iro n  o x id e; c y p ress  on  soils co n ta in in g  a b o u t 5.7 p er ce n t o f iron  
o x id e; lo n g  a n d  sh o rt le a f pin es and  scru b  o a k s on  soils co n ­
ta in in g  1.43 to  4.29 p er ce n t iron  oxide.

T h is  w o rk  is  b e in g  co n tin u ed  a n d  th e  q u a n titie s  o f o th er  
e lem en ts a re  to  be con sid ered  in re la tio n  to  th e  iron.

W e  exp ress o u r th a n k s  to  D r . E . H . S ellard s, S ta te  G e o lo g ist 
o f F lo r id a , and  to  D r . J . M c N e ill  o f th is  In s titu tio n  fo r sam p les 
o f soil.

S t a t e  C o l l e g e  f o r  W o m e n  C .  A .  B r a u x lE C H T
T a l l a h a s s e e . F l o r id a  A .  B .  P aR L IN

A ugust 18, 1914

N O T E  O N  C O L O R IM E T R I C  M E T H O D  F O R  V A N A D IU M

T h e  w rite r  h a s  learn ed  th a t  som e p a rties have' n o t b een  su c­
cessfu l in th e  u se  o f th e  co lo rim etric  m eth o d  fo r  v a n a d iu m  in  
steel, d escrib ed  in T h is  J o u r n a l ,  5 , 736. I t  is  s ta te d  th a t  th e  
co lors as d ev e lo p ed  are  d issim ilar a n d  th erefore  n o t co m p arab le .

T h is  d iffic u lty  is  d ue to  fa ilu re  to  th o ro u g h ly  ox id ize  ca rb o n ­
aceou s m a tte r  a n d  to  co m p le te ly  exp el su lfu r d io xide  a fte r  re­
d u ctio n  o f  th e  p erm an g a n ate . In  ca rry in g  o u t  th e  d eterm in a ­
tio n , h e a t th e  so lu tio n  s tro n g ly  fo r  4 m in u tes a fte r  a d d itio n  o f 
p e rm an g a n ate ; a d d  su fficien t d ilu te  am m onium  b isu lfite  to  
c la r ify  th e  so lu tio n  a n d  co n tin u e  h e a tin g  3 m in u tes, or u n til 
su lfu r  d io xid e  is e n tire ly  exp elled . U p o n  co o lin g  and  fin ish in g 
a s d irected , th e  colors a re  fo u n d  to  b e  v e r y  sa tis fa c to ry  fo r 
com p arison .

L im a , Orao C . R .  M c C a b S
October 13, 1914

L U B R I C A N T  F O R  S T O P C O C K S , E T C .

E d itor o f the Jou rn al o f Ind u stria l and E ngineering Chemistry: 

A n  e xc ellen t lu b rica n t fo r use w ith  b u re tte  sto p co cks, desic­
ca to rs, e tc ., ca n  b e  m ad e  b y  m eltin g  to g e th er  eq u al p arts  of 
p araffin  a n d  vase lin e . T h e  p araffin  g iv e s  b o d y  to  th e  m ixture 
w h ich  is  th erefo re  su p erio r to  v ase lin e  alon e, e sp e c ia lly  in  places 
w h ere  h igh  te m p e ratu re s  p revail.

632 D a l e  A v e .. C l a r k s b u r g , W . V a . OSGERBY
A ugust 20, 1914

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

T h e  a n n u al m eetin g  o f th e  A m e rican  I n s titu te  of M ining 
E n g in eers w a s h eld  in  P ittsb u rg h , P a ., on  O cto b er  8 th - io th , 
1914 .

A fte r  re g is tratio n  a t  th e  H o te l S ch en le y , th e  m em bers in a t­
te n d a n c e  w ere  w elco m ed  to  th e  le ctu re  h a ll o f th e  C a rn eg ie  In sti­
tu te  b y  D r . W . J . H o llan d , d irecto r o f th e  C a rn e g ie  M useum ; 
a  te ch n ica l session fo llow ed. T h e  a ftern o o n  session o f O ctober 
8th w a s d ev o te d  a lm o st e n tire ly  to  th e  p resen ta tio n  and  dis­
cu ssion  of p apers. L . C . M o rg a n ro th  d iscu ssed  " T h e  O ccur­
ren ce, P rep a ra tio n  and  U se  o f M a g n e site ,”  and  th en  a  paper 
on  " T h e  Iro n  In d u s try  in  B r a z il ,”  p rep ared  b y  E . C . H arder, 
w a s  read  b y  B ra d le y  S to u g h to n . D u rin g  th e  course o f M r. 
H a r d e r 's  p ap er, it  w as p o in ted  o u t  th a t  few  m in eral deposits 
h a v e  in recen t y e a r s  a ttra c te d  su ch  w id e-sp read  a tte n tio n  as 
th e  B ra z ilia n  iron  ore d ep osits, o w in g  m a in ly  to  th e  quan tities 
o f rich  ore o ccu rrin g  th ere, in  c o n tra st to  th e  ever-decreasing 
g ra d e  o f ores sh ip p ed  from  m a n y  la rg e  p ro d u cin g  iron  ore dis­
tr ic ts . T h e  B ra z ilia n  ore is o f good  grad e, y ie ld in g  67 to  68 per 
c e n t  o f iron, and  sev era l h u n d red  m illion  to n s are  in  sigh t. Up 
to  th e  presen t, h o w ev e r, n o  iron  ore h as b een  e xp o rted  from  B razil 
a n d  o n ly  a  v e r y  in sign ifican t q u a n tity  h a s  b een  u sed  to  supply 
th e  sm all d o m estic  d em and . G . S . R ic e  sp o ke on  “ In v estig a ­
tio n s of C o a l-D u s t  E x p lo sio n s,”  in  th e  cou rse o f w h ich  h e told 
o f th e  h is to ry  of in ve stig atio n s in to  v a rio u s  m ine explosions 
fro m  1884 to  th e  p resen t tim e. In  th e  even in g  o f O cto b er 8th 
a  fo rm a l recep tio n  w a s  h eld  in th e  le ctu re  h all o f th e  Carnegie 
In s titu te , a fte r  w h ich  T . T .  R e a d  e xh ib ite d  a series o f pictures 
illu stra tin g  " A n c ie n t  M e th o d s  of M a n u fa c tu re  o f Iro n  in C h in a ;”  
th is  w a s fo llo w ed  b y  a le ctu re  on  s a fe ty  m eth o d s in coa l m ining 
b y  J . W . P a u l, and  th en  E d w a rd  H ig g in s  e xp la in ed  tw o  reels of 
p ictu res  sh o w in g  th e  m in in g  o f iron  ore a t  M in e v ille , in the 
A d iro n d a c k  regio n  of N e w  Y o r k .

T h e  secon d  d a y  o f th e  m ee tin g  op en ed  w ith  sectio n al sessions 
a n d  closed  w ith  a n  in fo rm al d in n er a t  th e  H o te l S ch en le y . In 
th e  in te rv a l b etw een  th ese  assem blages, the 300 engineers in 
a tte n d a n c e  w ere  ta k e n  on  in sp ectio n  tr ip s  to  v a rio u s  industrial 
p la n ts  an d  to  th e  G o v e rn m e n t exp erim en tal m ine a t  B ruceton . 
A lb e r t  S a u v e u r  p resided  a t  th e  m eetin g  o f th e  iron  and  steel 
sectio n . Jo h n  B irk in b in e  read  a  p a p er 011 “ R e se rv e s  o f Iron 
O re  fo r  th e  U n ite d  S ta te s ,”  in th e  co u rse  o f w h ich  h e stated 
th a t  as fa r  as th e  s u p p ly  o f ore  is  con cern ed  th ere  need  be no 
fe a r  fo r th e  fu tu re  o f th e  steel in d u str y  in  th is  co u n try . A  re­
p o r t  on " F in is h in g  T e m p e ra tu res  a n d  P ro p e rtie s  of R a ils ,” 
b y  G eo rg e  K .  B u rg ess a n d  oth ers, a n d  p ap ers b y  J . K .  F u rst 
on th e  d u p lex  process fo r m ak in g  steel a n d  b y  A . S a u v e u r on 
m an gan ese  steel, w ere  n e x t p resen ted . A t  th e  m eetin g  of the 
co a l a n d  co k e  section , R . V . N o rris  p resided ; p ap ers w ere  read 
b y  H . N . E av e n so n , on  coa l m ine exp losion s cau sed  b y  gas and 
d u s t a n d  b y  T .  T . R e a d  o n  th e  m a n u fa ctu re  o f co k e. H einrich 
R ie s  presided  a t  th e  m eetin g  o f th e  sectio n  on  n on-m etallic 
m inerals, a t  w h ich  D . T .  D a y  read  a  p a p er b y  W . C . P halen  
o n  “ S a lt  M a k in g  b y  S o la r E v a p o r a tio n .”  J . A . D resser and  O. 
B . H o p k in s presen ted  p ap ers d ea lin g  w ith  asb esto s deposits, 
D . T .  F a m h a m  sp o ke on " Q u a r r y in g  S h a le  b y  th e  T u n n el 
S y s te m ,”  a n d  H . A . G a rd n e r a n d  G . B . H e c k e l d iscussed  paint 
p igm en ts.
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T h e  m ee tin g  closed  on  O c to b er  10 th  a fte r  th ree  sectio n al 
m eetin gs and  a  v is it  to  th e  oil a n d  gas d is tr ic t  a b o u t O ak d ale  
a nd  to  th e  P ittsb u rg h  S ta tio n  o f th e  B u re a u  o f M in es. E d w a rd  
H ig g in s re a d  a n  in terestin g  p a p er on  th e  s a fe ty  m o vem en t in 
th e  L a k e  S u p erio r iron  region ; h e  sa id  in  p a rt: “ T h e re  are  fiv e
o rg an izatio n s en gag ed  in  th is  w o rk , n am ely, th e  m inin g , com ­
panies, th e  co u n ty  m ine in spectors, th e  co -o p era tive  ran ge co m ­
m ittees, th e  L a k e  S u p erio r M in in g  In s titu te , and  th e  F e d e ra l 
B u re a u  o f M in e s. T h e  u n ity  o f  p urp ose and  th e  stro n g  co ­
o p era tio n  th a t  h as  ch ara cterized  th e  w o rk  o f th e  fiv e  bodies h as 
been  a  fa c to r  in th e  d ev e lo p m e n t of th e  w o rk . T h e  b u lk  o f the 
co st h as  b een  a n d  still is born e b y  th e  m inin g com panies. M a in ly  
th e ir  w o rk  h as b een  to  p ro v id e  p r o te c tiv e  d ev ices in and  a b o u t 
th e  m ines a n d  to  ed u ca te  th e  m iners to  p ro te c t th em selves from  
in ju r y .”  G . S . R ic e  read  a  p a p e r p rep ared  in co n ju n ctio n  w ith  
H . H . C la rk , d ea lin g  w ith  th e  d an gers a tte n d in g  sh o t firing 
in co a l m ines w h en  i t  is done w ith o u t u n d e rcu ttin g ; h e  referred  
to  th e  m easures ta k e n  a g a in st th is  d an ger. J. C . H . F ergu so n  
sp o ke o f th e  evo lu tio n  o f g rin d in g  d ev ices from  th e tim e of 
th e ir  p rep ara tio n  fro m  c a s t  iron  to  th e  p resen t d a y  o f rolled  steel 
shells. S . S . R u m s e y  sp o ke o n  ce n trifu g a l m oto r-d riven  m ine 
pu m ps, a n d  O. P . H o o d  d iscussed  th e  use o f gasoline lo com o­
tiv e s  an d  th e ir  e ffe ct u p on  th e  h ea lth  o f m iners; H arrison  So u d er 
exp la in ed  a  n ew  d eto n a tin g  fu se; J . V . E m m o n s read  a  p ap er 
on  th e  su rfa ce  d ecarb o n izatio n  o f to o l steel, and  R . H . R ic e  re­
p o rted  on  a  sy ste m  o f b la st-fu rn a ce  b low in g. A t  th e  m eetin g  
o f th e  sectio n  on  p etro leu m  a n d  gas, C . H . W a s h b u m e  presen ted  
a  p a p e r  on  " T h e  C a p illa r y  C o n ce n tra tio n  o f G a s  and  O il,”  
an d  L . E d ein ea u  d escrib ed  h is m eth o d  of refin ing petroleum . 
T h e se  p a p ers  w ere  fo llo w ed  b y  a  general d iscussion  o f gas and  

o il w ells. ■ W . A . H a m o r

T H E  N A T I O N A L  C O U N C IL  F O R  IN D U S T R IA L  S A F E T Y

T h e  th ird  a n n u al m eetin g  and  con gress o f th e  N a tio n a l C o u n ­
cil fo r In d u stria l S a fe ty  w as held  in C h ica g o  on O cto b er 1 3 th -  
15 th , 1914 . O v e r  2,000 d elegates, rep resen tin g  v ario u s in d us­
tr ia l con cern s th a t  a re  n o w  g iv in g  p ra ctica l d em o n stratio n  of 
th e  “ s a fe ty  f ir s t ”  m o ve m e n t in th e ir  p lan ts, w ere  in a tte n d ­

ance.
In  a d d itio n  to  th e  fo rm al m eetin gs, th ere  w ere  rou n d  ta b le  

sessions and  e xh ib its  o f s a fe ty  d ev ices. T h e  C o ngress w as 
presided  o v e r  b y  R . W . C a m p b ell, ch airm an  o f th e  C e n tra l 
S a fe ty  C o m m itte e  o f th e  Illin o is  S te e l C o m p a n y , w h ile  W . H . 
C a m ero n , fo rm erly  of th e  A m e rica n  S te e l F o u n d ries C o m p a n y , 

a c te d  as secreta ry .
L . B . B u rn e tt, a ssista n t to  th e  p resid en t o f th e  C a rn eg ie  

S te e l C o m p a n y , d iscussed  " E f fe c t iv e  C o -o p eratio n  b etw een  
E m p lo y e r  and  E m p lo y e e ;”  H . M . W ilso n , engin eer-in -charge, 
B u re a u  o f M in es, P ittsb u rg h , P a ., sp o ke on “ H o w  G o v ern m en t 
A g en cies  M a y  B e s t  C o -o p erate  w ith  M a n u factu re rs , T r a n s p o rta ­
tio n  C o m p an ies, and  O th e rs ;”  “ E ffic ie n cy  in  S a fe ty  W o r k ”  
w as d iscussed  b y  D . R . K e n n e d y , sp ecia l a g e n t o f th e  Y o u n g s ­
to w n  S h e e t and  T u b e  C o m p a n y ; R . H . N e w b e ra  read  a  p ap er 
on “ T h e  S a f e ty  P ro b lem  o f th e  R a ilro a d s .”  A  round ta b le  
co n feren ce  on th e  m eth o d s o f ed u ca tin g  w o rk m en  in  a cc id e n t 
p rev en tio n  w a s  led  b y  L . R . P a lm er, o f th e  P e n n sy lv a n ia  D e p a rt­
m en t o f L a b o r  and  In d u s try ;  th e  econ om ics sessions w ere  p re­
sided  o v e r  b y  C . B . C o n n e lly . A d d resses w ere m ad e b y  Id a

M . T a rb e ll on  " E f fe c t s  o f S a fe ty  on th e  C o m m u n ity ,”  and  b y  
J . P . J a ck s o n  on " S a f e t y  F ir s t  in E u ro p e .”

M o re  th a n  2,000,000 serious a cc id e n ts  o ccu r in th e  in d u stries 
o f th e  U n ite d  S ta te s  e v e ry  y e a r , a n d  s a fe ty  en gin eers are  in ­
c lin ed  to  th e  b e lie f th a t  a t  le a st h a lf  o f th ese  m a y  b e  a v o id e d ; 
th e  N a tio n a l C o u n c il fo r  In d u stria l S a fe ty  h as  p led ged  itse lf 
to  em p lo y  e v e r y  k n o w n  a g e n c y  to  co -o p erate  in re d u cin g  th ese 
to  a  m in im u m . W . A . H a m o r

A M E R I C A N  L E A T H E R  C H E M I S T S ’ A S S O C I A T I O N

T h e  e le v e n th  A n n u a l M e e tin g  o f th e  A m e rica n  L e a th e r  C h e m ­
is ts ’ A sso c ia tio n , in  co n ju n ctio n  w ith  th e  A n n u a l M e e tin g  o f 
T h e  N a tio n a l A sso cia tio n  o f T a n n ers, w a s  held  a t  th e  H o te l 
S h erm an , C h ica g o , on  O c to b er  2 8 -3 1 , 1914 .

P R O G R A M

P r e s id e n t ’» A d d re ss . W . K . A l s o p .
R e p o r t  o f  th e  S e c r e ta r y -T r e a su r e r . H . C . R u e d .
C o m m it t e e  R ep o r ts .
C o lor  V a lu a t io n  o f  T a n n in g  M a te r ia ls . G e o r g e  A. K e r r .
L a b o ra to ry  A p p a r a tu s  fo r  L e a c h in g  E x p e r im e n ts . L l o y d  

B a l d b r s t o n  a n d  W . K . A l s o p .
T h e  B e la t io n  b e tw e e n  G r een  S a lte d  W e ig h t  a n d  W h ite  W e ig h t  

o f  V a r io u s  P o r t io n s  o f  t h e  R id e . F . A . L o v e l a n d .
L im e . E . H . B a c h t b n k ir c h e r .
D y e s  a n d  D y e s tu f ls .  A l l e n  R o g b r s .
L e a c h  H o u s e  E ff ic ie n c y . J o h n  H .  Y o c u m .
S e w a g e  D is p o s a l a n d  U se  o f  T a n n e r y  W a ste s . C. C. S m o ot , I I I .
A R is u m S  o f  t h e  M e th o d s  o f  T a n n e r y  S e w a g e  D is p o s a l. A. 

R o t h . R o g b r s .
T h e  B a t in g  o f  H id e s  a n d  S k in s . A l l e n  R o c b r s .
T h e  A v a ila b il ity  o f  T a n n in s  In  L iq u o r s  o f  V a r io u s  S tr e n g t h s .  

T h o m a s  A , F a u s t .
D e te r m in a t io n  o f  I n s o lu b le s  in  th e  A n a ly s is  o f  T a n n in  E x­

t r a c t s .  W . K . A l s o p .
S p r u c e  E x tr a c t. S ig m u n d  S a x e .
T h e  C la r if ic a t io n  o f  L e a th e r  E x tr a c ts  fo r  t h e  D e t e r m in a t io n  o f  

R e d u c in g  S u g a r s . F . P . V e it c h  a n d  J . S . R o g e r s .
G e n e r a l M e e t in g  N a t io n a l  A s s o c ia t io n  o f  T a n n e r s .
D is c u s s io n — T a n n ln g S c h o o l , E tc .— J o in t  M e e t in g  w ith  N a t io n a l  

A s s o c ia t io n  o f  T a n n e r s .

T H E  C H E M I C A L  S O C I E T I E S  IN  N E W  Y O R K  C I T Y  

1 9 1 4 - 1 9 1 5  S E A S O N — R U M F O R D  H A L L , T H E  C H E M I S T S ’ 
C L U B

A m e rica n  C h em ica l S o c ie ty — O cto b er  9.
S o c ie ty  o f C h e m ic a l In d u s try — O cto b er 23.
A m e rican  C h e m ica l S o c ie ty — N o v e m b e r 6.
S o c ie ty  of C h em ica l Ind u stry-— N o v e m b e r  6.
J o i n t  M e e t i n g — A m e rican  C h e m ica l S o c ie ty , S o c ie ty  of 

C h e m ica l In d u s try  a n d  A m e rica n  E le ctro ch e m ica l S o c ie ty —  
D ece m b e r 11 .

S o c ie ty  of C h em ica l In d u s try :  P e rk in  M e d a l A w a r d —  
J a n u a ry  22.

J o i n t  M e e t i n g — A m e rican  E le ctro ch e m ica l S o c ie ty , A m e r­
ican  C h em ica l S o c ie ty  and  S o c ie ty  o f C h e m ica l In d u s try —  
F e b ru a ry  5.

A m e rican  C h e m ica l S o c ie ty :  N ic h o ls  M e d a l A w a rd — M a r c h  5.
S o c ie ty  o f C h em ica l In d u s try — M a rc h  19.
S o c ie ty  o f C h em ica l In d u s try — A p r il 23.
J o i n t  M e e t i n g — S o c ie ty  o f C h e m ic a l In d u s try , A m e rican  

C h e m ica l S o c ie ty  and  A m e rican  E le ctro ch e m ica l S o c ie ty —  
M a y  2 1.

A m e rican  C h e m ica l S o c ie ty — J u n e 11 .

PERSONAL NOTL5
T h e  N e w  Y o r k  S e ctio n  o f th e  A . C . S . h as  a p p o in te d  a  c o m ­

m itte e  com p osed  o f B . C . H esse  (C h airm a n ), H . A . M e tz , I . F . 
S to n e, J. B . F . H erresh off, D . W . J a y n e , J . M . M a tth e w s  and  
A . R o g e r s  to  exam ine in to  th e  fe a s ib ility  o f e xp an d in g  th e  m an u ­
fa c tu r e  o f ch em ica ls  and  d y e s tu ffs  in  th e  U n ite d  S ta te s  a n d  to  

re p o rt to  th e  S ectio n  on  N o v e m b e r  6th .
T h e  firs t  m eetin g  o f th e  M a r y la n d  S e ctio n  o f th e  A . C . S . w as

h eld  a t  H o p k in s H a ll, D ru id  H a ll A v e n u e , B a ltim o re , on 
O c to b er  10 th. D r . C . G la se r  re a d  a  p a p e r on  “ T h e  C a ta ly t ic  
D eco m p o sitio n  o f B o r n y l C h lo r id e  b y  C o p p e r.”

T h e  S o c ie ty  fo r th e  P ro m o tio n  o f E n g in e e rin g  E d u c a tio n  w ill 
h o ld  its  19 15  m eetin g  a t  th e  Io w a  S ta te  C o lleg e , A m es, Io w a, 
J u n e  22—2 5 th . D e a n  M a rs to n  of th e  Io w a  S ta te  C o lle g e  is 
P res id e n t o f th e  S o c ie ty .



962 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 6, No. 11

T h e  P ittsb u rg h  S e ctio n  of th e  A . C . S . m et on  O cto b er  15 th  
a t  th e  C e n tra l T u rn  V ere in  w h ere  th e  fo llo w in g  p rogram  w as 
g iv e n : " T h e  S e p a ratio n  o f G a se s  b y  F ra c tio n a l D is tilla tio n  a t  
L o w  T e m p e ra tu r e s”  d em o n stra ted  b y  exp erim en ts w ith  S p ecia l 
A p p a ra tu s — G . A . B u rre ll;  “ T h e  U ses of H y d ro flu o ric  A c id  in 
th e  A r t s ” — D r. K .  F . S ta h l.

T h e  P itts b u rg h  S e c tio n  h as  offered  its  serv ices to  th e  m an u ­
fa c tu r in g  in terests  o f P ittsb u rg h  w h ich  a re  h am p ered  b y  th e  
p resen t sh o rta g e  o f im p o rted  ch em ica ls  a n d  o th er m ateria ls.

A n  a d d itio n  is b e in g  b u ilt  to  th e  ch e m istry  b u ild in g  o f the 
U n iv e rs ity  o f C a lifo rn ia , co stin g , w ith  its  eq u ip m en t, $40,000. 
I t  w ill p ro v id e  la b o ra to r y  a cco m m o d a tio n  fo r  250 stu d en ts.

T h e  R o ch e ste r  S e ctio n  o f th e  A . C . S . h eard  a  le ctu re  b y  M r. 
H . E. H o w e o n  “ T h e  M a n u fa c tu re  o f O p tica l G la s s ”  a t  its  O c ­
to b e r 5 th  m eetin g .

T h e  W isco n sin  S e ctio n  o f th e  A . C . S . m e t on O cto b er  14th , 
w h en  P ro f. S . T .  A cree , o f th e  F o re st P ro d u c ts  L a b o r a to ry , sp o ke 
o n  " T h e  R e a c tio n s  o f B o th  th e  Io n s a n d  the|_M olecules[ofrAcids, 
B a se s  a n d  S a lts .”

T h e  office o f th e  S e c re ta r y  o f th e  S o c ie ty  fo r th e  P ro m o tio n  
o f E n g in e e rin g  E d u c a tio n  h as  been  m o ved  to  P itts b u rg h  a n d  is 
n o w  lo ca te d  in T h a w  H a ll, S ch o o l o f E n g in e e rin g  o f th e  U n iv e r­
s it y  o f P ittsb u rg h .

T h e  2 7 th  m eetin g  o f th e  N a s h v ille  S ectio n  o f th e  A . C . S . on 
O ct. 16 th  w a s  a  M em o ria l M e e tin g  to  W illia m  L o fla n d  D u d le y , 
w ith  a  p a p e r on  his life  a n d  w o rk  b y  P ro f. J . T .  M c G ill  o f V a n d e r­
b ilt  U n iv e rs ity .

T h e  U n iv e r s ity  o f I llin o is  S e ctio n  o f th e  A . C . S . w a s addressed  
a t  its  S e p te m b e r 29th  m eetin g  b y  P ro f. E d w a r d  B a rto w , D ire cto r 
o f th e  S ta te  W a te r  S u r v e y  on " S o m e  E u ro p e a n  P r a c tic e  in W a te r  
an d  S e w a g e  P u rifica tio n , a n d  S o m e E x p e rie n ce s  in E u ro p e  a fte r  
th e  O u tb re a k  o f W a r ."

T h e  S o u th e rn  C a lifo rn ia  S e c tio n  o f th e  A . C . S . m e t on  O c­
to b e r  15 th  a t  th e  H o llen b eck  H o te l, L o s  A n g eles. M r. E d g a r  
S . B a ru c h  p resen ted  a  p a p er e n title d  “ E th ic s  a n d  th e  C h em ical 
P ro fessio n .”  T h e  C o m m itte e  on  O il T e s ts  ren d ered  a n  in ­
te re stin g  re p o rt o f th eir  w o rk  o f th e  p a s t  sum m er.

W . F .  M o n fo rd  h as  resig n ed  fro m  th e  S t. L o u is  W a te r  W o rk s  
S ta ff  a n d  h as  estab lish ed  a  la b o ra to r y  a t  506 N o r th  V an d er- 
v e n te r  A v e . M r . M o n fo rd  w ill lim it  h is  w o rk  to  th e  su p erv isio n  
a n d  c o n tro l o f w a te r  supplies.

T h e  C h ic a g o  C h e m ica l B u lle t in  issued m o n th ly  b y  th e  C h ica g o  
S e ctio n  o f th e  A . C . S . p resen ts a n  8-page p am p h let, c o n ta in in g  
edito ria ls, p ersonals, a d vertisem en ts, a n  em p lo y m e n t co lu m n, 
co rresp o n d en ce a n d  o th e r  ite m s of in terest to  th e  S ectio n .

T h e  n e x t  m ee tin g  o f th e  C h ic a g o  S ectio n  o f th e  A . C . S . w ill 
b e  h eld  o n  N o v e m b e r  13 th  a t  th e  H o te l S h erm an .

T h e  L e x in g to n  S e ctio n  o f th e  A . C . S . h eld  its  18th  reg u la r 
m ee tin g  on  O cto b er  14 th . D rs. Jos. H . K a s t le  and  G . D . B u c h ­
n er g a v e  a n  E x p e rim en ta l I llu stra tio n  o f  th e  C h e m ica l C h a n g es 
O ccu rrin g  in  th e  A c c u m u la to r  b y  th e  E le c tro ly s is  o f C u p ro u s 
C h lo rid .

T h e  U n iv e rs ity  o f Illin o is  rep o rts  th a t  its  en rollm en t in  C h e m ­
ica l E n g in eerin g  and  P ro fessio n al C h e m is try  cou rses is fo r ty  p er 
c e n t  la rg e r th a n  e v e r  b efo re . T h e re  is a lso  a  large  in crease  in 
g ra d u a te  stu d e n ts  in  ch e m istry , p a rtic u la r ly  in in d u stria l lines.

The R o c h e ste r  S e ctio n  o f th e  A . C . S . m et on  O c to b er  19th , 
th e  su b je c t  fo r  th e  eve n in g  b e in g  " W h a t  C a n  T h is  S o c ie ty  D o  for 
Y o u ? ”

T h e  S t. L o u is S e ctio n  o f th e  A . C . S . con sid ered  " T h e  E ffe c t  
o f th e  W a r  on  A m e rica n  C h e m ica l In d u strie s”  a t  its  O cto b er 
1 2 th  m eetin g. T h e  d iscu ssion  w as led  b y  D r . F . W . F re rich s  of 
th e  H e rf and  F rerich s C h e m ica l C o ., D r . F . W . R u sse  o f the 
M a llin c k ro d t C h em ica l W o rk s, M r. G a sto n  D u  B o is  o f the 
M o n s a n to  C h em ica l W o rk s and  D r . J . R . M acp h e rso n  K lo tz  of 
th e  B a r r e tt  M a n u fa c tu r in g  C o .

M r . L u c ia n o  S e lm i,1 fo rm e rly  w ith  th e  L a k e  S u p e rio r  Iro n  &  
C h e m ica l C o . a t  A sh la n d , W ise ., h as a ccep ted  th e  p o sitio n  o f C h ief 
C h e m ist a n d  M e ta llu rg is t  w ith  th e  O tis  S te e l C o ., C le v e la n d , Ohio.

T h e  S a n  F ra n cisco  a n d  S o u th e rn  C a lifo rn ia  S e ctio n s o f the
A . C . S . a re  co n sid erin g  th e  fo rm a tio n , jo in t ly , o f a  B u re a u  of 
C a lifo rn ia  C h e m ists  to  a c t  as a n  A d v is o r y  C o m m itte e  to  m an u ­
fa ctu re rs  w h o  m a y  w ish  to  en gag e  in ch em ica l in d u stries on 
th e  P a cific  C o a st.

T h e  C o n n e c tic u t  V a lle y  S e ctio n  o f th e  A . C . S . h o ld s its m ee t­
in gs th e  first S a tu r d a y  o f e v e r y  m on th , O c to b er  to  M a y , in clu sive, 
a t  th e  C i t y  C lu b  o f H a rtfo rd , 7 C e n tra l R o w , H a rtfo rd , Conn. 
a t  8 p .m . A t ' i t s  26th m eetin g  on  O cto b er  3rd , M r . E d w in  C; 
S c o tt  o f th e  S o lv a y  P ro cess C o ., S y ra cu se , N . Y . ,  ta lk e d  on 
E le c tro  C lean ers  and  th e  gen eral to p ic  o f clean sin g .

O n  O c to b er  9 th  th e  corn er-ston e to  th e  a d d itio n  to  th e  C h em ical 
L a b o ra to ry  o f th e  U n iv e r s ity  o f Illin o is  w a s  la id . T h e  H on . W . 
L . A b b o tt . P res id e n t o f th e  B o a rd  o f T ru s tee s, presided. A fte r  
addresses b y  P ro f. W . A . N o y e s  o f th e  U n iv e rs ity  and  M r. 
W illia m  H o sk in s o f C h ica g o , th e  corn er-ston e w a s la id  b y  P resi­
d en t E d m u n d  J . Jam es. W h e n  co m p leted , th e  en tire  la b o ra ­
to r y  w ill b e  231 fe e t  lo n g  and  202 fe e t w id e  a n d  w ill con tain  
164,288 sq u are  fe e t o f u sab le  sp ace.

A t  th e  O c to b er  9 th  m ee tin g  o f th e  In d ia n a  S e ctio n  o f th e A . C .S . 
a t  th e  In d ia n ap o lis  C h a m b e r o f C o m m erce, D r. W . M . B la n ch a rd , 
P res id e n t of th e  S ectio n , sp o ke  on " D ia c e t y l  and  S o m e of Its  
D e r iv a tiv e s ,”  g iv in g  th e  a cco u n t o f his research  w o rk  in th e  U n i­
v e r s ity  o f B e rlin  la s t  y e ar.

T h e  U n iv e r s ity  o f M ic h ig a n  S e ctio n  o f th e  A . C . S . m et on 
O c to b er  20th. P ro f. E. E. W a re  read  a  p a p e r on  " T h e  R ela tio n  
b etw een  C h in a  W o o d  O il a n d  M o d e rn  V arn ish e s .”

P ro f. H a r ry  N . H o lm es h as  resig n ed  from  th e  ch a ir  o f C h e m istry  
a t  E a r lh a m  C o lleg e , E ar lh am , In d ia n a , w h ere  h e h as b een  since 
ta k in g  his d o c to r ’s d eg ree  a t  Joh n s H o p k in s in  1907. P r o f.H o lm e s  
is  n o w  h ead  o f th e  D e p a rtm e n t o f C h e m istry  a t  O b erlin  C o llege.

A t  a  jo in t  m eetin g  o f th e  P itts b u rg h  S e ctio n s o f th e  A m erican  
E le ctro ch e m ica l S o c ie ty  and  A m e rica n  In s titu te  o f E le ctrica l 
E n gin eers, P ro f. A . F . N e sb it, fo rm e rly  o f th e  U n iv e rs ity  of 
P ittsb u rg h , discussed  th e  E le c tr ic a l P r e c ip ita tio n  o f S m o ke, D u st, 
e tc ., a n d  M r. A . F . W esto n , o f th e  R e se a rch  C o rp o ra tio n  o f N ew  
Y o r k  C ity ,  sh o w ed  la n te rn  slid es illu stra tin g  p ra c tic a l a p p licatio n s 

o f th e  p rec ip ita tio n  a p p a ratu s.

A t  th e  O c to b er  15 th  m ee tin g  o f th e  P h ila d e lp h ia  S ectio n  of 
th e  A . C . S . th e  fo llo w in g  p a p ers  w ere  p resen ted : " G la s s  and  the 
G la ss  In d u s tr y ”  (illu stra te d ), G e o rg e  E. B a r to n  o f th e  W h ita ll 
T a tu m  C o ., M illv ille , N . J .;  “ C o rk : I ts  O rig in  and  U ses”  (illus­
tra te d ) , H . W . P ren tis , J r., o f th e  A rm stro n g  C o rk  C o ., 
P h ila d e lp h ia .

T h e  K a n s a s  C i t y  S e ctio n  o f  th e  A . C . S . w ill m ee t on N o v e m ­
b er 14 th  a t  th e  U n iv e rs ity  o f K a n sa s , L a w re n ce , w h en  P ro f. C . F. 
N e lso n  w ill sp ea k  on  "O sm o sis”  a n d  P ro f. G. W . S tr a tto n  on 
" C h lo r o p h y l.”

D r. D a v id  T .  D a y  h as  resig n ed  h is  p o sitio n  w ith  th e  U . S. 
G e o lo g ica l S u r v e y  in o rd er to  en gag e  in p r iv a te  p ractice .

T h e  S eco n d  P e n n sy lv a n ia  In d u stria l W e lfa re  an d  E ffic ien cy  
C o n feren ce  w ill be h eld  in th e  S ta te  C a p ita l a t  H arrisb u rg  on 
N o v e m b e r  17 to  19, 1914 , u n d er th e  au sp ices o f th e  P e n n sy l­
v a n ia  D e p a rtm e n t o f L a b o r  a n d  In d u s try  a n d  th e  E n g in e e rs ’ 
S o c ie ty  o f P e n n sy lv a n ia . T h e  first co n feren ce, la s t  y ear, w as 
a tte n d e d  b y  a b o u t  2000 persons, m a n y  o f w h o m  w ere  lead ers in 
th e  la b o r a n d  in d u str ia l w o rld . A n  u n u s u a lly  e ffe c tiv e  S a fe ty , 
W e lfa re  a n d  E ffic ie n cy  E x h ib itio n  w ill b e  o p en  fro m  N o v e m b e r 

16 th  to  18th .

M r. J o h n  D . N o r th u p  h as b een  p laced  in  fu ll c h a rg e  o f g a th e r­
in g  th e  s ta tis t ic s  on p etro leu m  a n d  co m p ilin g  th is  G o v e rn m e n t 
R e p o r t  fo r th e  U . S . G e o lo g ica l S u r v e y . M r . N o rth u p  succeeds 
D r . D a v id  T .  D a y , r e c e n tly  resigned .
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n o t i c e — P u b lic a tio n s  fo r  w h ic h  p rice  is  in d icated  can  b e  
p u rch a sed  fro m  th e  S u p e rin te n d e n t o f D o cu m en ts, G o v e rn m e n t 
P r in tin g  O ffice, W ash in g to n , D . C .  O th e r  p u b lica tio n s ca n  
u su ally  b e  su p p lied  fro m  th e  B u re a u  or D e p a rtm e n t from  w h ic h  
th ey  o rig in ate . C o n su lar R e p o r ts  a re  rece ived  b y  a ll la rg e  
libraries a n d  m a y  b e  co n su lted  th ere, o r sin gle  n u m b ers ca n  b e  
secured  b y  a p p lica tio n  to  th e  B u re a u  o f F o re ig n  a n d  D o m e stic  
C o m m erce, D e p a rtm e n t o f C o m m erce , W ash in g to n . T h e  regu ­
lar ,su b scrip tio n  r a te  fo r th ese  C o n su lar R e p o rts  m ailed  d a ily  is 
$2.50 p er y e a r , p a y a b le  in  a d v a n ce , to  th e  S u p erin ten d en t o f 
D o cu m en ts.

D E P A R T M E N T  OF A G R IC U L T U R E

A rs e n ic a l C a ttle  D ip s: M e th o d s  o f P rep ara tio n  and  D ir e c ­
tion s fo r U s e . R o b e r t  M . C h a p in .  F a rm e rs ’ B u lle tin  603, 
from  th e  B u re a u  o f A n im a l In d u s try . 16 pp . A  p o p u lar 
w rite-u p  s u ita b le  o n ly  fo r th e  p a rts  o f th is  c o u n try  in fected  
w ith  th e  T e x a s  fe v e r  tic k .

T h e  A p p licatio n  o f R e fr ig e ra tio n  to  th e  H an d lin g  o f M ilk . 
J o h n  T . B o w e n .  D e p a rtm e n t B u lle tin  98, from  th e B u re a u  of 
A n im a l In d u s try . 88 pp and  37 figs. P a p er, 10 cen ts. T h is  
p ap er “ d iscusses th e  a p p lica tio n  o f re fr igeratio n  in th e  operation  
o f th e  m odern  m ilk  p la n t a n d  d escrib es th e  v ario u s form s of 
m ech an ica l a n d  o th e r  sy ste m s o f co o lin g .”  I t  is  o f in terest to 
produ cers, sh ip p ers, dealers, and  con su m ers o f m ilk  g en erally , 
and  a lso  to  m an u factu re rs  o f re fr ig era tio n  m ach in ery  and  a p ­

plian ces.
H a rm fu l E ffe c ts  o f A ld e h y d e s  in  S o ils . O s w a l d  S c h r e i n e r  

a n d  J. J . S k i n n e r .  D e p a rtm e n t B u lle tin  108, from  th e B u reau  
o f S o ils . 26 p p . P a p er, 10 cen ts. “ T h is  b u lle tin  d eals w ith  
th e  d isc o v e r y  a n d  p ro p erties o f a ld e h y d e s  in soils. T h e se  
are sh o w n  to  a ffe c t cro p s u n fa v o ra b ly  and  d ecrease th e  y ie ld  
g re a tly . T h e  resu lts  are  o f in te re st to  a g ricu ltu ra l exp eri­
m en ters a n d  th o se  p ra c tic a l farm ers w h o se tra in in g  in terests 
th em  in  th e  a d v a n c e  o f sc ien tific  a g ric u ltu re .”

T h e  In o rg a n ic  C o m p osition  o f S o m e  Im p o rtan t A m erican  
S o ils . W . O . R o b i n s o n .  D e p a rtm e n t B u lle tin  122, from  th e 
B u re a u  o f S o ils . 27 pp . P a p e r, 5 cen ts. " T h is  b u lletin  g ives
th e  resu lts  o f ch em ical an d  m in eralo gical in ve stig atio n s of
certa in  im p o rta n t soils. T h e  in o rgan ic p a rt a lon e is considered  
an d  sp ecia l a tte n tio n  is g iv e n  to  th e  so-called  rare  elem en ts. 
I t  is te ch n ica l and  in ten d ed  fo r th e  use o f research  w o rk ers in 
a g ricu ltu ra l c h e m istry  a n d  teach ers in  th e  sam e field. I t  w ill 
a lso  b e  fo u n d  o f se co n d a ry  in te re st to  p ra c tic a l a g ric u ltu ris ts .”

A b so rp tio n  o f F e rtiliz e r  S a lts  b y  H a w a iia n  S o ils . W m . M c -  

G e o r g B .  B u lle tin  3 5 , o f th e  H a w a ii E x p e rim en t S ta tio n . 
32 p p . P a p e r, 5 cen ts.

O x id a s e s  in  H e a lth y  and  in  C u rly -d w a rf P o ta to e s . H . H . 
B u n z E L . S e p a ra te  from  th e  Jo u rn a l o f A g r ic u ltu r a l R esearch , 
2, 3 73-4 0 4. A  c o n trib u tio n  from  th e  B u re a u  o f P la n t  In ­

d u s try .
M o is tu re  T e s te r  fo r G ra in  a n d  O th e r  S u b s ta n c e s  and  H o w  to 

U se  It. J . W . T .  D u v e l .  C irc u la r  72, reissued  w ith  su p p lem en t.

16 pp . P a p e r, 5 cen ts.
C o m p osition  o f R o q u e fo rt-c h e e se  F a t. J a m e s  N .  C u r r i e .  

S e p a ra te  from  th e  Jo u rn al o f A g r ic u ltu r a l R esearch , 2, 429-34.

T h e  E ffe c t  o f S tro n g ly  C a lc a re o u s  S o ils  on th e  G ro w th  and  
A sh  C o m p o sitio n  o f C e rta in  P la n ts . P . L . G ii.E a n d  C . N . 
A g e t o n .  B u lle tin  16 o f th e  P o r to  R ic o  A g r ic u ltu r a l E x p e r i­
m en t S ta tio n . 45 p p . P a p er, 10 cen ts.

D e n s ity  o f W o o d  S u b s ta n c e s  a n d  P o r o s ity  o f W o o d . 
F r e d e r i c k  D u n l a p .  S e p a ra te  fro m  th e  Jo u rn a l of A g r icu ltu ra l 

R esea rch , 2, 42 3 -8 .
E ffe c ts  o f C e rta in  C o o k in g  C o n d itio n s in  P ro d u cin g  S o d a

P u lp  fro m  A sp e n . H e n r y  E .  S u r f a c e .  D e p a rtm e n t B u lle tin  
80, from  th e  F o re st S e rv ic e . 63 p p . P ap er, 15 ce n ts . T h e  
d eta iled  in fo rm a tio n  p resen te d  is o f in terest in co n n ectio n  w ith  

la b o ra to ry  exp erim en ta l w o rk  as w ell as to  th o se  e n d e a vo r in g  to  
im p ro ve  th e  e ffic ien cy o f co m m ercia l p a p er-m a k in g  p la n ts  u sin g 
th e  so d a  process.

R e la tiv e  R e s is ta n c e  o f V a rio u s  C o n ife rs  to In je c tio n  w ith  
C re o so te . C . H . T e e s d a l e .  D e p a rtm e n t B u lle tin  10 1, from  
F o re st S e rv ice . 43 pp . P a p er, 15 cen ts. T h is  b u lle tin  is 
in ten d ed  to  sh o w  " h o w  w o o d s sh ou ld  b e  g rad ed  in  ord er th a t  
th e y  m a y  g iv e  un iform  resu lts  w h en  su b je c te d  to  tre a tm e n t 
w ith  p res erv a tiv e s ; i t  is in ten d ed  fo r th o se  in terested  in  w ood 
p res erva tio n .”

Y ie ld s  fro m  D e str u c tiv e  D is tilla tio n  o f C erta in  H ard w o o d s. 
L . F .  H a w l e y  a n d  R . C . P a l m e r .  D e p a rtm e n t B u lle tin  129, 
from  th e  F o re st S e rv ice . 16 pp . P a p er, 5 cen ts. T h is  b u lle tin  
g iv e s  th e  resu lts  o f la b o ra to ry  d istilla tio n  te sts; it  is o f in terest 
to  m an u factu re rs  o f b y -p ro d u cts .

H Y G IE N IC  L A B O R A T O R Y

B u lle tin  96, d a te d  A u g u s t  1914 , co n ta in s  th e  fo llo w in g  a rtic les  
o f ch em ica l in terest. 124 pp . P ap er, 15 cen ts.

(1) R ep o rt o f In vestig a tio n  of C o a sta l W a te r s  in  th e  V ic in ity  
o f G u lfp o rt and  B ilo x i, M is s .,  w ith  S p e c ia l R e fe re n c e  to  P o llu ­
tion  o f S h e llfish . R . H . C r e e l .

(2) C o m p ariso n  o f M e th o d s  fo r D e te rm in atio n  o f O x y g e n  
in W a te rs  in P r e s e n c e  o f N itrite . E l i a s  E l v o v e .

(3) S o m e N e w  C o m p o u n d s of th e  C h o lin e  T y p e , In c lu d in g  th e  
P rep ara tio n  o f M o n o a c e ta te  o f a,/3-D ioxy-/3-m e th y l B u ta n e .

G . A . M e n g e .
(4) D e te c tio n  o f W h ite  P h o sp h o ru s in  M a tc h e s . E a r l e  

B . P h e l p s .
(5) C h e m ica l C o m p osition  o f R u b b e r  U s e d  in  N u rs in g  N ip p les 

an d  in  S o m e  R u b b e r  T o y s . E a r l e  B . P h e l p s  a n d  A l b e r t  F .  

S t e v e n s o n .
(6) A n a ly s is  o f T h y m o l C a p su le s . A t h e r t o n  S e i d e l l .
(7) S e a so n a l V a ria tio n  in  C o m position  o f T h y ro id  G la n d . 

A t h e r t o n  S e i d e l l  a n d  F r e d e r i c  F e n g e r .
(8) N o te  on  N e w  A p p aratu s fo r  U se  w ith  W in k le r  M e th o d  for 

D is so lv e d  O x y g e n  in  W a te r . H y m a n  L. S h o u b .
(9) P h a rm a co lo g ica l A ctio n  of S o m e  S e ru m  P r e s e rv a tiv e s . 

C a r l  V o e g t l i n .
PU B L IC  H E A L T H  SE R V IC E

S tu d ie s  on th e  S e lf-p u rifica tio n  o f S tre a m s. E a r l e  B . 
P h e l p s .  R e p r in t  214 , from  th e  P u b lic  H e a lth  R e p o rts . 5 pp . 
P ap er, 5 cen ts. T h is  a rtic le  d escrib es th e  p h ysico -ch em ica l 
princip les u p o n  w h ich  are  b ased  th e  in ve stig a tio n s o f re-aeratio n  
o f strea m s a n d  th e  lim its  o f p erm issib le  p o llu tio n  w ith o u t 
nu isan ce. I t  is a  condensed  fo rm  o f th e  p a p er p resen ted  a t  th e  
C in c in n a ti m eetin g  o f th e  A m e rican  C h e m ica l S o c ie ty . (See 
T h i s  J o u r n a l ,  6, 682.)

B io lo g ica l P ro d u c ts  E sta b lish m e n ts , L ic e n se d  P ro p ag atio n  
and  S a le  o f V iru s e s , S e ru m s, T o x in s , a n d  A n a lo g o u s P ro d u cts . 
R e p r in t  206, from  th e  P u b lic  H e a lth  R e p o rts . 4 pp . P ap er, 
5 cen ts.

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

L is ts  h a v e  been  issued re c e n tly  b y  th is  office g iv in g  th e  
go v e rn m e n t p u b lica tio n s fo r sa le  b y  th e  S u p e rin te n d e n t o f 
D o cu m e n ts  on  v a rio u s  p h ases of A g r ic u ltu ra l C h e m istry  (P rice  
lis t  40, 6 th  ed itio n ) a n d  F o re s try  in  th e  U n ite d  S ta te s  (P rice  
l is t  43, 6 th  ed itio n ). E ith e r  o f th ese  lists  ca n  b e  o b ta in e d  on 
req u est.

B U R E A U  O F F O R E IG N  A N D  D O M E S T IC  C O M M E R C E

C o st o f P ro d u ctio n  in  P o tte r y  In d u stry , S u m m a ry  o f R e s u lts  
M isce lla n e o u s S eries 16. 43 p p . P a p e r, 10  cen ts.
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C o tto n se e d  P ro d u c ts  a n d  T h e ir  C o m p etito rs in  N o rth ern  
E u ro p e. P a r t  2, E d ib le  O ils . E r w i n  W . T h o m p s o n .  S p ecia l 
A g e n ts  S eries 89. 31 p p . P a p e r, 5 cen ts.

T h o se  in terested  in S o u th  A m e rica n  a n d  s im ila r  tra d e  co n d i­
tio n s w ill fin d  in fo rm a tio n  o f v a lu e  in th e  fo llo w in g  fou r p u b lic a ­
tio n s:

(1) B a n k in g  a n d  C r e d it  in A rg e n tin a , B ra z il, C h ili, and  
P e ru . E d w a r d  N . H u r l e y .  S p e cia l A g e n ts  S eries 90. 72 p p . 
P a p e r, 10 cen ts.

(2) Im p o rta n t D e ta ils  in  S o u th  A m e rican  T r a d e . S e p a ra te  
from  D a ily  C o n su lar a n d  T r a d e  R ep o rts , A u g u s t  28, 1914 . 

4  PP-
(3) P u b lic a tio n s  on  L a t in  A m e rica  a n d  W e s t  In d ies. M is c e l­

lan eo u s S eries 17 . 15 pp . P a p er, 5 cen ts. T h is  g iv e s  a  b rief' 
re v ie w  o f th e  in fo rm atio n  a v a ila b le  to  m a n u factu re rs  a n d  ex­
p o rters in th e  b u lle tin s  issued b y  th e  B u re au .

(4) C o m m ercia l R e la tio n s  o f th e  U n ite d  S ta te s  w ith  F o re ig n  
C o u n tries , ca le n d a r y e a r  19 12 . (A  sp ecia l u n n u m b ered  p u b lic a ­
tio n ). 272 p p . C lo th , 40 cen ts.

T h e  M o n th ly  S u m m a ry  o f C o m m erce a n d  F in an ce  o f th e  
U n ite d  S ta te s  h as b eco m e th e  M o n th ly  S u m m a ry  o f F o re ig n  
C o m m erce  o f th e  U n ited  S ta te s ;  th e  n u m b er fo r  J u ly , 1914, is th e  
first o f th is  n ew  tit le ;  it  is a lso  N o . x o f th e  1 9 1 4 -1 5  series.

B U R E A U  O F S T A N D A R D S

T h e  R e la tio n  o f th e  H o rse -p o w e r to th e  K ilo w a tt . C irc u la r  
34, 2nd editio n . 16 p p . T h is  c ircu la r in clu d es a  fu ll d iscussion  
of th e  p resen t p ra ctice  in  p o w er ra tin g s; th e  u se  o f th e  k ilo w a tt  
in ste ad  o f th e  horse-p ow er is u rged .

T h e  T e s tin g  o f P o te n tio m e te rs . F r a n k  . W i n n e r  a n d  
E r n e s t  W e i b e l .  S cien tific  P a p e r  2 2 3 . 4 0  p p . T h is  p a p er 
in clu d es a  d iscussion  o f th e  th e o r y  o f p o te n tio m e te r m easu re­
m en ts as w e ll as th e  m eth o d s o f te stin g  w h ich  are  d escribed.

T h e  E m iss iv ity  o f M e ta ls  and  O x id e s . I. N ic k e l O x id e  (N iO ) 
in th e  R a n g e  600° to  1300 ° C . G . K .  B u r g e s s  a n d  P . D . 
F o o t e .  S cien tific  P a p e r  224. 24 pp. R e su lts  fo r th e  m on o­
ch ro m a tic  e m is s iv ity  or a b s o r p t iv ity  a re  g iv e n  fo r th e  a b o v e  
ran ge, a n d  fo r th e  d ispersion  fo r 4 tem p eratu res.

A d ju stm e n ts  o f th e  T h o m so n  B rid g e  in  th e  M e a s u r e m e n t of 
V e r y  L o w  R e s is ta n c e s . F . W e n n e r  a n d  E .  W e i b e l .  S cien tific  
P a p e r  225. 4 p p . A  d escrip tio n  o f tw o  m eth o d s o f p roced u re
for m ak in g  th is  a d ju stm e n t.

B U R E A U  O F M IN E S

E x p e rim en ts  w ith  F u rn a c e s  fo r  a  H a n d -fire d  R e tu rn  T u b u la r  
B o ile r. S a m u e l  B .  F l a g g ,  G e o r g e  C . C o o k  a n d  F o r r e s t  E .  
W o o d m a n .  T e c h n ic a l P a p er 34. 32 pp . T h e  in v e stig a tio n  
re p o rted  w a s con fin ed  to  th e  co n stru ctio n  a n d  o p era tio n  o f 
fu rn a ces  o f th is  on e ty p e ;  th e  resu lts  are  o f g re a te st in te re st to  
th e  m ech a n ica l engin eer.

W a s te  o f O il a n d  G a s  in  th e  M id -c o n tin en t F ie ld s . R a y ­
m o n d  S . B l a t c i i l e y .  T e c h n ic a l P a p e r  45. 57 p p . T h is
re p o r t “ d escrib es th e  gen eral a m o u n ts a n d  k in d s o f w astes, and  
a tte m p ts  to  sh o w  th e  im p o rta n ce  o f co n se rv in g  th ese  n atu ra l 
resources. I t  does n o t p resen t gen eral ru les a n d  reg u la tio n s fo r 
re d u cin g  th e  w a s te  o f gas a n d  oil, e x c e p t in  tw o  extrem e cases, 
b u t  su g g estio n s a re  m ad e  th a t  a re  in ten d ed  to  h elp  th e  o p era to r 
m eet th e  s itu atio n . T h e  r ig h t k in d  o f c o o p e ratio n  sh ou ld  
acco m p lish  m ore th a n  th e  e n a ctm en t o f d ra s tic  re g u la tio n s.’ ’, :

R e p o rt o f th e  C o m m ittee  on R e su sc ita tio n  fro m  M in e  G a s e s . 
W . B .  C a n n o n ,  G e o r g e  W . C r i l e ,  J o s e p h  E r l a n g e r ,  Y a n d e l l  

H e n d e r s o n  a n d  S. T .  M e l t z e r .  T e c h n ic a l P a p e r  77 . 36  pp. 
T h is  rep o rt d iscusses th e  se v era l m an u al a n d  m ech an ica l 
m eth o d s fo r a rtific ia l resp iratio n , in clu d in g  recom m en d ation s.

P rev e n tio n  of A c c id e n ts  fro m  E x p lo siv e s  in  M e ta l M ining. 
E d w i n  H i g g i n s .  M in e rs ’ C irc u la r  19. 16 pp . A  n o n ­
te ch n ica l d iscu ssion  o f th e  su b je ct.

S u p p lem en ta ry  L is t  o f P e r m is s ib le  E x p lo siv e s. (U n n u m ­
b ered  c ircu la r). 1 p . T h e  a d d itio n s to  th e  lis t  u p  to  A u g u s t  
1, 1914 , a re  given .

O rig in  o f C o a l. D a v i d  W h i t e  a n d  R e i n h a r d t  T h i e s s e n .  

B u lle tin  38. 390 pp . in clu d in g  54 p la tes. P a p er, 80 cents. 
T h e  fo llo w in g  a rtic le s  on p h ases o f th e  gen eral s u b je c t  m ake up 
th is  b u lle tin : G e o lo g ic  re la tio n s o f th e  coa ls. A n a ly se s  of the 
co a l sa m p les stu d ied  u n d er th e  m icroscop e. P h ysio grap h ic 
co n d itio n s a tte n d in g  th e  fo rm a tio n  o f co a l. R a te  o f deposition 
o f co a l. R e g io n a l m etam o rp h ism  o f co a l. O rig in  a n d  form ation 
o f p e a t. M icro sco p ic  s tu d y  o f coal.

G E O L O G IC A L  S U R V E Y

G e o lo g y  o f th e  P h o sp h a te  D e p o sits  N o rth e a st o f G eorgetow n , 
Id a h o . R . W . R i c h a r d s  a n d  G . R .  M a n s f i e l d .  B u lle tin  577. 
76 p p . A lth o u g h  la rg e ly  o f geo lo g ical in terest, th is  bulletin  
in clu d es a  b rie f s ta te m e n t o f th e  ch em ica l c h a ra cte r, specific 
g r a v ity , a n d  possib le  so u rces o f th ese  p h o sp h a te  deposits.

A d v a n c e  ch a p te rs  o f “ C o n trib u tio n s to E co n o m ic G eo lo g y”  
h a v e  re c e n tly  b een  issued  as follow s, th e  first se v en  title s  being 
fro m  th e  secon d  p a rt  o f th e  issue fo r 19 12 , th e  rem ain d er from 
th e  first p a rt  fo r  19 13 :

(1) G e o lo g y  and  C o al R e s o u rc e s  o f th e  S ie rra  B la n ca  Coal 
F ie ld , L in co ln  a n d  O tero  C o u n ties, N e w  M e x ic o . C a r r o l l
H . W e g e m a n n .

(2) C o a l n e a r  T h o m p so n , G ran d  C o u n ty , U tah . F r a n k  R . 
C l a r k .

(3) C o a l n e a r  W a le s , S a n p ete  C o u n ty , U ta h . F r a n k  R . 

C l a r k .
(4) R h o d e  Is la n d  A n th ra c ite . G . H . A s h l e y .

(5) C o k in g  C o al in  P o w e ll M o u n ta in , S c o tt C o un ty, Va. 
M . R .  C a m p b e l l .

(6) T h e  C o a l R e s o u r c e s  a n d  G e n e ra l G e o lo g y  o f th e  Pound 
Q u a d ra n g le  o f V irg in ia  a n d  K e n tu c k y . C h a r l e s  B u t t s .

(7) T h e  C o a l R e s o u r c e s  o f a  P a r t  o f N o rth e a ste rn  M issou ri. 
F . C . G r e e n e .  E a c h  o f th ese a rtic le s  in clu d es a n a lyses o f the 
co a ls  a n d  d a ta  o f eco n o m ic  in terest.

(8) S o m e  D e p o sits  o f M ic a  in  th e  U n ited  S ta te s . D o u g l a s
B . S t a r r e t t .  B u lle tin  580F. 60 pp . T h is  p a p e r reports
on th e  in v e stig a tio n s  m ad e o f a  n u m b er o f m ica  d ep o sits  studied 
d u rin g  19 13 ; it  does n o t g iv e  a  gen eral re p o rt on  th e  whole 
co u n try , b u t  som e in fo rm atio n  o f a  gen eral n a tu re  as to  the 

p ro d u ctio n , uses, v a lu e , a n d  n a tu re  o f m ica  is in clu d ed .

(9) G o ld  P la c e r s  on W in d  and  B ig h o rn  R iv e rs , W yom in g. 
F r a n k  C . S c h r a d e r .  B u lle t in  580G . 20 pp.

(10) C a m o tite  n e a r  M a u c h  C h u n k , P e n n sy lv a n ia . E d g a r  

T .  W h e r r y -. B u lle tin  580H . 5 pp .
C o lo rad o  F e rb e r ite  and  th e  W o lfra m ite  S e r ie s . B u lle t in  583. 

75 PP- w ith  49 figures and  p la tes. T h is  b u lle tin  is m ad e up of 
tw o  a rtic le s: " T h e  m in eral re la tio n s o f ferb e rite ”  b y  F . L. 
H ess an d  " C r y s ta llo g r a p h y  o f fe rb erite  fro m  B o u ld e r  C o u n ty , 

C o lo ra d o ”  b y  W . T .  S ch aller.
B ib lio g rap h y  o f N o rth  A m e rica n  G e o lo g y  fo r 19 13 . J . M . 

N i c k e l s .  B u lle tin  584. 193 p p . T h e  lis t  is  arranged
a lp h a b e tic a lly  b y  a u th o rs ’ n am es, b u t  a  s u b je c t  in d ex  is in­
c lu d ed . I t  c o n ta in s  a  lis t  o f ch em ica l a n a ly se s  rep o rted  and 
o f th e  m inerals, rocks, a n d  fo rm a tio n s described.

O u r M in e r a l R e s e r v e s — H o w  to M a k e  A m e ric a  In d u stria lly  
In d e p e n d en t. G . O . S m it h .  B u lle tin  599, 48 p p . Th is
b u lle tin  is  issued " fo r ' th e  p u rp ose  o f fu rn ish in g  to  th e  p u b lic  in 
co n v e n ie n t form  a  su m m a ry  o f th e  m ineral resou rces a va ilab le  
fo r u tiliz a tio n  u n d e r th e  pressure o f p resen t co n d itio n s, in the 
h op e o f en co u rag in g  th e ir  d ev e lo p m e n t a n d  d isco u ragin g  the 
im p o rta tio n  o f ra w  m a te ria l a n d  p ro d u cts w h ich  c a n  be supplied 

a t  h o m e .”
M in e r a l R e s o u rc e s  o f A la s k a , 19 13 . B u lle t in  592. T h e 

a d v a n c e  c h ap te rs  o f  th is  a n n u al p u b lica tio n  a rc  n ow  being 
issued. T h e  w h ole  rep o rt is m ad e u p  o f 21 p ap ers b y  11 auth ors; 
on e o f th e  p ap ers is a n  a d m in istra tiv e  rep o rt, tw o  are  general 
su m m aries, a n d  th e  o th ers  d ea l m ore sp e c ifica lly  w ith  the 
eco n o m ic  g e o lo g y  o f certa in  d istric ts . S e p a ra te s  h a v e  been  issued 
fo r  th e  fo llo w in g  p a rts  o f th is  re p o rt:
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(A )  The Mineral Deposits of Alaska and the Alaskan Mining 
Industry in 1913. A l f r e d  H. B r o o k s . 57 pp. In the first 
part of this are described the geologic occurrence of the follow­
ing: Gold, copper, silver, zinc, lead, tin, tungsten, iron,
chromite, antimony, other metallic minerals, coal, petroleum, 
peat, structural materials, and miscellaneous nonmetallic 
minerals. In the second section the details are given of opera­
tions for 1913, which show some falling off of mineral production 
as measured by total value of the output. The following gives 
the more interesting data:

M i n  k r a i .  P r o d u c t i o n  o r  A l a s k a  j n  1 9 1 3
Q u an tity  V alue

G old (fine o u n ces)............................................. 755,947 $15,626,813
Silver (fine o u n ces ............................................. 362,563 218,988
Copper (p ou n d s)................................................ 21,659,958 3.357,293
Coal (short to n s ) ...............................................  2 ,300 13,200
M arble, gypsum , tin , lead, petroleum , e tc .................  200,000

T o ta l................................................................... $19,416,294

(C ) M a r b le  R e s o u r c e s  o f th e  J u n e a u , S k a g w a y , a n d  S itk a  
D is tr ic ts . E r n e s t  F . B u r c i i a r d .

(D ) A  B a r ite  D e p o sit  n e a r  W ra n g ell, A la s k a . E r n e s t  F . 
B u r c h a r d .

(E) M in e r a l D e p o sits  o f th e  Y a k a ta g a  D is tr ic t, A la s k a . A . 
G. M a d d r e n .

( K )  M in e r a l R e s o u rc e s  o f th e  Y u k o n -K o y u k u k  R eg io n , 
A la s k a . H e n r y  M .  E a k i n .

M o s t  o f th e  o th er  sep arates are p r im a rily  o f m inin g in terest, 
h a v in g  lit t le  o f ch em ica l in terest.

Q u a lity  o f th e  S u rfa c e  W a te r s  o f W ash in g to n . W a l t o n  V a n  

W i n k l e .  W a te r-S u p p ly  P a p e r  339. 105 pp . T h is  is one o f a
series o f p ap ers fre q u e n tly  issued  b y  th e  G eo lo g ical S u rv e y , 
tre a tin g  o f th e  w a te r  su p p lies o f som e p a rt  o f th e  U n ite d  S tates. 
T h is  p a p e r  g iv e s  m a n y  a n a ly se s  a n d  in clu d es “ a  b rie f d iscussion 
o f th e  co n stitu en ts , uses, a n d  p u rifica tio n  o f n a tu ra l w aters  and  a 

d eta ile d  co n sid eratio n , b y  d ra in a g e  basins, o f th e  q u a lity  o f th e  
strea m s o f W ash in g to n , sh o w in g  th e  n a tu re  and  th e  am o u n t 
o f th e  m ateria l w h ich  th e y  hold  in  so lu tio n .”

S u rfa c e  W a te r  S u p p ly  o f th e  U n ite d  S t a t e s ,.19 12 . T h is  series 
o f p ap ers fo r  d ifferen t p a rts  o f th e  c o u n try  co n tain  resu lts  of 
s tream  flo w  m easu rem en ts a n d  o th er  d a ta  g a th ered  a t  th e  
n u m erou s g a g in g  sta tio n s. L i t t le  d a ta  o f ch em ical in terest is 
g iv e n ; th e  p ap ers o f th is  series sh ou ld  n o t b e  con fu sed  w ith  those 

o f th e  series d escrib ed  ju s t  a b o v e .
C O N SU L A R  R E P O R T S — S E P T E M B E R , 1914

T h e  p ro d u ctio n  o f g e ra n iu m  oil in  A lg e r ia  a n d  its  ch em ical 

c o n sta n ts  a n d  a d u lte ra n ts  are d escrib ed . (P . H 9 5 - )
P e rfu m e  e s s e n c e  from  th e  R eu n io n  Is la n d s in clu d e geran ium  

oil, ca n a n g a  oil, an d  v e r ti-v e rt . (P . 1197-)
A  n ew  p a p er fa c to ry  is b e in g  co n stru cte d  a t  M a r a c a y , 

V en e zu ela . (P . 1223.)
P o rtla n d  ce m e n t fa cto rie s  o f J a p a n  are  exp o rtin g  cem en t to  

M a n c h u r ia  and  C h in a . (P . 1227.)
T h e  a n n u al p ro d u ctio n  o f am m on ium  s u lfa te  in  J a p a n  is 

n e a r ly  20,000 to n s; th e  im p o rts are  a b o u t 120,000 ton s. (P . 

1228.)
I t  is rep o rted  th a t  th e  em b a rg o  on  e xp o rtatio n  o f p otash  from  

G e rm a n y  via H o lla n d  h a s  b een  rem o ved . (P . 126 1.)
P la n s  h a v e  been  co m p leted  fo r th e  n ew  U n iversity  o f B ritish  

C o lu m b ia  to  be lo ca te d  n ear V a n c o u v e r . A  co n tra ct h as been 
le t  fo r a  scien ce  b u ild in g  to  co st $600,000.

T h e  C h ile a n  g o v e rn m e n t wrill in tro d u ce  o il-b u rn in g  lo co m o tives 

on  125 m iles o f th e  g o v e rn m e n t r a ilw a y  as an  exp erim en t. (P . 

1295*)
B o th  oil a n d  e lectric  s a fe ty  la m p s are  used  in th e  C a rd iff 

(W ales) co a l m ines, th o u g h  th e  m iners d o  n o t re a d ily  a ccep t th e  

e le c tr ic  lam p s. (P . I 342-)
G a s  is b e in g  m ad e from  lo w -grad e co a l m ine refuse a t  N a n a im o , 

C a n a d a , a n d  is p ip ed  60 m iles to  V ic to r ia . (P . 1366.)
Exportation of potash from England has been forbidden. (P. 

H 5 7 -)

T h e  use o f h ig h  p res su re  g a s  fo r s tre e t  lig h tin g  is  b e in g  c o n ­
sid ered  fo r B o m b a y . (P . 1461.)

T h e  m eth od s o f m inin g grap h ite  in  C e y lo n  are  d escrib ed  and  
th e  tra d e  co n d itio n s a n d  u ses o f g ra p h ite  are  d iscu ssed . (P . 
1462.)

Im p o rts  o f d y es tu ffs  in to  th e  U n ite d  S ta te s  h a v e  been  p r a c ­
t ic a lly  c o n sta n t in a m o u n t fo r th e  p a s t  fiv e  y ears, a b o u t $10,- 
000,000 a n n u ally . In  1909 th ere  w ere  m a n u fa ctu re d  in th is  
c o u n try  a b o u t $16,500,000 w o rth  o f d yestu ffs, m ak in g  th e  to ta l 
co n su m p tio n  o v e r  $25,000,000 w o rth . (P . 1469.)

T h e  freq u e n cy  o f lea d  p oisoning in  th e  B r itish  p o ttery  in ­
d u s try  h as d ecreased  from  66 p er 1000 em p lo yees in 1898 to  
14 p er 1000 in  19 12 . (P . 1477*)

H o n d u r a s  
1361 

C rockery 
E nam el ware 
E ssentia l oils 
C ornstarch  
B luing  
C andles 
M edicines  
V egetab le oils

D e m a n d s  f o r  A m e r ic a n  G o o d s  O w in g  t o  t h e  W a r  (p p .)  .
1224 and J a p a n — 1551 and 1591 C h in a — 1616, 1627,

and 1661 
D yestuffs  
Chem icals 
t»aper
Enam eled  ware 
Glass
Phosphorus  
P otassium  chlorate 
Fertilizers  
Sugar

B ir m in g h a m , E n g ­
l a n d — 1311, 1414,
1484 and 1629 

W ire rods  
S teel b illets  
Spelter
Copper and brass tubes
Brass wire and sheets
B ottles
Sulfur
Print paper
G old leaf
G as m antles
V e n e z u e l a — 1343
B ottles
Paper
Leather
D rugs
Iron
P aint
K erosene
Stearin
C opper plate
O live oil
W e s t  I n d ie s — 1550,

1591, and 1677 
E lectrical supplies  
C hem icals  
M eta l goods  
C em ent 
D rugs
C otton-sced  oil 
K erosene  
G asoline 
Coal
C a n a d a — 1550, 1591, 

and 1613 
D rugs  
C hem icals  
M etal ware 
R ubber  
Paint colors 
P late  glass  
Zinc 
Lead  
T in  
D y es

N o r w a y — 1551, 1590, 
and 1594 

Sugar 
Tin plate
M ateria ls for oleom ar­

garine  
H ardw are  
R ubber  
Zinc
C hem icals
D yes
Sulfur
Soda

E g y p t — 1551 
Beer
M ineral w aters  
O leom argarine 
Copper 
Brass
Iron and steel
Scientific instrum ents
Glass
Petroleum
Coal
Chem icals
P aints
Paper

J a p a n — 1551 and 1591
A niline dyes
M alt
Potassium  chlorate  
Phosphorus  
R osin  
Alum inum
Copper, zinc, nickel, 

and iron articles  
D ynam ite  
Paper
G r e e c e — 1590 and  

1614 
Sugar 
Copperas  
Coal 
Paper
Iron m anufactures  
C otton-sced  oil 
Oleomargarine

S p a i n — 1590 and 1614 
Coal
Iron and steel
Phosphate
Glass
C em ent
Starch
D yes
Photographic supplies
Petroleum
P a p er

A r a b ia — 1590
D yestuffs
G asoline
K erosene
Soap
C em ent
Glass
Iron
Coal
P ottery
B e l g ia n  C o n g o—  

1591 
W in e  
P e tro le u m  
C o a l

C h o s e n , K o r e a —  
1591 

Kerosene  
Paper 
Drugs 
D yes
E xp losives
M eta ls

N e w  Z e a l a n d — 1591
D rugs
C hem icals
G lass
Enam eled ware
Paper
Alum inum

S w it z e r l a n d — 1615
C otton-seed  oil
Petroleum
G a so lin e
Sugar

I n d ia — 1615 a n d  1661
G lass
C hem icals
D rugs
D y e s
M etals
Lubricating oil 
C em ent 
Ceram ics 
R ubber goods

P o r t u g a l — 1626
D rugs
Chem icals
Coal
Glass
Linoleum
P a p e r
Paints

J a m a ic a — 1628 
China  
D rugs  
G lass
Gas m antles  
M atch es
Iron, tin , copper, gal­

van ized, and en am ­
eled ware

A r g e n t in e — 1633-42
Coal
Paper
G alvanized iron 

. E nam eled iron 
Glassw are  
Crockery
Photographic supplies
D rugs
C hem icals
C em ent
P late glass

S w e d e n — 1661 
S u lfu r
Chloride of lim e  
Sodium  and potassium  

carbonates  
G asoline  
Petroleum  
Coal 
C opper 
R osin  
Oil cake
Sodium  hydroxide

S o u t h  A p r ic a — 1674 
and 1677 

E x p lo s iv e s  
A s b e s to s  
C e m e n t
C alcium  carbide  
Carbon dioxide  
P otassiu m  and sodium  

cyanides  
D isin fectan ts  
Sugar
T artaric acid  
G lass  
G lycerine  
Iron ware 
Fertilizers  
N itra tes  
L ubricating oil 
Paper
Photographic supplies  
Silver p la te  
Sheep  dip  
Tar
T in  ware 
Zinc

N e t h e r l a n d s —
H ides
E nam eled  ware 
Petroleum  
T in  p late  
Paper

1626 N ic a r a g u a -
Iron ware
C hem icals
Paper
D rugs
Soap

-1725
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S t a t is t ic s , 
G h e n t , B e l g iu m —  

1191  
C hicory  
G lue stock  
M atch es  
N aph th alen e  
C ocoa oil 
C opra oil 
C reosote oil 
Paper stock  
P e r u — 1218  
Sugar.
R ubber
Guano
H ides
Silver
C opper
V anadium
Gold
S y r ia — 1237  
B randy  
B u tter  
O live oil 
P istach io  n uts  
H ides
T s in g t a u , C h in a —  

1274  
Soya-bean  oil 
E gg products  
G round-nut oil •
H ides
Silk
W alnuts
A s ia t ic  T u r k e y —  

1 3 0 1 -2  
C olocynth  
Puer  
Galls 
Skins  
Licorice
H o n d u r a s — 1 3 1 3 -2 7
H ides
Gold
Silver
Liquid  am ber  
Peruvian balsam  
R ubber  
Sarsaparilla  
H o n g k o n g — 1304  
Aniseed oil 
Cam phor  
Cassia  
C assia oil 
Cem ent 
E arthen ware 
G lass ware 
Lard
M a tc h e s .
Peanuts  
P ean u t oil 
Silk  
Sugar 
Tin
P a n a m a — 1 3 2 8 -3 8
B alata
Cocoboio
Copper
H ides
Ipecac
Ivory  nuts
Pearls
R ubber
V e n ic e — 1431
B eet pulp
Garlic
G lass
G lycerine
H em p

E t c . ,  o n  E x p o r t s  to  t h e  
H ides  
Ju te  
M arble
G r e e c e — 1345-58  
Drugs
Laurel leaves
M arble
O live oil
Chrome ore
M agn esite
Pum ice
R osin
Skins
E m ery
B r a z il — 1377-95  
Brazil n uts  
C otton  seed  
C arnauba wax  
Gold  
H ides
M anganese ore 
M on azite sand  
R ubber
S iam— 1419 
Gam boge 
Stick-lac  
Sapphires

N ic a r a g u a — 1436 
Balsam  
C opper 
D yes  
Gold  
H ides  
Rubber 
Silver  
Sugar 
T an  bark

F r a n k f o r t , G e r ­
m a n y — 1445 

A sbestos  
C elluloid  
A ntipyrin  
B enzoic acid  
B leach ing powder  
Bronze powder 
C oal tar d yes  
N aph th o l 
P otash  
Quinine 
R esorcin  
Sodium  cyanide  
C lay  
G elatine  
G lue
M ineral w ater  
P latin um  
A rtificial silk  
H ides  
W ine
W ood pulp  
Zinc
W ie s b a d e n — 1447  
A ntim ony sa lts  
C itric acid  
T artaric acid  
Oxalic acid  
Sodium  bisulfate  
Cream  of tartar 
Sodium  form ate  
Potassium  oxalate  
R ochelle sa lt 
A niline d yes  
Cem ent 
Fertilizer  
M ineral water  
Stone ware 
W ine

U . S . (pp.)
A lX  LA CHAPELLE—  

1452
B leach ing pow der
Fire brick
C hem icals
C ocoa butter
D yestuffs
P a in t driers
Fertilizers
Fuses
Paper
Soap
S teel
T in  ware
M ineral w ater
W ine

J a p a n — 1 4 8 9 -1 5 0 1
Albalone
A n tim on y  ore
Soya-bean  oil
C am phor
Coal and coke
C opper
G raphite
H ides
V egetab le isinglass
D rugs
Paper
P eanu ts
Pepperm int oil
Silk
Sulfur
V egetab le wax

B a r m e n , G e r m a n y —  
1456  

C hem icals 
D y es  
C oke 
H ides 
N ick el

M a g d e b u r g , G e r ­
m a n y — 1 5 0 5 -1 7  

B arium  hydroxide 
Carbon tetrachloride  
B one-black  
C opper products 
Fertilizers  
K ain ite  
K ieserite
M agnesium  chloride 
M agnesium  sulfate  
P ean u t oil
P otassiu m  carbonate  
Potassium  hydroxide  
P otassiu m  cyanide  
P otassiu m  chloride 
P otassiu m  sulfate  
Sugar 
U rea
T u n gsten  ore 
Zinc

Q u e b e c — 1 5 1 8 -2 9  
A lum inum  
A sbestos  
C reosote oil 
Sodium  nitrate  
C oal
C opper ore 
M ercury fu lm inate  
Fertilizer  
G as liauor  
H ides
Iron oxide p igm ent 
M ap le sugar 
Sulfur ore 
T ankage  
W ood pulp

S t a t is t ic s , E t c ., o n  E x p o r t s  t o  t h e  U . S . (p p .)— (Concluded)
H a n o v e r — 1449  
A m m unition  
C elluloid  
A ntim ony sulfide 
A rsenic acid  
C reosote 
M esothorium  
Phosphoric acid  
Thorium  nitrate  
C erium  n itrate  
Cobalt 
G lycerine  
H ides
Infusorial earth
Inks
P otash
R ubber
W ine
W ool fa t

R o m e— 1460  
Alum inum  
C hem icals 
Cork
G lue stock  
H ides
M eat extract 
O live oil 
Sienna

E r f u r t , G e r m a n y -  
1 5 4 4 -8  

G la ss  
H id e s
M anganese ore 
Scientific in strum ents

M or oc c o— 1 5 5 3 -6 2  
H id e s
G um  sandarac

B r it is h  C o l u m b ia —  
1 5 6 9 -8 0  

Bullion  
Cascara bark 
Fertilizer  
H ides  
T in
W ood pulp  
G old ore 
Zinc ore 
C opper ore 
B lister copper 
C opper m atte

M b r s in a , T u r k e y —  
1 6 0 1 -6  

Gum  tragacanth  
Sesam e oil and seed

C h il i— 1 6 1 7 -2 5  
Copper ore 
Iodine
Sodium  nitrate  
Silver ore 
T in ore 
B u r m a — 1655  
H ides
M ineral wax  
Lac
C utch  (d ye wood) 
C opper m atte  
B a h a m a s— 1 6 6 5 -7 2  
Bark  
H ides  
Sisal
N e w f o u n d l a n d —  

1 6 8 1 -9 0  
Cod oil 
Seal oil 
W hale oil 
Guano  
Iron ore 
F lin t pebbles  
G u a t e m a l a — 1 7 1 4 -1 7  
H ides  
R ubber  
Sugar

Z in c re fin in g  in  J a p a n  h as in creased  so  th a t  n o t  o n ly  the 
d o m estic  d em a n d  is  su p p lied , b u t  also  som e z in c  is  sh ip p ed  to  
E n g la n d . (P . 1487.)

A n n u a l im p o rts  of m in e ra l w a te rs  in to  th e  U n ite d  S ta te s  are 
o v e r  3,000,000 gallon s, v a lu e d  a t  §1,000,000. A s  th ese  h ave 
co m e p r in c ip a lly  from  G e rm a n y , F ra n ce , an d  A u s tria -H u n g a ry , 
d o m estic  w a te rs  w ill p ro b a b ly  soon  re p lacc  th e  fo reign . T h e  

p ro d u ctio n  in  th is  c o u n try  is a b o u t 57,000,000 gallon s, va lu ed  
a t  $5,500,000. (P . 1483.)

H ig h -g rad e  iro n  o re  d ep o sits  h a v e  been  d isco vered  on  the 
C o p p e r R iv e r , n e ar H u p e rt, B . C . (P . 1529.)

T h e  p ea n u t a n d  p ea n u t-o il in d u stry  o f S o u th  C a ro lin a  are 
discussed. (P . 1534.)

T u n g s te n  m ines in  C h o sen , K o r e a  are  b e in g  o p e ra te d  on a 
sm all scale . (P . 1549.)

A  n ew  p ig -iro n  fu rn a c e  is to  b e  e rected  in  C h osen , K o r e a , at 
a  co st o f $2,750,000. (P . 1606.)

T h e  reg u la tio n s reg a rd in g  th e  g ra d in g  o f M a n ila  h e m p  are 
d iscussed . (P . 1607.)

A  c o m p a n y  h as  b een  o rg an ized  in  C e y lo n  to  m an u factu re  
su g a r  from  th e  p a lm y ra  p a lm . (P . 16x0.)

A  b ra n ch  la b o ra to ry  o f th e  C a n a d ia n  D e p a rtm e n t o f In tern a l 
R e v en u e  is to  b e  open ed  in V a n c o u v e r . (P . 1628.)

A  p la n t fo r m ak in g  su b lim ed  w h ite  le a d  in  A u s tra lia  is being 
en larged. (P . 1628.)

A  su b s titu te  fo r ich th y o l, to  rep lace  th e  s u p p ly  fro m  A u stria , 
h as  b e en  p laced  on th e  m ark e t. (P . 1675.)

D e v e lo p m e n ts  o f p o ta sh  d ep o sits  n ear B a rce lo n a , S p a in , h a v e  
b een  in te rru p te d  b y  th e  w ar. (P . 17 1 7 .)

BOOK RLVIEW5
C h e m istry  in  A m e rica : C h a p te rs  from  th e  H is to ry  o f the

S cien ce  in th e  U n ite d  S ta te s . B y  E d g a r  F a h s  S m i t h .  N e w  
Y o r k :  D . A p p le to n  and  C o . 19 14 . P p . x iii + '  356. 24 
h alf-to n es. P rice , $1.00.

T h is  v o lu m e , on  th e  d ev e lo p m en t o f ch e m istry  in th e  U n ite d  
S ta te s , m a y  be d escrib ed  ra th e r  a s  a  so u rce-b o o k  th an  as a  h is­
to ry . I t  co n sists  la rg e ly  o f b io g ra p h ies o f in d iv id u a l ch em ists, 
a lth o u g h  in ter-re la tio n s a n d  gro u p in g s are  n o t n e g lected , and  
th e  in stitu tio n s in w h ich  c h e m istry  w a s  e sp e c ia lly  c u lt iv a te d  
re c e iv e  m ore th an  in cid en ta l m en tio n . T h e  b o o k  co n ta in s  
tw o  gen eral addresses, w h ich  g iv e  a n  e xc ellen t id ea  o f th e  in ­
te re sts  o f ch em ists  a t  th e  o p en in g  o f th e  n in e te e n th  c e n tu r y , 
and  ex te n siv e  e x tra c ts  from  se v era l o rig in a l papers.

T h e  e a r lie st co n trib u tio n  to  c h e m istry  p r in te d  in A m e rica  
se e m s to  b e  one p u b lish ed  in  1768 b y  Jo h n  d e  N o rm an d ie.

T h e  b a la n ce  is fr e q u e n tly  m en tion ed  in  th is  p ap er. I t  is su rely  
tim e th a t  th e  a b su rd  m issta tem en t, to  th e  e ffe ct th a t  L a v o isie r  
w a s  th e  first to  u se th is  in stru m en t, shou ld  cease  to  a p p e ar in 
a lm o st e v e r y  p a p e r an d  ad d ress p rofessin g to  d ea l w ith  the 
h is to ry  o f th e  science.

I t  is  in te re stin g  to  n o te  th a t  th e  C h e m ica l S o c ie ty  o f P h ila ­
d elp h ia  (1792 -18 0 9) a n d  its  su ccessor, th e  C o lu m b ia n  C h em ical 
S o c ie ty , fo u n d ed  in  18 11 , a n te d a te d  th e  E u ro p e a n  so cieties de­
v o te d  to  th e  c u lt iv a tio n  o f th e  sam e science.

T h e  b io g ra p h ica l ch a p te rs  g iv e  v iv id  ch ara cte riza tio n s of 
m a n y  in terestin g  m en. T h e y  b egin  w ith  J am es W ood hou se, 
p ro fesso r o f c h e m istry  in th e  U n iv e r s ity  o f P e n n s y lv a n ia , a 
v ig o ro u s ' a n d  e m p h a tic  p e rs o n a lity  w h o se  le ctu re s  ra re ly  e x ­
ceeded  fo r ty  m in u tes a n d  w ere  o ften  m uch  sh o rter. P r iestle y  
an d  his re la tio n s w ith  A m erican  ch em ists  d u rin g  th e  la s t  ten  
y e a r s  o f h is life  (1794 -18 0 4) o c c u p y  m uch  sp ace  an d  co n stitu te
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one of th e  m o st in terestin g  p a rts  o f th e  vo lu m e. T h o m a s C o o p er 
(1 7 5 9 -1 8 4 1)  w a s  p r o b a b ly  th e  first o f th e  large  n u m b er o f ch em ­
ists w h o  h a v e  b eco m e co lleg e  p residen ts.

T h e  b io grap h ies in clu d e Jo h n  M a c le a n  o f P rin ceto n , S am u el 
L . M itc h e ll o f C o lu m b ia , R o b e r t  H a re  o f P h ilad e lp h ia , p erh ap s 
th e  m o st in flu en tia l A m e ric a n  ch e m ist o f h is d a y , and  a  gro up  
o f m in eralo gical ch em ists  h ead ed  b y  A rc h ib a ld  B ru ce  from  w h o m  
b ru c ite  d erives  its  nam e.

T h e  co n clu d in g  p a rt  o f th e  v o lu m e  d ea ls  w ith  G u th rie , an  in ­
d ep en d en t d isco v erer o f ch loroform ' an d  th e  first to  u se i t  in 
m edicin e, R o g ers w h o  exp erim en ted  in d ia lys is, T .  S te r r y  H u n t, 
p reem in en t as a n  o rig in al th in k er, J. L a w re n ce  S m ith , W o lc o tt  
G ib b s, M a lle t , C a r e y  L e a , C o o k e  o f H a r v a rd  and  W illa rd  
G ib b s  o f Y a le .

T h e  w o rk  g iv e s  an  e xc e lle n t id ea  o f th e  p la ce  o f A m erican  
ch em ists  in  th e  h is to ry  o f ch e m istry , a n d  w e  ow e a  d eb t o f g ra ti­
tu d e  to  th e  a u th o r  fo r p u b lish in g  th e  v a lu a b le  m ateria l o rig in a lly  
co llecte d  fo r his lectu res on  th e  d ev e lo p m e n t o f th e  science.

A l e x a n d e r  S m it h

C h e m ic a l R e a g e n ts . T h e ir  P u r ity  a n d  T e s ts . A u th o rized  
tra n s la tio n  o f P ru e fu n g  d er C h em isch en  R e a g e n tie n  a u f 
R e in h e it  (Z w cite  A u fla g e )  V o n  E .  M e r c k . B y  H e n r y  
S c h e n c k ,  A .B .  (H a rv a rd ). S eco n d  ed itio n . 8vo. pp . ix  +  
199. C lo th . D . V a n  N o s tra n d  C o m p a n y , N e w  Y o r k . 1914. 

P rice , S i i - o o  n et.

T h is  la te s t  ed itio n  o f M e r c k ’s C h e m ic a l R e a g e n ts  follow s th e  
sam e gen eral lin es as th e  first ed itio n , w h ich  in tu rn  w as p re­
ced ed  b y  th e  K r a u c h  ed itio n s on  “  D ie  P ru e fu n g  d er C h em ischen  
R e a g e n tie n  a u f R e in h e it,”  w h ich  h a v e  ap p eared  su ccessive ly  
sin ce  1 888. I n  th is  ed itio n  is a p p en d ed  fo r th e  first tim e  a  ta b le  
fo r th e  p rep ara tio n  o f te s t  so lu tio n s co m m o n ly  u sed, w ith  general 
d irectio n s a n d  a p p ro x im ate  stren gth s.

T h e  gen eral tre a tm e n t o f th e  su b je c t  m a tte r  con sists in a  b rie f 
d escrip tio n  o f th e  fa m ilia r  a p p earan ce  o f th e  p a rtic u la r  reagen t, 
a lo n g  w ith  d eta ile d  te sts  fo r th e  m ore com m on  im p u rities. T h ese  
te sts  are to  b e  m ad e  in th e  e xa m in a tio n , b o th  q u a lita tiv e  and  
q u a n tita tiv e . In  m a n y  p laces are  ad d ed  th e  use a n d  so lu b ility  
a lo n g  w ith  referen ces to  su ch  lite ra tu re  as in  th e  a u th o r ’s ju d g ­
m e n t a re  th e  m o st im p o rta n t n ew  co n trib u tio n s u p on  th e  uses 
and  m eth o d s o f te stin g  re a g e n t ch em icals. T h is  lis tin g  of 
referen ces is o f p a rticu la r v a lu e  to  th e  a n a ly tic a l ch e m ist w h o 
is  freq u e n tly  ca lled  u p o n  to  m a k e  a  m ore e la b o rate  exa m in a tio n  
o f h is  reagen ts th a n  is d escrib ed  in th e  o rd in ary  m an u al. I n  th is  
co n n ectio n  i t  is  n o ted , h o w ev e r, th a t  u n d er S o d iu m  O xa la te  
(Soeren sen 's O xa la te) th e  v a lu a b le  w o rk  o f B lu m  o f th e  U . S. 
B u re a u  o f S tan d ard s, one o f th e  m o st e la b o rate  in vestig atio n s 
o n  a  ch em ica l reagen t, is n o t m en tion ed. I t  is possib le  th a t  
in asm u ch  as th is  w o rk  w as p u b lish ed  in 19 12 , th e  tra n s la to r  
o v er lo o k e d  th is  im p o rta n t a rtic le . I t  is to  b e  n oted  th a t  the 
T e s ts  o f P u r ity  ap p lied  to  o x a lic  a c id  an d  th e  o x a la tes  d o  n o t 
c a ll a tte n tio n  to  ca lc iu m  w h ich  is so lik e ly  to  b e  present.

O n  th e  w h ole  th is  sta n d a rd  h an d b o o k  tre a ts  th e  te s tin g  of 
th e  m ore com m on  rea g en ts in a  h ig h ly  sa tis fa c to ry  m an n er for 
a  sm all b o o k  a n d  it  is g ra tify in g  to' k n o w  th a t  freq u en t editions 
o f th is  v a lu a b le  m an u al a p p e ar fro m  tim e to  tim e.

V ic t o r  L e n h e r

S a m m lu n g  V ie w e g , H e ft  1 .  A n o rg an isch e  P e ro x y d e  un d 
P e r s a lz e . B y  D r .  C . F r e i h e r r n  v o n  G i r s E w a l d .  9 8  pp. 
P a p er, M . 2 .4 0 . H e ft  6. B re n n e re ifra g e n . B y  D .  S i d e r s k y .  

I llu stra te d . 4 9  p p . P a p e r, M . 1 .6 0 . F ried r. V ie w e g ,  &  
Soh n, B ra u n sch w e ig , 1 9 1 4 .

T h e s e  tw o  re c e n tly  issued  b o o k s are  a m o n g th e  first six  v o l­
u m es issued  o f the "S a m m lu n g  V ie w e g ,”  a  co llectio n  w h ich , 
it  is p lan n ed , sh all c o v e r  a ll th e  b ra n ch es  o f p u re and  ap p lied  
scien ce  and  sh all p resen t in  each  su b je c t  its  s tr ic t ly  co n te m p o ­
ran eo u s s ta te  o f d eve lo p m en t.

D r. v o n  G irsew a ld  h as  d iv id e d  th e  m ain  p a rt of h is b o o k  
in to  tw o  d ivis io n s, on e d ea lin g  w ith  h y d ro g e n  p ero xid e  a n d  th e  
o th er  w ith  d e r iv a tiv e s  su ch  as th e  tru e  m eta l peroxides, p ersa lt 
lik e  th e  p erb o rates, e tc . W h ile  th e  th eo re tica l p a rt  o f th e  su b ­
je c t  is n o t n eglected , th e  ch ie f in te re st o f th e  b o o k  is  in  th e  
d ev e lo p m e n t o f th e  p ra c tic a l a p p lica tio n s o f p eroxid es to  in d u stry .

In  th e  th eo re tica l p a rt  th e  d iscu ssion  o f th e  fo rm u la  o f h y ­
d ro gen  p eroxid e (th a t p referred  b y  th e  a u th o r  is H  —  O  : O  —  H ) 
is n o t a lw a y s  th o ro u g h ly  co n vin c in g  a n d  it  ap p ears a  m istak e  
to  in sist so s tro n g ly  on  a n y  d eta ile d  s tru c tu ra l form u la.

T h e  b o o k  is on  th e  w h ole  in terestin g  and  in stru c tiv e , and  th e  
a u th o r is to  b e  com m en ded  fo r  in tro d u cin g  th e  n ecessary  fe a ­
tu re — som etim es o m itte d  in  su ch  b o o k s— o f p rofu se  referen ces 
to  orig in al sources, e sp e c ia lly  p a te n t  lite ra tu re ; th e  w o rk  is 
su ffic ien tly  e x h a u s tiv e  to  g iv e  a  tru e  p ic tu re  o f th e  p res en t-d a y  
s ta tu s  o f p eroxid es an d  p ersalts, as w ell as p o in t o u t th e  p ro b a b le  
lines o f fu tu re  d eve lo p m en t.

"B re n n e re ifra g e n ”  d ea ls  w ith  th e  q u estion s o f m odern,- c h ie fly  
F ren ch  a n d  A u stria n , d istillin g  p ractice . T h e  first p a rt  tre a ts  
o f th e  co n tin u o u s ferm en ta tio n  o f b e e t  ju ic e  (the  ch ie f sou rce 
o f sp irits  in  F ra n c e  and  A u s tr ia  as op p osed  to  G e rm a n y  w h ere  
p o ta to es  a n d  g ra in  are th e  co m m o n est ra w  m ateria ls), w h ile  
th e  second p a rt ta k e s  u p  d istilla tio n  and  rectifica tio n . T h e  
b o o k  is w ell illu stra te d  w ith  m icro p h o to grap h s a n d  m a n y  p ic ­
tu res an d  d iagram s o f a p p a ratu s.

M . L . H a m l i n

R a p id  M eth o d  fo r th e  C h em ica l A n a ly s is  o f S p e c ia l S te e ls , 
S te e l-M a k in g  A llo y s, a n d  G rap h ite . B y  C h a r l e s  M o r r i s  

J o h n s o n ,  P h .M ., C h ie f C h e m ist to  th e  P a r k  S te e l W o rk s  of 
th e  C ru cib le  S te e l C o . o f A m e rica . S econ d  e d itio n , x i +  437 
p ages, 39 figures. Jo h n  W ile y  &  Sons, In c ., N e w  Y o r k . 
P rice , $3.00 net.

T h e  first ed itio n  o f M r. J o h n so n ’s b o o k , p u b lish ed  in  1909, 
m et w ith  a  h e a r ty  recep tio n  a n d  a  re a d y  sa le  to  th o se  w h o  w ere  
in terested  in a llo y  steels. A n  im p o rta n t fea tu re  o f th e  first 
ed itio n  w a s th e  in co rp o ratio n  o f m eth o d s o f a n a ly s is  o f a llo y  
steels, w h erein  th e  a u th o r g a v e  a ctu a l m eth o d s u sed  in  co n tro l 
w o rk  o f op eration s. T h e  m eth od s w ere  b ased  on exp erim en tal 

d a ta  co v e rin g  y e a rs  o f exp erien ce.
I n  th e  in tro d u ctio n  to  th e  second ed itio n  sp ecia l a tte n tio n  is 

ca lled  to  th e  fo llo w in g  gen eral sta te m e n t: “ I f  iron  b e  co m ­
b in ed  b y  fu sio n  w ith  n o ta b le  q u an tities  o f a n  e lem en t w h ose 
m eltin g  p o in t is v e r y  m uch  b e lo w  th a t  o f iron , th e  te n d e n c y  is 
to  p ro d u ce a  m eta l o f in ferior p h y sica l prop erties, b u t  if iron  b e  
co m bin ed  w ith  an  e lem en t w h ose m eltin g  p o in t is n e a rly  th a t  or 
h ig h er th a n  th a t  o f iron, th en  th e  te n d e n cy  is  to  p rodu ce a  m eta l 
o f su p erior p h y sica l p ro p erties .”

A tte n tio n  is a lso  ca lled  to  th e  a u th o r ’s m eth o d s fo r th e  d e­
term in a tio n  o f p h o sp h o ru s in tu n g sten -b earin g  m ateria ls ; tu n g ­
sten  in ores; fo r su lfu r in a llo y  stee ls  b y  h e a tin g  th e  in so lu b le  
carb id es, w h ich  c a rry  th e  m ajo r p a rt  o f th e  su lfu r, to  a  y e llo w  
h e a t  in  a  stream  o f a c id -carry in g  h y d ro g en , e v o lv in g  th e  su lfu r 
a s h y d ro g e n  su lfide fro m  su lfa te s; m o d ificatio n  o f B r u n k ’s 
m eth o d  fo r n ick el in steel; th e  t itra tio n  o f iron  o r v a n a d iu m  or 
b o th  in  th e  p resence o f u ra n iu m ; u ran iu m  in  ores; ferro u ra n iu m  
and  stee ls; c o b a lt  steels and  c o b a lt  m eta ls: to  th e  a u th o r ’s 
in v e stig a tio n  o f th e  cau se  o f b a r k  in pip e-an n ealed  steel, tap ere d  
c la y  co m b u stio n  tu b es, m illin g  m ach in e, one p iece  n ich rom e 
tria n g le , a n d  th e  p lan  and  v ie w s  o f la b o ra to r y  room s.

T h e  second ed itio n  is en larged, th e  a u th o r  e la b o ra tin g  on 
m eth o d s g iv e n  in  th e  first e d itio n . H e  h as  a lso  ad d ed  new  
m eth o d s b ased  on  m ore re ce n t exp erien ce, a n d  h as  b ro u g h t the 
b o o k  up to  th e  la te s t  and  b e st a n a ly tic a l p ra ctice  in  iron, steel 
a n d  its  a llo y s . A d d itio n a l c h ap te rs  g iv e  m eth o d s fo r  th e  te stin g  
o f lu b ric a tin g  oils, co a l, iron  ore, flu o rsp ar, lim esto n e, san d  and 
b rick . T h e  a im  o f th e  a u th o r h as  b een  to  p ro d u ce m eth o d s 
t h a t  co m bin e speed, s im p lic ity  a n d  a c c u ra c y .

W il l i a m  B r a d y
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NEW PUBLICATIONS
B y  J o h n  F . N o r t o n . M assach u setts  In stitu te  of T ech n ology , B oston

A ir: P u m p in g  b y  C o m p r e s se d  A ir . B y  E . M . I v e n s . 8vo. 244 pp.
Price, $3.00. John W iley & Sons, N ew  Y ork.

A n a ly s is :  C h e m ic a l A n a ly s is , Q u a li ta t iv e  a n d  Q u a n t ita t iv e .  B y  
G . L. G a r d in e r . 8vo. 504 pp. Price, $2.00. B lack, London. 

A n a ly s i s : I n tr o d u c t io n  t o  Q u a lita t iv e  C h e m ic a l A n a ly s is  (A n le itu n g  
z u r  q u a l ita t iv e n  c h e m is c h e n  A n a ly se ) . B y  H . v . P e c h m a n n . 
14th E d  by W . Prandtl. 8vo. 138 pp. Price, $0.50. M unich. 
(Germ an.)

A n a ly s is :  P r in c ip le s  o f  Q u a n t ita t iv e  A n a ly s is :  A n  I n tr o d u c to r y  
C o u r se . B y  W . C. B l a s d a l E. 12mo. 394 pp. Price, $2.50. D .
V an N ostrand  C o., N ew  York.

A n a ly s is :  T a b le s  fo r  Q u a li ta t iv e  C h e m ic a l A n a ly s is . (T a fe ln  fü r  
q u a l ita t iv e n  c h e m is c h e n  A n a ly se .)  B y  H . v. P e c h m a n n . 14th Ed  
by W . Prandtl. 8vo. 39 pp. Price. $0.35. M unich. (Germ an.) 

A n a ly s is :  T e c h n ic a l  M e th o d s  o f  O re A n a ly s is .  B y  A l b e r t  H . L ow .
6th  Ed. 8vo. 362 pp. Price, $2.75. John W iley & Sons, N ew  York. 

B r e w in g :  T h e  M o d e r n  B re w er y . A  P r a c t ic a l H a n d b o o k  fo r  t h e  
B re w er  (D ie  B ie r b r a u e r e i d er  N e u z e i t ) .  B y  S . Z im m e r m a n n . 8 vo . 
Price, $2.50. Bartenstein. (Germ an.)

E x p e r im e n ts . B y  P h il ip  E . E d e l m a n . 250 pp. Price, $1.50. Philip  
E . E delm an, M inneapolis, M inn.

F o o d :  F o o d s  a n d  S a n i t a t io n , a  T e x t -b o o k  a n d  L a b o r a to r y  M a n u a l  
fo r  H ig h  S c h o o ls . B y  E d it h  H . F o r s t e r  a n d  M il d r e d  W e ig l e y . 
12mo. 396 pp. Price, $1.00. R ow , Peterson & Co., Chicago.

G e n e r a l C h e m is tr y :  F o u n d a t io n s  o f  C h e m is tr y . B y  A r t h u r  A . 
B l a n c h a r d  a n d  F. B . W a d e . 12mo. 446 pp. Price, $1.25. A m e r i­
c a n  B ook Co., N e w  York.

G e n e r a l C h e m is t r y : L a b o r a to r y  E x p e r im e n ts  in  G e n e r a l C h e m is tr y .  
B y  H . B . N o r t h . 2nd E d., revised. 12mo. 205 pp. Price, $1.00.
D . V an N ostrand  Co., N ew  York.

H o u s e h o ld  C h e m is tr y :  E le m e n ta r y  H o u s e h o ld  C h e m is tr y . B y  
Jo hn  F . S nell . 12mo. 307 pp. Price, $1.25. T h e M acm illan Co.,
N ew  York.

I n o r g a n ic  C h e m is tr y :  T e x t  B o o k  o f  I n o r g a n ic  C h e m is tr y . B y  A. F .
H o l l e m a n . 12th Ed. 8 vo. Price, $2.00. Leipzig. (German.) 

I n o r g a n ic  C h e m is tr y :  T h e  P r in c ip le s  o f  I n o r g a n ic  C h e m is tr y . B y  
W il h e l m  O s t w a l d . T ranslated b y  Alex. F ind lay . 4th  E d . 8vo. 
836 pp. Price, $4.50. T h e M acm illan  Co., N ew  York.

I r o n :  I r o n  O res, T h e ir  O c c u r r e n c e , V a lu a t io n  a n d  C o n tr o l. B y
E. C. E c k e l .  8vo. 427 pp. Price, $4.00. M cG raw -H ill Book Co., 
N ew  York.

O ils :  M in e r a l O ils  a n d  T h e ir  B y -p r o d u c ts . B y  I l t y d  I .  R e d w o o d .
2nd Ed. 8vo. 336 pp. Price, $3.00. Spon & C o.. N ew  York.

O ils :  T h e  H y d r o g e n a t io n  o f  O ils :  C a ta ly z e r s  a n d  C a ta ly s is :  a n d  t h e  
G e n e r a t io n  o f  H y d r o g e n . B y  C a r l e t o n  E l l is . 8 v o . P r ice , $ 4 .0 0 .  
D . V a n  N o s tr a n d  C o ., N e w  Y o rk . - 

P h y s ic a l  C h e m is tr y :  A M a n u a l o f  P r a c t ic a l P h y s ic a l  C h e m is tr y .  
B y  F . W . G r a y . 12m o. 2 1 1  pp. P rice , $ 1 .2 5 . T h e M a c m illa n  C o .,
N ew  Y o rk .

P h y s ic a l  C h e m is tr y :  H y d r o g e n  I o n  C o n c e n tr a t io n s .  (D ie  W a sse r -  
s to f f lo n e n - K o n z e n tr a t io n .)  B y  L. M ic h a e l is . 8vo. 210 pp. Price, 
$2.00. J. Springer, Berlin. (German.)

P h y s io lo g y :  A  T e x t-B o o k  o f  P h y s io lo g ic a l C h e m is tr y . B y  O lo f  
H a m m a r s t e n . Translation  b y  John A. M andel. 7th  E d ., English . 
8vo. 1014 pp. Price, $4.00. John W iley  & Sons, Inc ., N ew  York. 

R u b b e r :  T h e  R u b b e r  I n d u s tr y  in  B r a z il a n d  t h e  O r ie n t . B y  C. E .
A k e r s . 8 v o . 3 3  pp. Price, $ 1 .5 0 . M ethuen , London.

T a n n in g :  H a n d b o o k  fo r  T a n n e r y  L a b o r a to r ie s  (H a n d b u c h  fu e r  
g e r b e r e i-c h e m is c h e  L a b o r a to r ie n ) . B y  G . G r a s s e r . 8 v o . 39 5  
pp. Price. $4.00. Schulze & Co., Leipzig. (Germ an.)

T e x t i le s :  T h e  C h e m ic a l T e c h n o lo g y  o f  S p u n  Y a rn  (C h e m is c h e  
T e c h n o lo g ie  d er  G e sp iu s t fa se r n ) . B y  K . S t ir n . P r ice , $ 3 .5 0 .  
Borntraeger, Berlin. (Germ an.)

T in p la te :  T h e  T in p la t e  I n d u s tr y . W ith  S p e c ia l R e fe r e n c e  t o  I t s  
R e la t io n s  w it h  t h e  I r o n  a n d  S te e l I n d u s tr ie s .  B y  J . H . J o n e s . 
8vo. 302 pp. Price, $2.00. P . S . K ing. London.

W e ld in g :  A  P r a c t ic a l  M a n u a l o f  A u to g e n o u s  W e ld in g  (O xy-  
A c e ty le n e ) . B y  R . G r a n jo n  a n d  P . R o s b m b e r o . 8 v o . 256 p p .
Price, $1.25. C. Griffin, London.

W in e s :  F a u lt s  a n d  D is e a s e s  o f  W in es , T h e ir  C a u ses , R e c o g n it io n , a n d  
R e m e d ie s . (F e h le r  u n d  K r a n k h e ite n  d e s  W ein e s , d e r e n  U r­
s a c h e n , E r k e n n u n g  u n d  H e ilu n g .)  B y  J. L. M e r z . 8 vo. 108 pp.
Price, $0.75. W ien. (German.)

R E C E N T  J O U R N A L  A R T I C L E S

A n a ly s is :  I m p r o v e d  A p p a r a tu s  fo r  t h e  A n a ly s is  o f  M ix ed  G a ses .
B y  A. C. W il s o n . The A n a lys t, V ol. 3 9 , 1914, N o. 4 6 2 , pp. 3 9 1 -2 .

A n a ly s is :  S tu d ie s  o n  t h e  D e t e r m in a t io n  o f  T u n g s te n . B y  H a n s

A r n o l d . Zeitschrift fü r  anorganische Chemie, Vol. 8 8 , 1914, N o. 3, 
pp. 33 3 —40.

A n a ly s is :  T h e  P e r c h lo r ic  M e th o d  o f  D e te r m in in g  P o t a s s iu m , as 
A p p lie d  t o  W a ter  A n a ly s is .  B y  C l a r e n c e  S c iio l l . Journal of the 
A m erican Chemical Society, Vol. 36, 1914, N o . 10, pp. 2085-88.

C a r b o n : E n e r g y  o f  V a p o r iz a t io n  o f  C a rb o n . B y  C a r l  H e r in g .
M etallurgical and Chemical Engineering, V ol. 12, 1914, N o . 8, pp. 526-8 . 

C o llo id s :  T h e  T h e o r y  o f  C o llo id  C h e m is tr y . B y  W il d e r  D . B a n ­
c r o f t . The Jou rn al o f P h ysica l Chem istry, V ol. 18, 1914, N o . 7, pp. 
549 -58 .

C o m b u s t io n :  C oal F la m e s  w it h  E th e r . B y  A l a n  L e ig h t o n . The
Journal o f P h ysical Chem istry, V ol. 18, 1914, N o . 7, pp. 619-23 . 

C o m b u s t io n :  S u r fa c e  C o m b u s t io n . B y  W . A . B o n e . The Chemical 
Engineer, Vol. 20, 1914, N o . 3, pp. 99-109 .

C r e o s o te : E ff ic ie n c y  o f  V a r io u s  P a r ts  o f  C o a l-T a r  C reo so te  a g a in s t  
M a r in e  B o rers . B y  C l y d e  H . T e e s d a l e . Engineering Record, Vol. 
70, 1914, N o . 11, pp. 302-3 .

E le c tr o c h e m is tr y :  T h e  E le c tr ic  F u r n a c e  in  t h e  F o u n d r y . B y  W.
L . M o r r is o n . The Iron Age, V ol. 94, 1914, N o. 14, pp. 777-9 .

G a s: C a ta ly s is  in  t h e  G as I n d u s tr y .  B y  R u d o l f  L e s s in g . The
Chemical Trade Journal and Chemical Engineer, Vol. 55, 1914, N o . 1426, 
pp. 241-2 .

G a s: T h e  R eco v er y  o f  G as W ork s B y -p r o d u c ts . B y  C . C . T u t -
w il b r . Journal o f  the Frankliyi Institu te, V ol. 178, 1914, N o . 4, pp. 
383-415 .

I l lu m in a t io n :  R e c e n t  D e v e lo p m e n ts  in  t h e  A rt o f  I l lu m in a t io n .
B y  P r e s t o n  S . M il l a r . Journal o f the F ranklin  Institu te, Vol. 178, 
1914, N o. 4, pp. 435-64.

L e a th e r :  C la r if ic a t io n  o f  L e a th e r  E x tr a c ts  fo r  t h e  D e te r m in a t io n
o f  R e d u c in g  S u g a r s . B y  F . P . V b it c h  a n d  J! S . R o g e r s . The 
Journal o f  the Am erican Leather Chemists' Association , V o l. 9, 1914, N o . 
10, pp. 421 -36 .

O ils :  T h e  C reo so te  O il S i t u a t io n  a n d  t h e  T r e a tm e n t  o f  C ro sstie s .
B y  S . R . C h u r c h . Engineering N ews, Vol. 72, 1914, N o . 13, pp. 658-9. 

P o t a s h :  P o t a s h  S a lt s :  S u m m a r y  fo r  1913. B y  W . C . P h a l e n .
The Chemical Engineer, V ol. 20, 1914, N o . 3, pp. 89-98 .

S a n i t a t io n :  C o lle c t io n  a n d  D is p o s a l o f  C ity  R e fu s e ,  W a s h in g to n ,
D . C. B y  J. W . P a x t o n . Engineering N ew s, V ol. 72, 1914, N o . 14, 
pp. 671-4 .

S a n i t a t io n :  R e fu s e  D e s t r u c t io n . B y  R . O. W y n n b - R o b e r t s .
Canadian Engineer, Vol. 27, 1914, N o. 13, pp. 466 -70 .

S e w a g e :  E le c tr o ly t ic  S e w a g e  T r e a tm e n t .  B y  M a u r ic e  E.
C o n n o l l y . M u n icipa l Engineering, Vol. 47, 1914, N o . 4, pp. 279-85. 

S e w a g e :  R e p o r t  o n  E le c tr o ly t ic  S e w a g e  T r e a tm e n t  a t  E lm h u r s t .
B y  P . M . T r a v is . Engineering Record, Vol. 70, 1914, N o. 11, pp. 292-4 . 

S e w a g e : T h e  S e w a g e  D is p o s a l P r o b le m  in  V illa g e s  a n d  S m a ll  C it ie s .  
B y G e o r g e  C . W h i p p l e . A m erican Journal o f P ublic Health, Vol. 4, 
1914, N o. 9, pp. 758-66.

S e w a g e :  S e w a g e  T r e a t m e n t .  B y  R u d o l p h  H e r in g . Journal o f the
F ranklin  Institu te, V ol. 178, 1914, N o . 4, pp. 417-33 .

S o d a :  A  N ew  T h e o r y  o f  t h e  A m m o n ia  S o d a  P r o c e s s . B y  W il l ia m

M a s o n . M etallurgical and Chemical Engineering, Vol. 12, 1914, N o . 9, 
pp. 5 71 -2 .

S te e l :  T h e  E le c tr ic  A rc F u r n a c e  a n d  t h e  D e v e lo p m e n t  o f  t h e  S te e l  
C a st in g  I n d u s t r y .  B y  I v a r  R e n n e r f e l t . M etallurgical and Chemical 
Engineering, Vol. 12, 1914, N o . 9, pp. 581-3 .

S t e e l :  T it a n iu m  N itr id e  in  S te e l .  B y  G . F .  C o m st o c k . M etal­
lurgical and Chemical Engineering, Vol. 12, 1914, N o . 9, pp. 577-80 . 

S u g a r :  T h e  R eserv e  F a c to r y  P r o c e ss  o f  M a k in g  W h ite  G r a n u la te d  
S u g a r . B y  B . S a n d m a n n . The L ou isian a P lanter and Sugar M anu ­
facturer, Vol. 53, 1914, N o . 14, pp. 222-3 .

T a n n in g :  N o te s  o n  t h e  A p p lic a t io n  o f  T u n g s t e n  S a lt s  t o  t h e  
A n a ly s is  o f  T a n n in g  M a te r ia ls . B y  A l e x a n d e r  T . H o u g h . Journal 
o f the Society o f Chemical Indu stry, Vol. 33, 1914, N o . 17, pp. 847-8 . 

T e x t i le s :  O ils  a n d  S o a p s  U se d  in  T e x t i le  M a n u fa c tu r in g . A n o n y ­
m o u s . The Textile A m erican, V ol. 22, 1914, N o . 3, pp. 34 -6 .

T u n g s te n , S tu d ie s  o n  t h e  A n a ly t ic a l  E x a m in a t io n  o f . B y  H a n s  
A r n o l d . Zeitschrift fu er  anorganische Chemie, V ol. 88, 1914, N o . 3, pp. 
333-340.

T u r p e n t in e s ,  D e t e c t io n  a n d  D e te r m in a t io n  o f , P e t r o le u m  D e r iv a tiv e s  
in .  B y  C . G r u n a l d i  a n d  L- P r u s s ig . Chemiker Zeitung, Vol. 38, 1914, 
N o. 95, pp. 1001-1002.

W a te r :  A p p lic a t io n s  o f  W a ter  A n a ly s is . B y  E d w a r d  B a r t o w .
A m erican  Journal o f Public Health, Vol. 4, 1914, N o . 8 , pp. 633-37 . 

W a te r :  C o n s e r v a t io n  o f  P o ta b le  W a ter  a n d  t h e  D u a l S y s t e m  o f
D is t r ib u t io n . B y  H e n r y  C . H o d g k in s . Jou rn al o f  the Am erican  
W ater W orks A ssociation, Vol. 1, 1914, N o. 3, pp. 554 -64 .

W a te r :  D is in fe c t in g  200,000,000 G a llo n s  o f  W a te r  a  D a y — E x p er i­
e n c e  w it h  C h lo r id e  o f  L im e  a n d  L iq u id  C h lo r in e . B y  F r a n c is  D . 
W e s t . Journal o f the A m erican W ater W orks Association, Vol. 1, 1914, 
N o . 3, pp. 403-55 .
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B y  C. L . P a r k e r , Solicitor of C hcm ical P atents, M cGill B uild ing, W ashington , D . C.

H y d ro g e n a tin g  O ils , F a ts , an d  F a tty  A cid s , E tc . J . N .
H u m p h re y s , J u n e  23, 19 14 . U . S . P a t. 
1,10 0 ,7 35 . T h e  oil to  b e  h y d ro g e n a te d  is 
m ixed  w ith  a  fin e ly  d iv id e d  c a ta ly t ic  a g en t 
an d  cau sed  to  m o ve  in  a  film  r e la tiv e ly  s lo w ly  
and  q u ie tly  o v er  a  circu ito u s p a th  in a n  a t­
m osphere c o n ta in in g  h ydro gen .

T r e a tm e n t o f P e tro le u m  H y d ro carb o n s. 
B a c o n  an d  C la rk , J u n e  23, 19 14 . tT. S . P a t. 
1 ,10 1,4 8 2 . T h is  p rocess is design ed  fo r con ­
v e r tin g  in to  gasolin e  p etro leu m  h yd ro carb o n s 
from  w h ich  th e  u su al gasolin e co n te n t has 
a lre a d y  b een  rem o ved  b y  fractio n al d istil­
la tio n  or h y d ro carb o n s n o rm ally  free from  gas­

oline. T h e  p rocess co n sists  in p ro d u cin g  sa tu ra te d  gasoline h y d ro ­
carb on s (i. e., h y d ro carb o n s h a v in g  b o ilin g  p o in ts ra n gin g  from  
a b o u t 3 0 0 C . to  15 0 °  C ., a t  a tm o sp h e ric  pressure), b y  s im u ltan e ­
o u sly  d eco m p o sin g  and  d istillin g  u n d e r a  pressure o f from  100 to  
300 p ou n d s p er sq . in. p etro leu m  h y d ro ca rb o n s h a v in g  a  boil-

" A . ”  T h e y  a re  th en  m ixed  w ith  h y d ro ca rb o n  gases a n d  th e  
m ix tu re  h e ate d  to  a  h ig h  te m p e ratu re  in  th e  g a s  c o n v e rtin g  
ch a m b er " B , ”  th e r e b y  re a rra n g in g  th e m  in  th eir  co m b in a tio n s.

ing p o in t o f a b o u t 2 50 ° C . and  u p w ard , th e  o p era tio n  b ein g  co n ­
tin u ed  a t  a  ra te  to  g iv e  a  y ie ld  o f s a tu r a te d  g a so lin e  h y d ro c a r­
bons o f a  m inim u m  v o lu m e o f 18 p er ce n t o f th e  d istillin g  ch arg e, 
and  su b se q u e n tly  tre a tin g  th e  d is tilla te  th u s o b tain ed  fo r the 
sep a ra tio n  o f th e  s a tu r a te d  gasolin e  h yd ro carb o n s.

C a rb o n -R e m o v e r. C . B . L o n g e n e c k e r , J u n e  30, 19 14 . U . 
S . P a t . 1 ,10 1,6 4 6 . T h is  is a  co m p o u n d  fo r tre a tin g  cy lin d ers 
o f in tern al co m b u stio n  engines co n sistin g  o f sod iu m  ch lorid  and  

su lfur.

S u lfu r  a n d  S u lfa te s  fro m  S u lfite s . C . H a n se n , J u n e  30, 
1914 . U . S . P a t. 1 ,10 1,7 4 0 . S u lfu r  a n d  su lfa tes  are  produ ced  
b y  h e a tin g  so lu tio n s o f a  m ixtu re  o f tw o  m olecules o f a  b isu lfite  
w ith  on e m olecule  o f a  su lfite  u n d e r pressure a n d  w ith  co n tin ­

uous stirr in g .

M e th o d  a n d  M e a n s  fo r F ix in g  N itro gen . 
W . S . L a n d is , J u ly  14, 19 14 . U . S . P^its. 
1,103,060 a n d  1,10 3,0 62. C a lc iu m  carb id  

co n tain ed  w ith in  a  b a g  o f lo o sely  w o ven  fa b ric  
is p laced  w ith in  p orous v esse l 3 in th e  ch am b er 
I and  e le c tr ic a lly  h eated , n itro g en  b e in g  a d ­
m itte d  th ro u g h  p ip e  11 d u rin g  th e  h e atin g  

o p eration .

F e rtilize r . F . S . W a s h b u rn , J u ly  14, 19 14 . U . S . P a t. 
1 ,1 0 3 ,1 1 5 . T h e  p h osp h oric a c id  co n ta in ed  in  p h o sp h a te  ro ck  
is ren d ered  a v a ila b le  as a  p la n t food  b y  tre a tin g  th e  ro c k  w ith  
su lfu ric  a c id  to  o b ta in  a  cru d e so lu tio n  o f p h osp h oric  acid  and  
th en  feed in g  th e  cru d e so lu tio n  so o b ta in ed  to  a  so lu tio n  co n ­
ta in in g  d i-am m on iu m  p h o sp h ate.

R e n d e r in g  S m e lte r  F u m e s  U s e fu l and  R e c o v e ry  o f T h e ir  
V a lu e s . C . S . V a d n er , J u ly  14, 19 14 . U . S . P a t. 1 ,10 3 ,16 5 .
T h e  sm elter fu m es are p u rified  o f th e ir  m ech an ica l im p u rities 
b y  p assin g  th em  th ro u gh  th e  m ech an ica l filter  in th e  ch am b er

C o m b u stib le  gases in  th e  rem ain in g  m ixtu re  are  re co v e re d  b y  
coolin g, w h ereb y  p a rt o f th e  im p u rities and  the m o istu re  are  
elim in ated .

P r o c e s s  o f M a k in g  B is u lf ite  o f S o d a . H . H o w ard , J u ly  28, 
19 14 . U . S . P a t. 1,10 4,8 97. L im e-m u d  is re a cted  u p o n  w ith  
so d iu m  b isu lfite , th e r e b y  fo rm in g ca lc iu m  su lfite  a n d  sod iu m

d iv id e d  p h o sp h ate  m a te ria l to  be tra n sfo rm ed  in to  ca lc iu m  acid  
p h o sp h ate  is sp ra y e d  w ith  su lfu ric  a cid , th e  process b e in g  p ref­
e ra b ly  carried  o u t in th e  a p p a ra tu s  illu strated .

su lfite . S o d iu m  su lfa te  is ad d ed  a n d  th e  re su ltin g  m ix tu re  is 
re a cted  u p on  w ith  su lfu r d io xid  a t  a  tem p eratu re  b e tw e e n  4 5 0 
C . and_65° C ., th e re b y  fo rm in g  ca lc iu m  su lfa te  a n d  so d iu m  b i­
sulfite.

C a lciu m  A c id  P h o sp h a te . E . W . R e e d , J u ly  28, 1 9 14 . U . 
S . P a t. 1,10 5,30 4. A  m o v in g  b o d y  o f a ir  lad en  w ith  th e  fin e ly
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O R G A N IC  C H E M IC A L S  Silver N itr a te ...........................................................................Oz.
Soapstone in b a g s ................................................................Ton
Soda A sh (48 per c e n t) .....................................................C.
Sodium  A ce ta te .................................................................... Lb.
Sodium  B icarbonate (d om estic)................................... C.
Sodium  B icarbonate (E n g lish )...................................... Lb.
Sodium  B ichrom ate............................................................Lb.
Sodium  C arbonate (d ry ).................................................. C.
Sodium  C hlorate.................................................................. Lb.
Sodium  H ydroxide (60 per c e n t) ................................. C.
Sodium  H yp osu lfite ............................................................C.
Sodium  N itra te  (95 per cent, s p o t ) ..............................C.
Sodium  S ilicate (liq u id ).....................................................C .
Strontium  N itr a te ............................................................... Lb.
Sulfur, F low ers (sub lim ed )..............................................C.
Sulfur. R o l l . . . . .....................................................................C.
Sulfuric Acid (60° B ) .................................................. : .  .C .
T alc (A m erican)................................................................... Ton
Terra A lba (A m erican), N o . 1 .......................................C.
T in  Bichloride (5 0 ° ) ...........................................................Lb.
T in  O xide................................................................................ Lb.
W hite Lead (Am erican, d ry )..........................................Lb.
Zinc C arbonate..................................................................... Lb.
Zinc Chloride (gran u lated )..............................................Lb.
Zinc Oxide (Am erican p rocess)..................................... Lb.
Zinc S u lfa te ............................................................................ C.

O IL S, W A X E S , ETC .

B eesw ax (pure w h ite )......................................................... Lb.
Black M ineral Oil, 29 g ra v ity .................. .....................Gal.
Castor Oil (N o . 3 ) ...............................................................Lb.
Ceresin (yellow )....................................................................Lb.
Corn O i l . . ...............................................................................C.
C ottonseed  Oil (crude), f. o. b. m ill.............................Gal.
C ottonseed  Oil (p. s ;  y . ) ....................................................Lb.
Cylinder Oil (light, f i l t e r e d ) .. ....................................... Gal.
Japan W a x ..............................................................................Lb.
Lard Oil (prime w in ter)....................................................Gal.
L inseed Oil (raw ).................................................................Gal.
M enhaden Oil (cru d e)............................... *.......................Gal.
N ea tsfoo t Oil (2 0 ° ) .............................................................Gal.
Paraffine (crude, 120 & 122 m. p .) ..............................Lb.
Paraffine Oil (high v isco s ity ) ......................................... Gal.
R osin  (“ F "  grade) (280 lb s .) .........................................Bbl.
Rosin Oil (first ru n ).............................................................Gal.
Shellac, T . N ..........................................................................Lb.
Sperm aceti (ca k e)................................................................Lb.
Sperm  Oil (bleached w inter), 3 8 ° ................................ Gal.
Spindle Oil, N o . 2 0 0 ...........................................................Gal.
Stearic A cid  (double-pressed)........................................ Lb.
T allow  (acid less).................................................................. Gal.
Tar Oil (d istilled )................................................................ Gal.
Turpentine (spirits o f ) ........................................................ Gal.

M E T A L S

Alum inum  (N o. 1 in g o ts )............. •................................... Lb.
A ntim ony (H allet’s ) ...........................................................Lb.
B ism uth  (N ew  Y o rk ).........................................................Lb.
Bronze pow d er...................................................................... Lb.
C opper (electro ly tic).......................................................... C.
C opper (la k e )........................................................................ C.
Lead, N . Y ..............................................................................C.
N ic k e l........................................................................................Lb.
Platinum  (refined)...............................................................Oz.
S ilv e r ........................................................................................ Oz.
T in ..............................................................................................C.
Z inc............................................................................................ C.

F E R T IL IZ E R  M A T E R IA L S

A m m onium  S u lfa te .............................................................C.
B lood (d ried )...........................................................................U n it
B one, 4 1/* and 50 (ground, ra w )..................................T on
C alcium  C yanam id ................................... U n it of A m m onia
Calcium  N itra te  (N orw eg ian ).......................................C.
C astor m ea l..............................................................................U n it
F ish  Scrap (dom estic, d ried )............................................U nit
Phosphate, acid (16 per cent b u lk )..............................Ton
Phosphate rock; f. o. b. mine:
Florida land pebble (68 per c e n t) ................................. Ton
T ennessee (70 -80  per c e n t) ..............................................Ton
Potassium , “ m uriate,” basis 80 per c e n t ................. .T on
P yrites (furnace size, im p orted ).....................................U nit
T ankage (h igh-grade)......................................................... U nit 3 .1 5

A cetan ilid ............................................................................... Lb. 30 @ 32
A cetic Acid (28 per c e n t) ...................... .......................... C. 1 .50 © 1.65
A cetone (d ru m s)........................................ .......................... Lb. 11»/* @ 12 V*
A lcohol, denatured (180 p ro o f).....................................Gal. 33 @ 35
A lcohol, grain (188 p ro o f)..................... ..........................Gal. 2 .6 0 @ 2 .6 5
A lcohol, wood (95 per c e n t) ................. ..........................Gal. 45 @ 47
A m yl A ceton e ........................................................................Gal. 2 .5 0 @ 2 .7 5
A niline O il..................................................... ........................ Lb. — @ —
B enzoic A c id ................................................ ................. .L b . — @ —
B enzol (90 per c e n t) ................................. ........................ Gal. — @ —
C am phor (refined in b u lk ) .................... - ................... Lb. — @ 60
Carbolic A cid  (d ru m s)............................ 36 @ 38
Carbon B isu lfide........................................ ........................Lb. 10 @ 15
C arbon T etrachloride (d ru m s)............ ........................Lb. _ @ 15
C hloroform .................................................... 30 © 35
Citric A cid  (d om estic), crysta ls .......... ........................ Lb. 70 © 72
D extrine (corn )........................................... ........................C. 3 .0 7 @ 3 .3 2
D extrine (im ported p o ta to ) .................. ........................ Lb. — © —
E ther (U . S. P ., 1900).......................................................Lb. 15 @ 20
F orm ald eh yde............................................. ........................ Lb. 8 V» @ 9»/t
G lycerine (d y n a m ite ).............................. ..........................Lb. 24 © 25
O xalic A c id ................................................... ..........................Lb. 15 © 18
Pyrogallic Acid (b u lk )............................. ........................Lb. 1 .90 © 2.10
Salicy lic  A c id .........................................................................Lb. 1.20 © 1.25
Starch (cassava )......................................... ........................ Lb. 3 Vi @ 4
Starch (corn )..........................................................................C. 2 .3 9 @ 2 .5 0
Starch (p o ta to ).....................................................................Lb. — © —
Starch (r ice)................................................ ..........................Lb. — © —
Starch (sago ).......................................................................... Lb. — © —
Starch (w h ea t)...................................................................... Lb. 5 @ 10
T an n ic Acid (com m ercia l).................... 60 @ 66
T artaric A cid, crysta ls .......................................................Lb.

IN O R G A N IC  C H E M IC A L S

50 @ 55

A cetate of Lead (brown, b rok en )----- 7V« @ 7V t
A cetate of L im e (g ra y )..................................................... C. 1 .5 0 © 1 .55
Alum  (lu m p ).......................................................................... P. .2 .7 5 @ 3 .0 0
A lum inum  Sulfate (h igh-grade). .................. c. *1 .50 @ 2.00
A m m onium  C arbonate, (d o m estic ) ............................ Lb. 10 @ 11
A m m onium . Chloride, (g r a y ) .............. .......................... Lb. 6*/< © 6*A
Aqua A m m onia (drum s) 1 6 ° ............... ........................ Lb. 2V< © 2V i
A rsenic (w h ite ) ........................................... 5 @ 6
Barium  C hloride........................................ 1.20 © 1.30
B arium  N itr a te ..................................................................... Lb'. — @ —
B arytes (prime w hite, foreign )........... 20.00 @ 2 7 .0 0
Blfeaching Pow der (35 per c e n t) ......... 2.00 @ 3 .0 0
B lue V itr io l.................................................. .......................... C. 4 .5 0 © 4 .7 5
B orax, crystals (b a g s)............................. .......................... Lb. 3«/4 © 4 1/*
Boric A cid, crystals (p ow d .).............. ........................... Lb. 7*/4 @ 8
Brim stone (crude, d o m estic ) ................ 22.00 @ 2 2 .5 0
Brom ine (b u lk )..................................................................... Lb. 40 © 50
C alcium  Chloride (lu m p )...................... .......................... Ton 11 .80 ©  12 .00
Chalk (light p rec ip ita ted )..................... ...........................Lb. 8 © 10
C hina C lay (im p orted )........................... 14.00 @ 16 .00
F eld sp ar......................................................... — © —
Fuller’s E arth  (powdered, foreign).. .......................... Ton — @ —
Green V itriol (b u lk )................................. 55 @ 60
H ydrochloric A cid (1 8 ° ) ........................ .......................... C. 1 .15 © 1.65
Iodine (resublim ed).................................. 3 .7 5 © 4 .0 0
Lead N itr a te .......................................................................... Lb. 8»/4 @ 8»/«
L itharge (A m erican).............................. .......................... Lb. 5 @ $'/*
L ithium  C arb onate............................................................. Lb. 1 .25 @ 1 .3 0
M agnesium  C arb onate ........................... .......................... Lb. 5 @ 6
M agnesite “ C alc in ed ’ 1......................... 4 5 .0 0 @ 5 0 .0 0
N itr ic  A cid ( 3 6 ° ) ..................................... 3 » /i © 4V4
Phosphoric A cid  (sp. gr. 1 .7 5 )........... 28 @ 28V*
Phosphorus................................................. 35 © 95
Plaster of P a r is ......................................... 1 .50 © 1.70
Potassium  Bichrom ate ( 5 0 ° ) .............. 13 © 15
P otassium  B rom ide................................ .......................... Lb. 70 @ 80
Potassium  C arbonate (calcined), 80 @ 8 5 % ..........C. 12 @ 15
Potassium  C hlorate, crysta ls............. ...........................Lb. 15 @ 16
Potassium  C yanide (bulk), 98 -99% . ......................... Lb. 25 @ 30
Potassium  H yd rox id e............................ .......................... C. 3 2 .0 0 @40.00
Potassium  Iodide (b u lk ) ...................... .......................... Lb. 3 .1 5 @ 3 .2 5
Potassium  N itra te  (cru d e).................. ...........................Lb. — @ —
Potassium  Perm anganate (bulk) ..........................Lb. 35 @ 40
Q uicksilver, Flask (75 lb s .) ................ 5 0 .0 0 © —
R ed Lead (A m erican)........................... ...........................Lb. 5»/* @ 6
Salt C ake (glass m akers’) .................... .......................... C. 55 © 65

33 @ 35
10.00 © 12.00

67 Vs @ 72Vi
5 @ 7

1.00 @ 1.10
3 V* © 4
4»/4 @ 5

60 @ * 80
— @ 14

1.55 @ 1.57 V*
1.60 @ 1.90

— @ 1.90
60 @ 70
15 © 17

2.20 © 2.60
1.85 @ 2.15

85 © 1.00
15.00 @ 20.00

75 @ 80
9*/4 @ 10

37 @ 38
5V4 @ 5V*
8V* @ 9
41/1 @ 5
5*/» © 6V*

2.35 @ 2.70

45 @ 57
13V* © 14
8V4 @ 9

12 @ 22
5.45 @ 5.55

29 @ 30
5 V* @ 6

21V* @ 32
13 @ 14
90 @ 92
45 @ 50
33 @ —
96 @ 98
3V» @ 3V4

27 @ 28
4.05 © —

25 @ —
17 © 18
28 @ 30
70 @ 71
18 @ 19
9 @ 11

64 @ 66
30 @ 31
47 V* © 48

18 @ 18 V*
12 @ 12 V*

2.10 @ 2.15
— @ —

11.15 @ —
11. 67 V*

3.50 @ —
— @ —

50.00 @ 52.00
50V s

28.75 @ 30.00
4.80 © 4.90

2.55 @ 2.62»/*
3.15 @ 3.20

27.50 @ —
2.22*/* @ 2.40

— @ —
— @ —

3.00 10
7.50 @ —

2.25 @ 2.50
5.00 @ 5.50

nom inal
13 @ —
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