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FIFTIETH MEETING AMERICAN C H EM IC A L SO C IETY
T h e Spring M eetin g of th e A m erican  C hem ical 

S o cie ty  convened in N ew  Orleans, M arch  3 1st to 
A p ril 3rd; th e to ta l registration  w as 236. T h e form al 
opening session and th e pu b lic  sym posium  b y  th e 
D ivision  of In d u strial and E ngineering C hem ists were 
h eld  a t T u lan e U n iv ersity  on T h u rsd a y , A p ril 1st. 
T h e m eetings of the D ivision s and th e  G eneral P u b 
lic  M eetin g on T h u rsd a y  even ing, to o k  place in th e 
G rünew ald  H otel, th e official headquarters.

R egistration  w as p ra ctica lly  com pleted  on W ed 
n esday. E ach  m em ber, or gu est, w as presented w ith 
a  badge and a w atch  fob , th e design of the seal being a 
com bin ation  of the L ouisian a S ta te  seal and  th e A . 
C . S. insignia. N o official m eetings to o k  place on 
W edn esday and th e  gu ests m ade th e  m ost of the 
o p p o rtu n ity  for sightseeing, in  w hich th e y  were aided 
b y  th e  R ecep tion  and  E n terta in m en t C om m ittee.

It  w as th e sta te d  in ten tion  of th e L ocal C om m ittees, 
headed b y  M r. W . L . H ow ell, C h airm an  of th e  L ocal 
Section , to  show  th e v isitors as m an y of th e  unique 
and  ch aracteristic  featu res of N ew  O rleans as was 
possible in th e  lim ited  tim e allow ed. In  th is he was 
a b ly  assisted b y  his nine com m ittees, in cludin g the 
L a d ies ’ C om m ittee led b y  M rs. E . J. N orthrup .

On W ed n esd ay a ftern oon  th e v is itin g  ladies were 
trea ted  to  a m otor trip  w hich w hirled  th em  from  the 
G rü n ew ald  H otel th ro u g h  th e in terestin g b u t fast 
d isappearin g French q u arter o u t th rough  lo v e ly  tro p i
cal p arks to  th e shores of L a k e  P o n tch a rtra in  and b ack  
am ong th e n ew er and m ore p reten tiou s residence sec
tion s of th e c ity  to  th e  foo t of C an al S treet w here th e y  
jo in ed  th e  rest of th e  con ven tion  in th e b o at ride on 
th e M ississippi. T h e steam er “ Sydney"  had been 
ch artered  for th e  occasion  b y  th e L ocal Section ; it 
w as decorated  w ith  Spanish m oss on th e outside, and 
th e  ca.bin, la v ish ly  adorned w ith  flow ers and vines, 
presented  a tr u ly  southern  appearan ce; here th e com 
p lim en ta ry  sm oker w as held la ter  in th e  evening. 
T u rtle  soup, cold m eats, salads, ice cream  and cakes, 

’“ sm okes”  of va rio u s kinds, beer and punch were served 
in abun dan ce to  275 m em bers and guests. M usic b y  
A n d erson ’s d a rk y  b an d  and W a lter  C o q u ille ’s E n te r
tainers, com ic songs and real d a rk y  dancing helped to 
prom ote in an inform al w a y  th e m akin g of new a c
q uain tan ces, as w ell as to  relieve th e visitors from  th e 
strain  occasioned b y  th e long railroad  jo u rn ey  to  N ew  
O rleans. T h e com m ittee in  charge deserve th e  h ea rty  
th an ks of th e S o cie ty  for p ro vid in g such a deligh tfu l 
m eans of beginning th e  m eeting.

T h e C oun cil m et at th e  H otel G rü n ew ald  on 
W ed n esd ay even in g. T h e m in utes of th e  m eetin g a p 
pear in fu ll in the M a y  issue of th e Journal of the Society.

T h e S o ciety  w as fo rm a lly  w elcom ed to  N ew  O rleans 
b y  M a yo r M a rtin  B ehrm an , and b y  D r. R o b ert Sharp, 
P resident of T u lan e U n iv ersity . In  rep ly  to  their 
cordial greetings and expressions of ap p reciation  of 
th e  va lu e  of th e services of chem ists to  the whole 
S outh  as well as to  N ew  O rleans, P residen t C harles 
H olm es H erty  spoke for th e S o ciety : his address is

prin ted  in fu ll below . T h e form al opening address 
on “ T h e In d u stria l R esources and O pportunities of 
the S o u th ,”  b y  D r. A . D . L ittle , is also presented below. 
T h e  Sym p osium  on “ T h e C o n trib u tio n s of the Chemist 
to  A m erican  In d u stries ,”  in cludin g th e  address by 
.Dr. B ernhard  C . H esse on “ T h e C h e m ist’s Contri
bution  to  th e  In d u stria l D evelop m en t of th e  United 
S ta tes— A  R ecord  of A ch ie v e m e n t,”  appeared in full 
in  th e precedin g issue of T h i s  J o u r n a l . T h e entire 
program  of papers is prin ted  elsew here in th is issue.

On T h u rsd a y , th e T u lan e R e fecto ry ' served a com
p lim en tary  luncheon to  th e co n ven tion ; afterwards 
an hour w as spent in  an in spection  of th e buildings 
and exten sive grounds of th e  U n iv ersity .

T h rou gh  th e  efforts of P rof. P h illip  A sh er, Chair
m an of th e P u b lic ity  C om m ittee, th e  N ew  Orleans 
papers had given  am ple n otice of th e  conven tion  and 
all public  m eetings were well atten d ed .

T h e A b stra cto rs ’ D inn er w as served  a t th e Chess, 
C h eckers and W h ist C lu b  on T h u rsd a y  evening. 
E d ito r  E . J. C ran e em phasized  th e  un usual and pre
em in en t im portan ce of our A b stra c t Journ al during 
th e present u n settled  period, w hich will continue, of 
course, u n til som e tim e a fter th e  close of th e  European 
w ar. U p to  th e present tim e th e  chief aim  has been 
to m ake A b stra cts  cover th e  en tire field of chemical 
and related  literatu res, co m p lete ly  and prom ptly, 
b u t now  th a t th is is p ra ctic a lly  accom p lished, arrange
m ents are bein g m ade to  m a teria lly  im p rove th e quality 
of th e  A b stra cts  furnished. A b stra cto rs  and users 
of A b stra cts  were in v ite d  to  coop erate to w a rd s this endl

T h e B an q u e t w as held on F rid a y , even in g at the 
R e sta u ra n t de la  L ouisian e, th e  en tire cuisine being* 
Creole. One hun dred  and nineteen  gu ests enjoyed 
th e un usual and delicious feast. T h e  ladies were 
presented  w ith  huge frag ra n t b ou qu ets of sweetpeas. 
and ferns and  each received  a handsom e, silver souvenir 
spoon, th e  design on th e  handle representin g a rive: 
scene a t th e  d ocks of N ew  O rleans. P rofessor B. P. 
C ald w ell, of T u lan e U n iv ersity , acted  as Toastm aster 
and short speeches were m ade b y  P rof. H e rty , Presi
dent of th e S o cie ty ; M r. H ow ell, C h airm an  of th e Local 
Section ; D r. C arl A lsb erg, H ead of th e  U. S. Bureau 
of C h em istry ; and D r. C h as. L. Parson s, Secretary 
of th e  S ociety .

T h e  C om m ittee on E xcursion s had arran ged  for the 
inspection  of th e  N ew  O rleans W a ter  Purification 
P la n t and an excursion to the S alt M ine a t Weeks 
Island, 130 m iles from  N ew  O rleans. R eports of 
these excursions are g iven  elsew here in th is issue.

In addition  to  being w elcom ed at all sessions of the 
m eeting and all social fu n ctio n s, th e v isitin g  ladies 
were en terta in ed  b y  a p erso n ally  con d u cted  tour 
th rough  th e  V ieu x  C arré and  a v is it to  th e  Newcom b 
p o ttery . A ll w ere charm ed w ith  th e  trop ica l aspects 
of th e  c ity  and vo iced  w arm  praise of th e cordial 
h o sp ita lity  of th e  people of N ew  O rleans.

T h e  L ouisian a Section  and T u la n e  U n iv ersity  de-
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D e l e g a t u s  o p  t h e  F i f t i e t h  M e e t i n g  o f  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y  a t  T u l a n e  U n i v e r s i t y ,  N e w  O r l e a n s

serve the h igh est praise for th e  sk illfu ll and efficient 
manner in w hich th e y  h an dled  th e details of th e  con
vention as well as for th e  m an y un ique and en jo yab le  
features which th e y  added to  th e  p u rely  scientific 
and .business program  of th e  F iftie th  M eetin g of our 
Society.

P R E SID E N T ’S A D D R ESS

B y  C h a r l e s  H o l m e s  H e r t y

It is m y p leasan t d u ty , in b eh alf of th e  m em bers 
of the A m erican C h em ical S o ciety , to  express our 
grateful appreciation  of th e  cordial w ords of w elcom e 
so generously sp oken  b y  th e  people of N ew  O rleans 
through M a yo r B ehrm an , and b y  th e  m em bers of 
Tulane U n iversity  th ro u g h  P resid en t Sharp.

So hearty and so ev id e n tly  sincere is th is greetin g  
that no other assurance could  be required  th a n  th e 
gracious words of th e speakers. Y e t  another proof 
does exist. T en  yea rs  ago th is  S o cie ty  m et in N ew  
Orleans and th e  m em ories of th a t  d eligh tfu l w eek are 
still keenly a live in th e  h earts of all w ho were present 
at th at m eeting. I t  w as n ot a m a tter of surprise, 
therefore, th a t th e in v ita tio n  to  m eet here again  w as 
gladly accepted.

But as I th in k  of th e trem en dous chan ges w hich 
have taken place in  th e  South  durin g th e in terven in g  
decade I can not help b u t feel th a t  th e  a ccep tan ce of 
the invitation  w as p rom p ted  also b y  a desire to  get 
into sym p ath etic  tou ch  w ith  th a t  new  sp irit whose 
throbbing can be fe lt  th ro u g h o u t our b eloved  so u th 
land today.

T h a t sp irit is n ot y e t  en tire ly  freed from  th e sh ackles 
of u ltra-con servatism  and lon g-accustom edness, b u t 
th e th o u g h t of th e  nearness of th e d a y  of its  fu ll em anci
p a tio n  te m p ts me b eyo n d  resistance to  q u it th e  rôle 
of respondin g gu est and to  jo in  w ith  y o u  of N ew  O rleans 
in  w elcom ing to  our m idst th is group of m en whose 
presence has a lw a y s p ro ved  an in ca lcu la b le  blessing.

Ours is a lan d  la v ish ly  blessed w ith  n atu ra l resources 
— theirs th e hands w hich ta k e  th ese p rod u cts under 
closest scru tin y  and b y  p a tien t and laborious research 
shape th em  into  greater blessings for h u m a n ity .

Of w h a t va lu e  were th e  w on derful deep-seated 
su lfur deposits of th is s ta te  u n til th e dogged persis
ten ce of a F rasch  b rou gh t th is  golden m aterial to  the 
surface b y  an ingenious a p p licatio n  of th e  b read 
m a k e r’s art, and th e re b y  chan ged  co m p lete ly  th e  su l
fu r m arket of th e  w orld. A re we to  rest content, w ith  
su p p ly in g  th is  raw  m aterial w hile th e m ethods of 
ch an gin g it  in to  m ore v a lu a b le  form s are so w ell 
kn ow n  and are open for use b y  all?

A g ain , w e fa ll so easily  in to  th e  po etic  h a b it of 
sp eakin g of our “ sn o w -w h ite”  fields of cotto n , a lth ou gh  
we w ell kn ow  th a t  w hen th is  co tto n  has been w oven 
in to  cloth  it  show s a m arked  yello w  coloration . B u t 
th e  chem ist com es to  th e aid of n ature and  sets free 
from  its  tran q u iliz in g  union w ith  sodium  th a t  elem ent, 
chlorine, w hich gives th e p erfect b leach, so th a t  a 
co tto n  cloth  m a y  be m ade th a t  is p leasing to  th e  eye. 
H ere in  y o u r v a st deposits of rock  sa lt is stored suffi
cien t chlorine to  bleach th e  co tto n  crops for yea rs  to  
com e. Shall it  continue in  th is idle sleep?

Our esth etic  ta ste s are also ex a ctin g ; m ere w h ite 
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ness does n ot sa tisfy ; v a r ie ty  of color is dem anded, 
and at th e outset n ature w as draw n upon for dyes, 
successful b in ding to the cotto n  cloth  being effected  
b y  th e chem ist through th e aid of variou s m ordants. 
T h en  follow ed th e w onderful developm en t of th e 
coal-tar d ye in d u stry , a fascin atin g  ch ap ter in  G erm an 
chem ical in d u stry , cu lm in atin g in  th e  d isco very  of 
th a t group of dyes w hich need no m ordan t for a tta c h 
in g them selves firm ly to  th e  co tto n  fiber. In  the 
developm ent of th is in d u stry  n ature has been far 
surpassed in regard  to  both  shades and  d u ra b ility . 
So insistent is th is dem and for colors th a t  m an y of 
our lab orin g class are to d a y  th reaten ed  w ith  enforced 
idleness if the artificial d yestu ff su p p ly  is com p letely  
sh ut off b y  th e com plications of th e  foreign  w ar. M uch 
more will be said  upon th is su b ject durin g th is m eet- 
b y  those fa r b etter qualified to  sp eak  con cern 
ing it.

T h e chem ist brings co tto n  and n itric  acid  togeth er 
and behold a w onderful series of substances, v a ry in g  
from  gu n cotto n , th a t  pow erfu l exp losive now  p la yin g  
so terrible a rôle in th e fa te  of m ankind, th rough  cam era 
and  m ovin g p ictu re film s to  celluloid, to  th e  b eau tifu l 
artificial silk , and  in ligh ter  vein , if y o u  w ill, to  the 
w igs of stra ig h t b la ck  hair w hich h ave su p p lan ted  th e 
a n ti-k in k  nostrum s so ea ge rly  b ou gh t b y  th e more 
m odern of our d arker population .

T h e sta tu tes  of M ississippi once im posed a h e a v y  
fine for allow ing cotton seed  to  endanger h ealth  b y  
its rottin g, or for fou lin g th e  stream s into  w hich it  
w as th row n , b u t th e chem ist so lved  th e  problem  of 
profitab le cottonseed oil m an u factu re and a new 
source of w ealth  was opened to  th e S ou th . E ven  to d a y  
he is ch an gin g th a t  oil b y  a new  process in to  a b etter 
lard  th a n  ever graced  a g rea sy  grun ter.

M uch use is m ade of th e chem ist in th is oil in d u stry , 
b u t it  can n ot be considered to  be upon a th o ro u g h ly  
ratio n al basis u n til it  p a y s  for its  raw  p rod u ct, c o tto n 
seed, accordin g to th e a n a ly tica l results as to  oil and 
protein  present. P ast econom ic conditions h a ve  not 
ju stified  th is, b u t th e present is begin nin g to  show  it 
and  th e fu tu re will su rely  establish  it.

T h a n k s to  th e sp lendid  w ork of C h arles M . H all, 
th e b au xite  of m y n a tiv e  sta te , G eorgia, finds its  w a y  
to  N iagara  F alls  for chan ge in to  th e  b ea u tifu l m etal 
alum inum  b y  th e  e lectric  curren t generated  th ere b y  
fa llin g  w ater; y e t  all around its n ativ e  hom e the 
pow er of th e m oun tain  stream s has for centuries 
been neglected.

E ven  to d a y  shall we rest con ten t w ith  u tilizin g 
th is pow er sim p ly  for purposes of tran sp o rtatio n  and 
illum in ation  w hile we rem ain  a producer of raw  m a te
rial? T h is sam e w ater pow er con verted  in to  th e form  
of th e electric  curren t can  set free y o u r chlorine, can 
m ake ava ila b le  th e nitrogen  of th e free air for n itric  
acid , and can isolate yo u r alum inum . Our th o u g h ts  
for th e fu tu re develop m en t of chem ical in dustries 
in the South  m ust tu rn  to  th e b ette r  u tilizatio n  of 

vour now  alm ost n eglected  w ater pow ers.
T h ese are sim ply  ty p e s  w hich I h a ve  m entioned to 

y o u  th is m orning; a host of other illu stration s could 
be given , b u t I m ust not go fu rth er in th is line for the

first pap er on our program  to d a y , b y  M r. A . D . Little, 
w ill te ll th e fu ll sto ry . W e are esp ecially  glad to 
w elcom e M r. L ittle  into  our m idst, for he has been 
stro n gly  draw n  to  th e  possibilities of our section and 
his is th e  clear eye w hich sees and  th e  ste a d y  hand 
w hich can p o in t th e w a y  to  a tr u ly  greater future; for 
th ere is w aste all around us and th e  developm ent of 
our resources has scarcely  begun.

I can n ot close, how ever, w ith o u t registerin g a plea 
w hich is not local or sectio n al in its  character— a 
plea for closer coop eration  betw een  business men and 
th e  chem ists of our tech n ica l lab oratories and our 
ed u cation al in stitu tion s. C h em istry  is no “ black 
a r t ;”  th e  d a ys of m agic are p a st; th e  m ethods of re
search are w ell know n . P atien ce, tim e, accum ula
tin g  experience and good tra in in g  are sure to  bring 
rich  results. T h e  accom p lishm ents of chem ists in 
th e p a st are am ple proof of th is sta tem en t. Why 
should th e  pioneer be a lw a y s su b jected  to scoffing 
and  to  rid icu le? C an n o t th e  m an of finance dis
tin guish  betw een  a chem ist and a fakir?  T h e ear
m arks are plain. Our program  to d a y  con tain s affirma
tiv e  te stim o n y  on th is p o in t from  som e of th e  greatest 
husiness men of th is  co u n try . T h e y  h a v e  been able 
to  m ake th e  d istin ctio n , and th e y  h a ve  no vested 
rig h t in  th a t  a b ility . D r. H esse w ill to n ig h t summarize 
th is  situ a tio n  in an address w hich w ill clear m an y m at
ters and giv e  inspiration  for new  hope.

I con fid en tly  b elieve th a t  such a hope is fully 
■ ju stified . T h e  stim u lation  of th is w ar period  and the 
aw aken in g of our w hole people to  th e  need of closer 
cooperation  w arran t th e  belief th a t, w hile th e South 
w ill a lw a y s rem ain  a grea t agricu ltu ral section, through 
th e  blessings of its  fertile  soil and splendid  climate, 
there w ill also be developed  here in dustries undreamed 
of at present. T hese w ill co n v ert our raw  material 
into  m ore and m ore h igh ly  finished p roducts, not for 
th e  purpose of m ere sordid accu m u latio n  of wealth, 
b u t to  relieve in th e m asses of our people th a t  pinch 
of hardship  and p riva tio n  w hich fo llow ed  th e close of 
our civil w ar and w hich for m an y yea rs has m ade the 
stru ggle  for existence p aram ou n t to  all else. Is there 
reason for au gh t b u t optim ism ? Is n ot th e  air vi
b ra n t w ith  th e con viction  th a t a new  d a y  is dawning 
for th e  South?

W h a t p a rt are we of th e South  to  p la y  in th a t de
velop m en t?  T h e g rea t d iscoveries we now  m ake use 
of are n ot th e  p rod u cts of southern  brains. Frasch 
of G erm an y developed  our sulfur, H all of Ohio our 
alum inum , G a y le y  of P en n sy lva n ia  increased the 
o u tp u t .of our b la st furnaces b y  his d ry-a ir  b last, de 
C h ard on n et of F ran ce g a v e  us artific ial silk, Mercer 
of E n g la n d  our m ercerized co tto n , S ab a tier of France 
th e reaction  b y  w hich our cotton seed  oil is hardened, 
G erm an y th e  g rea t b u lk  of our dyestuffs.

W h a t can  our y o u n g men do? F or those whose 
ta ste s lead th em  to  ch em istry  as a profession, I would 
urge a m ore th o rou gh  tra in in g  in th e m ethods of 
research, w hich can be ob ta in ed  in our universities. 
I k n ow  th a t th is  n ecessitates a postpon em en t for several 
years of en tran ce in to  a ctiv e  business life, and requires 
an extra  exp en diture of fu n ds w hich m an y of our
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brightest yo u n g men do n ot possess. H ere lies the 
responsibility of our w ealth ier people— to aid  b y  g iv in g  
full educational a d va n ta g e s to  yo u n g men of th is ty p e  
and further to  see th a t  th eir ow n sons realize and 
appreciate th e great p a rt th e y  m ay p la y  in  th is  de
velopment if p rop erly  equipped. L o ve  of co u n try , 
section, and sta te , w hich m ean s y m p a th y  and  a c
quaintance w ith  those am ong w hom  we are to  w ork, 
constitute a m ost va lu a b le  a d v a n ta g e  in th e  stru ggle  
for success when it  form s th e  broad fo u n d atio n  on w hich 
is laid a thorough ed u cation al train ing.

Can our you n g m en afford  to  sit id ly  b y  and n ot do 
their share in th is great d evelop m en t now  a t hand? 
M y faith in th e ir  courage and a b ility , w hen once 
aroused, is u n w averin g.

C h a p e l  H i l l , N o r t h  C a r o l i n a

THE INDUSTRIAL RESO U R CES AND O PPO R TU N ITIES 
OF T H E  SO U T H 1

B y A r t h u r  D. L i t t l e

Only those w ho h a ve  stood  upon th e seashore and 
there endeavored con scien tiou sly  to  place th e A tla n tic  
Ocean inside a q u art b o ttle  b y  th e  aid of a teasp oon  
will appreciate th e te m erity  and difficulties in v o lv e d  
in an attem p t to  present w ith in  th e  com pass of a brief 
address the in d u stria l p o ten tia lities  of th e  South. 
Probably no one b u t a re lativ e  stran ger to  th e  South 
would m ake th e  a ttem p t a t all. N everth eless we 
are all prone to  overlo o k  th e ob viou s in  our im m ediate 
surroundings, and th e  visitor w ho looks upon them  
from a different stan d p o in t w ith  sy m p a th e tic  in terest 
and keen ap preciation  m a y  som etim es p o in t ou t new 
aspects in th em  and va lu es before un recognized. T h e 
man who view s a m oun tain  ran ge from  a distance 
may even trace  its outlin es and  sense its tren d  b etter 
than those who dw ell upon its  slopes. So it  happens 
that one whose know ledge of th e  South  is in no w a y  
comparable to  yo u r ow n m a y hope, th ro u g h  yo u r in 
dulgence, to  en list you r in terest and po ssib ly  to tu rn  
your thought in new  directions.

The aw ful sp ectacle of a w orld in arm s w hich we 
are forced to  co n tem p late  to d a y  m ust recall w ith  a 
peculiar viv idn ess to  m an y men and wom en N orth  
and South th e  horrors and desolation  of another 
struggle which w as concluded, h a p p ily  as we all now 
believe, ju st f ifty  yea rs ago. W hen we consider th a t 
the wealth of th e w hole U n ited  S ta tes in 1850 w as es
timated a t a little  m ore th a n  $7,000,000,000, and the 
cost of the w ar to  th e  South  has been co n serv a tiv e ly  
figured at S4,000,000,000, we m a y gain  som e fa in t 
notion of the m aterial burden  under w hich th e South  
slowly arose to  w ork ou t her destin y.

The situation  she then  faced  w as one to  d a u n t the 
stoutest hearts. I t  in v o lve d  a reorgan ization  of the 
whole econom ic an d 'social stru ctu re  in a lan d  m ourning 
the loss of the flow er of its  y o u th  and m anhood, w ith  
broken credit, cap ita l d estroyed , in d u stry  p rostrate, 
and stream s of im m igratio n  d iverted . T o  th e  burdens 
of the R eco n stru ction  P eriod w.ere added  th e  p a ra ly zin g  
fallacies of th e  G reen b ack  issue and th e  n ation-w ide 
disasters and sta gn a tio n  of th e pan ic of 1873 and th e

1 Opening Address, New O rleans M eeting, Am erican Chem ical Society, 
March 31 to  April 3, 1915.
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five  lean  yea rs w hich follow ed. N o t u n til 1880 did 
th e  South  begin  to  com e in to  its own.

E X T E N T  O F S O U T H E R N  IN D U S T R IE S

In  1880 th e  agricu ltu ra l ca p ita l of th e South  was 
$2,762,000,000 and th e  to ta l v a lu e  of its  agricu ltu ral 
o u tp u t $756,000,000. T h e co tto n  crop w as 5,761,000 
b ales of w hich th e  South  used 179,000 bales and the 
N orth  1,610,000. O n ly  a b o u t $330,000,000 were in 
vested  in m an u factu res; th e m ineral o u tp u t w as 
$18,000,000; th e ra ilw a y  m ileage w as a p p ro x im ately
25,000, and th e  p o pu lation  18,600,000. W ith  these 
figures in our m inds le t us a ttem p t th e  con stru ction  
of a con cep t of th e  in d u stria l South  to d a y .

T h e p o p u lation  of th e  South  in  19x2 has risen to  
33 ;475i000i and th e ra ilw a y  m ileage to  90,930. T h e 
p o pu lation  of th e  whole U n ited  S ta tes in  1880 w as 
ab ou t 50,000,000 and th e to ta l ra ilw a y  m ileage 93,000. 
In  general it  m a y  be said th a t th e  South  to d a y  is in 
a  far stron ger position  in d u stria lly  th a n  w as the 
en tire co u n try  in  1880. I t  cuts m ore lum ber, mines 
n ea rly  tw ice  as m uch coal, produces n ea rly  fou r tim es 
th e  petroleum , and  n ea rly  six tim es th e  spelter. I t  
has m ore loom s and spindles and a m uch larger in 
v estm en t in m an u factu rin g p lan ts. Its  agricu ltu ra l 
cap ita l is greater and th e prod u cts of its  farm s are 
w orth  50 per cen t m ore. It  m akes n ea rly  as m uch pig 
iron and tw ice  as m uch coke as th e w hole co u n try  
produced o n ly  th irty -fiv e  yea rs ago.

A G R IC U L T U R E  IN  T H E  SO U T H

A g ricu ltu re  is still and  a lw a ys w ill be th e greatest 
business of th e  South  and th e  b ackb on e of its  p ros
p e rity  a lth ou gh  even  now  th e va lu e  of m an u factu red  
prod u cts exceeds, b y  n ea rly  $900,000,000, th e  revenue 
from  its  farm s.

A s all th e w orld know s, th e South  affords a p ecu liarly  
fa vo ra b le  h a b ita t to  th e  co tto n  p la n t and th e  36,000,000 
acres under co tto n  produce a n n u ally  from  14,000,000 
to  16,000,000 bales of th e  fiber, or a b o u t 65 per cen t of 
th e w o rld ’s crop. In  th is conn ection  it  m a y  be said 
in passin g th a t chem ists b y  d evelopin g m ethods for 
u tilizin g  va lu es in  th e  cotton seed  h ave added from  $12 
to  $14 per bale, or perhaps $200,000,000 y e a rly , to  the 
va lu e  of th is single crop, so th a t  th e seed alone is now 
w orth  n early  as m uch as th e  en tire crop of i860. 
C o tto n  and seed to g eth er co n stitu te  ab ou t 30 per cent 
of th e to ta l v a lu e  of southern  farm  prod u cts, excludin g 
live  sto ck . T h e  u ltim ate  p rod u cts of th e  co tto n  p la n t 
to g eth er co n stitu te  30 per cen t of th e  m erchandise 
exp orts of th e  w hole U n ited  S tates. T h e  va lu e  of 
staple , linters and seed in 1913 w as $911,000,000. 
C orrespon din g va lu es for 1914 were $704,000,000, 
so th a t  th e E u rop ean  w ar m a y fa ir ly  be said to  have 
cost th e  South , on th is  one item , o ver $200,000,000.

M a n y  yea rs ago a certain  café in N ew  Y o r k  a tta in ed  
a cheap b u t w ide-spread n o to rie ty  b y  em bedding in 
th e  m osaic of its  floor a few  hun dred s ilver dollars. 
T h ere are 600,000,000 acres in  th e  South  and n early  
e v e ry  one of th em  carries on its  surface m ore dollars 
th a n  th e  floor of th a t  café. U pon 110,000,000 of these 
acres th e  South  now  raises crops v a lu e d  a t m ore than  
$3,000,000,000. F rom  1880 to  1910 a gricu ltu ral ca p i
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ta l increased from  a b ou t $2,800,000,000 to  n early  
$11,000,000,000, or 296 per cent.

In spite of th e proud preem inence of co tto n  in 
southern  agricu lture a considerable d iv e rsity  of crops 
has a lread y  been established. T exa s alone has raised
200.000.000 bushels of corn in a single y ea r  and th e 
valu e of th e 1913 corn crop in  th e  South  w as $766,000,- 
000. In  th a t year th e va lu e  of th e h a y  raised w as 
$111,000,000, w heat $95,000,000, and to b a cco  $72,000,- 
000, w ith another $125,000,000 in oats, Irish and sw eet 
po tatoes, sugar cane and c itru s fru its. T w e n ty  
m illion head of cattle , 25,000,000 sw ine and 9,000,000 
sheep add their values to  th e  w ealth  of southern  farm s.

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

Stran gers to  th e  South  do n ot com m on ly  th in k  of 
th is portion of our co u n try  as a m an u factu rin g com 
m un ity. T h e y  m a y therefore w ell be surprised  to 
learn th a t a lread y  th e  m an u factu res of th e South  
g rea tly  exceed in va lu e  th e p rod u cts of its  farm s and 
reach th e stup en dous to ta l of m ore th a n  $4,000,000,000. 
In  the 29 years from  1880 to  1909 th e cap ita l in vested  
in th e South  in  m an u factu res increased 900 per cent 
and th e va lu e  of m an u factu red  prod u cts 407 per cent. 
T h e census su rve y  of th e  entire co u n try  en um erates 
262 different lines of m an u factu re . Of these 236 are 
a lrea d y  carried  on in th e  So.uth. S ixty-fiv e  per cen t 
of the new spindles in stalled  in the U n ited  S ta tes since 
1890 are in  place in southern  co tto n  m ills w hich now  
operate o ver 12,000,000 spindles and consum e n early
3.000.000. bales of cotto n , w hereas the n orthern  m ills 
in 1913 used o n ly  2,500,000. T w o  southern  states 
a lrea d y  m an ufacture m ore co tto n  th a n  th e y  raise. 
T h e valu e of co tto n  goods prod u ced  is n early  $250,- 
000,000. One seldom  hears of southern  flour and grist 
m ills, y e t  their p rod u ct reaches th e  strik in g to ta l of 
$209,000,000.

T h e fa c to ry  p rod u cts of one south ern  s ta te , M issouri, 
reached a va lu e of $1,688,000,000 in 1912, w hich in 
cluded n early  $50,000,000 in boots and shoes and corn 
cob pipes to the num ber of 28,000,000: th e v a lu e  of 
M issouri m an ufactures to d a y  is p ro b a b ly  n early  or 
quite eq ual to  th e  to ta l va lu e  of southern  agricu ltu ral 
products in 1880. W est V irg in ia  claim s th e  largest 
p o tte ry  and largest glass fa c to ry  in th is co u n try  and 
th e largest ax fa c to ry  in th e  world.

In  nine years, begin nin g w ith  1900, eleven  southern  
m an u factu rin g industries, in clu d in g som e of th e grea test 
im p ortan ce, increased th e ir  ann ual o u tp u t b y  am ounts 
ran gin g from  259 per cen t to  2,380 per cent. T h e  to ta l 
increase in 92 lead in g industries w as from  $1,288,000,- 
000 to  $2,696,000,000, or 106 per cent. D u rin g th e 
sam e period cap ital in vested  in factories rose in T exa s 
from  $64,000,000 to  $217,000,000.

S O U T H E R N  F O R E S T S  A N D  L U M B E R  IN D U S T R IE S

T h e to ta l forest area of th e South  is estim ated  at
259.000.000 acres. T h a t of G erm an y is a b o u t 35,000,- 
000. In 1913 th e whole U n ited  S tates cu t 38,000,000,- 
000 feet of lum ber, of w hich th e South  cu t o ver 22 
billion, including 15 billion feet of ye llo w  pine. One 
Louisian a saw m ill cu ts 1,000,000 feet of th is  w ood a 
d ay. E ig h t years ago th e site selected  for th is  m ill w as

in a stretch  of v irgin  forest. T o d a y  it  stan ds upon 
th e  ou tskirts  of th e th riv in g  and u n u su ally  a ttractive  
little  c ity  of B o galu sa  w ith  over 10,000 inhabitants 
and stores, residences and pu b lic  build in gs w hich would 
be th e pride of m an y an older co m m u n ity  of much 
greater size.

T h e  ou tsta n d in g  predom in an ce of y e llo w  pine should 
n ot cause us to  overlo ok  th e fa c t  th a t  of m ore than 
f ifty  w oods m an u factu red  into lu m ber in th e  United 
S tates th e  South  cu ts o ver fo rty . In  case of ten  of the 
m ore im p o rta n t of th ese fif ty  woods th e  cu t of indi
v id u a l southern  sta tes ran ks first.

T h e  an n ual va lu e  of southern  lum ber is about 
$350,000,000, b u t th e reported  cu t excludes so many 
p rim ary  w ood p rod u cts of larger im portan ce th a t at 
lea st another $100,000,000 m ust be added  to repre
sen t th e ir  va lu e  and $25,000,000 m ore for n a v a l stores.

CO A L , C O K E  A N D  IR O N

C oal lies at th e basis of c iv ilizatio n  and  its  stored- 
up en ergy  is th e  present m easure of m an ’s command 
over n ature. E xclu d in g  lign ite, the coal areas of the 
southern  sta te s am ount to  ab ou t 88,000 square miles 
or over 50 tim es th e  coal areas of G erm an y, seven  times 
th ose of G rea t B rita in  and tw ice  those of all Europe 
in clu d in g R ussia . T h e  S o u th ’s present proved  re
serves of coal are estim ated  a t 530,000,000,000 tons 
or 25 per cen t m ore th a n  th e m ore th o rou gh  exploita
tion  of all E u rop ean  countries has disclosed— and these 
southern  reserves com prise 75 per cen t of all the coking 
coal in th e  U n ited  S tates. W est V irg in ia  alone has a 
fa r  greater coal area th a n  G reat B rita in  and Germ any 
com bined and she has m ined less th a n  ł/c of one per 
cen t of th e 150,000,000,000 ton s b en eath  her surface. 
N everth eless her 1912 o u tp u t of 67,000,000 tons was 
50 per cen t m ore th a n  all th e b itum in ous coal mined 
in  th e  U n ited  S ta tes in 1S80. A la b a m a  a lread y  stands 
n ext to  P en n sy lva n ia  in coke production .

W ith  coal, lim estone and iron ore closely  adjacent 
w ith in  her borders A la b a m a  has a lrea d y  dem onstrated 
her a b ility  to  m an u factu re pig iron m ore ch eap ly  than 
a n y  other lo c a lity  on earth  and “ he who has the iron 
w ill get th e  g o ld .”  H er present o u tp u t of 2,000,000 
ton s is m erely  an earnest of her p o ten tia lities. The 
im m ed iate ly  ava ila b le  southern  iron ores are esti
m ated  a t 2,600,000,000 ton s w ith  even  greater re
serves of ores of low er grade. T o g eth e r these con
stitu te  not less th a n  50 per cen t of th e  to ta l iron ore 
reserves of th e  cou n try .

P E T R O L E U M  A N D  N A T U R A L  GAS

I t  is d o u b tfu l if a n y  A m erican  p ro d u ct is better 
kn ow n  th ro u g h o u t th e E a st th a n  those tin s of kerosene 
w hich bear th e  lab el of th e S ta n d a rd  Oil Com pany. 
Our autom ob iles consum e an am ou n t of gasoline 
eq u iva len t in vo lu m e to th e  w a ter su p p ly  o f a tow n  o£
40,000 in h ab ita n ts. T h e  ran ge of en d eavor of N ew 
foun dlan d  fisherm en is determ in ed b y  its  price and the 
flight of aeroplanes over th e  b attle fie ld s of E urope is 
m easured b y  its  su p p ly . In  1890 th e  South  produced 
less th a n  500,000 b arrels of petroleum . In  1912 its 
o u tp u t w as 84,800,000 barrels. P assin g b y  th e  great 
deposits of L ouisian a and T exas, it  m a y  be pointed
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out th a t th e oil prod u ction  of O klah o m a alone in  19 11 
was 54,000,000 barrels.

Am ong these bounties of N atu re  w ith  w hich the 
South has been so p len teou sly  en dow ed few  h ave 
greater p o ten tia l va lu es and none h a ve  been w asted  
more recklessly  th a n  n atu ra l gas. M ore th a n  60 per 
cent of th e gas o u tp u t of th e co u n try , or 290,000,000,000 
feet, m ust now be credited  to  th e South . F rom  th e 
standpoint of in d u stria l u tilizatio n  th is is m ore th a n
1.000.000.000 feet per w orkin g d ay.

W A T E R  P O W E R  I N  T H E  SO U T H

The relative  cheapness of w a ter pow er as com pared 
to steam has determ in ed in th e  N o rth  th e  lo catio n  and 
developm ent of m an y great m an u factu rin g centers 
like H olyoke, L ow ell and L aw ren ce in  M a ssach u setts, 
and R um ford F alls  and  L ew iston  in M aine. T h e 
application of th is pow er to  electroch em ical in dustries 
has made N iag ara  F alls th e m ost in terestin g  place on 
earth to chem ists. C h eap  w ater pow er n ot o n ly  
implies b u t ensures th e u ltim ate  d evelop m en t of pu b lic  
utilities and th e  estab lish m en t of m a n u factu rin g 
plants w ithin  th e  radius w hich it  m ay  serve.

Seven years ago th e  U n ited  S ta tes G eological 
Survey estim ated  th e  m inim um  a va ila b le  pow er in 
eleven of th e  stream s w hich  h a ve  th e ir  head w aters 
in the Southern  A p p a lach ian  M o u n tain s a t 2,800,000
H. P. T h e estim ate  for all th e stream s of th e South  
has been put a t a b o u t 5,000,000 H. P . O n ly  abou t 
one-fifth of th is pow er has been d eveloped  and of th is 
amount n early  800,000 H . P . is in  th e  five sta te s of 
Alabam a, G eorgia, N o rth  C arolin a , S outh  C arolin a  
and V irginia. G eorgia alone has a va ila b le  500,000
H. P.

S E C O N D A R Y  M IN E R A L  R E S O U R C E S

The lavishness w ith  w hich N atu re has b estow ed 
her gifts upon th e  South  is now here m ore ap p a ren t th a n  
in the extra o rd in ary  v a r ie ty  and range of w h a t m a y  
be term ed th e  secon d ary m ineral resources of th is 
fortunate section  of our co u n try . A n  o u tp u t of $5,800 
worth of diam onds per w eek of th e  b est South  A frican  
quality in P ik e  C o u n ty , A rk an sa s, is in terestin g  and 
promises to  becom e sp ectacu lar, b u t it  shrinks to 
insignificance before m an y oth er southern  m ineral 
products. T h e  w hole c o u n try  kn ow s of th e  annual 
shipment of 8,000,000 boxes of F lo rid a  oranges and 
grape fruit, b u t r e la tiv e ly  few  of us g iv e  th o u g h t to  th e
3.000.000 ton s of th e  in fin ite ly  m ore im p o rta n t ph os
phate rock w hich F lo rid a  produces. T h is  is a b o u t 
four-fifths of th e  c o u n try ’s o u tp u t, p ra ctic a lly  a ll of 
which now com es from  th e  South.

Portland cem en t requires for its  m a n u factu re an 
assured sup ply of lim estone and c la y  or shale ad ja cen t 
to cheap fuel. N ow here are these conditions m et m ore 
fully or more gen era lly  th a n  in th e South . A s a result 
its developm ent of th e m a n u factu re of P o rtla n d  cem en t 
has become one of th e  in d u stria l m iracles of th e w orld. 
In 1890 th e p rod u ction  for th e  w hole U n ited  S tates 
was less th a n  400,000 barrels. In  19 11  th e o u tp u t 
of cem ent in th e southern  sta te s alone w as n ea rly
11.000.000 barrels.

The South has in exh au stib le  supplies of c la y s  w hich
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exh ib it e v e ry  desirable ran ge of q u a lity . T h ere are 
c la ys  in  an y  am ou n t desired for th e m akin g of com m on 
b rick  and  tiles, cheap p o tte ry  and drain  pipe, terra  
c o tta  and  p a v in g  b rick , and  prodigal am oun ts of th e 
finer w h ite  p lastic  c la y s  and kao lin s for china and  th e 
purposes of paper m akin g. T h e p rod u ction  of F u lle r ’s 
earth  is a lm ost e x c lu sive ly  a southern  in d u stry .

T h e  S outh  is eq u a lly  fo rtu n ate  in its  endless stores 
of sand and g ra vel, road m aterial and b u ild in g stones. 
T h e  la tte r  range from  th e  superb  G eorgia m arbles and 
th e  gran ite  of Stone M o u n tain  near A tla n ta , th rou gh  
e v e ry  v a r ie ty  and q u a lity , to  m eet a ll stru ctu ra l de
m ands.

Im m ense deposits of gyp su m  occur in several 
southern  sta te s and ochres, m ica, grap h ite , b ary tes, 
and corun dum  are am ong th e  w ell kn ow n  m ineral 
p rod u cts of th e  South.

T h e  h isto ry  of in d u stria l ch em istry  is a record re
p lete  w ith  rom an ce, and one of its  b est k n ow n  stories 
is th a t  w hich chronicles th e  develop m en t of th e  a lu m i
n um  in d u stry . In  1855 th e  m etal cost $90 a pound; 
th e C astn er process b ro u g h t th e  price to  $4 in 1889. 
T h en  H all in  A m erica  and  H droult in  E u rop e sim u l
ta n e o u sly  developed  th e  process w hich perm its its 
cheap prod u ction  b y  e lectro ly zin g  a lum in a in  a fused 
b a th  of cryo lite . B a u x ite  is an im pure alum in a and 
has b ecom e th e  chief source of th e  m etal. A rk an sas 
leads in th e  p rod u ction  of b au xite , b u t G eorgia, A la b a m a  
and T ennessee co n trib u te  large ly  to  th e  grow in g de
m ands.

A n oth er rom an ce of chem ical ach ievem en t is th a t 
w hich te lls  th e  s to ry  of th e  su lfur m ines in C alcasieu  
P arish , L ouisian a. T h ere su lfur in in exh au stib le  
am ou n ts lies 1,000 feet b elow  th e  surface and under 
500 fee t of q uicksands. A n  A u stria n  C o m p a n y, a 
F rench  C o m p a n y  and m a n y  A m erican  C om panies 
h ad  tried  in m an y ingenious w a ys to  w ork  th is deposit, 
b u t each had fa iled . F rasch  solved  th e  problem  b y  
forcin g su p erh eated  w ater dow n a boring, and pum p ing 
ou t th e  m elted  sulfur th rou gh  an inner tub e. T o d a y  
L ouisian a holds easily  w ith in  her hands th e  sulfur 
m arkets of th e w orld and supplies one-half th e  World’s 
consum ption .

Sulfur, as th e  d irect source of su lfuric acid , con
stitu te s  th e  fo u n d atio n  of a ll chem ical industries. 
T h e  k eysto n e of th e  stru ctu re  is com m on salt. T h is 
th e  South  b o u n tifu lly  supplies a t A v e r y ’s Islan d, also 
in  L ouisian a, and in th e  sa lt w ells of O klah o m a and 
W est V irg in ia.

T h e largest su lfuric acid  p la n t in th e  w orld is a t 
D u ck to w n , T en nessee, b u t th e  strik in g  fea tu re  of the 
in sta lla tio n  w hich holds th is record is th a t  th e acid  is 
m ade from  sm elter fum e, w hich com m on ly  in other 
p lan ts goes o n ly  to  create  a nuisance. T h e copper 
p rod u ction , w hich is th e p rim ary  o u tp u t of th e p lan t, 
is o ver 18,000,000 lbs. per yea r. T h e  largest copper 
refining p la n t in  th e  w orld  is a t P ata p sco , M a ryla n d , 
w ith  an an n ual p rod u ction  of 200,000,000 lbs.

In  19 11 , 42 per cen t of th e lead  o u tp u t of th e  co u n try  
cam e from  th e  S outh  and 41 per cent of th e  zinc 
p roduction . T h e  va lu e  of M issouri zinc alone w as
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$14,000,000. T h e largest p yrites  producing p la n t in 
the whole co u n try  is in  L ouis C o u n ty , V irg in ia.

T h ere are produced in  th e U n ited  S ta tes 57 useful 
m inerals. Of these ev e ry  one is m ined in th e South ex 
cep t p latin um  and borax.

T H E  F A IL U R E S  O F T H E  SO U T H

W e h a ve  review ed  in th e m ost casual and d isjointed  
m anner th e im m ediate achievem en ts and dem on strated  
resources of th e South in those th in gs w hich m ake for 
industria l preem inence. A ll these figures are well 
know n to  you. T h e y  h ave been set fo rth  tim e and 
again  in the pu b lication s of th e  federal go vern m en t 
and those of you r own states, and re iterated  w ith  com 
pelling em phasis and illu m in atin g com m en t b y  th a t 
apostle of southern a ch ievem en t and  p ro sp erity , th e 
Manufacturer’s Record. T h e  aggregate  of these s tu 
pendous figures represents an ach ievem en t and  a heri
tage of which a n y  people m a y  w ell be proud, b u t the 
co m m u n ity  whose eyes are filled w ith  a vision  of th e 
fu tu re should ta k e  m easure n ot of its  successes b u t of 
its failures. W h a t are th e fa ilures to  be charged 
again st th e South?

F irst of all there is the stup en dous fa ilu re of its . 
agricu lture. In 1909 o n ly  ab ou t 18 per cen t of th e 
to ta l area of th e South  w as tilled , w hereas 75 per cen t 
is a va ila b le  for tilled  crops. W h a t is more to  the point, 
the 110,000,000 acres, w hich were tilled , were m ost of 
them  tilled  b ad ly . U pon 35,000,000 acres the South  
raises as a m axim um  16,000,000 bales of cotto n — less 
th a n  V2 bale per acre. In  som e localities th e y ield  
shrinks even  to  132 lbs. per acre. A s com pared w ith  
this, G eorgia has raised upon 2500 acres 2700 bales, 
w hile as m uch as 2.38 bales has been raised upon a single 
acre in T exas. L ittle  m ore th a n  deeper p loughing 
and in te llig en t fertilizatio n  is required  to  double th e 
present co tto n  crop or to  produce th e  1914 crop upon 
half th e  present acreage, lea vin g  18,000,000 acres 
ava ila b le  for corn and oth er crops. In  one southern  
sta te  232 bushels of corn h a ve  been raised on a single 
acre; in another 13 acres of le ttu ce  h ave sold for $12,000, 
and  in a th ird  5,000 acres of cab b ages h a ve  yielded  
$800,000 and 2,000 acres $600,000 w orth  of cucum bers. 
In th e  sam e sta te  145 m illion cab b age p la n ts were 
sta rted  upon 346 acres and exp orted  to other states 
to com plete th e ir  grow th . A  single acre of F lorid a  
celery has paid  $1,500 in fre igh t to  the railroad. N orth  
C arolin a, w hich  shipped 1,600 carloads of s tra w 
berries from  W ilm in gton , in one season, reports
15,000,000 acres w ith in  th e sta te  upon  w hich no a gri
cu ltu ral im provem en ts h a ve  been m ade. A la b a m a  
still b u ys large ly  of w estern  grain , provision s and 
even  h a y , w hile A rk an sas b ou gh t $80,000,000 w orth  
of foodstuffs last year.

N ext perhaps in im portan ce is th e fa ilu re  of southern  
lum bering w hich is one of th e m ost w astefu l operations 
conducted  on th e w hole broad face of th e  earth . In 
cu ttin g  15,000,000,000 feet of m erch an tab le  yello w  pine 
th e South  w astes n ot less th a n  30,000,000,000 feet, 
which, if in telligen tly  utilized  as raw  m aterial, should 
yield  ten tim es th e  profit d erived  from  lum bering.

For ev ery  ton  of coal m ined in th e Sou th , or for 
th a t m atter in th e co u n try , one-half a ton  w as w asted

or le ft underground in such condition  th a t it can 
p ro b ab ly  n ever be recovered .

T h e  m ost atrocious and un n ecessary  w astes which 
h a ve  atten d ed  th e  d evelop m en t of a n y  resources of 
our co u n try  h a v e  been th ose w hich  h a ve  accom panied 
th e  exp lo itatio n  of n atu ra l gas. A s to  these th e  South 
is no m ore cu lp able th a n  other portion s of our"country 
upon w hich th is  ex tra o rd in ary  boon of n ature was 
conferred. N everth eless it  m a y  in terest you as 
southern  men w ho w ould  conserve th e  resources of 
yo u r b irth rig h t to  kn ow  th a t  th e  w aste of gas in the 
O klahom a fields alone has been as high as 150,000,000,- 
000 cubic fee t a y ea r, and is now  a n n u ally  n ot less than
25.000.000.000 cubic feet. T h e tim e is fa st approach
in g  w hen n atu ra l gas w ill h a ve  its  va lu e determ ined by 
th e  n um ber and  va lu e  of th e  sy n th e tic  prod u cts which 
chem ists are able to derive from  its  several com ponents. 
F or th e  present it  m ay suffice to  point ou t th a t  every
100.000.000 cubic feet of n atu ra l gas represents on the 
basis of a ten-hour d a y  588,000 horse pow er, if con
sum ed in  a fa ir gas engine on flu ctu atin g  load  averaging 
50 per cen t of rated  ca p a c ity . W est V irg in ia  is now 
th e  largest producer of n atu ra l gas in th e  co u n try  and 
th e  especial d isa b ility  under w hich th e South  now  labors 
is exem plified b y  th e  fa c t  th a t  a v e ry  large p a rt if not 
th e m ajor portion  of th e gas orig in atin g in West 
V irg in ia  is pip ed  outside th e sta te  and used for the 
generation  of h eat and ligh t and  pow er elsewhere.

I t  has a lread y  been poin ted  ou t th a t  th e  South 
contain s o ver 50 per cen t of th e  to ta l iron resources 
of th e  co u n try . N everth eless it  produces only 12.5 
per cen t of th e  pig iron m ade and consum es not over 
150 lbs. per ca p ita  w hile th e  w hole co u n try  consumes 
650 lbs. per cap ita . H ere again  we h a ve  before us the 
fu n dam en tal d ifficu lty  w hich confron ts th e South. 
A  ton  of iron ore sh ip ped  as ore return s on ly  $2 and 
provides less th a n  one d a y ’s w ork for one man. If 
shipped as sto ves it  returns $40 and  has provided a 
d a y ’s w ork for ten  m en. T h e South  has been selling 
raw  m aterials. I t  should sell brain  va lu es and labor 
values.

O w ing to  its later a d v en t as a large producer and its 
re la tiv e ly  m ore general in trod u ction  of by-products 
from  coke ovens, th e South  has been less w astefu l than 
th e  N orth  of th e am m onia va lu es in its  coal. I t  will 
p ro b ab ly  n ever be possible to  recover m ore than a 
m oderate prop ortion  of these values, b u t th e extent of 
th e problem  in  th e  w hole co u n try  m a y • be indicated 
b y  th e  fa c t  th a t  th e to ta l vo la tile  am m onia in the coal 
m ined a n n u ally  in  th e  U n ited  S ta tes  w ould be worth, 
at $60 per ton  for am m onia su lfate, over $300,000,000. 
W e save less th a n  $4,000,000. In  G erm an y four- 
fifths of all coke is m ade in  b y-p ro d u ct oven s: in the 
U n ited  S ta tes on ly  a b ou t one-sixth is so m ade.

In  th e  F lo rid a  pebble field th e  ton n age of phosphate 
rock  w asted  is tw o  or th ree tim es th e to ta l tonnage 
saved. T h e  w aste occurs m ain ly  th rough  th e washing 
a w a y  of fine particles b y  th e w ater used in m ining and 
for clean ing th e larger aggregates. In  th e  Tennessee 
field th ere is re la tiv e ly  m uch less w aste.

T h e  w astes in zin c m ining and sm eltin g constitute 
an other h e a v y  drain upon y o u r resources. Less than
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50 per cent of th e zinc in th e  m ines ever reaches th e 
form of spelter.

M any other com parab le exam ples of the prodigal 
use of utter w aste of va lu a b le  raw  m aterial m ight 
easily be cited  th o u gh  perhaps to  no a d v a n ta g e  a t th is 
time. T here are signs th a t  th e era of th o u gh tless or 
willful ex tra va ga n ce  is passing. M ean s of production , 
methods of p ractice and system s of organ ization  which 
have been w orked ou t p a in fu lly  and a t g rea t cost else
where are being g ra d u a lly  ad op ted  in th e South b u t 
a more general appreciation  of their a d va n ta g e s  m a y 
well be urged.

An excellent exam ple of in te llig en t con servation  is 
afforded b y  the great pulp m ill a t  C an ton , N orth  C a ro 
lina. F orm erly  th e sp ent chips from  th e ch estn u t ex 
tract plants were burned. N ow  th e y  are boiled in 
caustic soda and co n verted  into  h igh -grade pulp and 
paper.

All visitors to  th e South  who h a v e  been so fo rtu n ate  
as to partake of th e  h o sp ita lity  of southern  hom es 
cherish a lw ays th e re afte r  a w arm  ap preciation  of the 
grace and co u rtesy  of southern  life. T h e charm  of 
New Orleans is p roverb ia l and th e  m etrop olitan  aspect 
and q uality  of m an y southern  cities like Jackson ville  
and A tlan ta  strikes th e observer a t once. One m ay 
nevertheless be p erm itted  to  su ggest th a t  th e  South 
would gain im m easu rab ly  b y  g iv in g  to  a larger p ro
portion of its  sm aller tow n s and co u n try  places th a t 
atmosphere of tr ig  neatness and com fortable  pros
perity which ch aracterizes so m an y of the older v illages 
of M assachusetts and  V erm o n t and reflects th e  p leasa n t
ness of life in them . T h e South is also g re a tly  h an d i
capped b y  th e general q u a lity  of its  roads. O n ly ab ou t
60,000 miles ou t of 850,000 h ave ever been im 
proved.

VALUE O F IN D U S T R IA L  T R A IN IN G  F O R  N E G R O E S

One of th e g rea te st of th e re la tiv e ly  undeveloped  
potential industria l assets o f th e South is u n d o u b ted ly  
thp negro. T h e  negro p o p u lation  in th e southern  
states is abou t 10,000,000, and b y  th e  efficiency of th e 
units of th a t p o p u lation  th e p rosp erity  of th e  South is 
profoundly affected . M a n y  negro farm ers are now 
raising from  30 to  60 bushels of corn per acre where 
formerly th e y  raised from  5 to 15 bushels. W here th e y  
produced from  150 to  200 lbs. of lin t co tto n  per acre 
many now secure 250 to  600 lbs. N everth eless, a 
demonstration agen t of th e D ep artm en t of A g ricu ltu re  
has recently foun d negroes farm in g alm ost en tire ly  b y  
hand. Three persons carried  on th e p lan tin g  of th e 
grain: the first w ould  d ig a hole for th e  seed, th e  second 
would plant it  and  th e  th ird  w ould  cover it. He in 
troduced the use of th e plow  in th is  tw e n tie th  cen tu ry .

Scarcely a n y  w ork  carried  on in th e South  to d a y  is 
more tru ly  co n stru ctiv e  or fra u g h t w ith  greater u lti
mate possibilities th a n  th a t  w hich goes forw ard  at 
Tuskegee and in those oth er in stitu tio n s of w hich it  is 
the type. Since its  fou n d atio n  a p p ro x im ately  9,000 
young negro men and w om en h a ve  received  tw o  yea rs 
of industrial train in g . T h e y  en tered  w ith  an a v era ge  
earning c a p a city  of a b o u t S100 per y ea r. T h eir 
earnings after tra in in g  h a ve  a veraged  $700, w hich b y  
the way is above th e  avera ge  for d octors and law yers

in M assach u setts. T h e average len gth  of tim e th a t 
these 9,000 stu d en ts h a ve  been out is 14 yea rs and in 
th a t  tim e th e ir  estim ated  earnings h a v e  be'en $88,200,- 
coo. D ed u ct from  th is  th e §12,600,000 w hich th e y  
m ight h a v e  earned w ith o u t th eir special tra in in g  and th e 
a lrea d y  accru ed  va lu e  of th a t  train in g w hich  it  cost 
T u skegee $1,467,000 to  im p a rt is $75,600,000. Is 
there a n y  m ore profitab le  business in w hich  th e  South 
can engage?

W e h a ve  given  a brief consideration  to  th e im perial 
resources of the p o ten tia l South  and h a ve  sketch ed  in  a 
few  high ligh ts, in an a ttem p t to  p ictu re som eth in g of 
th e S o u th ’s am azin g progress and  ach ievem en t. L et 
us tu rn  our a tten tio n  to  th e tren d  and goal of her 
developm ent.

S O U T H E R N  R U R A L  L IF E  N E E D S  E N R IC H E N IN G

T h e first of her problem s w ould  seem  to  be th e 
organ ization  of rural life to  m ake it  richer, m ore sa tis
fy in g , m ore profitab le and p leasanter. I t  is bound up 
w ith  th e  problem  of th e  reorgan ization  of southern  
agricu ltu re. T h e South  has rea lly  n ot begun  to  farm . 
T o  prove th is thesis one has on ly  to  tu rn  to th e results 
secured b y  agricu ltu ral dem on strators, dem onstration  
farm s, b o y s ’ clubs, th e g ir ls ’ to m a to  clubs, th e M cR a e  
exp erim ent in N o rth  C arolin a  and th e o u tp u t of tru ck  
farm s under scientific control in m an y southern  states. 
There is n ot a single southern crop w hich can n ot easily  
be increased 500 per cen t. F or 2 per cen t of th e  valu e 
of a single p o ten tia l crop 20,000,000 acres of sw am p 
lan d in L ouisian a could be drained and th e S o u th ’s 
o u tp u t of co tto n  doubled. T h ere are no m ore fertile  
lan ds on earth  th a n  th e  L ou isian a  low lan ds, and 
L ouisian a, w hich m igh t h a v e  been in ages p a st another 
E g y p t, should  becom e an oth er and a greater H olland, 
and in H olland  lands p o te n tia lly  less p ro d u ctive  sell 
for $500 to  $1500 per acre. T ennessee has a sw am p 
area of 1,000,000 acres. A lon g th e A tla n iic  C oast 
are 25,000,000 acres of sa n d y  loam  id ea lly  ad ap ted  
to  in ten sive  farm in g. T ex a s has an area of 170,000,000 
acres, greater b y  55,000 square m iles th a n  eith er 
F ran ce or G erm an y, b u t less th a n  30,000,000 acres 
are y e t  im p roved . I t  now  carries o ver 10,000,000 head 
of live  sto ck  w hile T exa s bees are w orth  $5,000,000 
and produce each y ea r  h on ey and com b to  th e  valu e 
of $5,000,000. I t  p a y s  to  keep a bee in T exas.

One yield s in passin g to  th e te m p ta tio n  to  refer to 
the cam phor trees of F lorid a  and T exa s and th e d a te  
palm s p ro fita b ly  grow n  on th e islan ds near th e T exa s 
coast. B u t d etails and figures m erely  obscure the broad 
and basic proposition  w hich is th a t  th e agricu ltu ral 
possibilities of th e S ou th  are a lm ost b eyon d  conception  
and th a t  in  their develop m en t can p ro fita b ly  be em 
p lo yed  all th a t  en terprise, ca p ita l and science can su p p ly  
for m any yea rs. D iversified , in ten sive agricu ltu re 
b y  in d iv id u a l en deavor, corporation  farm in g and com 
m u n ity  effo rt under scien tific  d irection  and control 
w ill find fu ll scope and reap h a rvests  u n th o u g h t of now.

C O N S E R V A T IO N  T H E  S O U T H ’S F O R E M O S T  IN D U S T R IA L

P R O B L E M

F orem ost am ong th e in d u stria l problem s of th e  South  
w ould seem  to  be th e suppression of w astes, th e v a s tly



378 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  7, No. 5

greater develop m en t of lab or va lu es in its p roducts and 
th e keeping a t hom e of m oney now n eedlessly spent 
elsew here. T h e South has been too gen era lly  con ten t 
w ith  shipping crude m aterials and p rim ary  p roducts 
and too  rea d y  to  accep t from  other sections th e  th in gs 
which it  m ight b etter produce a t hom e.

For gigan tic  w astes w hich m ay im m ed iate ly  be u til
ized to th e enorm ous profit of th e South , no in d u stry  
is com parable to the lum berin g of yellow  pine. Our 
studies h ave shown th a t in  L ouisian a a t least, under 
excep tion ally  able m anagem ent, th e p roducts of the 
a verage yellow  pine tree m a y be classified as fo llow s: 
N eedles and tw igs, 2.25 per cen t; lim bs under 3 in., 2.54 
per cent; cord w ood, 6.142 per cen t; pulp w ood, 4.154 per 
cen t; red and rotten , 8.05 per cen t; saw d u st and sh a v 
ings, 17.62 per cen t; ligh tw ood , 0.61 per cen t; stum p 
6.48 per cen t; la th , 1.39 per cen t; shingles, 0.06 per 
cen t; and fin ally  lum ber and box shooks, 31.97 per cent.

T w o-th ird s of th e tree is a t present w asted  eith er 
as litter  in th e field or as mill w aste; and S3 a thousan d  
is a good profit on lum ber.

W hile northern  paper m ills are p a y in g  on th e average 
$18.37 for th e  w ood to  m ake a ton  of paper th e  South 
is th row in g a w a y  ten s of thousan ds of cords of pulp 
wood ev e ry  d a y , on ly  a cord and a h alf of w hich is 
needed to  m ake a to n  of K r a ft  paper w orth $70. T h e 
u ltim ate  develop m en t of a v a st paper in d u stry  in th e 
S ou th  is assured, b u t as a recent ed itoria l in th e  N ew  
Orleans Item  po in ted  ou t “ G reat in dustries do not 
sprin g from  great op portu n ities. T h e y  result from  the 
in itia tiv e  of som e in d iv id u a l. T h e cap ta in  of in d u stry  
m a y create an in d u stria l em pire in a desert and bring 
his m aterials hundreds of m iles from  spots far more 
fa vo red  b y  n ature th an  is th e ir  d estin ation . W e in 
L ouisian a lack  in d u stria l em pire because we lack  
cap ta in s of in d u stry .”

T h e recen tly  cu lm in atin g discoveries in a cen tu ry  
long research h a ve  proved  th a t 20 gallons of 95 per 
cen t e th y l alcohol, th a t  is, n ot w ood alcohol, b u t th e 
alcohol com m on ly  produced from  grain , m a y  be o b 
ta in ed  from  a cord  of yellow  pine sa w d u st or hogged 
w aste. From  a bushel of corn w orth  sa y  80 cen ts on ly  
2V-) gallons arc obtained . Such difficulties as h ave 
atten d ed  th e in itia l large scale op eration  of th is  p ro
cess are certain  to  be overcom e, and h a ve  in fa c t  for 
the m ost p a rt a lread y  been surm ounted. C heap 
industria l alcohol m ade in enorm ous vo lu m e from  
yellow  pine w aste and a va ila b le  for m otor fuel, lig h t
ing, heatin g and a th o u san d  m iscellaneous ap p licatio n s 
in the arts is a c e rta in ty  of th e fu tu re.

In G eorgia a grea t p la n t for th e  production  of n a v a l 
stores is sh ut dow n, p rim arily, it is claim ed, because th e 
annual loss of so lven t represented 23 per cen t of th e 
entire p lan t in vestm en t. N ew  processes prom ise a 
so lven t loss of less th a n  2 per cent.

Several ty p e s  of gas producer are now  op eratin g  
p rofitab ly  on w ood w aste. N ew  m ethods of con trolled  
d istillation  h ave been developed  and ap p lied  to  wood 
and it has been p roved  b oth  b y  th e  F orest Service and 
our own lab o rato ry  th a t tu rp en tin e  and  rosin m a y be 
p ro fitab ly  extracted  from  stum p s and  ligh tw o od  b y 
processes which perm it .th e  m an u factu re of paper

from  th e ex tra cte d  chips. T h e  production  of lumber 
in th e South  w ill u ltim a te ly  becom e a m ere incident 
in th e business of lum berin g. N o longer then  will 
loggin g tra m w a y s  be pulled  up th e  m om ent th e saw 
logs on th e tra c t h ave been rem oved. T h e y  w ill stay 
un til th e tr a c t  is cleared  of cord  w ood, pulp wood, 
ligh t wood, stum p s and saw  logs. T h e cleared land 
will be d evo ted  to grazin g or to  farm in g under the 
stim ulus of dem on stration  farm s or corporation 
m anagem ent, and th e lum ber m ill w ill becom e the 
cen ter of a w hole group of h igh ly  profitab le industrial 
a ctiv ities .

P R E S E N T  M A N U F A C T U R IN G  L IM IT E D

Less th a n  30 per cen t of th e  lum ber produced in 
a n y  southern  sta te  receives a n y  fu rth er industrial 
handling in th e sta te  of origin. C otto n seed  oil is 
shipped to C h icag o, B erlin , and N ew  H am pshire, to 
be h yd ro gen a ted  and co n verted  into lard  and butter 
su b stitu tes. B au x ite  is sold for $5 a to n  to  be sub
je c te d  elsew here to  th e  p u rify in g  trea tm en t which 
raises its v a lu e  to  $60. T h e South w ill one day 
benefit en orm ously b y  a cheap process of producing 
alum in a d irect from  c la y . I t  w ill g iv e  new  values to 
southern  c la y  beds and to  southern  w ater powers and 
tran sfer th e alum in um  in d u stry  to  th is  section. It 
does not appear, how ever, th a t  a n y  effort is being made 
in  th e southern  sta te s to  develop such a process.

T h ere  are a t W eb ster, N . C ., m illions of tons of 
low -grade nickel ore a w aitin g  on ly  a commercial 
m ethod of ex tra ctio n . T h u s h a llo ysite  in large quanti
ties occurs on T a y lo r ’s M o u n tain , n ear Gore, Ga. 
I t  con tain s 30 to  35 per cen t of alum in a, said  to be 
soluble in d ilu te  sulfuric acid  to  form  a clean white 
alum  cak e alm ost w h olly  free from  iron and silica. 
If  these claim s can be estab lished  th ere is th e  basis for a 
large in d u stry . A  single northern paper company 
consum es 12,000,000 lbs. of alum  a year.

N o lo c a lity  in th e  U n ited  S ta tes and perhaps none 
in th e  w orld presents such a d va n ta g e s  for th e  establish
m ent of th e  grea t basic chem ical in d u stries as Louisiana. 
H ere in  close ju x tap o sitio n  are foun d cheap salt, even 
cheaper sulfur, gas, oil, rosin, tu rp en tin e  and wood 
w aste w hile n ear-b y are th e coal and m inerals of Arkan
sas and A lab am a.

SM A LL N U M B E R  O F C H E M IS T S  IN  T H E  SO U T H

I t  is n o tew o rth y  in v iew  of th e  extra o rd in ary  oppor
tu n ities for chem ical develop m en t presented  b y  the 
South th a t  in th e southern  states are to be found only 
a b ou t 10 per cen t of th e chem ists of th e  cou n try  as 
represented  b y  th e m em bership of th e  American 
C hem ical S o ciety . T h e  S o ciety  has 7180 members, 
of w hom  on ly  746 are in th e en tire South w hereas New 
Y o r k  has 1186 m em bers, P en n sy lva n ia  659, M assa
ch u setts 5 11 . W h a t one chem ist can  do for th e South 
has been show n b y  F rasch  in L ouisian a, b y  Wesson 
w herever cotto n seed  oil is m ade, and b y  our dis
tin guished  president, D r. H e rty , in th e conservation 
of tu rp en tin e and increase of yields.

C O N C L U S IO N

F ra g m e n ta ry  and u tte r ly  in ad eq u ate as this at
tem p ted  presen tation  of southern  resources has proved
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to be it  w ill h a v e  served  its  purpose if it  has b rou gh t 
freshly hom e to  som e of yo u  who liv e  in  th is sup rem ely 
favored section of our co u n try  th e resp o n sib ility  for 
individual in itia tiv e  im posed upon  yo u . O p p o rtu n ity

ELECTR O PLATIN G  W ITH  C O B A LT 1
By H e r b e r t  T. K a l m u s , C. H .  H a r p e r  a n d  W . L . S a v e l l  

R eceived F eb ru a ry  13, 1915

In 1842, Professor B oetger pointed out th a t dense 
and lustrous deposits of n ickel could be obtained, 
which, on accou n t of th eir resistance to oxidation, 
great hardness and elegan t appearance, were cap able 
of m any applications; T h e outcom e of th is has been 
that during the last 20 years com m ercial p latin g  w ith 
nickel has developed  to an in d u stry  of v e ry  great 
magnitude. On the oth er hand, no p lates of co b alt 
or of its a lloys h a ve  ever been in extended  com m ercial 
use. No d ou b t part of th e reason is because of the 
difficulty of ob tainin g a su p p ly  of co b alt m etal a t an 
attractive price. On th e other hand, for com m ercial 
plating, where lab or, overhead  charges, th e p rep ara
tion of the surface to  be p lated , th e d ifficu lty  of m ain
taining the b ath , the am ount of buffing, th e  current 
efficiency, and p a rticu la rly  th e speed w ith  w hich the 
work m ay be run th rough  th e b ath s, are so consider
able a fraction  of the cost of th e finished w ork, the 
price of the m etal to  m ake up th e anodes and the 
salts is b y  no m eans alone th e determ in ing fa cto r  in 
the choice of th a t  m etal. M oreover, th e speed of 
plating largely  determ ines th e hardness and other 
physical properties of th e p late, w hich in turn, deter
mine the w eight of m etal required  for sa tisfa cto ry  
commercial tests.

A great m an y tech n ica l points in connection  w ith 
the plating of co b alt h ave n ot been in v estig a ted ; 
the corresponding in vestig a tio n s for n ickel h ave been 
com paratively thorough. B efore p laters can a d op t 
cobalt for m an y purposes, on a considerable scale, a 
number of questions m ust be defin itely  answ ered b y 
experiments, such as:

1— Can cobalt be plated 011 iron, steel, brass, tin, German 
silver, lead, etc., to yield as uniform, as adhesive, and as satis
factory a finished surface as nickel?

2— Is cobalt plate harder than nickel plate?
3— Is cobalt plate less corrosive than nickel plate, under ordi

nary atmospheric action?
4— What bath is most suitable for the deposition of cobalt 

where a heavy protective coating, which m ay be buffed to a 
superior finish, is required to be deposited in a minimum of 
time?

5— Can a satisfactory cobalt bath be maintained at such an

1 Authors’ ab strac t of repo rt under th e  above title  to  th e  C anadian  
Department of M ines, published by  perm ission of the  D irector of M ines, 
Ottawa, Canada. T his publication  is one of a  series on the  gcnezal investi
gations of the m etal cobalt and  its  alloys, pa rticu la rly  w ith reference to 
finding increased com m ercial usage for them , now being conducted a t  the 
School of M ining, Queen’s U niversity , K ingston, O ntario , for th e  M ines 
Blanch, Canadian D ep artm en t of M ines. See also T h is  J ouhnai., 6 
(1914), 107 and 115; 7 (1915), 6.

This paper is concerned w ith the  p resen ta tion  of a  large am oun t of 
experimental d a ta  on cobalt p la ting . I t  a tte m p ts  to  record d a ta , to  sum 
marise, and to draw  conclusions w ith reference to  practical cobalt p la ting  
and its application in the industries. T heoretical'considerations concerning 
the explanation of the  results are reserved for a separate  publication.

im plies resp o n sib ility. G en tlem en, yo u  are heirs to 
an im perial in h eritan ce and its  responsibilities are 
yours.
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increased concentration as compared with the nickel bath, 
that plating from it m ay proceed with greater speed?

6— Is the cobalt bath more or less troublesome than the nickel 
bath as regards crystallization, etc.?

7— Should alkali, acid, or neutral baths be used for cobalt 
plating?

8— Is the nature of the deposit improved by hardeners such 
as boric acid, citric acid, magnesium salts, etc.?

9— How does the maximum current density at which cobalt 
may be deposited commercially compare with the maximum 
current densities used in the commercial deposition of nickel?

10— W hat electromotive force had best be used for cobalt 
plating, using the bath found most suitable for a given class of 
work ?

11— How do cobalt anodes compare with nickel anodes as 
regards solubility, under the conditions of the plating bath?

12— W hat are the relative current efficiencies of cobalt and 
nickel plating under the best conditions?

13— How do the electrical conductivities of satisfactory 
cobalt and nickel plating solutions compare?

14— Can cobalt be deposited to considerable thicknesses from 
any solution in accordance with commercial practice?

15— W hat is the relative cost of cobalt and nickel plating?

A lth o u gh  num erous statem en ts h ave been p u b 
lished in the past w ith regard  to  co b alt p latin g , the 
conclusions to  be draw n from  a su rv e y  of th e  existing 
literatu re  and p aten ts w ould  lead  one to  be ve ry  
skep tica l as to  th e a d va n ta ge s of co b alt p la tin g  over 
n ickel p latin g . I t  is n oticeable, h ow ever, th a t  the 
conditions for th e production  of good co b alt plates, 
as given  b y  different authors, v a ry  trem en dously  
am ong them selves. N o t on ly  are th e conclusions 
often  d iam etrica lly  opposite, as show n below , but 
likew ise th e d a ta  from  w hich these conclusions are 
draw n.

Consider alone th e question  of th e  re lativ e  m axim um  
curren t densities w i t h . w hich  co b alt and n ickcl m ay 
be su ccessfu lly  p lated . T h ere is litt le  or n othin g in 
th e  literatu re  relatin g to  th e solutions of co b alt which 
we h a ve  foun d in th is lab o rato ry  to  be m ost su itab le 
for fa st p latin g . If  it  can be show n to  be p ra ctica lly  
feasib le to  p la te  co b alt from  a b ath  a t several tim es the 
speed possible for n ickel, oth er th in gs being equal or 
in fa v o r  of th e cob alt, th is greater speed of turnin g 
ou t th e  w ork, w ith  a tten d a n t econom ics, m ight offset 
a v e ry  considerable difference in the in itia l cost of the 
anodes and salts of th e tw o  m etals. I t  m ust cer
ta in ly  appeal to  anyon e th a t  if cobalt-am m onium  
su lfate, because of its  v e ry  m uch higher so lu b ility  than 
n ickel-am m on ium  su lfate, or for oth er reasons, m ay 
be used as a p la tin g  b ath  a t v e ry  m uch higher currcn t 
densities, th a t  w ith  such a ' b ath  th e p la ter m ight 
turn  ou t co b alt p lates m ore econ om ically  th a n  nickel 
p lates. M oreover, p la tin g  a t greater speed m eans a 
harder and denser p la te  w ith  consequent less w eight 
•of m etal required.

ORIGINAL P A P L R 5
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A  large num ber of p la tin g  experim ents -were under
ta k en  a t th is lab o rato ry  in the s tu d y  of th e  questions 
outlin ed  above. N um erous ty p e s of cob alt bath s 
were used and various concen trations of each solu
tion/ T h e o b ject o f th is paper is to  set fo rth  th e d a ta  
of these experim ents and th e  conclusions to  be draw n 
therefrom .

L IT E R A T U R E  ON E L E C T R O D E P O S IT IO N  OF C O BA LT

L angbein, in his w ell-know n w ork, “ E le ctro -D ep o si
tion  of M e ta ls ," 1 devotes n early  175 pages to  th e dep osi
tion  of n ickel, and a scan t 2 pages to  th e deposition 
of cob alt. W ith  regard to  cob alt, L an gbein  rem ark s:1 
“ For p lating w ith  cob alt, the b ath s given  under 
‘ N ick e lin g ’ m ay be used b y  su b stitu tin g  for the 
n ickel sa lt a corresponding q u a n tity  of co b alt salt. 
B y  observin g th e rules g iven  for n ickeling, th e  op era
tion proceeds w ith  ease. A n odes of m etallic  co b alt 
are ^o be used in place of n ickel anodes.

“ N ickel being cheaper and its  color som ew hat 
w hiter, e lectrop latin g w ith  co b alt is b u t little  p ra c
ticed . On accou n t of th e  greater so lu b ility  of co b alt 
in d ilute sulfuric acid , it  is, how ever, utider all c ircum 
stan ces, to  be preferred for facin g va lu a b le  copper 
plates for prin tin g.

“ A ccordin g to  th e  m ore or less careful ad ju stm en t 
of such p lates in th e press, th e facin g in som e places 
is m ore or less a tta ck e d , and it  m ay be desired to  re
m ove th e coatin g and m ake a fresh deposit. For th is 
purpose G aiffe has proposed th e  use of co b alt in 
place of n ickel, because th e form er dissolves slow ly  
b u t com p letely  in d ilute su lfu ric  acid. He recom m ends 
a solution  of one p a rt of chloride of co b alt .in ten of 
w ater. T h e  solution  is to  be n eu tralized  w ith  aqu a  
am m onia, and the p lates are to  be electrop lated  
w ith  th e use of a m oderate cu rren t.”

From  our experim ents we find in general th a t the 
su b stitu tio n  of co b alt for n ickel in L an gb ein ’s b ath s, 
as recom m ended b y  him , does n ot do ju stice  to  the 
m etal cob alt. T hese b ath s h a ve  been prim arily  
w orked ou t for n ickel, w hereas cob alt, being in m any 
instances of far greater so lu b ility , requires a m uch 
m ore con cen trated  b ath  th an  th a t  recom m ended for 
th e fa stest and best p latin g . Som e of our best cob alt 
solutions are n ot included a t all in L an gb ein ’s list.

M a c M illa n ,2 W a tt ,3 and others report th a t  co b alt 
deposits are harder th a n  th e corresponding nickel 
deposits. B ro ch e t4 says: “ C o b altin g  has been pro
posed in place of n ickeling when a deposit of greatest 
hardness is desired.”

On th e other hand L an gb ein ,6 W ahl6 and others sa y  
th a t co b alt p latćs are softer th a n  the corresponding 
nickel ones.

S. P . T h om p son 7 finds th a t  articles p la ted  w ith  cob alt 
are less corroded in the atm osphere of L ondon  th a n

1 D r. Geo. Langbein, “ Electro-D eposition  of M eta ls ,”  6 th  E d ition  R e 
vised, H enry  Carey B aird and  Co., Philadelphia, p. 318.

* M acM illan, “ E lectro -M etallu rgy ," 1901, p. 227.
* W att-Phillips, “ E lectro-P lating  and  E lectro-Refining of M e ta ls / ' 

1902, p. 360.
* “ M anuel P ratique  de G alvanoplastie ,” 1908, p. 313.
* “ E lectro-plating  of M eta ls ,” 6 th  E d ition , p. 319.
* W att-Phillips, “ E lectro -P lating  and  E lectro-R efining of M eta ls ,” 

1902, p. 360.
3 Journal o f Institu te  o f Electrical Engineers, 1892, p. 561.

eith er silver or n ickel p late, w hile S to lb a 1 reports 
th a t cob alt salts trea ted  like n ickel salts y ield  metallic 
deposits of a steel-gray  color, less lustrous th an  nickel 
and m ore liab le to  tarnish.

W hile som e a u th orities report th a t  it  is practically 
im possible to  ob tain  a deposit of co b alt m ore than a 
few  hun dredths of a m illim eter in th ickness, Bouant5 
says: “ E le ctro ly tic  deposits of co b alt are easily ob
ta in ed  even  of a v e ry  great th ickn ess, so th a t  electro
deposition of co b alt is as easy  as th a t  of cop p er.”

A  review  of m uch of th e literatu re  on th e electro- 
deposition of co b alt w as presented a t th e  meeting 
of th e A m erican  E lectroch em ical S o ciety , a t Atlantic 
C ity , in A p ril, 1913, b y  0 . P . W a tts . A  considera
tion  of W a tts ’ paper em phasizes th e d iv e rsity  of opinion 
w ith  regard  to  co b alt p la tin g  ab ove m entioned.

W a tts  m entions ab ou t fifty  solutions of cob alt which 
h ave been used w ith greater or lesser success. Some 
of these are sim ilar to  ones used b y  us in  our experi
m ents, b u t several of our best solutions are not in
cluded in th e list. M a n y  of these b ath s are recom
m ended on ly  for v e ry  w eak curren ts, others are more 
or less indefinite, and th ere is m uch contradiction 
am ong them . F or exam ple, th e first solution in 
W a tts ’ list is— “ B ecq u erel’s solution, 3 7 . 5  gram s of 
co b alt chloride n eutralized  b y  am m onia or potassium 
hyd ro xid e, g ives a b rillian t, w hite, hard and brittle 
deposit; a v e ry  w eak curren t m ust be u sed.”  Later, 
qu otin g from  W a tts , Isaac A d am s says in a patent 
ap p licatio n : “ I h a ve  foun d th a t a solution made 
and used in th e m anner described in th e  books will 
n ot produce such a continuous and uniform  deposit 
of cob alt as is n ecessary for th e successful and prac
tical e lectrop latin g  of m etals w ith  cob alt. * * *
I h ave foun d fu rth er th a t th e sim ple salts of cobalt, 
such as are recom m ended b y  B ecquerel and others, 
are not such sa lts  as could be used in p ractica l elec
tro p la tin g  w ith  cob alt. * * * * * ”

E ven  in a m atter so im m ediate and im portan t to 
th e p ractica l p later as th e a c id ity  or b a sic ity  of his 
p latin g  b ath , there is no general agreem ent among 
the au th orities even  for n ickel solutions, m uch less 
for cob alt. D r. L an gb ein 3 w rites: “ A ll n ickel baths
w ork best w hen th e y  possess a n eu tral or slightly 
acid  reaction  * * an a lkalin e reaction  of nickel 
b ath s is a b so lu te ly  d etrim en tal; such b ath s deposit 
a m etal dull and w ith  yellow ish  color and do not yield 
th ic k  d ep o sits.”  B en n ett, K e n n y  and  D ugliss, in a 
paper read before th e A m erican  E lectroch em ical So
c ie ty  a t N ew  Y o r k  C ity , A p ril, 1914, s ta te  as tw o of 
th eir seven  gen eral conclusions the fo llow ing : “ A good 
deposit of n ickel m ay be obtained  from  th e double sul
fa te  if th e solution  a t th e  surface of th e  cathode is 
kep t a lkalin e. * * * Since a lk a lin ity  is necessary 
for good efficiency, it is v e ry  p robable th a t in acid 
solutions nickel is deposited  on ly  when im poverish
m ent of the hydrogen  ions has caused th e solution 
to  becom e alkalin e and given  th e conditions under 
w hich n ickel m ay d ep o sit.”

1 Electrical Review, N ov. 18, 1887, p. 503.
- B ouant, “ L a  G alvanoplastie ,” 1894, p. 294.
* Langbein, “ Electro-D eposition  of M eta ls ,”  6 th  E d ition  Revised, 

p. 251.
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These are b u t a few  of m an y co n tra d icto ry  s ta te 
ments to  be foun d in th e literatu re .

S U B D IV IS IO N  A ND A R R A N G E M E N T  O F E X P E R IM E N T S  

A v e ry  large num ber of p latin g experim ents were 
conducted b y  us at th is la b o ra to ry  for th e purposes 
outlined ab ove, in conn ection  w ith  w hich som e six 
teen different ty p e s  of solution  or bath s were em 
ployed and studied, as noted  below :
S e r i e s  S o l u t i o n s

I C obalt-am nionium  sulfate.
II  C obalt-am m onium  sulfate, w ith  an  excess of am m onium  sulfate.

II I  C obalt-am m onium  sulfate, am m onium  sulfa te  and  citric  acid.
IV C obalt-am m onium  su lfa te  and  am m onium  chloride.

V C obalt chloride w ith  am m onium  chloride.
VI C obalt-am m onium  su lfa te  and  boric acid.

VII C obalt-am m onium  sulfate, cobalt carbonate  and  boric acid.
V III C obalt sulfate, potassium  c itra te  and  am m onium  chloride.

IX  C obalt phosphate  and  sodium  pyrophosphate.
X C obalt-am m onium  su lfa te  and  m agnesium  sulfate.

XI C obalt su lfate, n eu tra l am m onium  ta r tra te , and  tan n ic  acid.
X II C obalt su lfate, potassium  ta r tr a te  and  ta r ta r ic  acid.

X III C obalt sulfate, sodium  chloride and  boric acid.
XIV C obalt sulfate, am m onium  sulfate, m agnesium  sulfa te  and  boric acid. 

XV C obalt-e thyl su lfate, sodium  su lfa te  and  am m onium  chloride.
XVI C obalt su lfate, am m onium  sulfate, am m onium  chloride and  boric acid.

Each set of p la tin g  experim ents w ith  a definite 
group of principal com ponents in th e b ath  has been 
given a series num ber. V ariatio n s in concen tration  
or changes in th e re lativ e  proportions of th e com po
nents or addition s to  a b ath , h ave been designated b y  
the use of letters, A , B , C , etc. A lso, w here a n ickel 
bath has been used, analogous to a g iven  cob alt 
bath, the d ata  for th e  experim ents on it are noted 
under the corresponding co b alt series.

There were tw o  d istin ct series of p la tin g  experim ents, 
one set conducted  a t th is lab o rato ry  and one in th e 
plating dep artm en t of the R ussell M o tor C ar C o., 
Toronto.

METHOD A ND A R R A N G E M E N T  F O R  L A B O R A T O R Y  P L A T IN G  

E X P E R IM E N T S  

A R R A N G E M E N T  O F E L E C T R IC A L  C IR C U IT  P ow er W a s

taken from  th ree storage b atteries conn ected  in series, 
yielding ap p ro x im ately  6 vo lts. T h e various bath s 
were connected in d ep en d en tly  across th e 6 v o lt  te r 
minals of th is sto ra g e -b a tte ry  set, w ith  approp riate 
resistance in series w ith  each. In th is w a y  th e p o ten 
tial across th e electrodes of each w as cu t dow n to  the 
desired value. A  5 v o lt range W eston  vo ltm eter, 
reading to 0 .0 1 v o lt, w as conn ected  d ire ctly  across 
the electrodes of each b ath . A  W eston m illiam m eter, 
600 m illiam pere scale, w as conn ected  in series w ith 
each bath.

PL A TIN G  T A N K  A ND C O M P U T A T IO N  OF E F F E C T IV E

e l e c t r o d e  s u r f a c e — T h e p la tin g  ta n k s used were of 
glass, rectan gu lar in shape, and of ap p roxim ately  
the follow ing internal dim ensions: 12 in. X  6 in. X 
6 in., though som e were deeper.

In general, if th e b ath  is n ot large in cross-section 
in com parison w ith th e area of th e electrodes, the re
sults obtained will not be reproducible. W e tried  
experiments using a ta n k  n ot m uch larger in cross- 
section than  th e electrodes. In  th a t  case th e vo ltage 
required for a g iven  curren t d en sity , w ith  electrodes 
10 cm. ap art, is v e ry  m uch greater th a n  w ith a ta n k  
of considerably larger cross-section, other conditions 
being the sam e. T h is  is larg e ly  due to  the fa c t th a t 
with the sm aller cross-section of ta n k  th e a vailab le  
solution betw een  th e electrodes is dim inished.

F or th e m ost p art, our electrodes were ap p ro xi
m a te ly  3 in. X  2 in. in surface, placed from  10 to 20 
cm . ap art, in th e center of th e rectan gu la r p la tin g  ta n k  
ab ove m entioned. If  th e  electrodes were k e p t in 
place, th e ta n k  low ered a w a y  from  them  and su b sti
tu ted  b y  a v e ry  large ta n k  of th e sam e solution, we 
foun d th a t  the e lectrom otive force across th e  elec
trodes for a g iven  curren t d en sity  dim inished b y 
n early  20 per cent. T h e leads of th e electrodes 
were coated  w ith a laye r  of in su latin g  asp h altu m , as 
described in th e p aragrap h  on electrodes. In  the 
case of these experim ents, therefore, th e  effective  
electrode area is som ething like 20 per cen t less th a n  
the exposed surface.

A gain , in stead  of subm ergin g electrodes of th e above 
size in the m iddle of th e ta n k , in som e of our exp eri
m ents th e  electrodes were low ered into  a ta n k  to  such 
a d ep th  as to  be ju st covered  b y  th e  solution. I t  is 
ob vious, in th is case, as we foun d b y  test, th a t  th e 
electro m o tive  force across th e electrodes w ould  dim in 
ish if th e  h eigh t of th e b ath  around th em  were raised. 
T h is is true even  th o u gh  no greater area of electrode 
is th e re b y  covered  w ith  solution, and although the 
leads are in sulated  w ith  asphaltum . T h e reason 
is th a t, w ith  th e level of solution  ju st coverin g 
th e top of th e electrodes, th e electrical field b e
tw een  th e upper portion  of the electrodes w as lim ited  
b y  th e surface of e lectro ly te , as com pared w ith  w h a t 
it w as w ith  the electrodes im m ersed in th e center of 
a large b o d y  of e lectro ly te ..

C o n seq u en tly  had our experim ents been perform ed 
in an id ea lly  large ta n k , th e e lectrom otive forces w ould 
h ave been sm aller for th e sam e cu rren t densities. 
W e preferred to  use a b ath  ap p roxim atin g to  the con
ditions of p la tin g  p ractice, and  h ave in all cases noted, 
in th e tables to  follow , th e va lu es of curren t d en sity , 
e lectrom otive force, etc., ju st as observed, w ith ou t 
correction.

G ood p ractice  for com m ercial n ickel p la tin g  w ith 
m an y solutions, is to  h ave ab ou t e igh t gallons of solu
tion  for each sq. ft . of anode surface. In  our exp eri
m ents we h a ve  not dep arted  w id ely  from  th is va lu e, 
a lth ou gh  we find d ifferen t solutions require a som e
w h at different m agn itude of th is ratio  for th e best 
results.

t h e  p l a t i n g  e x p e r i m e n t s — T h e p la tin g  exp eri
m en t itse lf consisted in n otin g changes in appearance 
of th e  solution  and electrodes as th e deposition  p ro
gressed, as w ell as m akin g a record of m illiam m eter, 
vo ltm eter  and tim e readin gs at freq u en t in tervals. 
T h e concen tration  of th e b ath  w as m easured from  
tim e to  tim e, and th e p h ysica l properties of the resu lt
in g p late  were studied. W herever curren t efficiencies 
were desired, m illiam m eter readings were m ade at 
in terva ls  at not m ore th a n  tw o  m inutes. T h ese read 
ings were v e ry  con stan t in all cases, so th a t  more 
frequ en t readings were n ot n ecessary. A lso the 
cathode w as carefu lly  dried and w eighed before and 
after th e deposition. P recau tion s were tak en  so th a t 
conditions of w eighing of th e  electrode before p latin g  
and a fter p la tin g  were iden tical.

A d v a n ta g e  w as tak en  of th e  w ell-know n fa ct, for
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the deposition of n ickel and other m etals, th a t th e de
posit is m ore adhesive when stru ck  on in itia lly  a t a 
h igher p o ten tia l th an  is to  be used th rou gh ou t the 
grea ter p a rt of th e p latin g run. Our p ractice w as 
to  dim inish th e resistance in series w ith  th e  b ath , 
so th a t an in itia l e lectrom otive force of abou t 6 vo lts  
was used, sending v e ry  considerable curren ts through 
the b ath  during a p p roxim ately  th e first th ir ty  sec
onds of th e run. T h e effect of th is w as un iform ly 
sa tisfa cto ry  in causing th e p lates to  adhere firm ly.

A fter  a sufficient p late had been deposited on th e 
cathode it w as rem oved from  th e  b ath , im m ed iately  
washed in cold w ater, and th en  rinsed in boiling w ater 
until it cam e to  a uniform  tem p eratu re , a fter which 
it  w as dried in hot saw dust. T h is  procedure w as 
practiced  th rou gh ou t th e planing experim ents.

B U F F IN G  A ND F IN IS H IN G  C O BA L T P L A T E S  T h e
cathode after being rem oved from  th e  p latin g  b ath  
and dried, is, in general, w hite and m etallic, and re
quires b u t little  buffing to  produce a sa tisfa cto ry  
m irror surface. Our p ractice  has been to  em p loy 
a large buffing w heel ro ta tin g  a t high speed which 
w ill “ c o lo r”  th e w ork  in one operation. C o b a lt 
p lates color m ore readily  th an  n ickel, and for com m er
cial purposes should n ot require c u ttin g  w ith  T rip oli, 
etc.

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

a n o d e s — B o th  ca st and rolled anodes were used 
for these experim ents, th e co b alt em p loyed  a n alyzin g 
as follow s:

L a b  A n o d e s  M a d e  P e r c e n t a g e  A n a l y s e s  o p  A n o d e s
N o. No. Size— Inches Co N i F e  A s  C S P  Si

II  218 2, c as t 3>/i X 2 X V< 95.70 0.80 2.10 ..........  0.040 0.043 0.004 0.050
H  219 4, cas t 3>/i X 2 X ' / i  98.00 0.75 1.35 ........... 0.060 0.042 0.007 0.067
H  221 4, rolled 3 'A  X 2 X */< 95.63 0.75 3.72 0 .048  0.052 0.029 0.005 ........

T h e cast anodes were poured in sand and sm oothed 
dow n w ith  an em ery wheel to a finished surface.

T h e  rolled  anodes were m ade from  in gots ab ou t 8 in. 
long and i sq. in. in cross-section, w hich were rolled 
dow n to p lates of l/\ in. th ickn ess, from  w hich the 
anodes were finished.

i m p u r i t i e s  i n  a n o d e s — N ickel anodes, as sold in 
the m arket, freq u e n tly  contain  in th e neighborhood 
of 92 per cent n ickel and 7V2 to  8 per cen t iron. T h e 
iron is cast in th e  anode because pure n ickel is not 
corroded ra p id ly  enough under m ost conditions to 
furnish th e n ecessary m etal to  th e b ath . Iron is a 
cheap m aterial and has a solution  tension enough 
greater th an  nickel to  m ake it e ffective  for th e end in 
view . T h e  greater solution  tension of co b alt in the 
p latin g bath s, as com pared w ith n ickel, renders p ra c
ticab le  th e  use of a lesser am ount of iron, or of no iron 
at all. V ery  pure cob alt anodes were readily  d issolved  
in th e solution under th e conditions of m an y of our 
best p latin g  tests. T h e freedom  of the co b alt anode 
from  iron no doubt has m uch to  do w ith  th e d im in 
ished corrosion of the . co b alt p late  as com pared w ith 
th e  n ickel plates.

r o l l e d  vs. c a s t  a n o d e s — C a st anodes of both 
nickel and cob alt go into  solution  m uch m ore readily  
th an  th e rolled anodes. W ith  a num ber of each 
in a n ickel or cob alt b ath , th e  proportion  betw een  
th e tw o m ay be so chosen th a t  th e  com position  of th e

electro lyte  rem ains con stan t as th e anodes go into 
solution. If too large a proportion  of cast anodes 
is used, the anodes dissolve w ith  too great readiness 
and th e b ath  m a y  becom e alkalin e. C on versely , if 
too  large a proportion  of rolled anodes is used, th e solu
tion  of th e anodes m a y n ot ta k e  place w ith sufficient 
readiness, and th e b ath  m a y becom e acid  and depleted 
in m etal. T h e greater so lu b ility  of co b alt anodes in 
a num ber of th e  p latin g b ath s described in th is paper, as 
com pared w ith  n ickel anodes in th e  corresponding 
nickel b ath , renders th e  use of a larger proportion  of 
rolled anodes possible in th e case of co b alt than is 
cu sto m a ry  a t present w ith  nickel in the n ickel plating 
trad e. T h e greater so lu b ilty  of th e co b alt anode is 
d istin ctly  in its fa v o r  for p ra ctica l p latin g  purposes.

c a t h o d e s — T h e cath odes for these experim ents 
were of brass, iron or steel, and were u su ally  3V2 in. X 
2 in. X  ‘ / j in. in size. One side w as given  a high polish 
w ith  em ery and buffing wheels, and th e other was 
covered  w ith  a th in  coat of asph altum  varnish .

It  is of the u tm ost im portance in all p la tin g  work 
th a t  th e cathode be a b so lu te ly  sm ooth and thoroughly 
cleansed from  particles of d u st,'grea se, etc. T h is  was 
accom plished b y  th e fo llow ing procedure: Brass,
steel or other sto ck , as required, w as first machined 
dow n to  th e  required size, a fter which it was 
sm oothed down w ith an em ery wheel and finished 
w ith  an approp riate buffing wheel to  a m irror surface. 
T h is le ft th e surface w ith  a certain  am oun t of grease 
and adherent buffing m aterial, w hich w as rem oved 
b y  scru b b in g w ith  “ K a ly e ”  cau stic  solution. After 
th o rou gh  rinsing w ith  w a ter th e electrode was im 
m ersed in d ilute h yd ro ch loric  acid , or in d ilute potas
sium  cyan id e solution  and again  th o ro u g h ly  rinsed 
w ith  w ater. It  w as th en  rea d y  for use in th e bath.

In addition  to  sm ooth plane cathodes, a number 
of them  were prepared b y  cu ttin g  p a ttern s and de
pressions on one 'Side. T hese were used in th e same 
m anner as th e sm ooth ones a fter clean sing and buffing 
as described.

p r e p a r a t i o n  o f  s a l t s

T h e am m onium  su lfate, am m onium  chloride, boric 
acid, c itric  acid, potassium  citrate , tan n ic  acid, sodium 
sulfite, sodium  ph osphate, am m onium  ta rtra te , and 
m agnesium  su lfate  used for these experim ents were 
M e rc k ’s ch em ically  pure, purchased from  a supply 
house, as were th e  reagen ts used in th e preparation 
of the co b alt salts.

A ll co b alt com pounds used for these experim ents 
were prepared a t th is  la b o ra to ry , and th e method 
of preparation  of each is g iven  as follow s:

c o b a l t  s u l f a t e  was prepared by dissolving C03O4 in H C 1 
and adding an equivalent of H2SO4. The solution was then 
evaporated to drive off H C 1 and crystallize C0SO4.7H2O. The 
crystals were collected in the usual manner and heated in the 
presence of H2SO< until SO3 fumes disappeared and the salt 
became dehydrated. Or the collected crystals were recrys
tallized in the usual maimer where dehydrated salt was not de
sired.

c o b a l t -a m m o n iu m * s u l f a t e  was prepared by mixing hot 
solutions of cobalt sulfate and ammonium sulfate containing 
molecular proportions of each of the salts. As the cobalt am
monium sulfate is less soluble than either of the single salts,
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most of the crystallization was effected in the hot mixed solu
tion. The crystals were collected and washed with alcohol.

c o b a l t  c h l o r i d e  was prepared by dissolving C 03O .1 in H C 1, 
and after filtering of! the excess CO3O.1, crystallizing the salt 
and collecting and washing the crystals in the-usual manner.

c o b a l t  ETHYLSULFATE— E thyl alcohol and concentrated 
sulfuric acid were heated together to form ethyl sulfuric acid. 
This was then neutralized with calcium carbonate and the cal
cium ethyl sulfate crystallized by evaporation of the solution 
after filtering off precipitated calcium sulfate. The crystals 
were re-dissolved and the calcium precipitated as calcium 
sulfate by adding sulfuric acid in molecular proportion, reform
ing ethyl sulfuric acid. Freshly precipitated cobalt hydroxide 
was added to this acid until it failed to dissolve any more. The 
cobalt-ethyl sulfate was crystallized by evaporation. The 
crystals were collected and washed in the usual manner.

S O L U B IL IT IE S  OF C O BA L T A N D  N IC K E L  SA LTS

The relative  solubilities of co b alt su lfate  and 'nickel 
sulfate, and of cob alt-am m onium  su lfa te  and nickel- 
ammonium su lfa te  are im p ortan t in considering th e 
greater co n d u ctiv ities  of the co b alt solutions as com 
pared with th e corresponding ones of n ickel. T hese 
solubilities are considered la ter  when discussing the 
greater speed of co b alt p latin g , and as well in consid
ering the satu ratio n  con cen tration  of some of the bath s 
employed, so th a t a brief ta b le  of solubilities at room  
tem perature is g iven  herew ith.

G rams of sa lts  dissolved by  This
one lite r  of w a ter ° C. Com ey(a) Kraut(fc) Lab.

CoSOi....................................... anhydrous 23 362 380 362 .2
NiSO<.......................................  anhydrous 23 405 379 363
Co(NH4)î (SCM2....................  anhydrous 23 171 171 164
Ni(NH«)î(SO02..................... anhydrous 23 66 66 72 .8

(a) A. M . Com ey, “ A D ic tionary  of Chem ical Solubilities,” M acM illan 
and Co., 1896.

(b) Gmelin, K ra u t’s “ H andbuch  dcr anorganischen C hem ie,” 1909, 
Vol. V, Sect. 1.

The salts a ctu a lly  used in m akin g up th e solutions 
were C0SO4.7H0O, N iSO^yH^O, C oS O .,.(N H ,)2S 0 4.- 
6H20  and N iS 4 .(N H 4 )2S C M H 50 .

From the ab ove ta b le  it  is ap paren t th a t th e solu 
bilities of co b alt and n ickel su lfates are n ot v e ry  
different. These, how ever, do n ot lend them selves 
to satisfactory  p la tin g  solutions w ith o u t adding 
various other com pounds to  them . On th e other 
hand, cobalt-am m onium  sulfate is ap p roxim ately  
2.5 tim es as soluble as n ickel-am m onium  sidfate. 
As will be shown in th e sequel, from  th e experim ents 
performed, the sa tu rated  solution  of th is cob alt- 
ammonium su lfate  offers an extrem ely  rapid  and sa tis
factory p latin g b ath .

c u r r e n t  d e n s i t i e s

Unless sp ecifically  sta te d  to  the co n tra ry , the curren t 
densities given  in the ta b le s  to fo llow  and th rou gh ou t 
the text are cathode curren t densities; th a t  is, th e y  
were com puted b y  d ivid in g th e to ta l cu rren t b y  the 
cathode area.

An approxim ate n otion  of th e anode curren t d en 
sity m ay be ob tain ed  from  th e fo llow ing statem en t, 
although it is im possible to  com pute it  w ith a n y  de
gree of a ccu racy: A t the begin nin g of each exp eri
ment, the anode w as sm ooth and of ap p roxim ately  
the same area as th e cathode (see ab o ve), b u t as the 
experiment proceeded, the anode g ra d u a lly  increased 
in effective area, due to  un equal corrosion of its  su r
face. A t the end of som e of our exp erim ents th e anode

area m ay h ave been m ore th a n  tw ice th a t  of the cathode.
In our conclusions and th rough  th e  te x t of this 

paper we sp eak  of a llow able curren t densities w ith 
th e  various solutions, and we recom m cnd certain  ranges 
of current d en sity  w hich are perm issible for th e best 
p lates. In  ev e ry  case these are cath od e current 
densities, b u t are, of course, o n ly  va lid  w ith a sufficient 
anode area. W e h a ve  con ducted  our experim ents 
under conditions w hich m ight be called  good stan dard  
practice for p la tin g  shops, w hich m eans, so fa r as anode 
area is concerned, th a t  the anode area w as in every  
case greater than , and in m an y cases, tw ice  th a t of 
th e  cathode area.

e f f i c i e n c y  t e s t s

E fficien cy tests were m ade in th e  usual m anner b y  
carefu lly  w eighing the q u a n tity  of m etal deposited in a 
m easured tim e and com parin g it  w ith  th e th eoretical 
am oun t of m etal which should h ave been deposited in 
accordan ce w ith  F a r a d a y ’s law s. T h e d a ta  for these 
tests for each im p o rtan t solution are given  in T a b le  V I , 
page 392.

A G IN G  T E S T S

W ith  all th e p la tin g  b ath s w hich were_found to  be 
sa tisfa cto ry  or prom ising, both  agin g and efficiency 
tests were run. T h e agin g tests were for th e purpose of 
ascertain in g the co n stan cy  of th e  b ath  during continued 
use for p latin g over a considerably longer period th an  
w as n ecessary for our experim ents. T h e solution  was 
an a lyzed  for co b alt con ten t and tested  for a c id ity  and 
a lk a lin ity  at in terva ls  of 15 hours during p la tin g  runs of 
100 or more hours duration . T h is w as in addition  to 
th e series of runs a lread y  m ade w ith  th e  g iven  b ath , oper
atin g  w ith it t o  produce the p lates studied. T h e results 
of these agin g tests are given  in T a b le  V I I , page 392.

L A B O R A T O R Y  E X P E R IM E N T S  E L E C T R O D E P O S IT IO N  OF

C O BA L T

SERIES I— COBALT-AMMONIUM SULFATE SOLUTIONS
Langbein recommends for the nickel bath of the type I A,  

with an electrode distance of 10 cm., an electromotive force of 
3 volts; he states that this will give a current density of 0.3 
ampere per square decimeter.1

W e wished to compare the cobalt solution IA with the corre
sponding nickel solution as regards their relative specific elec
trical conductivities or with regard to the electromotive force 
necessary to give a specific current density through each, other 
conditions being the same. An experiment was tried using 
solution IA,  with which was compared the following nickel- 
ammonium sulfate solution:

N ickel su lfate, N iSO i A m m onium  sulfate, (NHOzSO* W ater
30.9 gram s 26.3 gram s 1000 cc.

Using the proper current to obtain a current density of o . 3 
amp. persq. dm., with the cobalt solution IA,  it was found that 
the potential difference between the electrodes was 0.88 volt. 
W ith the identical electrodes and with the same distance 
between them, namely 10 cm., using- the nickel solution, the 
potential difference between the electrodes was 2 .1 volts. 
Thus we have the very great difference between 0.88 volt and 
2 .1 volts required to give the same current density with these 
two solutions, other conditions being equal, which means that 
the cobalt solution is of very much lower specific electrical 
resistance than the nickel solution.

1 Langbein, "E lectro -D eposition  ol M eta ls ,” 6 th  E d ition  Revised, 
p. 252.
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Thus, in the first series of experiments with cobalt-ammonium 
sulfate and nickel-ammonium sulfate, we found a result which 
ran uniformly throughout our plating experiments, viz., that 
the conductivity of the cobalt bath was considerably higher 
than that of the corresponding nickel bath.

The last 90 hours plating with Solution 1/1 were with a cur
rent density of 0.G0 amp. per sq. dm. It  was, therefore, clear 
that this solution was not changing rapidly, and that the anode 
was dissolving satisfactorily. The slight increase in concen
tration was accounted for by evaporation. V ery similar re
sults were obtained with iron and steel cathodes in place of the 
brass ones.

Bath IA  was not thought sufficiently important to warrant 
a similar scries of experiments being made with the correspond
ing nickel bath for comparison.

The last 90 hours plating with Solution IB  were performed 
at a current density of 3 .0  to 3 .5 amp. per sq. dm. The cathode 
area was 34.0 sq. cm. This solution was neutral to litmus 
paper, but very slightly alkaline as shown by titration with N /10 
H C1 and litmus indicator. The solution remained absolutely 
constant and the cobalt anode dissolved satisfactorily.

A  number of the plates from Solution IB  were given a very 
severe bending test to study their adhesive qualities. In every 
case the plates stuck to the cathode after being bent backwards 
and forwards at an angle of nearly 1800, in a manner equal to, 
if not better than, that of the best nickel plates with which we 
are familiar, subject to a similar test. Even after the surface 
of the metal base had started to break, the cobalt plate still 
continued to cover the furrows and ridges formed.

The data of the plating experiments for Solution IB  show this 
solution to be remarkable for the extremely high-current densi
ties, a t which satisfactory plates may be obtained. W e find no 
record of nickel plating being accomplished, except under special 
conditions, such as with rotating cathodes, a t anything like the 
same speed.

It  is fairly well recognized that any improvement in the chem
ical composition of solutions for nickel plating, in order that 
a faster rate of deposition may be brought about, would have 
to be based upon a higher concentration of the nickel ion in the 
solution. The inventors of "Prom etheus,”  "P erse ls”  and 
other salts for concentrated nickel solutions, no doubt had this 
in mind. These new baths are of comparatively recent inven
tion, and there is considerable diversity of opinion as to their 
merits.

The practical plater knows that he can carry’ in his plating 
bath 12 oz. of double nickel salt per gallon of water in the sum
mer, and about 9 oz. of the same salt per gallon in the winter, 
without danger of frequent crystallization. Taking the higher 
of these figures, we have a bath equivalent to about 80 grams 
(NH^SOi.NiSOi.ôHüO per liter. This solution contains ap
proximately 1.5  per cent metallic nickel. On the other hand, 
using the Prometheus salts as bought on the market, as much 
as 2 lbs. may be dissolved to the gallon of water without danger 
of crystallization in the summer. Since this Prometheus salt 
contains about 28 per cent of NiSOi, this bath will contain 
approximately 2.6 per cent of metallic nickel in solution. This 
tremendously increased metal content of the latter bath ac
counts for the greater speed at which plating is possible with it.

Comparing the cobalt solution IB  with this, we note that it 
contains 200 grams of C0SO4. (N H î^SO î.ôH jO to the liter, 
so that its concentration in metallic cobalt is approximately
3 .0  per cent. W e would, therefore', expect this solution to be 
a very rapid plating one, faster than the other, as we find it, 
but the figures do not account for thé great difference between 
the solutions. It  has the advantage of being free from mag
nesium sulfate, boric acid and the like, which are very consid
erable and necessary constituents of all the concentrated fast 
plating nickel solutions. Moreover, we find with all solutions

of this type that the cobalt bath is a much more rapid plating 
one than the nickel bath, taking them at the same concentra
tion. Experiments conducted under conditions of present 
plating practice demonstrated that Solution IB  was capable of 
plating cobalt satisfactorily at several times the speed that the 
Prometheus salt was capable of plating nickel (see Series I). 
This comparison was for the-best condition for each that was 
known to the practical plater in charge of the plating estab
lishment in question, and to us as a result of these experiments.

c o n c l u s i o n s :  1 — Cobalt plates from these cobalt-ammo
nium sulfate solutions, on brass and iron, are firm, adherent, 
hard and uniform, and m ay be readily buffed to a satisfactorily 
finished surface. T hey take a very high polish, with a beauti
ful luster, which although brilliantly white, possesses a slightly 
bluish cast.

2— The specific electrical conductivity of these cobalt-am
monium sulfate solutions is very much higher than that of 
the corresponding nickel solutions.

3— A ll of these cobalt plates within the current density ranges 
described as satisfactory, are as smooth, adhesive and generally 
satisfactory as the best nickel plates.

4— Solution IA does not lend itself to extremely fast plating 
like IB , but satisfactory plates may be obtained with it at 
current densities up to 0.80 amp. per sq. dm.

5— Solution IA may be used at higher current densities than 
the corresponding nickel solution, for which Langbein recom
mends a current density of 0.30 amp. per sq. dm.

6— Solution IA does not change appreciably in cobalt content 
or in acidity when used over long periods of time at the recom
mended current densities.

7— Solution IB , which is a nearly saturated solution of C0SO4.- 
(NH4)2SO(, containing 200 grams of CoSO-,. (N H 4);S0 -i.6H:0  
to the liter of water, yields satisfactory cobalt deposits at all 
current densities up to 4 amp. per sq. dm., i. e., 37.2 amp. per 
sq. ft. This very rapid plating was performed in a  manner 
similar to that of common plating practice.

8— There is no nickel bath operating in the manner of the 
usual commercial plating procedure at anything like as high 
a current density as cobalt bath IB . M ore specifically, the 
allowable current density with which an adherent, firm, smooth, 
white, hard plate m ay be obtained with Solution IB , without 
sign of pitting or peeling, and yet which m ay be readily and 
satisfactorily finished, is four times that for which the same 
results may be obtained with the fastest commercial nickel solu
tions.

9— Both baths IA  and IB  m ay be used for plating on the 
usual surface, including brass, iron and steel. No preliminary 
coating of copper is necessary when plating with these baths 
on iron and steel.

10— Solutions IA  and IB  m ay both be used with a  large pro
portion of rolled anodes without becoming acid or depleted in 
metal.

11— Solution IB  does not change appreciably in cobalt con
tent or in acidity when used over long periods of time a t the high 
recommended current density.

12— The current efficiency of Solution IB is extremely high 
at a current density of 1 ampere per sq. dm. The mean of our 
measurements, which agree very well among themselves, gave 
a value of 98.0 per cent. The current efficiency of Solution 
IB  is as high at 3 amp. per sq. dm. as is common for the best 
nickel solutions that are used in nickel plating practice at very 
much lower current densities. T he average of three current 
efficiency measurements with Solution IB , a t 3 amp. per sq. 
dm., which measurements agreed very well among themselves, 
was 90.5 Per cent.

13— Solution I C is intermediate in concentration between
1.4 and IB  and its properties, as regards speed and quality of 
the plates to be obtained therefrom, are correspondingly inter



M ay, 1915 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 385

mediate. It is not nearly so rapid or as satisfactory at high cur
rent densities as IB .

14— Solution IB  "should be run neutral, for these plates are 
adherent, firm, smooth, white, hard, y et easily buffed to an ex
cellent finish. When operated slightly alkaline it yields plates 
which are grayish in color, which peel, pit, and show blisters. 
When operated acid it yields plates that, while fairly adherent, 
firm and smooth, are dark and freakish.

15— Solution IB  requires very little, if any, aging to put 
it in condition, but yields satisfactory plates almost from the 
start.

16— The “ throwing” power of Solution IB  is remarkably 
satisfactory.

17— The anodes in Solution IB  are remarkably free from 
the coating that characterizes nickel anodes.

Solution IB  showed so many superior qualities that it seemed 
highly worth while to develop it  further, and particularly to 
study it under exact commercial conditions. This work is re
ported later under "Com m ercial Tests,”  page 394.

SERIES II— COBALT-AMMONIUM SULFATE SOLUTIONS WITH AN- 
EXCESS OF AMMONIUM SULFATE

Series II was prepared with the view  of increasing the con
ductivity of Solution I by  adding a  relatively larger amount 
of ammonium sulfate.

Solution II does not give good results above o . 90 amp. per 
sq. dm.

With an unboiled solution, very dark, unsatisfactory plates 
were obtained at current densities between 0.30 and 0.62 
amp. per sq. dm.

This solution was not thought of sufficient importance to 
warrant making a  series of tests with rolled anodes, or aging 
and efficiency tests.

c o n c l u s io n s : i — Cobalt plates from this cobalt sulfate
and ammonium sulfate solution, with an excess of ammonium 
sulfate, on brass and iron, are firm, adherent, hard and uniform, 
and may be readily buffed to a satisfactorily finished sur
face, within the narrow range recommended for them. They 
take a very high polish, with a  beautiful luster, which, although 
brilliantly white, possesses a slightly bluish cast.

2— The specific electrical conductivity of Solution II is con
siderably higher than that of the corresponding nickel solu
tion.

3— Solution II is not a fast-plating solution, and can be used 
only at current densities up to about 0.90 amp. per sq. dm. 
This bath is not nearly so rapid nor so satisfactory as others 
described.

4— Solution II is an analog of one proposed by Langbein 
for nickeling, of which he says that the nickel deposit piles up, 
especially in the lower portion of the object; that is, the lower 
part of the cathode becomes dull,' burned or over-nickeled. 
This takes place with the nickel solution a t current densities 
about 0.35 amp. per sq. dm., and consequently the cobalt solu
tion is a very great improvement, as regards speed, on the cor
responding nickel solution.

5~Solution II  requires to be boiled at the outset to yield 
satisfactory plates. Otherwise the plates are dark, even at low 
current densities.

6— Solution II, after operating a number of hours, tends to 
become acid. This acid m ay be neutralized with ammonia, 
and the solution rc-acidificd with boric acid, to yield satisfac
tory plates. However, on this account and for others men
tioned, this solution is not nearly as satisfactory as some others 
described, since it  is not self-sustaining.

SERIES III— COBALT-AMMONIUM SULFATE WITH AN EXCESS OF 
AMMONIUM SULFATE AND CITRIC ACID

A bath which was formerly in extended use for nickel plating 
is prepared by boiling 34.5 grams nickel sulfate, with 50.3

grams ammonium sulfate and adding 4.2 grams citric acid to 
the liter of water. Analogous to this, Solution III/l was made 
up, when it was found to be not very satisfactory; 1 .7  grams 
sodium sulfite were added to the liter, making Solution IIIB . 
N o reagent was a.dded during the experiments with the solutions 
of Series III, either to neutralize them or for any other pur
pose.

Solution II IA  was not thought to be of sufficient importance 
to warrant running a series of experiments with rolled anodes.

The last 90 hours plating with Solution IIIB  was at a current 
density of 1.0  amp. per sq. dm. The cathod; area was 34.0 
sq. cm. The cobalt content and alkalinity of this solution 
were remaining approximately constant.

For comparison with Solutions III/l and B,  a set of runs 
on the corresponding nickel bath, Solution IIIC , was made.

Solution III D  resembled I IT/1, but was considerably less con
centrated in cobalt and ammonium sulfates.

Solution II ID,  after being used for plating approximately 
35 hours, became somewhat alkaline. In  comparison, Solution 
IIIC , the corresponding nickel bath, was tested after running 
with the same current for an identical time. It  was found to 
be practically in the same condition as regards alkalinity as at 
the start. Cast anodes were used in both of these baths through
out these runs, which were made partly for the purpose of test
ing the. relative solubility of the anodes. This result confirmed 
a conclusion to be generally drawn from all our experiments, 
that in baths of this type the cast cobalt anodes are more solu
ble than the cast nickel anodes.

Solution H IE  is more than twice as saturated in cobalt sul
fate as IIL 4 , and more than three times as saturated in cobalt 
sulfate as HI D.  The last 45 hours of plating with Solution IIIjE 
was at a current density of 3 .0 amp. per sq. din. The 45 hours 
preceding this was at a current density of 4 .75 amp. per sq. 
dm. This solution was gradually becoming more alkaline 
and its cobalt content increasing. The solution was obviously 
changing too rapidly to be satisfactory, but with an increased 
number of rolled anodes replacing cast ones, it might be used.

c o n c l u s i o n s : 1— Cobalt plates from the solutions of Series
III  on brass and iron, are firm, adherent, hard and uniform 
and m ay readily be buffed to a satisfactory finish, within the 
current density range recommended. They take a very high 
polish, with a beautiful luster, which, although brilliantly 
white, posseses a slightly bluish cast.

2— Solutions IIL 4 , B  and D  do not lend themselves to ex
tremely fast plating, but satisfactory plates m ay be obtained 
from them at current densities up to 0.80, 1 .0 and 0.80 amp. 
per sq. dm., respectively.

3— Solution IIIB  maintained itself substantially constant 
as regards cobalt content and alkalinity during 114 hours of 
plating. Its current efficiehcy is satisfactorily high.

4— Solution III£ , which is very  much more concentrated 
in cobalt than the other solutions of this .series, yields satisfac
tory plates at all current densities up to 1.5  amp. per sq. dm.

5— Solution I I I2S, when used with cast anodes, gradually 
becomcs more concentrated in metallic cobalt content, and in
creasingly alkaline. For this reason this solution can be used 
only with care, and is probably not satisfactory for general com
mercial plating purposes.

6— The current efficiency of Solution IIIjE is extraordinarily 
high as compared with that of the usual commercial nickel 
plating solutions.

7— The current efficiencies of all the solutions of Series III 
are high and well over 90 per cent at the recommended current 
densities.

8— A number of experiments with Solution IIIC  and Solution 
I I I jE were run simultaneously, with the same current density, 
electrode distance and electrode area. The E. M . F. across 
the nickel bath was from 2 to 2.5 times as great as that across
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T A B L E  I— E X P E R IM E N T A L  D A TA  O B T A IN E D  W IT H  S O L U T IO N S  O F S E R IE S  I  A N D  I I

SO L U T IO N  TA 
Co and NH< in m olecular p ropor

tions
C 0SO4 (NH4)aS04 W ater B ath  
3 0 .9  g. 2 6 .3  g. 1 0 0 0  cc. 3  liters 
Som ew hat more than  i/z  sa tu ra ted  
Analogous to  nickel p la ting  solu

tion  recom m ended by D r. Lang- 
bein

SO L U T IO N  IB  
Co and NH* in m olecular proportions 

C0S04(NH4)2S 04 .6H i0  W ater 
2 0 0  g. [ =  1 4 5  g. CoS04(NH4)zS04] IO OOc c . 

Solution nearly  sa tu ra ted  
N o add itions to  m ain ta in  n eu tra lity  
Sp. gr. a t  1 5 °  C. =  1 .0 5 3

S O L U T IO N  1C 
Co and  N H 4 in  m olecular p ropor

tions
C 0SO4 (NH4)2S04 W ater B ath  
4 0 .0  g. 3 4 .0  g. 1 0 0 0  cc. 2 .5  lite rs  
In te rm ed ia te  in concen tration  be 

tw een 1 .4  and  IB

Cur. Dens. E lectr. C athode P la ting

SO L U T IO N  I I  
Co and  NH< n o t in m olecular pro

portions
C0SO4 (NH4)2S04 W ater 
1 6 .7  g. 5 6 .7  g. 1 0 0 0  cc. 

N o t nearly  sa tu ra ted  w ith Co(NH4)2- 
(S04>2

N eutra lized  w ith  N H 4 O H , if too acid 
Boiled in p rep a ra tio n  and  prior to 

using

Soi,. D ate Amp. per E . M. F. dist. area tim e
N o. 1914 sq. dm. Volts Cm. Sq. cm. H r. M in.
IA — CAST ANO DES----BRA SS CATHOD ES

6 /  8 0 .3 0  2 .45  46 27 .3 2 30
8 0 .3 0 2.75 45 27 .3 1 0

22 0 .30 0 .75 10 27 .3 2 0
25 0.45 0 .83 10 27 .3 4 0
27 0 .50 0 .8 0 10 27 .3 3 0
24 0 .6 0 1.06 10 27.3 2 0
25 0 .8 0 1.27 10 27.3 3 0
27 0 .90 2 .03 20 27 .3 1 30
26 1.0 1.52 10 27.3 I 30
30 1.0 2 .25 20 27.3 1 30

Solution boiled 
7 / 3  1.0 2 .45 20 27.3 2 30

23 1.25 2 .0 0 10 27 .3 1 15
23 1.50 2 .1 0 10 27 .3 1 15

RO LLED
16

A N O D ES—
0.80

-BRASS CATHOD ES 
2 .0  10 3 7 .0 1 0

17 1.0 2 .0 17 3 7 .0 1 0
17 1 .0 2 .75 17 37. 1 1 0

R O LLED
17

A N O D ES—
0 .5 0

-ZINC CA THOD ES
0 .8 3  10 30. 1 1 0

I B ---CAST A N O D ES---- B RA SS CATH O D ES
7/17 0 .7 5  1 .0  17 37 .1 1 30

17 1.0 1.5 19 37.1 1 30
21 1.0 1.5 24 2 3 .7 (a) 1 0

8 /  3 1.0 1.70 19 23.7 2 0
7/18 1.2 1.95 19 37.1 1 0

22 1.2 1.7 24 2 3 .7 (a) 1 0
22 1.5 2 .05 24 2 3 .7 (a) 2 0

30 1.5 1.20 10 Polished 1 30

8 /  5 1.5 2 .1 16
steel knife 

37.1 1 30
7/22 1.7 2 .4 24 23 .7 (a) I 15 '

23 1.8 2 .55 24 23 .7 (a) 2 45
24 2 .0 2 .85 *24 28 .0 (a) 2 15
28 2 .2 3 .35 24 2 7 .3 (a) I 30 .
28 2 .5 3 .75 24 2 5 .0 2 45
28 2 .7 2 .25 23 22 .2 1 15
31 3 .5 3 .0 22 20 .0 (a) 1 30
31 4 .0 2 .9 20 18 (a) 1 0

8 /  3 4 .5 4 .9 20 27.5 1 30
3 4 .5 3 .0 10 27.5 1 30
3 4 .5 2 .95 10 27 .5 1 0

RO LLED
9 /  1

A N O D ES—
0 .3 9

-B R A SS CA TH O D ES
0 .4 4  10 26 .2 2 0

8/31 0.61 0.55 10 26 .7 2 0
5 1.0 1.6 16 3 7 .0 24 0

9 /  2 1.0 0 .77 10 2 7 .0 1 0
8 /  4 1.5 2 .2 16 37 16 0
9/14 2 .0 1.30 10 26 .5 0 45

15 3 .0 1.32 10 2 0 .0 0 20

14 4 .0 1.35 10 11.7 0 15
15 4 .0 1.35 10 11.7 0 25

8 /  4 4 .25 4 .25 20 27 1 15
4 4 .5 4 .6 0 18 27 1 0

C h a r a c t e r  o f  D e p o s i t

F a irly  b righ t, hard , p itted  a t  bo ttom .
L igh t gray , som ew hat p itted  a t  bo ttom .
B righ t and  sm ooth, n o t lustrous.
H eavy  m etallic, lustrous, slightly  spo tted .
M etallic , lustrous, streaked  and  spo tted . .
M etallic , uniform , n o t lustrous.
U niform , m etallic, lustrous.
B right, sm ooth , b o ttom  rough b u t n o t burned.
U niform ; lower corners burned, dull color.
Uniform , extrem ely  b righ t, thoroughly  satisfac to ry  surface when polished.

U niform , b righ t; edges slightly  burned.
D ark ; bad ly  burned  a t  edges, b righ t in center.
B urning  more m arked th a n  preceding.

Exceptionally  good; w hite, uniform .
Sligh tly  burned  a t  upper edges.
C lean, sm ooth, b rig h t; peeled upon heating  in boiling w a ter for a  few m inutes.

V ery rough surface, unlike any th in g  ob ta ined  on brass or steel. U nder microscope metal 
appeared  to  be deposited  in sm all irregu lar masses and  n o t to  be polished.

j  B righ t, uniform , glossy; little  buffing gave satisfac to ry  surface.
Good, sm ooth , b righ t p la te  over en tire  surface.
V ery satisfac to ry ; hard , b righ t, easily buffed.
B right, uniform , glossy; little  buffing gave satisfac to ry  surface.
Beautifu l sm ooth p la te  over en tire  surface. H igh and  low spo ts  evenly coated.
V ery sm ooth  and  b righ t, beau tifu l finish a fte r s ligh t buffing. U niform  thickness on high 

and  low spots. P la te  0 .0 6 2  mm . th ick .
B right, sm ooth, even, hard , satisfacto ry .

B eautiful, b righ t, sm ooth; easily buffed to  m irro r surface.
) V ery sm ooth  and  b righ t. B eautifu l finish a fte r s ligh t buffing. 
) and  low spots.
[ B eautifu l, w hite, hard , lustrous; no sign of bu rn ing  or scaling.

U niform  thickness on high

( V ery sm ooth, even, 
f signs of burning.

h a rd ; w hite, beau tifu l, satisfac to ry  finish a fte r s ligh t buffing. No

IC-

F a irly  uniform  an d  b rig h t; darkened a t  edges. Began to  peel a t  one corner.
S im ilar to  last; bu rn ing  slightly  m arked, b u t no peeling.
S im ilar to  previous; bu rn ing  n o t qu ite  so m arked. Buffed satisfac to rily ; slightly  pitted, 

due to  gas bubbles.

Sm ooth, uniform , w hite; read ily  buffed to  m irror surface.
Very b righ t an d  m etallic; sp lit a t  one place; easily rem oved from  cathode. P la te  0 .3 4  mm.

th ick  a t  edge, 0 .2 4  m m. a t  center.
Sm ooth, uniform , w hite; readily  buffed to  m irror surface.
B eautifu l, b righ t, sm ooth ; began to  separa te  from  cathode  a t  one corner.
Very even, sm ooth; good lu s te r when polished.
W hite; good lu s te r when polished; som ew hat rough on b o tto m , showing heavier deposit 

th e re ; also sm all furrow s from gas streaks.
Splendid w hite deposit; cracked a sh o rt d istance  in one place.
Good, w hite; rough on bo ttom , showing heav ier deposit the re ; also very  sm all furrows from 

gas streaks.
B urned, b u t no t so bad ly  as 4 .5  am peres c u rren t density .
B urned along edges.

-T h e  e lectrom otive force across the  e lectrodes was progressively increased so th a t  a series of p la tes  was ob tained  a t  c u rren t densities from  0 .3 0  to 1.25 
am p. per sq. dm . in th e  m anner shown in th e  d a ta  for Solu tions IA  and  IB .  (See descrip tive  tex t.)

I I — CAST A N O D ES— B RA SS CA THOD ES
Good, w hite, even, sm ooth ; requ ired  a lm ost no buffing to  give fine luster.

Good, w hite, uniform ; fine lu s te r w hen polished.

B right, evenly  deposited ; n o t lustrous.
Sm ooth  and  b rig h t; som ew hat spo tted .
D ark ; b righ t w ith  buffing.
A fter the  form er the  so lution w as found ra th e r  too  acid an d  was neu tra lized  w ith ammonia 

D ark ; polished b rightly .
D ark ; buffed to  sa tisfac to ry  b rillian t surface.
B adly burned over en tire  surface.
Very black w ith  rough, g rainy  surface. B urned a t  sides and  a t  bo ttom .
V ery poor; black and  polished w ith difficulty.
V ery unsatisfac to ry ; black  and  grainy.

N o t h a rd ; burned on sides; generally unsatisfactory .
D ark  and  bad ly  burned.

(a) W hen cobalt p la te  was dissolved off in n itric  acid, grooves lost th e ir  p la te  first, showing th inne r deposit there  th a n  on higher places.

9 /18 0.31 . 0 .91 10 3 9 .4 1 15
18 0 .5 6 1.18 10 3 3 .6 1 15
18 0 .6 0 1 .25- 10 3 3 .6 0 45
18 0 .75 1.35 10 3 8 .7 0 45
24 0 .9 0 1.27 10 38 .7 4 0
25 1.0 1.30 10 38 .7 3 0
27 1 .0 1 .55 10 3 8 .7 3 0

T his run  im m ediately  followed one a t cu rren t density 1.
slightly  acidified w ith boric acid.

29 1.0 2 .1 0 20 38 .7 2 0
6/29 1.0 2 . 10 20 27 .3 2 0
7 /  2 1.0 1 .4 10 27.3 2 0

3 1.0 1.95 20 27.3 2 0
13 1 .0 2 .05 15 39 .3 2 0
14 1.0 2.05 15 1 30

B ath  stirred  by  bubbling  a ir th rough  it.
15 1.0 1.42 15 1 30

6/26 1.4 1.95 10 27 ! 3 3 0

the cobalt bath. This is evidence, as noted throughout these 
experiments, of the greater conductivity of the cobalt solutions.

9— Solution IIIC  is very concentrated in nickel salt, and 
is more satisfactory than the corresponding cobalt solution of 
the same concentration. However, the corresponding cobalt 
solution is not nearly saturated. The comparison with an 
equally saturated similar cobalt solution, H IE , is in favor of

the cobalt solution, for it will operate a t higher current densi
ties than IIIC , and yields a plate which is just as satisfactory 
in appearance and harder.

10— These solutions operated alike plating on iron, steel and 
brass, for which metals only the above conclusions apply.

11— Cobalt anodes are more readily soluble than nickel 
anodes in the solutions of Series III, and consequently a larger
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T A B L E  I I — E X P E R IM E N T A L  D A TA  O B T A IN E D  W IT H  SO L U T IO N S  O F S E R IE S  I I I  A N D  IV
G. p e r  l .  w a t e r  S O L .  IIIA 11123 H ID I I I jE
C 0 S O 4 ............. .............. 34 .5 34 .5 25 .7 78. 5 34.
(N H 4 ) 2 S 0 4 . ............... 50 .3 50. 3 31 .5 129. 7 50.
C itr ic  a c i d . . ............ 4 .2 4. 2 4 .5 13. 7 4 .
A d d i t i o n . . . 1. 7 g . N a - S O a  N o n e N o n e  N o
T o t a l  b a t h  ( l . ) ..........  l . O 3. 0 3 .

C u r .  D e n s . E le c t r .  C a t h o d e  P l a t i n g
S o l .  D a t e A m p .  p e r  E .  M .  F . d i s t .  a r e a t i m e
N o .  1914 s q .  d m . V o l t s C m .  S q .  c m . H r .  M i n .

IIIA — CAST A N O D ES— BRA SS CA THOD ES
6/10 0 .2 0 1.5 10 27 .3 1 30

25 0 .5 0 1.25 10 27 .3 3 0
29 0 .5 0 1.39 20 21 .'S 1 0
30 0 .8 0 2 .13 20 27 .3 1 30
25 1 .0 2 .35 10 27 .3 1 30

I l l ß —CAST A N O D ES— S T E E L  AND BRA SS CA TH O D ES
7/20 0 .3 0 1 .06 10 S t e e l ,  60.0 1 15

10 0 .3 0 0 .65 15 B r a s s ,  27.3 2 0
20 0 .4 0 1 .0 10 S t e e l ,  60.0 1 15
27 0 .4 0 1 .0 10 B r a s s ,  31.5 2 30

6/30 0 .5 0 1.25 20 27 .3 1 30
7 /  3 0 .5 0 0 .8 6 27 .3 1 30
8 /  3 0 .8 0 0 .9 6 ÍÓ 39 .3 2 0
7/11 0 .8 0 1.35 15 27 .3 1 30

13 1.0 1.65 15 27 .3 1 30
2 1 .0 2 .07 20 27 .3 3 0

6/26 1.36 1.86 10 31 .5 3 0
26 1.7 2 .1 10 24 1 30

ROLLED A N O D ES— B RA SS CA TH O D ES
17 1.0 2 .5 15 37 1 0

IIIC — CAST A N O D ES----BRA SS CA TH O D ES
7/16 0 .3 0 1.25 .10 S t e e l ,  39 .3 1 30

13 0 .3 4 1.28 10 B r a s s ,  3 9 .3 1 30
31 0 .5 0 1.45 10 3 9 .4 2 0
22 0 .5 0 1.45 10 39 .3 1 30 )
22 0 .5 0 1.45 10 39 .3 I 30 J
23 0 .9 0 2 .35 10 4 6 .6 1 0

14 1 .0 2 .15 10 39 .3 1 30
14 1 .0 2 .6 10 39 .3 1 30
14 1 .0 2 .6 10 37. 1 1 30
24 1 .0 2 .3 6 10 39 .3 1 30
24 1.0 2 .3 6 10 3 9 .3 1 30
25 1.07 2 .5 6 10 3 9 .3 1 30
28 1.25 2 .6 0 10 3 9 .4 1 45
29 1.50 2 .75 10 27 .3 2 0
14 1.5 2 .75 10 27 .3 1 30

ROLLED A N O D ES----BRA SS CA TH O D ES
31 0 .5 0 2 .85 10 3 9 .3 2 0 \31 0 .8 0 3 .3 0 10 3 9 .3 2 0 J

H ID —CAST A N O D ES----B RA SS CA THOD ES
7/14 0 .3 0 1.06 15 37 3 0

7 0 .5 0 1.36 15 37 3 0 \7 0 .5 0 1.33 15 37 3 0 1
7 0 .7 0 1 .80 15 37 3 0

11 0 .9 0 1.89 15 37 3 0 111 0 .9 0 1.90 15 37(6) 3 0 }
17 1 .0 15 37 1 0
7 1.0 2 .02 15 37 3 0
7 1.0 2 .0 15 37 3 0 113 1 .0 2 .0 15 37(0) 3 0 )

H IE —BRASS CA THOD ES
7/21 0 .5 0 0 .7 6 10 3 9 .3 2 0

22 0 .5 0 10 39 .3 2 0
28 0 .6 2 Ó .87 10 S t e e l ,  20 3 0

22 0 .7 0 0 .9 0 10 B r a s s ,  3 9 .3 2 0
21 0 .8 0 0 .82 10 3 9 .3 2 0 \23 0 .8 0 0 .97 10 3 9 .3 2 0 )
23 0 .9 0 1.0 10 4 6 .6 1 0
21 1 .0 1.03 10 39 .3 2 0
24 1 .0 1.05 10 39 .3 2 0
24 1.0 1 .05 10 39 .3 2 0

T h i s  p la t e  w a s  d a r k e r  t h a n  c o r r e s p o n d i n g  N i  p l a t e  a s  r e m o
p o lis h in g  t o  p r o d u c e  a  m ir r o r  s u r f a c e .

25 1.07 1 .19 10 3 9 .3 2 0
28 1.25 1.31 10 3 9 .3 1 45
29 1.5 1.35 10 27 .3 2 0

I I IC  SO L U T IO N  IVA
3 4 .5  g. NÍSO 4 G ram s per lite r w ater T o ta l 

- CoSO< (N H O sSO « N H 4 C I b a th
23 .5  2 0 .0  3 0 .0  2 .5  1.

N o add itions to  solution 
Sp. gr. =  1.043 or 6 .0° BĆ

SO L U T IO N  IV B  
G ram s per lite r w ater T o tal

C 0SO4 (N H ^aSO i NH4CI Boric acid b a th
23 .5  2 0 .0  18.2 9 .5  2 .5  1.

S lightly  acid  to  litm us. N H 4OH  added, 
then  boric acid to  slight ac id ity

C h a r a c t e r  o p  D e p o s i t

U niform , very  d a rk ; susceptible to  b rig h t polish w ith  buffing.
B lack b u t sm ooth.
Slightly  d a rk ; buffed to  beau tifu l b righ t, clean surface.
Scaly, peeling easily; n o t satisfacto ry .
U niform ly black  and  unsatisfac to ry .

S a tisfac to ry  and  adheren t.
V ery sm ooth , h a rd ; buffed to  b righ t, s ilvery w hite finish.
Sa tisfac to ry  sm ooth , adheren t.
Sm ooth, uniform ; s ligh tly  d a rk  in color; peeled a t  edges a f te r  rem oval from  b a th .
B righ t, hard , good color a fte r polishing. N o signs of p itting .
E x trem ely  b righ t, sm ooth ; free from  all flaws; buffed to  beau tifu l surface.
V ery  w hite, uniform ; satisfac to ry  except for s ligh t scaling on one side.
V ery  sm ooth , even; buffed to  sa tisfac to ry  surface.
Scaled off; unsatisfacto ry .
C lean, hard , uniform ; buffed to  beau tifu l surface.
Sm ooth, uniform ; d a rk  in  color.
U nsa tisfac to ry ; split.

Clean, sm ooth ; black.

Scaled easily.
W hite  and  uniform .
Sa tisfac to ry  except for p ittin g ; easily polished.(a)
B rillian t w hite; buffed satisfactorily . D ecidedly softer th a n  one from  Co B ath  I I I jE sam e 

da te , w hich was ru n  and  buffed sim ultaneously.
B righ t m etallic, Justrous. R ead ily  buffed to  sa tisfac to ry  m irror. W hite r and  softer 

th a n  Co p la te  Solution IIIZ2, run  sim ultaneously .
B right, p itted .
B righ t, p itted  on surface; beau tifu l surface a f te r  buffing.
S a tis fac to ry  except for few sm all pits.
D arkness on edges; buffed satisfacto rily .
W hite ; difficult to  polish to  sa tisfac to ry  m irror surface; s ligh tly  p itted .
Scaled s ligh tly  a t  lower edge.
D ull color; buffed to  sa tisfac to ry  m irro r surface w ith  difficulty.
D ull and  burned.
B righ t w ith p its  and  scaling a t  bo ttom .

|  V ery satisfac to ry ; w hite; read ily  polished to  m irror surface.

B lack; buffed satisfactorily , except for sm all pin holes.
|  D ark ; buffed satisfactorily .

B righ t b u t s lightly  rough.
D ull and  p itted . C u rren t density  too  great.
C lean, sm ooth; dark .
V ery dull; cu rren t density  too  high.
D ull and  p itted . C u rre n t density  too great.

V ery b rig h t uniform .
B righ t, satisfactory .(c)
D a rk  g ray ; m etallic lu s te r; very  little  buffing produced m irro r surface. Sa tisfac to ry  in 

all respects.
P la te  b rig h t and  sa tisfac to ry .(d)
V ery sm ooth ; som ew hat d a rk ; polished to  brillian t m irro r su rface.(c)
Satisfac to ry , readily  buffed to  m irro r surface. (/)
V ery sm ooth , som ew hat d a rk ; polished to  brillian t m irro r surface.
Scaled off when p u t in boiling w ater.
D ark  though  lu strous w ith  no sign of scaling.
ved from  the  b a th . Sec II IC , Ju ly  24th , 1.0 am p., a lthough  the  N i p la te  required  more

R a th e r  d a rk ; showed signs of burning.
D ark  gray. V ery little  buffing produced m irror surface.
S o m e w h a t  d a r k ,  r e a d i l y  b u f f e d  t o  p e r f e c t  m i r r o r  s u r f a c e .

Co plate considerably  ha rd e r th an  corresponding N i p la te  when b o th  were ground.
31 B ath  becom ing alkaline, w hich was neu tra lized  by  sm all add ition  of citric  acid.

I V A — CAST A N O D ES B RA SS CA TH O D ES

|  Good, sm ooth , uniform ; little  bulling  produced m irro r surface.

|  Good, w hite; uniform  and  velvety . R ead ily  buffed to  m irro r surface.
U niform , b u t gray. Good finish when polished; som ew hat gas-p itted .
Good, sm ooth , uniform ; velvety , took b rillian t silvery  polish.

    „ „    _  _  G o o d ,  s m o o t h ,  u n i f o r m  o v e r  e n t i r e  s u r f a c e ;  v e l v e t y .
This run  was to  determ ine n a tu re  of deposit a t  tw ice th e  cu rren t density  recom m ended for sim ilar N i b a th .

1 1 -c  m  1 1 c 1 m  E ven, uniform , slightly  dark  in cen ter; buffed to  very  sa tisfac to ry  surface.
N o t satisfac to ry , som ew hat burned on edges.

9/21 0 .5 0 0 .85 10 3 4 .6 2 0
6/11 0.55 0 .65 10 2 7 .3 3 0
9/21 0 .7 5 0 .9 4 10 2 5 .8 1 0
6/26 1.0 1 . 1 10 2 4 .0 1 30
9/21 1 .0 1.45 10 35 .5 1 0
6/25 1.1 1.2 10 2 4 .0 2 45

14 1.1 1.15 10 27.5 2 0

IVB-

25 1.65 1.75 10 31.5 1 30
26 1 .9 1 .92 10 31 .5 3 0

5— CAST A N O D ES----IR O N CA THOD ES
8 /  4 0 .5 0 0 .9 0 10 4 5 .4 0 40

CAST ANO DES----B RA SS CATH O D ES
6/12 0 .55 0 .75 10 23 .3 3 0
9/21 1 .0 1.77 10 3 6 .0 1 0
6/12 1.10 10 27 .3 3 0
9/22 1.25 1.67 10 28.1 1 0
6/14 1.5 2 .5 12 3 0 .0 1 0
9/22 1.5 2.27 10 3 4 .8 0 30
6/27 1.6 2 .2 2 20 31 .5 2 30
6/26 1.65 1.86 10 2 4 .0 2 0

7/29 1 .70 2 .15 10 27 .3 1 30
(а) I t  is difficult to  ge t a  p la te  free from  hydrogen p its  from  th is  b a th  

except a t  very  low cu rren t densities.
(б) In  polishing th is  p la te  the  extrem e hardness of th e  Co deposit as 

compared with N i was p a rticu la rly  noticeable. T he  sam e re su lt was 
noticed to  m arked ex te n t th ro u g h o u t these  p la tin g  experim ents.
__ yO C onsiderably h a rd e r th an  N i p la te  run  a t  sam e tim e, see II IC , Ju ly  
22nd, 0.50 am p.

G ray, very  sm ooth  and  b rig h t; readily  buffed to  sa tisfac to ry  m irro r surface.

H a rd  and  uniform ; much w hiter th an  solu tion  IV A .
Good, uniform , w hite. S a tisfac to ry  finish w ith  little  buffing.
H ard  and  uniform , m uch w hiter th a n  IV /l.
G ood; slightly  dark  a t  edges. N o bu rn ing  a t  th is  cu rren t density .
B rig h t a t  first; b lackened along edges, showing signs of burning.
V ery dark  an d  bad ly  bu rned  a t edges.
Sm ooth, no t uniform . B righ ter nearer b o tto m  th a n  top.
Sm ooth, uniform ; som ew hat w hiter th a n  p la te  Series IV A , Ju n e  26th , N . D-ioo =* l.

S om ew hat d a rk  a t  edges.
U nsatisfacto ry , g rainy  and  burned . G as a t  cathode.

(¿) C onsiderably  ha rd e r th a n  N i p la te  run  a t  sam e tim e, see II IC , Ju ly  
22nd, 0.70 am p.

(e) Sam e, see I I IC , Ju ly  23rd, 0.80 am p.
(/) N o t as w hite when rem oved from  b a th  as N i p la te  ru n  s im u lta 

neously, see II IC , Ju ly  23rd, 0.90 am p. Co p la te  m uch h a rd e r th a n  corre
sponding N i plate.
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proportion of rolled cobalt anodes may be used than is the case 
with nickel.

SERIES IV COBALT-AMMONIUM SULFATE, AMMONIUM CHLORIDE
SOLUTIONS

The baths of Series IV  were prepared in a manner similar 
to that described under Series I.

It is stated in the literature1 that baths containing chlorides 
or nitrates are not suitable for nickeling over iron. They are, 
however, well adapted to the rapid light nickeling of cheap brass 
articles. Bath IV  is the cobalt analogue of one sometimes used 
in nickeling practice for work of this lighter kind.

c o n c l u s i o n s : 1— Solution XVA yields satisfactory cobalt
plates on brass and iron at all current densities up to about
1.5  amp. per sq. dm.

2— The plates of Series IV A  buffed to a brilliant surface, 
similar to that described under 3 below.

3—— Solution IV B  gave satisfactory plates at all current densi
ties up to 1.25 amp. per sq. dm. on brass and iron which are 
firm, adherent, hard and uniform, and may be readily buffed 
to a satisfactorily finished surface. T hey take a  very high 
polish, with a  beautiful luster, which, although brilliantly 
white, possesses a slightly bluish cast.

4— Solutions IV d  and B  are moderately rapid plating baths, 
but not nearly as rapid as Solutions I S  and X IIIB .

5—— Solution IV B  is considerably more rapid than the corre
sponding nickel bath, the latter working best at a current den
sity of about 0.55 amp. per sq. dm.2

6— These solutions operated alike plating on iron, steel and 
brass, for which metals only the above conclusions apply.

7— The cobalt content and the neutrality of Solution IV B  
do not change appreciably with prolonged usage.

8— The current efficiency of Solution IV B  is satisfactorily 
high, the average value of three measurements, agreeing well 
among themselves, being 92.6 per cent.

9— Solution IV B , with boric acid, yields somewhat whiter 
plates than IVA,  but IVA  may be operated at a somewhat 
higher current density.

SERIES V COBALT CHLORIDE, AMMONIUM CHLORIDE
SOLUTIONS

A  bath was prepared analogous to the nickel-annnonium 
chloride bath which has been largely favored for nickeling 
over zinc. This solution is also used for dark nickeling.

c o n c l u s i o n s :  1 — Solution 'V  was not found to be satisfac
tory for obtaining a bright characteristic cobalt plate at any 
current density up to 1.0  amp. per sq. dm., either with rolled 
or cast anodes, plating on brass and iron. This refers to plating 
in the normal manner and without agitation of the solution. 
This solution could be used on brass and iron if dark cobalting 
were required.

2— Rolled anodes are required for a satisfactory deposit 
with the nickel analogue of this solution. They improve the de
posit in the case of cobalt, but it is by no means satisfactory, 
either in speed or quality of deposition, as compared with other 
solutions, such as IB  and X IIIB .

3— Solution V  may be used satisfactorily to cobalt on zinc, 
provided there is a sufficient mechanical agitation to remove 
hydrogen bubbles from the surface of the cathode. W ith this 
provision the cobalt plates are firm, adherent, hard and uni
form, and of a polished appearance as removed from the solu
tion.

SERIES VI COBALT-AMMONIUM SULFATE, BORIC ACID SOLUTIONS

Solution V L 4, is analogous to a solution recommended by 
Weston for nickel baths. It  has, however, never found extended

1 Langbein, "E lectro-D eposition  of M etals ,”  6th  E dition  Revised, 
p. 254.

'-Ibid., p. 253.

usage in commercial plating for the reason that the nickel solu
tion, after working faultlessly for a comparatively short time, 
begins to fail, yielding a blackened deposit.

Solution V IB  is the nickel solution corresponding to the 
cobalt solution V L 4 . A fter Solution VIA  was found to be un
satisfactory, its metal content was increased by further addi
tion of cobalt sulfate. This solution was called V IC . In addi
tion a much more concentrated solution of the same series, 
VIZ?, was prepared and studied.

c o n c l u s i o n s : i — Solution VIA  does not yield a satisfac
tory plate at any current density, plating with cast anodes, 
up to i.o  amp. per sq. dm. The plates are dark and spotted 
and hydrogen is evolved. A t current densities in the neighbor
hood of one amp. per sq. dm. or higher, the plates are badly 
burned and pitted. W ith rolled anodes there is a slight im
provement at moderate current densities, that is, in the neigh
borhood of 0.50 amp. per sq. dm.

2— Solution V IB , which is the nickel analogue of V I A ,  gave 
very bright, clean, satisfactory plates at current densities up 
to 0.50 amp. per sq. dm. A t current densities greater than 
this the plates are burned.

3— This nickel solution, V IB , is not nearly so fast as some of 
the cobalt solutions elsewhere described in this paper.

4— Solution V IC , which is a more concentrated solution of 
the type of V M , operated satisfactorily at a higher current 
density than V L 4 , that is, up to 1.0 amp. per sq. dm. This 
conforms to the general conclusion throughout this work that 
the more concentrated cobalt solutions, which are likewise 
those from which plates may be obtained with the greatest 
speed, are the most satisfactory for practical plating purposes.

5— Solution V IB  is not to be compared in speed with IB, 
from which it differs only by  the addition of the boric acid. 
Solution V IB  yields a satisfactory white cobalt plate at all 
current densities up to 1.25 amp. per sq. dm.

6— T he current efficiencies with all solutions of Series VI 
are high and satisfactory, the average being better than 90 
per cent.

7— These solutions operate alike plating on iron, steel and 
brass, for which metals only the above conclusions apply.

8— The cobalt plates from Series V I, wherever they are pro
nounced satisfactory, are firm, adherent, hard and uniform, 
and may be readily buffed to a satisfactorily finished surface. 
They lake a very high polish, with a beautiful luster, which, 
although brilliantly white, possesses a slightly bluish cast.

SERIES VII— COBALT-AMMONIUM SULFATE, COBALT CARBONATE, 
BORIC ACID SOLUTIONS

This solution was prepared by boiling cobalt-ammonium 
sulfate crystals and cobalt carbonate in water until the evolu
tion of CO2 gas ceased, and until the solution was no longer 
acid to blue litmus. A fter settling, any undissolved cobalt 
carbonate was removed by filtration or decantation, and the 
boric acid added. A fter further boiling for a short time, the 
solution was allowed to cool and was ready for plating purposes. 
If the solution is too acid it may be neutralized with ammonia.

Solution V II can be used with rolled anodes, or rolled anodes 
with a small proportion of cast ones. The proportion of cast to 
rolled anodes used in this bath can be established by frequent 
testing of the acidity of the bath. For this purpose the follow
ing should be noted: Blue litmus paper should always be
reddened, indicating the presence of boric acid; congo paper 
should not be turned blue, for if it does, • it indicates the pres
ence of free sulfuric acid in the bath. Red litmus paper should 
remain red for if it turns blue the bath has become alkaline 
and further addition of boric acid is required.

A fter plates from Solution VI I A  were found to be unsatisfac
tory, yielding dark deposits at current densities ¡11 the neighbor
hood of 1 amp. per sq. dm., sodium sulfite was added to the
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T A B L E  II I-  
SO L U T IO N  V 

Grams per lite r w ater T o ta l 
C0CI2 N H 4C I b a th
54.8 5 4 .8  2 .5  1.

Dissolved in lukew arm  w ater 
NH«OH added to  n e u tra lity  or 

very slight acid ity . N o ad 
ditions afterw ards.

-E X P E R IM E N T A L  D A TA  
G. per 1. W ater SOL. VIA
C0SO4.............................  14.8
(NH«)*S04.....................  12.6
Boric a c id ..................... 18.8
T o ta l b a th  (1.)............  2 .5
A d d itio n s .........................N one

Cur. Dens. E lectr. C athode P la ting
So l . D ate Amp. per E . M . F . dist. area tim e
No. 1914 sq. dm . V olts Cm. Sq. cm. H r. M in
V— CAST ANO DES----BRA SS CATHOD ES

6/17 0 .3 0 0 .96 10 27 .3 2 20
27 0 .3 0 0 .6 6 10 27 .3 2 30
18 0 .37 0 .55 10 27 .3 3 20
18 0 .37 0 .55 10 27 .3 3 20
20 0 .5 0 0 .75 10 27.3 3 20
22 0 .5 0 0 .6 9 10 27 .3 2 30
29 0 .9 0 1 .76 20 27 .3 2 0

7/15 1.0 1 . 15 11 37 1 0
ROLLED ANODES

8 / 3 0 .5 0 0 .7 0 10 Iron , 4 5 .4 1 15
7/17 0 .8 1.0 15 Brass, 27 .3 1 0

17 1 .0 1.1 16.5 2 7 .3 1 0
8 / 5 1 .0 0 .95 10 Iron , 41 .2 2 20

CAST ANO DES PL A T IN G  ON ZIN C CA THOD ES
M echanical ag ita tion . Solution s tirred  mechani cally to  1

9/25 0 .5 0 0 .75 10 C ast, 26 .6 1 30
24 0 .5 0 0 .7 6 10 26 .6 1 15
21 0 .75 1 .06 10 2 6 .6 1 0
25 0 .75 0 .85 10 26 .6 I 15
25 0 .75 1.0 10 Sheet, 28 .8 1 0

23 1.0 0 .95 10 C ast, 26 .6 1 0

24 1.0 0 .95 10 26 .6 1 0
24 1.0 0 .95 10 26 .6 1 0
24 1.0 0 .95 10 26 .6 1 0
22 2 .0 1.48 10 26 .6 0 30

VI/1—CAST A N O D ES—-B R A SS CA THOD ES
6/13 0 .3 0 0 .9 6 10 27 .3 2 20

15 0 .6 0 1 .70 10 27 .3 2 20
27 0 .63 1.25 10 31 .5 2 30
30 0 .9 0 3 .5 20 27 .3 2 0
30 1.0 3 .27 20 27 .3 2 0
15 1.0 3 .6 15 2 4 .0 1 30

ROLLED A NO DES----B RA SS CA THOD ES
7/16 0 .5 2 .0 15 37 .3 1 30

16 0 .8 2 .3 13 37 .3 2 0
16 0 .8 2 .5 15 27. 1 1 0

VIC—CAST A N O D ES—-BRA SS CATHOD ES
7/20 0 .5 0 0 .9 4 10 27 .3 2 0

23 0 .7 0 1 . 12 10 27 .3 2 0
8 / 4 1.0 1 .95 10 . 39 .3 1 30

5 1.5 2.15 10 27 .3 2 0
VID—BRASS CA THOD ES

9/25 0.51 1.0 10 35 .5 1 0
25 0 .75 1.35 10 34.1 1 30
26 1.0 2 .85 10 34 .3 1 0

10/ 1 1.0 1.25 10 34 .3 1 0
1 1 .25 1.4 10 3 2 .6 1 0
1 1.25 1.38 10 3 4 .6 1 0

9/28 1.5 1.35 10 35 .3 1 0
28 1.5 1.92 10 37 .5 1 30
29 1.5 1.87 10 3 3 .8 1 0

10/ 2 1.5 1.74 10 3 3 .8 I 0
2 1.75 2.11 10 17.8 0 30

VIZj—CAST A NO DES—-B R A S S  CATHOD ES
7/15 0 .3 0 1 .55 10 27 .3 2 0

15 0 .5 0 2 .0 10 27 .3 * 2 0
29 0 .6 0 2 .2 7 10 39 .3 1 30
29 0 .8 0 2 .3 6 10 39 .3 1 30
28 1.0 3 .01 10 39 .3 1 . 30

VIIA—CAST ANODES-— B RA SS CA THOD ES
7 / 3 0 .35 20 27 .3 2 0

3 0 .5 0 1.50 20 27 .3 2 0
9 0 .5 0 1 .55 20 39 .3 2 30

10 0 .5 0 1.53 20 39 .3 2 30
4 0 .7 0 2 .7 20 27.3 2 0
6 1 .0 2 .5 10 27.3 2 0
7 1.0 2 .7 15 27 .3 2 0
7 1.0 3 .3 0 15 3 9 .3 2 30
9 1.0 3 .2 5 15 3 9 .3 2 30

11 1.0 4 .1 5 15 27.3 2 0
Solution rap id ly becom ing m ore alkaline w ith  use.

V l i ß — CAST ANO DE—-B R A S S  CATHODE
7/11 1 .0 2 .05 15 27 .3 2 0

Solution rap id ly  becom ing m ore alkaline.
ROLLIÎD A N O D ES-—B RA SS CA TH O D ES

17 0 .5 0 1.21 10 27 .3 2 0
17 0 .5 0 1.15 10 27 .3 2 0
17 0 .8 0 1.95 10 27 .3 2 0
18 0 .9 0 2 .2 0  . 10 27 .3 2 0

O B T A IN E D  W IT H  S O L U T IO N S  O P S E R IE S  V, V I A N D  V II
V IC  V ID (IB  +  Boric Acid) V IB  SO L U T IO N  V IIA  V IIB

3 8 .6  Co(N H 4)2(S04)2.6H:0 14.8 g. N iS04 . G. per 1. w ater
3 2 .9  200 .0  12.6 Co(NH4)2(S04)2.6H 20  6 3 .5  63 .5
3 8 .8  3 7 .2  18 .8  C0CO3................................ 5 .3  5 .3

2 .5  All boric acid dissolved 2 .5  Boric a c id ......................... 3 1 .7  31 .7
N one by  con tinued  ag ita tion  N one N a2S03 ................................N one 1 .4

P erfectly  clear a fte r stand - T o ta l b a th  (1.)...............  3 .5  3 .5
ing several days A dd itions............................N one N one

C h a r a c t e r  o f  D e p o s i t

D ark gray.
D ark , even; buffed satisfactorily .

|  D ull gray, spo tted  and  rough.
D ark  and  spotted .
H eavy black; buffed satisfactorily .
Very dark , slightly  p itte d ; buffed satisfactorily .
Som ew hat dull; buffed satisfactorily .

Very sm ooth, b righ t, dark  gray; readily  buffed to  m irror.
Sm ooth, b righ t, slightly  p itte d  a t  bo ttom .
Sm ooth, uniform , dark . B right a fte r buffing.
Sm ooth, dull gray, som ew hat p itte d ; no sign of burning . Polished read ily  to  m irror.

ceep off hydrogen bubbles.
B righ t, a lm ost as if buffed when rem oved from  solution.
Good white, uniform . R eadily  buffed to  m irror.
N o ag ita tion , poor p la te , crystalline.
Sm ooth, uniform , looked alm ost as  if buffed when rem oved from  solution.
V ery sm ooth on portion  of cathode w here ag ita tion  rem oved hydrogen bubbles; rough  on 

p a rt aw ay from ag ita tion  where hydrogen clung.
K ep t free of gas bubbles by rubb ing  for 10 min. P la te  satisfac to ry  and sm ooth. A t end 

of hour w ithou t fu r th er brush ing  off of bubbles, p late rough and crystalline.

i Solution stirred  m echanically to  keep off H  bubbles, b u t in sp ite  of th is, a t  th is  c u rren t 
density , gas p its appeared  a t  top  and  bottom .

D ecidedly crystalline; very poor. G as formed and adhered  to  cathode.

L ustrous, b u t d a rk ; n o t very  sm ooth.
L ustrous, b u t spo tted ; hydrogen gas given off freely.
Sm ooth, fairly  lustrous, b u t dark . Split on edges.
U nsatisfacto ry , p itted  and  burned.
B adly  burned and  unsatisfacto ry . C urren t density  too great.
B adly  burned  a t edges.

B right, sm ooth, uniform  plate.
|  U nsatisfacto ry , bu rned  along edges, peeled.

V ery sm ooth, b righ t, satisfac to ry ; required  very  little.buffing to  finish.
Dull m etallic color; buffed satisfactorily . Showed few p its  near bo ttom .
G ray, b u t read ily  buffed to  sa tisfac to ry  finish.
D ull and  burned in places.

Good, even, uniform , g ray ; good lu s te r when buffed.
Sm ooth, uniform ; good lu s te r when polished.

j “Good, sm ooth, uniform , gray ; good lu s te r w hen polished.

U niform , dull w hite; tendency  to  sp lit a t  bo ttom  and  edges.
U niform , sm ooth, gray; tendency  to  peel a t  edges.
U niform , ligh t g ray ; sp lit a t  edges.
U niform , rough, gray  and  porous; im possible to  buff.
U niform , gray; bad ly  gas-p itted .

V ery w hite, even; so glossy when rem oved from solution a lm ost no buffing required.
V ery b righ t, even, w ith  no trace  of burning.
B righ t in cen ter b u t signs of bu rn ing  a t  edges.
B righ t in cen ter b u t burned a t  edges and corners.
V ery dark  and  grainy . M arked burning over en tire  surface, especially a t  edges.

B right, even, w ithou t flaw; buffed satisfactorily .
V ery b righ t, sm ooth p la te  w ithou t flaws; buffed b rightly .
Surface g ranu lar; unsatisfactory .
R ough and unsatisfac to ry ; did  no t polish readily.
Sm ooth, flawless, w hite b u t n o t lustrous. Buffed satisfactorily .
B urned a t  sides and  bo ttom , unsatisfacto ry . C u rren t density  too great.
B urned a t edges, unsatisfac to ry . C u rren t density  too great.
H eavy  b u t dull and  g ranular. B urned.
B urned and  unsatisfactory .
Scaly and  unsatisfactory .

W hite, even, som ew hat burned a t  edges.

Even and satisfacto ry .
S a tisfacto ry , b righ t, requiring  little  buffing.
Sa tisfac to ry  and  bright.
B lack, burned.

bath to see if the deposit would be brighter. This latter solu
tion is Bath VII.B.

c o n c l u s io n s : i — Solution V IL 4 gives bright, satisfactory 
plates, at low current cjensities in the neighborhood of 0.35 
amp. per sq. dm., as is true of the corresponding nickel solu
tion.

2— Solution V il/1 does not lend itself for rapid plating; at 
current densities over 0.80 amp. per sq. dm., the plates are 
burned.

3— The addition of sodium sulfite to Solution VII.4 , as in

Solution V IIB , does not materially increase the current density 
at which satisfactory bright plates m ay be obtained. These 
solutions are not to be compared for rapid plating with some of 
the others described and styled satisfactory, as IB  and X IIIB .

4— The solutions of Series V II become alkaline so rapidly 
with cast anodes, that rolled anodes should preferably be used 
with them. In general, cobalt solutions improved by addi
tion of sodium sulfite are not sufficiently constant with pro
longed use to have the self-supporting characteristic required 
by most plating establishments.
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T A B L E  IV— E X P E R IM E N T A L  D A TA  O B T A IN E D  W IT H  SO L U T IO N S  O F S E R IE S  V III , IX , X , X I A N D  X II

G . per 1. w a ter S 0 L ..V IIL 1
C 0SO4. 26 .3

VIII23
40 .5

SO L U T IO N
IX

I H L 1 ....................................  1 /
P otassium  c i t r a te . . . .  17 .6  17.6 X C 0SO 4 (NH4)*S<
T o ta l b a th  (1.)............. 2 .5 1 . 0 26 .6 22 .6

Cur. Dens. E lectr. C athode P la ting
S o l . D ate Amp. per E. M. F. dist. area tim e
No. 1914 sq. dm. Volts Cm. Sq. cm. H r. M in.
V III .4 — CAST ANO DES----BRA SS CATHOD ES

10/1 0 .30 0.67 10 3 4 .8 2 0  \1 0 .50 0 .97 10 33.1 o 0 i
6 /30 0 .5 0 1.95 20 27.3 3 0
7/15 0 .5 0 1. 15 13 37.1 1 30

1 0 /  2 0 .95 1 .50 1 0 40 .8 1 30
2 1 . 0 1 .36 1 0 3 4 . 1 1 0

15 1 .5 2 .4 10 35 .3 1 0  115 1.75 2 .0 10 3 0 .6 0 45 }
V IIIJ3— CAST ZIN C  CATHODE

9/22 0 .26 0 .95 10 2 6 .6 2 0
BRASS CATHOD ES
10/ 2 0 .5 0 1.07 10 3 9 .6 2 0
9/22 1.0 1.97 10 34.7 1 0  110/ 1 1.0 1.4 10 3 4 .7 1 0 J

1 1.25 1.75 10 3 3 .4 1 0
9/23 1.5 2 .67 10 3 5 .0 30

10/ I 1.5 2 . 15 10 3 4 .8 ’ i 0
2 1.75 2 .35 10 3 4 .8 1 0

CAST ZIN C CA THOD ES
5 0 .2 0 0 .8 0 10 2 6 .6 3 0  /M echanical ag ita tio n  of so lution near cathode. - [

10 0 .5 0 1.03 10 26 .6 2 0 )
6 0 .75 0 .95 10 25 .6 3 0

9/21 1.0 1.4 10 26 .6 1 0
IX — -CAST A NO DES---- BRA SS CA TH O D ES

7 /  3 0 .5 0 3 .3 0 10 27 .3 1 30
9/29 0 .5 0 3 .0 3 10 3 3 .4 2 0

30 0 .75 3 .6 8 10 34.1 2 0
7 /  4 0 .8 0 3 .65 10 27.3 2 0

6 1.0 4 .8 0 10 27 .3 1 30
7 1 .0 5 .0 20 27.3 1 45

9/30 1 .0 4 .35 10 40 .0 1 30
X ----CAST A N O D ES— BRA SS CA TH O D ES

7/29 0 .3 0 0 .7 0 10 3 9 .3 1 30
9 /29 0 .3 0 0 .75 10 3 6 .6 2 0 )30 0 .4 0 0 .87 10 3 2 .2 2 0 [

30 0 .5 0 1.03 10 35 .2 I 30 )
7 /  6 0 .5 0 1.54 15 48. 1 2 0

16 0 .5 0 1.1 14 37.1 1 30
29 0 .5 0 1. 15 10 4 6 .6 2 0

9 /3 0 0 .6 0 1.17 10 34 .3 1 30
7 /  7 0 .7 0 1.70 15 48. 1 2 0

9 /3 0 0 .7 0 1.34 10 3 4 .8 1 30
7 /  7 0 .7 0 1.30 15 48. 1 1 30

15 0 .9 0 2 .25 15 37. 1 1 0
7 1 .0 2 .25 15 48. 1 1 30
7 1 .0 2 .05 15 39 .3 15 0
9 1.0 2. 10 15 39 .3 3 0

R O LLED  A N O D ES----B RA SS CA THOD ES
16 0 .5 1.0 14 37.1 2 0
16 0 .8 1.05 15 37.1 1 0
17 1 .0 2 .25 17 37. 1 1 0
17 1.0 2 . 15 17 37. I 1 0

X I---BRA SS CATHODE
7 /  7 0 .3 0 1.5 25 41 .2 1 30

G ram s per lite r 
C0H P O 4 Na4P20 7 

6 6 . 1 
M gSOi 33.8

T o ta l
b a th
3 .5  1.

2 .5  1.

SO L U T IO N  G ram s per lite r w ater
X I ....................  C 0SO4 N H 4 ta r tr a te

2 5 .0  41 .7
X I I ....................  C 0SO4 T a rta r ic  acid

52 .7  27 .8

C h a r a c t e r  o f  D e p o s i t

T annic
acid
0 .2 8
K O H
6.8

Total
bath

3 .5  1.

3 .5  1.

Good, uniform , bluish w hite, buffed read ily  to  m irror.
B eautifu l b righ t, hard , sm ooth , a fte r polishing.
D ark , buffed satisfactorily .
Sm ooth, uniform , gray, readily  buffed to  m irror.
Sm ooth, uniform , gray, buffed satisfactorily .
U niform , gray, showing burning.

C rystalline  in m ost p a rts , w ith  sm all patches of sm ooth  p late.

U niform , sm ooth, gray, readily  buffed to  m irror.
Good, sm ooth, uniform , som ew hat dark , tak in g  a  good polish when buffed.
U niform , sm ooth, w hite, buffing to  m irror.
Good, sm ooth, uniform , dark  gray, tak in g  a  good polish. S ligh tly  bu rned  a t  edges. 
Uniform , sm ooth, w'hitc, slightly  p itted  a t  top  and  burned  a t  edges. N o t read ily  buffed. 
Sm ooth, uniform , g ray , slightly  burned  on edges and  difficult to  buff.

Sm ooth, uniform , m etallic, d a rk  gray. Buffed read ily  to  m irror.

V ery rough, scaly, unsatisfacto ry .
No ag ita tion . Poor, very  decidedly crystalline.

C oated  w ith p rec ip ita te  which easily washed off. S a tisfac to ry  and  read ily  buffed.
D ark  s treaked . G elatinous cobalt com pound prec ip ita te  on surface of cathode.
D ark , lustrous, streaked . G elatinous p rec ip ita te  as in last.
B right, sa tisfac to ry  except for few black spots, which buffed off easily.
Sm ooth , even, covered w ith b luish prec ip ita te . Satisfac to rily  buffed.
Black, s treaked  and  unsatisfacto ry .
D ark , streaked  and unsatisfactory . G elatinous p rec ip ita te  on cathode.

W hite, m etallic, easily buffed to  m irror.

Good, w hite, uniform ; readily  buffed to  m irror.

B right, evenly coated , except few s treaks  in m etal portion . R ead ily  buffed to  satisfactory 
m irror.

B right, uniform , over en tire  surface. R eadily  buffed to  sa tisfac to ry  m irror.
W hite , m etallic  and  easily  buffed to  m irror.
B right, uniform , over en tire  surface. R ead ily  buffed to  sa tisfac to ry  m irror.
B right, evenly coated , except few s treaks in m iddle portion . R ead ily  buffed to satisfactory 

m irror.
Good, uniform , w hite, requ iring  little  buffing.
Satisfacto ry , w hite, sm ooth  and  even. R eadily  buffed to  sa tisfac to ry  m irror.
B righ t and sm ooth a t  center, som ew hat burned  a t  edges.
B right, rough and  uneven on lower portion , no bu rn ing  app aren t.
Very th ick , rough, d a rk , full of sm all holes, b u t  adheren t.
P it ted  and  som ew hat burned.

B right, sm ooth, uniform , over en tire  surface.
B right, sm ooth, over en tire  surface.
F a irly  sm ooth and  b righ t, n o t very  uniform  in appearance, some p a rts  d arker than  others. 
Very sm ooth, b rig h t and  uniform .

D ark , absolu tely  unsatisfactory . 
Solution  X I con tinually  p rec ip ita ted  a cobalt com pound bo th  when in use and  upon stand ing  idle, 

run  shown above, a t  the  several c u rren t densities tried.
X I I— CAST A N O D ES BRA SS CATHOD ES

I t  gave th e  sam e unsatisfac to ry  deposit as in the

7 /  6 0 .3 0 1.17 20 37. 1 2 0
10/ 1 0 .3 0 1 .25 10 39 .5 2 0
9/29 0 .3 9 1 .25 10 3 3 .6 2 0

30 0 .5 0 1 .45 10 3 4 .6 2 0
10/ 1 0 .5 0 1.40 10 3 4 .8 2 0

2 0 .5 0 1 .53 10 41 .2 2 0
9 /30 0 .75 2 .03 10 39. 1 1 30
7/13 1.0 3 .6 15 3 7 .0 1 30

10/ 2 1.0 2. 18 10 3 2 .6 1 0
2 1.25 2.55 10 3 2 .9 1 30
3 1.50 2 .86 10 30 .9 0 45

15 1.50 3 .5 10 3 4 .6 1 0
15 1.96 4 .25 10 30 .7 0 30
12 3 .87 6 .0 10 3 4 .0 0 15
12 4 .0 3 .95 10 14.2 0 30
15 5 .0 10 13.0 0 20
16 6 .0 10 13.0 0 15
16 7 .0 ¿ ‘.Ó’ 10 9 .9 0 10
17 8 .0 4 .9 10 10. 1 0 5
17 10.0 6 .0 10 10.6 0 7
17 12.0 5 .5 10 11.5 0 5
17 15.6 5 .8 10 9 .3 0 5

RO LLED A N O D ES----BRA SS CA THOD ES
7/16 1.0 3 .0 14 3 7 .0 1 30

The solutions of Series V II operated alike

W hite, uniform  and velvety. R eadily  buffed to  m irror. 
Sm ooth, uniform , d a rk ; buffed to  sa tisfac to ry  m irror. 

U niform , sm ooth, g ray ; buffed to  satisfac to ry  finish. 

U niform , sm ooth, gray; buffed satisfactorily .

I
■ V ery even, sm ooth, and  satisfactory .

Good, sm ooth, w hite, nearly  polished as rem oved from solution.

B urned a t  edges.
B adly burned a t  edges- •splitting.

Sm ooth and  uniform , h u t dark , 
for 48 hours.

Solution from which th is  p la te  was taken  had  been operated

iron, steel and brass, for which metals only the above conclu
sions apply.

6— The cobalt plates from Series V II, wherever they are pro
nounced satisfactory, are firm, adherent, hard and uniform, 
and m ay be readily buffed to a satisfactory finished surface. 
T hey take a very high polish, with a beautiful luster, which, 
although brilliantly white, possesses a slightly bluish cast.

SERIES V III— COBALT SULFATE, POTASSIUM CITRATE, AMMO
NIUM  CHLORIDE SOLUTIONS 

This bath is analogous to one recommended by Langbein,1 
C. H. Proctor,2 and W . Pfanhauser,3 and which is reported to 
be particularly satisfactory for plating 011 coppcr and zinc.

1 Langbein, “ E lectro-D eposition of M eta ls ,”  6 th  E d ition  Revised.
5 Melal Industry, 1911, p. 353.
3 W . Pfanhauser, “ E lek trop lattiring ,” 1900.
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T A B L E  V- 
G. per 1. w ater Sol. X III/1
C0SO4......................  181.2
N a C l.. • - ................ 11-35
Boric ac id ..............  3 7 .8
Total b a th  (1.)... • 4 .0
Sp. gr. 15° C ......................
Saturated w ith Co N o

-E X P E R IM E N T A L  D A TA  O B T A IN E D  W IT H  SO L U T IO N S
X III2? X IIIC  
312 .5  312.5 g. NiSO<

19.6  19.6
N early  to  sa tu ration

1.5 ___
1.25 ___
Yes . . . .

SOL. G ram s per lite r of w ater 
X IV  CoSO-t (NH<)*SO< M gSOł H3BO3

37.5 21 .7

Cur. Dens. E lectr. C athode
Sou. D ate Am p. per E . M . F . dist. area
No. 1914 sq. dm. Volts Cm. Sq. cm.
X II1/1— CAST A N O D E S --B R A S S  CA THOD ES

7/10 0 .7 0 1 .56 23 37. 1
10 0 .7 0 1.56 23 37.1
10 0 .97 2 .0 15 37. 1
11 1.0 1.8 16 37.1
11 1.0 1.87 15 37.1
14 1 .0 1.45 10 37.1
14 1.0 1.85 15 37.1
14 1.0 1.7 13 37. 1

15 1.0  1.9
X IIIÖ — BRASS CA TH O D ES *

12 37.1

10/ 2 0 .5 0 1.02 10 3 3 .6
2 0 .75 1.23 10 3 2 .6
3 1 .0 1 .53 10 3 4 .0
5 1 .25 1.75 10 3 4 .0
6 1.50 1.25 10 3 2 .0
6 5 .4 6 5 .5 10 3 4 .8
6 6 .0 10 32 .7

10 6. 15 6.Ô ' 10 32 .7
After severe aging te s t described below

8 8 .0 4 .83 10 17.6

XV  C o(C 2H 5)2(SO<)2 
1 0 0 .0

Pla ting  
tim e 

H r. M in.

3 .3

N a2SO<
10.0

N H łC l
5 .0

O F S E R IE S  X I I I ,  X IV , X V  A N D  X V I '
T o ta l G. per 1. w ater SOL. X V I/i X V IB  X V IC
b a th  C o S O .................... 90 .7  90 .7  (NiSO<) 150.0
3 .5  1. (NH4)sS 0 4 ............  2 7 .6  2 7 .6  150.0

N H iC l...................  15 .0  15.0 C0SO4
Boric acid   5 .2  5 .2  11.3g .

2 .0  1. A dd ition ...............  N H 4 O H  to  n e u tra lity  (see text)

C h a r a c t e r  o p  D e p o s i t

3.0
1.0

6 .0
6.0

8 8 .8  6 .5
10 8 .8 8  5 .9 0

After severe aging test.
8 9 .77  6 .5

15 10.7 6 .3
8  1 0 . 0  ___
8 14.6 6 .5

10 Iron . 20 .0  
10 Iron , 2 0 .0  
10 Iron , 22.5 
10 Brass, 2 0 .0

10 Iron , 22 .5  
10 1.81 
10 Brass, 17.6 
10 14.7

30
30
0
0
0

30
0
0

0
30

0
0
0

30
10
15

12

10
10
12
15

12
20

5
5

) R a th e r  d a rk ; little  buffing required  to finish satisfacto rily ; greatly  resem bled N i in 
i color.
|  F a irly  sm ooth and uniform , b u t dark .

Good, sm ooth, uniform , b righ t, som ew hat s treaked  on upper half of plate.
|  Very sm ooth and  uniform  on lower half; bad ly  streaked  in upper portion .

Solution stirred  continuously  by  bubbling  a ir th rough  near cathode. P la te  b righ ter and, 
more m etallic looking th an  la st runs, b u t bad ly  sp lit and  peeled.

Very poor, dark  s treaked  and  peeling.

Uniform , rough, dark . Im possible to  polish w ithou t grinding.
Sm ooth, uniform , gray , buffed to  satisfac to ry  finish w ith difficulty,

|  U niform , d a rk  g ray , difficult to  buff.
Uniform , sm ooth, gray, buffed more read ily  th an  preceding p la tes w ith th is  solution.
Good, sm ooth, w hite, buffed readily  to  m irror.

^ .G ood , sm ooth, w hite, buffed read ily  to  m irror.

Good, sm ooth, w hite, buffed readily  to m irror. T his p la te  was given a severe bending test,
being doubled on itself backw ards and  forw ards to  an angle of 180 degrees. T he  m etal
furrow ed and  sp lit on surface and  end, b u t p la te  clung absolutely.

Good, sm ooth, w hite, buffed read ily  to  m irror.

Good, sm ooth, w hite, buffed readily  to  ifiirror.

Best ob ta ined  w ith  th is  solution to  d a te , although  all p la tes  a t  cu rren t densities from  6 am peres up  were good.
13
6

16.5
17.5

5 .7  10 
6 .8 5  10

10
10.6

0
0

5
5

|  Good, sm ooth, w hite, readily  buffed to  m irror. Excellent plate.

BRASS CA THOD ES—-H EA V Y  P L A T E
6--7 5 .35 6 .0  10 3 2 .8 15 15 Firm , adheren t, massive, showing no tendency to sp lit or curl. Sm ooth in center, w ith nod-

ules a t  edges. W eight approx im ately  37 gram s, thickness approx im ately  1 mm.
The area  of the  effective cathode increased from  32.8 sq. cm. a t  the  s ta r t, to  approx im ately  40.0 sq. cm. a t  th e  end of the  run . T h is  la t te r  figure is not 

uflicicntly accurate  to  ad m it of exact com puta tion , b u t the  figures show in a  general w ay th a t  th e  cu rren t efficiency was very  high.
7 16.5 5 .5  10 10.0 17 30 F irm , adheren t, massive, showing no tendency to  sp lit or curl. W eight, a b o u t 30 grams.

13 5 .2 6  6 .0  10 C ircular, 18.9 67 0 F irm , adheren t, massive, showing 110 tendency  to  sp lit or cu rl; a b o u t 5 m m. thick.
Plate on brass cathodes with grooves, depth 1.62 mm. to 7.0 mm. to study 44throwing” property o f this solution.

9 .0

3.77

3.83

5 .5

5 .5

5 .5

10

10
10

18.3 
(  Block 

< 60.1
to ta l surface

5

10 • Good, sm ooth, uniform , white, 
to  m irror finish.

All grooves satisfacto rily  covered, and  satisfacto rily  buffed

In last tw o, grooves faced tow ard  anode, b u t en tire  block, back  as well as grooves, satisfacto rily  covered to  ad m it of severe  and  satisfac to ry  buffing 
after only 10 m inu tes’ p la ting .
XIIIC— BRA SS CA THOD ES

10/15 3 .9 5  5 .3  10
15 5 .9  3 .7  10
15 7 .7 6  *   10

XIV— CAST A N O D ES— B RA SS CA THOD ES
10/ 1 

1
2 
2 
2 
2 
3 
5 
3 
5

0 .5 0  
1 .25
1.50 
1.75 
2.0 
2 .5
3 .0
3 .0
3.51
4 .0

1 .05 
1.92 
2 . 2 0  
1.68 
1.55 
1.77 
2 .47  
3 .3 2  
2.88 
2.98

10
10
10
10
10
10
10
10
10
10

33 .8
13.5
12.5

32 .4
3.5.3
35 .3
18.5 
11. 1
11.3
17.2
19.6
16.8
13.3

20
15
10

0
0
0

45
30
30
30
20
30
20

Good, sm ooth, uniform , nearly  polished as rem oved from  solution, 
j  Sm ooth, w hite, b u t sp litting  a t  edges.

1

U niform , sm ooth, white,’ readily  buffed to  m irror.

Uniform , sm ooth, w hite, slightly  bu rned  on edges.
Uniform , sm ooth, w hite, readily  buffed to  m irror.
U niform , sm ooth , w hite, slightly  burned  on edges.

XV—A num ber of co b alt depositions were m ade w ith Solution XV a t  various c u rren t densities, bo th  w ith and  w ithou t m echanical ag ita tion  and  for vary ing  
lengths of tim e. M echanical ag ita tion  caused th e  pla tes to  crack. One of the depositions was continued for a period of e ight 24-hour days; a  un i
form, dense, hard , sa tisfac to ry  p la te  was found. T his deposit was m ade on a  p la te  approxim ately  half a m illim eter th ick  a t  a  cu rren t density  of 0.30 
amp. p e rsq . dm . I t  was, of course, n o t as hard  a deposit as some of th e  heavy  p la tes deposited from B ath  X II I B  a t  very  m uch higher c u rren t den
sities.

XVI.4 and X V IjB— Solution  XVI/1 and  its  nickel analogue X V IB , in an  extended series of experim ents were found to  give satisfac to ry  p la tes  a t  low c u rren t 
densities, b u t to  fail by  sp littin g  an d  bu rn ing  when c u rren t densities of 1.0 am p. per sq. dm . or m ore were reached.
Solution X V IC  was found to  p rec ip ita te  a  red  com pound on the  anode.
A very m uch g rea te r hardness of th e  cobalt p la te  th an  th e  nickel p la te  was p a rticu la rly  noticeable th roughou t.

Langbein specifies for the nickel solution on copper and copper 
alloys a current density of 0.45 amp. per sq. dm., and on zinc 
a current density of 0.8 to 1 amp. per sq. dm.

c o n c l u s io n s : i — Cobalt plates from the solutions of Series 
VIII, on brass and iron, are firm, adherent, hard and uniform, 
and may be readily buffed to a satisfactorily finished surface. 
They take a very high polish, with a beautiful luster, which, 
although brilliantly white, possesses a slightly bluish cast.

2— Neither Solution V II I /1 nor B lends itself to fast cobalt 
plating like Solutions IB  and X I I I S . Solution V III /1 yields 
satisfactory deposits at all current densities up to 1.0  amp. 
per sq. dm., while V IIIB , which is more concentrated in cobalt 
sulfate, yields satisfactory plates at all concentrations up to 
1 ■ 25 amp. per sq. dm. These figures are for plating on brass 
and iron.

3— Solution V IIIB  may be used for plating on zinc at low cur
rent densities up to 0.50 amp. per sq. dm., particularly if the 
solution near the cathode is agitated.

SERIES IX— COBALT PHOSPHATE, SODIUM PYROPHOSPHATE 
SOLUTIONS

Langbein1 recommends a solution containing nickel phosphate 
15.8 grams, sodium pyrophosphate 66.1 grams, and water 
1000 cc. for dark nickeling upon iron, brass and copper. This 
is supposed to be particularly serviceable where darker tones 
of nickel are required for decorative purposes. It was found 
in trying to prepare the analogous cobalt phosphate solution 
that the solubility of the cobalt phosphate was lower than 
that of nickel phosphate.

1 Langbein, “ E lectro-D eposition of M etals ,”  6 th  Edition  R evised, 
p. 258.
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Solution IX  is saturated in cobalt phosphate. The cobalt 
phosphate prepared for this bath was made by mixing two solu
tions, one containing 30.0 grams C0SO4.7H2O in 3 .4  liters of 
warm water, and the other containing 24.9 grams sodium 
phosphate in 3 .4  liters of warm water. These two solutions 
were mixed, with constant stirring, and the precipitated cobalt 
phosphate filtered off. These quantities yielded 15.8 grams 

T a b l e  V I— C u r r e n t  E f f i c i e n c y  T e s t s — A l l  C a t h o d e s  B r a s s  
C urren t
density  A verage

Amp. am - G r a m s  C o b a l t  C u rren t
N u m b e r  o f  R un per C athode pcres D e p o s i t e d  efficiency

Solu- lasted ,sq. area through b c b -s- c
Series tion Run M in. dm. Sq. cm. b a th T heory  A ctual P er cen t

I B 1(a) 60 1.0 29 .2 0 .300 0.331 0.323 97 .7
2 60 1.0 4 7 .4 0.475 0.523 0.5133 98 .2
3 60 3 .0 29 .5 0.907 0.996 0.911 91 .5
4 60 3 .0 20 .0 0 .599 0.659 0.5952 90 .3
5 60 3 .0 2 0 .0 0 .598 0.659 0 .5906 89 .7

I I I B Ka) 30 1 .0 20.5 0.250 0 . 138 0 .1340 97 .3
2 60 1.0 3 2 .6 0 .328 0.361 0.3563 98 .6

C 1 60 1.0 24 .2 0.242 0.266 0.2473 92 .8
2 60 1.0 4 0 .0 0.400 0.440 0.4063 92 .2

E 1 45 0 .8 0 4 0 .0 0.321 0.265 0.2619 98 .8
2 60 0 .8 0 4 0 .0 0.321 0.353 0.3514 9 9 .4

IV B Ha) 60 1 .0 36 .5 0 .368 0.405 0.3736 9 2 .3
2 60 0 .4 2 4 3 .4 0.182 0.200 0.1895 9 5 .0
3 60 1 .0 5 1 .0 0.512 0.563 0.5144 9 1 .2

V I B 1 45 0 .5 0 4 0 .0 0 .200 0.165 0.1397 84 .8
2 60 0 .5 0 4 0 .0 0.201 0.221 0.2133 9 6 .4
3 63 0 .5 0 63 .5 0.365 0 .420 0.3702 87 .8
4 63 0 .5 0 68 .6 0 .344 0.378 0.3512 9 8 .0

C 1 60 0 .5 0 72 .0 0.357 0.393 0.3723 9 4 .6
2 60 0 .5 0 72 .0 0.361 0.397 0.3717 93 .7
3 60 1.0 3 9 .2 0 .394 0.433 0.4097 9 4 .6
4 60 1 .0 4 0 .0 0 .402- 0.442 0 .4184 9 4 .6

X I I I B 1 60 1.2 3 5 .0 0.435 0.478 0.4812 100.0
2 60 1.0 3 2 .4 0 .324 0.356 0.3563 100.0
3 60 5 .0 18.2 0 .922 1.012 1 .009 9 9 .6

X IV 1 60 1.0 51 .0 0.513 0 .564 0 .5484 9 7 .2
2 60 1.0 4 0 .0 0.402 0.442 0 .4255 96 .3

(a) A sphaltu m on back  of cathode, all o thers  polished on bo th  sides.

cobalt phosphate. The final bath was prepared by dissolving 
the sodium pyrophosphate in warm water, and adding the 
cobalt phosphate, which dissolved up to the quantity indicated 
in Bath IX  as determined by analysis but not up to the quantity 
recommended by Langbein for nickel.

c o n c l u s i o n s : i — Solution IX  is more satisfactory than
the corresponding nickel phosphate solution for the purpose of

with the nickel analogue of Solution X  was not found with the 
cobalt solution. On the contrary, the plates are beautifully 
white and hard.

3— The specific electrical conductivity of Solution X  is very 
much higher than that of the corresponding nickel solution.

4— AH of the cobalt plates deposited a t current densities 
between 0.25 and 0.75 are as smooth, adhesive and generally 
satisfactory as the best nickel plates.

5— Solution X  does not lend itself to extremely fast plating 
as do Solutions IB  and X IIIB , but satisfactory plates may be 
obtained with it at current densities up to 0.75 amp. per sq.. 
dm. Solution X  m ay be used at very higher current densities 
than the corresponding nickel solution, for which a current 
density of 0.20 amp. per sq. dm. is recommended.

SERIES XI— COBALT SULFATE, AMMONIUM TARTRATE, TANNIC ACID 
SOLUTIONS

Neutral ammonium-tartrate is obtained by saturating a solu
tion of tartaric acid w ith ammonia. The cobalt salt should 
also be neutral. The solution was prepared by dissolving the 
ingredients in water, boiling for about fifteen minutes, adding 
water to make desired quantity and filtering.

c o n c l u s i o n : Solution X I  is not satisfactory for cobalt 
plating under the usual conditions of plating practice.

SERIES X II— COBALT SULFATE, POTASSIUM TARTRATE, TARTARIC 
ACID SOLUTIONS

The cobalt sulfate, tartaric acid and caustic potash were dis
solved in water and then mixed, adding sufficient water to 
make the bath.

c o n c l u s i o n s : i — Cobalt plates from Solution X II, which 
is simple cobalt sulfate in the presence of potassium tartrate 
with an excess of tartaric acid, 011 brass and iron, are firm, ad
herent, hard and uniform and may be readily buffed to a satis
factorily finished surface. T hey take a very high polish with a 
beautiful luster, which, although brilliantly white, possesses a 
slightly bluish cast.

T a b l e  V II— A g i n o  T e s t s  o f  B e s t  P l a t i n g  S o l u t i o n s . 
SO L U T IO N  1.4 S O L U T IO N  IB  SO L U T IO N  I I IB

D a t a  ( E x c e p t  X IIIB ) 
S O L U T IO N  H IE

B e g u n  o n  A u g . 2 6 t i i  a f t e r  R u n s  R e c o r d e d  i n  T a u l e s  I  t o  V
S O L U T IO N  IV B

A fter 
p la ting  

Hrs. 
31 

'  46 
61 
76

G. Co. 
per 

100 cc. 
0 .9 4  
0 .94  
0 .95  
0 .9 4

A fter
p la ting
Iirs.

80
95

110
125

G. Co.
per 

100 cc.
2 .5 4  
2 .58  
2 .52
2.55

D ilu ted  to  original volum e
87 0 .9 6  140 2 .58

102 0 .97  155 2 .60
117 0 .9 9  . 170 2 .62
N e u tra l solutions th ro u g h o u t tests

A fter
p la ting

Hrs.
24
39
54
69

’¿4
99

114

G. Co.
per 

100 cc.

V ery slightly  a l
kaline th roughou t

A fter
p la ting

H rs.
26
41
56
71
86

101
116
131

G. Co.
per 

100 cc.
1.72 

. 1.81
1.95 
2 .12
1.95 
1.99 
2 . 1 1  
2 .17

A cidity  
of

solution 
N eu tra l 
V ery si. alk. 
Si. alk. 
N eu tra l 
SI. alk.
>  Alk.
>  Alk.
>  Alk.

A fter
p la ting

Hrs.
16
31
46

6Í
77

G. Co.
per 

100 cc. 
0 .7 6  
0 .8 0  
0 .7 4

ó! 75
0 .9 6

S O L U T IO N  X IIIB
A t cur.

D ate  Hrs. G ram s dens.
Octo- add itiona l cobalt Am p. per 

ber ru n  deposited sq. dm.
6 2

N eu tra l th ro u g h 
o u t (a)

8
8
9

10
13
13

15 »A 
17.5 
5 min.

15
16 
67
5 min.

37
30

4 0

5 .35
16.5
15.411.0
5 .0
5 .2 6

16.25

G.Co 
per 

100 cc. 
8.55 
8.40 
8.20 
(b) 
8.30 
7.95 
7.59 
(&)

S trong ly  acid to  litm u s th ro u g h o u t tests

(а) Solution IV B  was neu tra l to  litm us paper and  slightly  alkaline by  titra tio n  w ith N / 10 H C l and  litm us indicator.
(б) Good, sm ooth, w hite p la te  ob ta ined ; buffed read ily  to  a  m irror surface. (N ote  severe anode c u rren t densities an d  good behavior of solution.)

dark cobalting for decorative purposes. The voltage required 
for moderate current densities is extremely high as compared 
with that required for other cobalt solutions described as satis
factory.

2— Cobalt phosphate, in the presence of sodium pyrophos
phate, as indicated in Solution IX , is less soluble than the corre
sponding nickel salt. This is the only case among those studied 
in which the cobalt bath could not be made more concentrated 
in metallic cobalt than the corresponding nickel bath, with con
sequent greater electrical conductivity and correspondingly 
higher permissible current density for plating.

SERIES X— COBALT-AMMONIUM s u l f a t e , m a g n e s iu m  s o l u t io n s

c o n c l u s io n s : i — Cobalt plates from Solution X  on brass
and iron are firm, adherent, hard and uniform, and m ay be 
readily buffed to satisfactory mirror surface. T hey take a very 
high polish with a beautiful luster, which, although brilliantly 
white, possesses a slightly bluish cast.

2— The soft yellowish tinge which is observed when plating

2— All of the cobalt plates from this solution within the cur
rent density ranges described as satisfactory, are as smooth, 
adhesive and generally satisfactory as the best nickel plates.

3— Solution X II  is an extremely fast-plating solution when 
compared with the fastest nickel solutions. I t  yields satis
factory plates at all current densities up to n . o  amp. per sq. 
dm.

4— Solution X I I  m ay be used for plating on brass, iron and 
steel, for which cathodes alone these conclusions apply.

5— There is no nickel bath, of which we are aware, opera
ting in the manner of the usual plating practice at anything 
like as high a current density as the cobalt solution X II.

SERIES XIII.— COBALT SULFATE, COBALT CHLORIDE, BORIC 
ACID SOLUTIONS

Solution X III/l is analogous to one suggested to us by Mr. 
W. S. Barrows, foreman of the plating department, Russell 
M otor Car Company, Toronto, Ontario, as being satisfactory 
and rapid for nickel plating.
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c o n c l u s io n s : i — The extreme importance of proper con
centration of cobalt sulfate solutions is shown by the results 
of this series. Solution X I I I /1 is unsatisfactory for plating pur
poses at all current densities tried. Solution X IIIB , which is 
a more concentrated solution of the same type, is the most com
pletely satisfactory solution, for a great variety of purposes, 
which we have found. W e know of no solution, plating with 
nickel, which begins to compare with Solution X II  IB  for the 
range of work which it will do, and for the extreme high current 
densities at which it will operate. I t  is possible to get a plate 
in three minutes or less with Solution X IIIB , which will stand 
all the usual physical commercial tests, and which will buff 
as satisfactorily as a plate which has taken one hour in the usual 
nickel-plating baths.

2— Cobalt plates from this simple cobalt sulfate solution in 
the presence of sodium chloride and boric acid, Bath X IIIB , 
on brass and iron, are firm, adherent, hard and uniform, and 
may be readily buffed to a satisfactorily finished surface. They 
take a very high polish, with a beautiful luster, which, although 
brilliantly white, possesses a slightly bluish cast.

3— The specific electrical conductivity of Solution X IIIB  
is much higher than that of the corresponding nickel solution.

4— Solution X IIIB  does not yield the best cobalt plates at 
low current densities, that is, in the neighborhood of 0.50 to
1.0 amp. per sq. dm., which is a common range for nickel-plating 
work. Solution X III B  begins to plate most satisfactorily at a 
current density in the neighborhood of 3 .5  amp. per sq. dm., 
and continues to give satisfactory plates at all current densities 
up to 26.4 amp. per sq. dm. This is equivalent to a current 
density of over 240 amp. per sq. ft., and even at this speed, the 
limit of the solution has not yet been reached.

5— All of these cobalt plates within the wide current density 
range described as satisfactory for Solution X IIIB , are as smooth, 
adhesive and generally satisfactory as the best nickel plates.

6— Solution X III B  does not change appreciably in cobalt 
content nor in acidity when used over long periods of time at 
current densities as high as 1 amp. per sq. dm. It  showed only 
a very gradual diminution in cobalt content under the most 
severe conditions of the aging test described in Table V II. We 
know of no other cobalt solution and of 110 nickel solution which 
would stand up under the conditions of this aging test.

7— There is no nickel bath of which we are aware operating 
in the manner of the usual commercial plating procedure at 
anything like as high current density as> Bath X IIIB .

8— Solution X III B  may be used for plating on brass, iron 
and steel, for which cathodes the above conclusions apply.

9— Solution X III B  m ay be used to deposit a heavy cobalt 
plate. These plates m ay apparently be deposited to any de
sired thickness, and they are firm, adherent, massive, of ex
treme hardness and show no tendency to curl or split.

10— Heavy plates m ay be obtained from Solution X IIIB  
to much better advantage than from Solution X V , which has 
been particularly patented for the purpose with nickel; that is, 
heavy deposits may be obtained from Solution X III B  at current 
densities of 5 or 6 amp. per sq. dm., whereas Solution X V  must 
be operated at low current densities in the neighborhood of 
0.30 amp. per sq. dm. If a current density of above 6 amp. 
per sq. dm. is used with Solution X IIIB  for heavy deposits, 
under the conditions in dimension of our baths, it was found 
that trees were formed on the cathode.

11— Our experiments show that Solution X III B  "th ro w s” 
very satisfactorily.

12— Among the satisfactory properties of this remarkable 
solution should be mentioned an extremely high current effi
ciency, which we found at 1.0  and 5 .0  amp. per sq. dm. to be 
almost 100 per cent.

13— Solution X IIIC , which is the nickel analogue of Solution 
XIIIB, yielded satisfactory plates to about 5 amp. per sq.
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dm., but showed splitting at current densities greater than that. 
Nickel solution X I I I C  does not possess the remarkable quali
ties of its cobalt analogue X IIIB , although in many respects it is 
an improvement on standard nickel solutions.

14— Solution X III B  requires very little aging; it operates 
satisfactorily almost from the start.

15— Solution X III B  is so remarkable in its properties .that it 
was thought highly worth while to develop it further under 
commercial conditions. See C o m m e r c ia l  T e s t s , p. 394, et seq.

SERIES XIV COBALT SULFATE, AMMONIUM SULFATE, MAGNESIUM
SULFATE, BORIC ACID SOLUTIONS

c o n c l u s i o n s : i —-Cobalt plates from Solution X IV , on brass 
and iron, are firm, adherent, hard and uniform, and m ay be 
readily buffed to a satisfactory mirror surface. They take a very 
high polish with a beautiful luster, which, although brilliantly 
white, possesses a slightly bluish cast.

2— Solution X IV  yields satisfactory plates a t all current 
densities up to about 3 amp. per sq. dm.

3— -The current efficiency of Solution X I V  is satisfactorily 
high, being in the neighborhood of 96 to 97 per cent under the 
conditions of our experiments.

4——-All of the cobalt plates from Solution X I V  within the cur
rent density range described as satisfactory are as smooth, adhe
sive and generally satisfactory as the best nickel plates.

SERIES XV COBALT ETHYLSULFATE, SODIUM SULFATE, AMMO
NIUM CHLORIDE SOLUTIONS

This solution is the cobalt analogue of a nickel solution patented 
by Dr. G. Langbein & Co., Leipzig, G erm any.1 The inventor 
claims for this solutiom that very dense, hard, uniforn, deposits 
of nickel may be-obtained from it, and particularly “ deposits 
of any desired thickness can be produced if the bath be con
stantly agitated by mechanical means or by the introduction 
hydrogen.” It, of course, is not permissible to agitate this 
bath with air, as that would cause oxidation.

c o n c l u s i o n s : 1— Dense, hard, uniform deposits of cobalt
m ay be obtained from a cobalt-ethylsulfate solution made up 
like Solution X V , without mechanical agitation, provided that 
the current density be low, not exceeding 0.30 amp. per sq. dm.

2— For heavy depositions of cobalt, where density, hardness 
and speed of deposition are important, Solution X V  is not nearly 
as satisfactory as Solution X IIIB . However, the cobalt-ethyl- 
sulfate solution deposits cobalt more satisfactorily than the cor
responding nickel-ethylsulfate solution deposits nickel.

SERIES XVI— COBALT SULFATE, AMMONIUM SULFATE, AMMONIUM 
CHLORIDE, BORIC ACID SOLUTIONS

In making this solution it was reasoned, as in many instances 
already reported, that a greater current density might be used 
if the metal content were increased. This solution, contrary 
to a number of others reported, would not, however, adm it of 
very great increase in cobalt content without giving disturbing 
effects of crystallization in the bath.

Current efficiency runs were made with these solutions, which 
show them to be in the neighborhood of 90 per cent, but they 
were not thought of sufficient importance to warrant a careful 
study.

c o n c l u s i o n s : i — Plates from Solution X V I .4 and the cor
responding nickel solution are both satisfactory at current 
densities below 1 amp. per sq. dm. A t higher current densities 
both solutions fail.

2— A  solution of the type of Series X V I  cannot be prepared 
in much greater concentration than X V I.4 , without obtaining 
troublesome crystallization. Therefore, Series X V I does not 
offer a highly concentrated rapid plating cobalt solution.

3— Cobalt plates from Solution X V I/1, on brass and iron, are 
firm, adherent, hard and uniform, and m ay be readily buffed

1 K aiserliches P a ten am t, Palentschrift, No. 134,736 K1 48a, Sept. 18, 
1902.
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T A B L E  V III— C O M M E R C IA L  E X P E R IM E N T S  W IT H  C O BA L T S O L U T IO N  IB  A T T H E  R U S S E L L  M O T O R  C A R  CO. P L A N T  
S O L U T IO N  I B — C obalt-am m onium  sulfate, 5 lbs. W ater, 6 gals. A cidity , n eu tra l. Specific g rav ity , 1.050

C ur. Dens. Elec.
D a te  Amp. per E . M . F . dist.
1914
9 /10

11
11
12
12

12
12

sq. dm. 
8.6
3 .4

2 .3
4 .3  
3 .9
3 .3

3 .5
3 .3

3 .0
2 .3

Volts
3 .75
3 .25

1.25 
2.0
2 .5  
3

2.75 
3

2 .5

2 .5

In.
5

5
5

M aterial 
Steel

Brass hub cap 

Steel

Steel

Solution rendered slightly  alkaline 
3 .0  2 .5  5

Solution rendered slightly  acid

C a t h o d e
Area 
Sq. in. 

15 
45

15 
15 
15 
10

36 
15

12
4

P la ting  Anode 
tim e area 

H r. M in. Sq. in. C h a r a c t e r  o k  D e p o s i t

V*
40

5
5
5

30

15
50

1 0

28
56

28
90
90
28

90
28

28

28
14

B lackened in 30 sec.
Poor; buffed easily; blisters appeared , long and  narrow  in form ; small pinholes 

on some portions. S lightly  burned on lower ends.
Slow, spo tted , streaked , very  dark .
Deposition rapid . P la te  spo tted , n o t uniform . C athode no t covered a t  end 

of run .
Good, firm ad h eren t; very hard  an d  sm ooth. Color sim ilar to  nickel before 

buffing. Colored easily and  to  good finish of slightly  b luish tone.
D id no t cover; streaked , very hard , b rittle .
Good color. Porous spo ts  in casting , refused to  cover a t  edges. Indented 

portions of cathode no t coated. S po t benea th  slinging wire bare.
S truck  th e  piece w ith  nickel for 30 seconds. C obalt deposit began readily 

and  uniform ly. Color darkened  quickly, im perfect in spots, rough and 
streaked.

D eeper portions of piece n o t covered.
P la te  scaled, chipped. D eeper portions n o t covered.

12 0 15 28 P la te  peeled badly. Several tests  were m ade w ith sim ilar results.

Brass

Steel

0 30

0 30

1 'S 5 40 0 15 42 Color very dark , o therw ise a good p la te ; buffed easily; d id  n o t cu t through.
1.5 5 40 0 5 42 Color very  d a rk , buffed to  good finish.
1.5 5 36 1 0 42 Surface covered in s tan tly  and  in good condition. G as libera ted  more freely

th a n  heretofore, b u t no indication of pinholes or streaks. Color very dark* 
resem bling b u rn t nickel deposit. W hen dried it had a  velvety  appearance. 
Soft to  the  touch, buffed easily on soft wheel.

56 V ery dark . Surface covered w ith  m inu te  blisters o r p its, which disappeared 
when buffed. Surface covered quickly  and  com pletely. Color satisfac
to ry  a fte r buffing.

56 V ery dark , buffed easily and  to  good finish. V ery hard  p la te , superior to 1- 
hour nickel from  Prom etheus solution. »

T ests  m ade during  the  following ten days resu lted  in sim ilar p la tes; 6 lbs. cobalt salts were then  added to  the  b a th . Sp. gr. 12° Bd. No 
fu rth er add itions were made— acid ity , very  slightly  acid. A fter aging tre a tm e n t the solution was practically  neu tra l.

2 .1  1 .75 5 36 0 25 42 Surface covered well, gas no t as free as form erly, deposit m arred  by circular
m ark en tire  length  and b read th  of cathode. Color d a rk e r th an  nickel, hard 
and  fine grained.

3 .9  2 8 B rass 12 0 5 28 Surface covered splendidly and  color very  good; w ithstood very  hard  buffing,
b u t required  only light tre a tm e n t to  finish. Very satisfac to ry  results. 

E lectro lyzed  solution for 32 consecutive hours w ith an  average c u rre n t of 10 am p. a t  2 volts— 90 sq. in. anode surface. A dded 24 drops liquid ammonia. 
T em pera tu re  70° F ., sp. gr. 1.085. Anode coated  w ith brow nish red film when a t  rest. S a lts  creep to  hooks and rem ain  m oist. Solu tion  n eu tra l. Slight 
sedim ent a t  bo ttom  of tank .

15
15
15

15

15

16 

28

29

1 .6 
1 .0 
2 .3

3 .0

3 .0

45

40

10/3 2 .8 2 5 Steel 28 24 0 90

3 3 .7 2 .25 5 Steel tube 18 2 0 56

3 4 .0 2 .25 5 B rass 24 0 10 56

8 3 .7 2 5 12 0 15 28

8 4 .2 3 .5 8 Sheet steel 72 1 0 90

14 4 .5 4 8 Steel 72 1 0 90

15 5 .2 4.5- 8 72 1 0 90

16 5 .2 4 .5 8 C ast iron 12 1 0 14

N o evidence of cracks or burning . Thickness. 

D rew  the tube  from  1 in. d iam eter to  * /s in. with

Sm ooth, hard , adheren t;
app roxim ately l/n in.

Sm ooth, w hite, hard  plate.
no dam age to  deposit.

E qua l portions were nickel- and  cobaltp la ted  for 1 hour. T he two coatings- 
were then  buffed w ith sam e stroke. R epeated  trials  c u t th e  nickel through 
before the  cobalt. In  no case did the  cobalt expose the  brass. Very con- 
vincing test.

Good color, buffed easily to  splendid finish; bending, ham m ering, tw isting did 
n o t crack nor loosen p late.

T h e  cathode consisted of six pieces steel hooked to  wire fram e. P la te  good 
color, sm ooth, h a rd ; d id  n o t crack  when b e n t o r tw isted . Buffed to good 
finish.

D eposit began w ith cu rren t density  of 30 am p. per sq. ft. and  gradually in
creased to  42. A fter a 10-m inute run  w ith th is  c u rren t density , p late began
to  show signs of darkening . T his, however, was no t considered serious until
expira tion  of 20 m inutes. E n tire  surface finished easily on soft buff. While 
the  p la te  w as n o t a  good specim en from  a com m ercial view point, the re
m arkable  efficiency of the  b a th  was clearly  dem onstra ted .

Sam e cathode as la st te st, arranged  differently  in fram e. P la te  gray bu t not 
bu rned ; adheren t, hard , sm ooth; did  n o t b reak  when b e n t; buffed easily to- 
good finish.

T h is  cathode was a  piece of stove casting. P la te  on one side only, and of 
splendid color over en tire  surface, the  backgrounds being equally as 
w hite as  average nickel plate. W hen buffed th e  piece could no t be detected-, 
from  nickelp lated  piece except by  ou r acquain tance  w ith the  fact.

31 C u rren t densities as high as 6.3 am p. per sq. dm . were em ployed in several tests, b u t th e  results were n o t such as to  m erit recording.
T h e solution at this date was proving very  efficient in every  detail.
N o t e .— T o transfo rm  am peres per square  decim eter to  am peres per square foot, m ultip ly  by  9.3. 

to a satisfactory surface, within current density range recom
mended. T hey take a very high polish, with a beautiful luster, 
which, although brilliantly white, possesses a slightly bluish 
cast.

4— The cobalt plates from Solution X V L 4 are very much 
harder than the nickel plates from its analogue, X V IB . This is 
noticeable throughout all our plating experiments, but is par
ticularly striking in this case where the plates were obtained 
in series and simultaneously.

5— The specific electrical conductivity of Solution X V I/i 
is very much higher than that of the corresponding nickel 
solution XVIJ3.

6— The current efficiencies of both nickel and cobalt solutions 
of the type X V L 4 are in the neighborhood of 90 per cent under 
the conditions of our experiments.

A C K N O W L E D G M E N T  

T h e num erous an alyses in conn ection  w ith  these 
experim ents were m ade b y  M r. R ussell C . W ilcox, and 
during th e sum m er of 1914 a n um ber of p la tin g  ex 
perim en ts were run b y  M r. C . S. A llin . T h e  au th ors 
ackn ow ledge w ith  th a n k s th eir in debtedn ess to  these 
gentlem en.

C O M M E R C IA L  T E S T S  W IT H  S O L U T IO N S  IB  A ND X I I IB

T h e results w ith  Solutions I B  and X I I I B  were 
th o u gh t b y  th e authors to  be so un usual and of suffi
cien t im portan ce to  w arran t vérification  and further 
develop m en t under stan d ard  com m ercial conditions. 
W e therefore arran ged w ith  th e  R ussell M o tor C ar Com
p a n y of T oron to , O ntario, and p a rticu la rly  w ith Mr.. 
W . S. B arrow s, Foreman Electro-Plater w ith  the same 
com pan y, to  h a ve  a p la tin g  ta n k  op erated  under 
stan dard  com m ercial conditions a t their p lan t, using. 
Solution s I B  and later Solution  X IIIjB .

M r. B arro w s has had tw e n ty  y e a rs ’ experience 
w ith  all sorts of e lectro-p latin g  w ork, to  which he has; 
p a rticu la rly  d evoted  him self. He has considered 
these tw o  co b alt solutions en tire ly  from  the point of 
v iew  of com m ercial p ra ctic a b ility  and value.

C O M M E R C IA L  R E P O R T  ON S O L U T IO N  IB
Salts id en tical w ith  those used in th is laboratory 

were sent b y  th e  authors to  M r. B arrow s, w ith  instruc
tion s for m akin g up Solution  I B  id en tica l w ith that 
used b y  us and described on page 384.
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a n o d e s — C o b a lt anodes were cast a t th is la b o ra 
tory of th e size (7 in. X  2V2 in.) required b y  M r. B a r
rows for his ta n k , and sen t him  for use in these ex 
periments. T h e anodes used in a b ath  had a surface of 
approxim ately 1 sq. ft. area. T h e y  an a lyzed  as follow s:

Co N i F c  As P  S  C
98.75 N one 1.35 N one 0 .0067 0 .0 5 2  0.061

Mr. B arrow s, in collab oration  w ith  the authors,
tested Solution I B  for p la tin g  purposes, during th e 
months of A u g u st and Septem ber, 1914. T h e p la tin g  
was accom plished .under stan d ard  com m ercial con di
tions on copper, brass, iron, steel, tin , G erm an silver, 
lead and B ritan n ia  m etal. V ariou s articles, such as 
brass castings, sheet brass, steel stam pin gs, skates,
automobile hubs, etc.— articles of v e ry  different shapes 
and sizes— were p lated  under e x a c tly  th e sam e general 
conditions as for n ickel p la tin g  p ractice  a t th e  R ussell 
Motor C ar C om p an y.

The tests were m ade in a still solution, i. e., w ith ou t 
agitation of a n y  kind, and th e resu lting p lates were 
subjected to  th e m ost severe p ra ctica l tests. T h is 
work was regarded b y  M r. B arrow s p u rely  from  the 
commercial v iew p oin t, and w ith th is in m ind, he p a r
ticularly tested  and studied  th e fo llow in g points: 
the color of the p la te , th e  u n ifo rm ity  and freedom  from  
defects of the p lates, th e a llow ab le speed of p latin g  
without p ittin g  or b urn ing (i . e., th e m axim um  a llow 
able current d en sity), th e so lu b ility  of th e anodes, 
the required vo ltag e, th e “ th ro w in g ”  prop erties of 
the bath (i . e., its a b ility  to  cover th e deeper parts 
of the o b ject in a sa tis fa cto ry  m anner), th e  so lu b ility  
of the salts, th e hardness of the p lates, the ease of 
“ coloring”  th e p late  on a buff, th e efficiency of the 
plating solution, the tim e required for agin g of the 
bath, the adhesiveness of the p late  to th e  cathode 
under bending and ham m erin g tests, th e general 
cleanliness of the b ath , th e corrosion of th e p late, 
and m any other special features.

In a letter to  one of th e authors, d ated  N ovem ber 
2nd, M r. B arrow s gives a v e ry  com plete report of 
his com m ercial tests of Solution  IB .  T h is letter  fo l
lows in fu ll as received, and serves ad m irab ly  to  cover 
this portion of th e w ork.
To D r . H e r b e r t  T. K a l m u s :

After preparing a cobalt plating solution according to your 
formula for Bath IB,  and having used this bath daily during 
the past eight weeks, plating a great variety of copper, brass, 
iron, steel, tin, German silver, lead and Britannia metal arti
cles of different shapes and sizes under exactly the same condi
tions as met with in general nickel plating at the factory of the 
Russell Motor Car Company, W est Toronto, and after regard
ing the characteristics of this particular solution absolutely from 
a commercial viewpoint, I can heartily confirm any statement 
you have made to me regarding this remarkable solution. This 
bath was equipped with cobalt anodes, 98.75 per cent cobalt, 
which were sent to me from your laboratory.

The runs made have varied from 5 minutes to 24 hours, and 
in each case the bath has proved wonderfully efficient.

The cobalt plates obtained were smooth, white and fine 
grained, very adherent and uniform. In fact, the surfaces of 
these deposits, after several hours’ run, were so very smooth 
and uniform that a 4 inch cotton buff colored them to a mirror 
finish quite easily. W e use 14 inch and 16 inch buffs to color 3- 
hour deposits of nickel.

T o  test the hardness of the cobalt as compared with nickel, 
with reference to either buffing or polishing with emery, we 
plated strips of brass, one-half the surface with cobalt and one- 
half with nickel, always giving the nickeled portion the thick
est plate. Then buffing or polishing across the two deposits, we 
found invariably that the nickel was removed from the brass be
fore the cobalt, and in some cases in one-half the time.

Though so hard and firm, these plates color beautifully with 
little effort, and require the use of much less buffing composition 
than comparatively thin plates of nickel. Automobile parts of 
irregular shape were plated from 10 to 20 minutes, and finished 
011 a 6-inch buff operated a t 3,000 R. P. M . without the slightest 
evidence of a defect in the plating. T o accomplish this with 
our fastest nickel baths would require at least 60 minutes of 
plating.

As a protective coating for iron or steel surfaces, I am con
vinced that a comparatively thin plate of cobalt will prove equally 
as effective as a thick plate of nickel from an ordinary double 
sulfate nickel bath, and the time and power required for the 
production of such plates is decidedly in favor of the cobalt.

The deposits are also very adherent, no difficulty having been 
experienced in this respect, although tests were made repeatedly 
by bending, hammering and burnishing.

One of the weak points of several so-called rapid nickel plating 
solutions, which we have tried commercially, is their poor 
“ throwing” powers, i. e., they do not deposit the nickel readily 
in the indentations or cavities of the cathode. The cobalt 
solution IB  meets this requirement in a most efficient manner; 
the deposits on the distant portions of the cathode withstand 
the tests imposed in every case.

Another most important feature of this solution, which should 
commend itself to every practical plater and manufacturer of 
plated wares, is the extremely high current density at which 
this solution may be employed without danger of pitting the 
plated surface. I have plated with this cobalt solution, IB,  
satisfactorily and under commercial conditions, at a current 
density of 42 amp. per sq. ft. This is 4V6 times the speed of 
our fastest commercial nickel solutions.

As a further test, we plated steel tubes of 1 in. diameter for 
two hours, with a current density of 27 amp. per sq. ft., and then 
drew the tubes down to 6/s in. diameter without injuring the 
deposit. Though extremely hard, the ductility of the deposited 
metal proved remarkable.

All of our tests have been made in a still solution, without 
agitation of any kind, and the plates were subjected to the 
most severe treatment considered practical for high-grade me
tallic coatings on the various metals heretofore mentioned.

W e are also of the opinion that the anodes in the cobalt bath IB  
will remain free from coatings, such as characterize average anodes 
used in nickel baths, and that the cost of maintenance will be 
practically nothing compared to double sulfate nickel solutions.

I can assure you that my experience thus far with these cobalt 
solutions has been intensely interesting, and I sincerely believe 
that their use commercially would revolutionize the art of elec
tro-plating such wares as are now nickelplated.

The simplicity of its composition, its self-sustaining qualities, 
the remarkable speed of deposition, together with the several 
points mentioned previously, should appeal to the commercial 
requirements of this progressive age.

W a l t e r  S . B a r r o w s

N ovem ber 2, 1914

C O M M E R C IA L  R E P O R T  ON S O L U T IO N  X I I I B

A fter  th e  com pletion  of the te st on Solution  IB  
b y  M r. B arrow s, salts id en tical w ith  th ose used b y  
th e authors were sen t to  him , w ith  in stru ction s for 
preparing B a th  X IIIJ 3, id en tical w ith  th a t described 
on page 393.
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T A B L E  IX — C O M M E R C IA L  E X P E R IM E N T S  W IT H  C O BA L T SO L U T IO N  X I I I B  A T  T H E  R U SSE L L  M O T O R  C A R  CO. PL A N T 
SO L U T IO N  XIII25— C obalt su lfa te  c rystals, 26 lbs. 101/* oz. S a lt (N aC l), 15*/s oz. W ater, 4*/< gals. Boric acid, 3 lbs. Sp. gr., 28.5° Be.

T em pera tu re , 64° F . A cid ity , strongly  acid 
C ur. Dens. Elec. C a t h o d e  P la tin g

D a te  Am p. per E. M . F . d ist. A rea tim e
1914 sq. dm. V olts In . M ate ria l Sq. in. H r. M in. C h a r a c t e r  o f  D e p o s i t

Sm ooth, hard , firm, very  adheren t; stood bending te s t and  tw isting . Buffed on 12 
in. co tton  buff wheel a t  3600 R. P . M . w ith pressure approx im ately  sam e as for 
heavy  nickel p la te . N o evidence of cu ttin g  th rough ; splendid  results.

M ottled , b u rn t, im possible to  buff or polish to  a satisfac to ry  surface. Solution full 
of floating partic les of boric acid.

M ottled , cloudy p la te  a t  edges, cen ter qu ite  b rillian t, b u t difficult to  color. Poor 
p la te .

V ery heavy, d irty  gray ; flaked on sides; b u rn t a t  edges; rough and  impossible to 
color. Inside well covered (2 l/2 in. deep).

G ray , s treaked.
W hiter, b e tte r  th a n  la s t test.
W hite, tough a t  center, edges bad ly  b u rn t.
Excellent. Good thickness, corners cracked only slightly . D eposit could be felt 

w ith  finger nail; buffed to  good color. D id n o t crack  when b en t double.
Sm ooth, hard , w hite, adheren t. Buffed to  good finish.
B est p la te  th u s  far. Buffed to  m irror finish over en tire  surface. D eepest grooves in 

good condition..
A ppeared satisfac to ry  when rem oved from  b a th , b u t scaled a t  cen ter when dipped in 

h o t w ater.
Sm ooth, uniform , w hite p la te ; w ithstood hard  buffing. Colored easily to mirror 

finish.
Sm ooth, w hite p la te , buffed to  excellent finish. N o evidence of a  defect.
B eautifu l resu lts; high and  low spots perfect.
C leaned the  piece ju s t  p la ted  and  p la ted  on th e  first deposit w ithou t stripping. No 

indication  of trouble  from th is  source.
Splendid p la te , colored by  rubbing  w ith  flannel cloth, afterw ards stood severe buffing 

test.
Dull, m uddy color when rem oved from b a th , buffed read ily  to  good luster. Back

ground no t as w hite as when higher voltage was used.
B urnished the  piece w ith 400 lbs. steel balls for 15 m inu tes; good finish. No evi

dence of w earing th rough deposit. Placed the  casting  in acidu lated  w ater (15 to 
1) for 36 hours, wiped dry . N o  evidence of defective coating ; casting  remained in 
good condition.

Buffed on 10 in. wheel a t  3600 R. P . M ., excellent finish. D id n o t cu t through  letters 
or raised parts .

Excellen t plate.
Splendid p la te ; hard , y e t pliable. P la ted  200 of these pieces in sam e m anner, in 1 doz. 

lots.
A dherent plate, hard , sm ooth and  good color, buffed readily . D id no t break when 

bent. C u t lead in pieces w ithou t scaling deposit.
V ery satisfac to ry  p la te , ad h eren t and  white.
N o t as w hite as desired, b u t otherw ise very  good plate.
E xcellent plate.
T his deposit stood every conceivable abuse, and  was easily  colored on sm all buff. 
Buffed to  a  beau tifu l finish. R equired very  severe buffing on wheel revolving at 

1500 R . P. M . to  c u t th rough; ap p aren tly  equal to  a  I hour nickel deposit.
P la ted  100 pieces, and  buffed them  read y  for stock  in 1 hour.
D rew  tube  from  1 to  */\ in., buffed sam e and  found perfect, then  drew  tube to */* hi., 

buffed again and  still perfect.
' T h e  die was m erely washed w ith alcohol, rinsed in w ater and  placed in cobalt bath. 

A c u rren t of 15 am p. was passed th rough  the  b a th  for 10 m inutes, while the cathode 
was k ep t co nstan tly  m oving. C u rren t then  reduced to  9 am p. a n d  cathode closely 
w atched during  the  following hour. B ath  sw itched to  b a tte ry  c ircu it and  allowed 
to  rem ain  und istu rbed  during  th e  n igh t. R esu lting  deposit was qu ite  smooth at 
center, edges rough b u t solid; face of die in fine condition. T h e  finest lines perfect. 
T h e  deposit did n o t curl nor lift from the  m aster die during  run . D eposit about 
*/** in. E x trao rd inary  resu lts  for die work.

Splendid p la te , beau tifu l color a fte r buffing.
Firm , tough, ad h eren t p la te , w hite in color, began to  darken  a t  edges, oiled off edges 

w ith em ery, then  buffed en tire  surface to  splendid finish.
A dherent, w hite, sm ooth plate, buffed very  easily to  good finish.

N ote— T o transform  am peres per square decim eter to  am peres per square  foot, m ultip ly  by  9.3.

11/2 6 .5 4 .25 5 .0 Brass 12 0 5

4 .4 3 .5 5 .0  Steel 28 1 0

3 .2 3 .5 5 Brass 42 .5 1 0

(Filtered solution)
5 3 .5 5 5 Brass hub  cap 70 30

6 9 .0 4 5 Brass 12 5
12.0 6 5 12 5
13.1 4 .5 2 .5 4 2
21.4 6 5 Copper 4 2

6 20.0 6 .5 5 4 0 2
9 6 .9 4 .5 5 9 0 15

11 8 .3 4 5 C orrugated  steel 9 .5 0 10

11 4 .2 3 .5 5 T hick  steel 28 0 50

12 8 .6 9 5 B rass 16.5 0 1

12 8 .6 8 5 Brass hub  cap 45 0 1
12 19.4 8 5 P erfo ra ted  brass 8 0 2
12 19.4 8 5 Sam e piece 0 1

12 9 .7 6 5 Sam e piece 0 5

12 10.7 3 5 Sam e piece 0 15

17 16.8 6 5 C ast iron 18 0 1

17 17.1 6 .5 5 Em bossed brass 12 0 1

17 19.4 5 6 of sam e 72 0 1
17 26 .4 5 Brass 2 .5 0 1

17 16.9 5 Polished lead 12 0 5

18 16.8 5 B ritann ia  m etal 30 0 5
18 16.8 5 Steel skate  blade 33 .3 0 5
19 17.0 6 5 G erm an silver 10 0 2
19 16.8 6 .5 5 Tin 15 0 5
20 16.3 5 B rass hub  cap 45 ' 0 3

20 17.0 5 Brass 10 0 1
20 17.0 5 60 0 1
23 16.8 6 5 Steel tube 18 0 15

23 11.6 6 5 12 15 15
C athodes— Oxidized silver-faced B ritann ia  m etal

14 sq. in. anode surface

24 21.1 6 .5 5 l/ a  in- brass 4 0 5
24 16.8 6 .5 2 .5 B rass 12 0 5

25 2 0 .0 6 .5 5 Brass 4 0 10

a n o d e s — C o b a lt anodes, id en tica l w ith  those used 
for S olu tion  I B  (p. 395), were fu rn ish ed  from  th is 
la b o ra tçry .

T ests  were m ade of th is solution  in the m anner and 
from  the sam e point of view  as those for Solution  IB .

In  a le tter  to  one of th e authors, d ated  D ecem ber 
1st, M r. B arrow s gives a com plete report of his com 
m ercial te sts  of Solution  X I I I B . T h is le tter  follow s 
in fu ll as received:
To D r . H e r b e r t  T. K a l m u s :

After thoroughly testing Cobalt Plating Bath X IIIB , made 
according to your formula, I take pleasure in submitting the 
following report:

I found the bath very simple to prepare and at once began to 
operate the solution with high current densities. The results 
obtained were exceedingly gratifying. Evidently Bath X I I I S  
will require no prolonged aging treatment, as splendid, white, 
hard, perfect deposits were obtained with extremely high cur
rent densities within 3 hours after bath was prepared.

The experiments have been varied and the tests of plates 
severe and deliberate; the results have invariably been such 
as to cause me to regard Cobalt Bath X III B  the greatest achieve
ment in modern electro-plating improvements.

The operation of the bath is positively fascinating: the limit

of speed for commercial plating is astonishing, while the ex
cellence of the plates produced is superior to those of nickel 
for many reasons.

The efficiency of the freshly prepared solution, together with 
the self-sustaining qualities of the bath, are without a parallel 
in any plating solution of any kind I have ever used.

Thin embossed brass stampings were plated in Bath X IIIB  
for only one minute, then given to a buffer who did not know 
the bath existed and who was accustomed to buffing i l/i hour 
nickel deposits on these same stampings. This man buffed the 
cobalt plates upon a 10-in. cotton buff wheel revolving at 3000 
R. P. M . The finish was perfect with no edges exposed. These 
stampings have been plated in two dozen lots for one minute, 
and from a total of 500 stampings we have found but three 
stampings imperfect after buffing. Each stamping is formed to 
a spiral after finishing without injury to the deposit. Grey 
iron castings with raised designs upon the surface were plated 1 
minute in Cobalt Bath X IIIB , then burnished with 400 lbs. of 
Vs in. steel balls for ’/< hour without the slightest injury to the 
cobalt coating, as was proven by a 36-hour immersion in 15 oz. 
of water acidulated with 1 oz. of sulfuric acid.

While attempting to reach the limit of current densities 
which would be practical with this bath, X IIIB , I have plated 
brass automobile trimmings with a current density of 244
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amp. per sq. ft. These pieces were plated in lots of 6, and a 
total of 100 were plated, buffed and ready for stock in 1 hour’s 
time. No unusual preparation was made for the run and the 
work was performed by one man. The size of piece plated 
was 1'A  in. X  5 in.

Automobile hub caps were plated 3 minutes in Cobalt Bath 
XIIIB and buffed to a beautiful luster of deep rich bluish tone 
by use of a 7-in. cotton buff revolving at 1200 R. P. M . The 
deposits were ample for severe treatment usually received by 
such articles. Comparative tests of these deposits were made as 
follows: Same style castings plated in double sulfate nickel 
solution one hour were suspended as anodes in a solution of 
equal parts muriatic acid and water; sheet lead cathodes were 
used and a current of 200 amperes at 10 volts passed through 
the bath. The nickel was removed from the castings in 30 
seconds, while 45 seconds time was required to remove the 
cobalt plates.
The above-mentioned plating tests were made with still solu

tion, no form of agitation being employed. B y  aid of mechan
ical agitators these current densities could be greatly exceeded 
with highly satisfactory results.

These cobalt plates were very hard, white and adherent 
and colored easily with slight effort.

Several plates were produced upon sharp steel surgical instru
ments; these instruments finished perfectly and, owing to the 
hardness of the cobalt plate, only a thin deposit was required to 
equal the best nickel deposits which we received as samples. 
Cobalt deposits should prove especially valuable for electro
plating surgical instruments, since non-adherent thick deposits 
are very dangerous for this class of work.

Owing to the unusual mild weather in this locality during the 
past month, I have not concluded the test with cobalt plates 
on highly tempered nickel steel skate blades, but judging from 
appearances and various severe indoor tests we do not hesitate 
to report success in this direction. A  3-minute deposit from 
Bath X IIIB  resists corrosion equally as long as a one-hour 
nickel deposit; the finish is even superior to nickel, while every 
test employed during the process of manufacturing the nickel- 
plated article has proved equally ineffective with cobalt plates; 
therefore by reason of the effectiveness of thin cobalt deposits 
we believe cobalt plates should prove wonderfully efficient on 
skates or any keen-edged tool requiring a protective metallic 
coating.

The runs made with Bath X IIIB  have varied from one minute 
to 15l/s hours, and in each case the results were remarkable. 
Electrotypes were reproduced l/n in. thick. Electro-dies were 
faced with cobalt ‘/s in. thick, the electrotypes being graphite 
covered wax and lead moulds, while the dies were made on 
oxidized silver-faced Britannia metal.

The deposits from Cobalt Bath X III B  were very adherent 
and pliable; by proper regulation of the current, beautiful white, 
hard, tough plates m ay be produced quickly on any conducting 
surface.

The "throw ing” powers of Cobalt Bath X III B  make possible 
its employment for plating deeply indented or grooved arti
cles such as reflectors, channel bars or articles with projecting 
portions.

We also obtained the best plates with extremely high current 
densities, although plates finished with 75 amp. per sq. ft. were 
of good color and easily buffed. The production of excellent 
plates with a current density of 150 amp. proved particularly 
easy, and densities in this neighborhood were employed for the 
greater portion of our tests.

Cobalt Bath X IIIB  will produce excellent, hard, white, tough 
plates absolutely free from pits or blemish at a current density 
of 150 amp. per sq. ft. and under ordinary commercial condi
tions. This is 15 times the speed of our-fastest commercial 
nickel solution.

397

Furthermore, the anode tops and hooks remain free from 
creeping salts. The solution retains its original clean appear
ance and the anodes dissolve satisfactorily with no slime nor 
coating formed; brushing or cleaning anodes therefore will be 
unnecessary. The anodes used with this bath were 98.75 per 
cent cobalt which were sent me from your laboratory. The 
bath at the commencement of our tests was strongly acid to 
litmus, and has remained unchanged throughout our experi
ments. The specific gravity of the solution when freshly pre
pared was r . 24 and is the same today.

The rich, deep, bluish white tone of the cobalt plates upon 
polished brass surfaces is particularly noteworthy; this feature 
should assist greatly in making cobalt deposits very popular 
for brass fixtures, trimmings and plumbers’ supplies.

M y  experience with Cobalt Bath X III B  is by  no means at an 
end. I intend to continue its use until present supplies are ex
hausted and then equip a larger bath if supplies are obtainable. 
As a commercial proposition I am satisfied it is wonderfully 
efficient and economical.

Taking into account the difference in cost of cobalt as com
pared with nickel, I am satisfied the metal costs for plating a 
given quantity of work with cobalt would be considerably less 
than for nickel plating a like quantity.

Furthermore, the use of Cobalt Bath X III B  equipped with 
automatic apparatus for conveying parts through the bath 
would reduce the labor cost 75 per cent, and such apparatus 
would be practical for a greater variety of wares than is now 
the case with nickel.

W e cannot speak too highly of Cobalt Bath X IIIB , and confi
dently believe its future history will surpass the history of any 
electro-plating bath now in general use.

In conclusion, please accept my warmest congratulations 
upon your successes with cobalt solutions. Heartily appreciating 
the opportunity of testing these solutions, I desire to sincerely 
thank you, kind sir, for the benefits derived therefrom.

W a l t e r  S . B a r r o w s
D ecem ber I, 1914

G E N E R A L  C O N C L U S IO N S  FR O M  C O M M E R C IA L  T E S T S  ON 

C O B A L T  P L A T IN G  S O L U T IO N S

1— Several co b alt solutions were foun d to be su it
able for e lectro-p latin g  w ith  co b alt under the con di
tion s of com m ercial p ractice. B est am ong these are 
th e  follow ing:

S o l u t i o n  I B
C obalt-am m onium  sulfate, CoS04.(NH<)2S04.6Hj0 ,  200 gram s to  the 

lite r of w ater, which is equ iva len t of 145 gram s of anhydrous cobalt-am 
m onium  sulfate, C oS04.(NH<)jSO<, to  the  lite r of w ater. Sp. gr. =  1.053 
a t  15° C.

S o l u t i o n  X IIIB
C obalt su lfate, CoSO<.................................... 312 gram s
Sodium  chloride, N a C l................................  19.6 gram s
Boric a c id ............................. .............................. N early  to  sa tu ration
W a te r ...................................................................  1000 cc.

Sp. gr. =  1.25 a t  15° C.

2— C o b a lt p lates from  these solutions, on brass, 
ir o n ^ te e l, copper, tin , G erm an silver, lead and B rita n 
nia m ieta l articles, of different shapes and sizes, de
posited under conditions id en tical w ith  those m et 
w ith  in general n ickel p la tin g  p ractice, are firm ,, 
adherent, hard and uniform . T h e y  m ay be rea d ily  
buffed to  a sa tisfa cto rily  finished surface, h a vin g  a  
b ea u tifu l luster, w hich, a lthough b rillia n tly  w hite, 
possesses a s lig h tly  b luish cast.

3— T h e electrical c o n d u c tiv ity  of these solutions 
is con sid erably  higher th an  th a t of th e stan dard  
com m ercial n ickel solutions, so th a t, other th in gs b e
ing equal, th e y  m ay be op erated  a t a low er vo ltag e  
for a given  speed of p latin g.

4— Solution  I B  is cap able o f co b alt p la tin g  on th e
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various sizes and shapes of ob jects m et w ith  in com 
m ercial p ractice a t a speed at least 4 tim es th a t of 
the fastest sa tisfa cto ry  n ickel solutions.

5— Solution  X III.B  is cap able of co b alt p la tin g  on 
th e various sizes and shapes of ob jects m et w ith  in 
com m ercial p ractice  at a speed a t least 15 tim es as 
great as th a t of th e fa stest sa tisfa cto ry  n ickel solu
tions.

6— P lates from  both  of these solutions on various 
sto ck  pieces sa tisfa cto rily  w ithstood  th e various 
bending, ham m ering and burnishing tests to  w hich 
com m ercial n ickel w ork is ord in arily  sub m itted .

7— T hese tw o  v e ry  rapid  co b alt solutions are re
m arkable for th eir sa tisfa cto ry  th row in g pow er; i. e., 
th e y  readily  and sa tis fa cto rily  deposit th e  co b alt in 
the in d en tation s of th e w ork.

S— T hese tw o  rapid  solutions operate at these high 
speeds in a p e rfe ctly  still solution  w ith o u t a g itation  
of an y kind.

9— T hese solutions are both  cleaner, i. c., freer 
from  creeping salts and p recip itated  m atter, th a n  the 
stan dard  com m ercial n ickel bath s.

10— T h e co b alt deposited a t th is rapid  speed is 
v e ry  m uch harder th a n  th e nickel deposited  in an y 
com m ercial n ickel b ath . C on seq u en tly  a lesser w eight 
of th is hard co b alt deposit w ill offer th e sam e p ro te c
tiv e  coat as a greater w eigh t of th e  softer n ickel d e
posit. Considering Solution  X I I I 5 , op eratin g at 
150 am p. per sq. ft ., on autom obile p arts, brass s ta m p 
ings, e tc., a sufficient w eigh t of co b alt to stan d  the 
usual com m ercial tests, including buffing and fin
ishing, is deposited in 1 m inute. W ith  th e best n ickel 
bath s it  ta k es  1 hour a t ab ou t 10 am p. per sq. ft. to 
deposit a p late eq u a lly  sa tisfa cto ry . T herefore, the 
a ctu al w eigh t of m etal on the co b alt p late m ust be 
a p p ro x im ately  on e-quarter th a t of th e nickel.

11— F or m any purposes, under the condition  of 
these rapid p la tin g  solutions, on e-quarter th e w eight 
of cob alt, as com pared w ith  n ickel, is required to  do 
the sam e p ro te ctive  w ork. C on seq u en tly , if n ickel 
is w orth  50 cen ts per lb., in th e anode form , cob alt 
could  be w orth  n early  S2.00 per lb., in th e sam e form , 
to  be on th e sam e basis, w eigh t for w eight, of m etal. 
In  addition  there are other a d va n ta ge s of co b alt in 
sa vin g  of labor, tim e, overhead, etc.

12— A  sm aller p la tin g  room  w ould handle a g iven  
am oun t of w ork  per d a y  w ith  co b alt th a n  w ith  n ickel.

13— W ith  these v e ry  rap id  p la tin g  solution s, b y  
the use of m echanical devices to handle the w ork, 
th e tim e required  for p latin g , as well as the lab or costs, 
m ay be trem en d ou sly  reduced. Solution  IB ,  and, 
p a rticu la rly , Solution  X IIIjB , are so rapid  as to be 
revo lu tio n a ry  in  th is respect.

14— O b vio u sly , th e cost of supplies, repairs, etc., 
w ould be less w ith  co b alt p latin g  th a n  w ith  n ickel 
p latin g, as the size of th e  p lan t for a required  am ount 
of w ork is less.

15— T h e vo ltag e  required  for extrem ely  rapid  cob alt 
p latin g is greater th a n  th a t for m ost n ickel p la tin g  
b ath s; it  is n ot so great b u t th a t the m achines at pres
ent in use m a y  in general be operated. F or th e sam e

speed of p latin g , th e co b alt solution  requires much 
th e low er vo ltag e.

16— F or a g iven  am oun t of w ork th e pow er consump
tion  for th is rap id  co b alt w ork is less th a n  th a t for 
n ickel. T h is  is ob vious, because th e  to ta l amount 
of m etal deposited  in the case of co b alt is v e ry  much 
less, w hereas th e vo ltag e  a t w hich it  is deposited is 
n ot correspon din gly greater.

17— O rnam en tal w ork on brass, copper, tin  or Ger
m an silver w ould require on ly a i-m in u te  deposit. 
E v e n  w ares exposed to  severe atm osp heric influences, 
or friction , could be a d m irab ly  coated  w ith  cobalt in 
B a th  X I I I 2J in 15 m inutes. T h e trem endous possi
b ilities of th is solution  are n ot to  be com pletely  real
ized  unless m echanical devices are applied to  reduce 
hand lab or to  a considerable exten t.

18— T h ic k  deposits from  these solutions are vastly 
superior to  a n y  th a t we h ave seen produced from 
n ickel solutions. T h e te n d en cy  to  d istort th in  cathodes 
is less pronounced, w hile e lectro typ es and electro-dies 
h a ve  been given  a superior th ic k  deposit in a most 
sa tisfa cto ry  m anner. T h e lines were hard, sharp 
and tou gh  and th e  surface sm ooth. N ickel does not 
equal co b alt for excellence of m assive plates.

19— M a n y  of these tests were passed upon by un
in terested  skilled  m echanics a t th e  p la n t of the Russell 
M o tor C ar C o m p a n y, w ho in v a ria b ly  reported in 
fa v o r  of th e co b alt as above.

20— B oth  B ath s I B  and X III .B  are substantially 
self-sustain ing, once th e y  are p u t in to  operating 
condition, and th e  am oun t of agin g required  to do this 
is v e ry  m uch less for them  th a n  th a t  for th e  present 
com m ercial n ickel baths.

A  num ber of autom obile parts, and a large number 
of skates, co b altp la ted , were turn ed  o u t a t the plant 
of th e R ussell M o tor C a r  C o m p a n y  under M r. Bar
ro w s’ direction, and m an y of th e skates have now 
(F eb ru a ry  6, 1915) been under ob servation  in actual 
use for several m onths. On th is  d a te  M r. Barrows 
reported  th a t  skates p la ted  from  Solution  X IIIB , 
m an y of w hich h ad  h ad  extrem ely  hard  usage in the 
hands of boys, etc., were show ing up w ith  surprising 
satisfactio n . T h ere is a b so lu tely  no stripp in g of the 
plate along th e edge of th e  sk ate , eith er before or 
after use, w hich, u n fo rtu n a tely , is n ot uncommon 
w ith n ickelp lated  skates. F urtherm ore, the cobalt- 
p lated  skates seem  to  be decidedly  superior to the 
n ickelp lated  skates as regards th eir resistance to 
corrosion. A n oth er v e ry  n oticeable fea tu re  about the 
co b altp la ted  sk ates is th a t  th e y  are v e ry  free from 
scratches a fter rough usage as com pared w ith nickel; 
th a t  is to  sa y , th e  co b alt p late  is decidedly  harder 
th a n ' the n ickel p late. M o st of th e skates in ques
tion  were p la ted  in 3 m inutes a t 90 to  100 amp. per 
sq. ft . N ick el p lates a t th e sam e p la n t are plated in 
1 hour a t ab ou t 4 am p. per sq. ft. T h ere is appar
e n tly  con sid erably  m ore co b alt m etal p late on these 
skates th a n  need be to  m ake th em  equivalen t to 
n ickelp lated  skates.

T h e authors ta k e  great pleasure in expressing their 
th a n ks to  th e  Ru.ssell M o tor C a r  C om p an y for their 
collab oration , and p a rticu la rly  to  M r. W . S. Bar
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rows for th e careful, v igorous and p ain stak in g m anner 
in which he has su b jected  th e  solutions and p lates 
to the various tests  th a t were required  to  establish 
their com m ercial im p ortan ce and va lu e.

R e s e a r c h  L a b o r a t o r y  o k  A p p l i e d  
E l e c t r o c h e m i s t r y  a n d  M e t a l l u r g y  

Q u e e n ’s  U n i v e r s i t y ,  K i n g s t o n , O n t a r i o

t h e  FUSIBILITY OF COAL A SH  IN  VARIOUS A T M O S 
P H E R E S1

B y A. C. F i e l d n b k  a n d  A. E . H a i x  

Received April 1, 1915

IN T R O D U C T IO N

In connection w ith  a general s tu d y  of th e fu s ib ility  
of coal ash under variou s fuel-b ed  conditions, a t th e 
Pittsburgh E xp erim en t S ta tio n  of the B ureau  of M ines, 
considerable exp erim en tal d ata  h a v e  been ob tain ed  
concerning som e of th e fa cto rs a ffectin g th e  soften in g 
temperature of ash w hen m olded in th e  form  of Seger 
cones. I t  w as realized  th a t  th e so-called  “ fusing 
tem perature”  tests m ade b y  th is  m ethod were lik e ly  
to give exceedin gly v a riab le  results in different la b o ra 
tories, as num erous in v estig a to rs  h a ve  show n in  the 
case of Seger p yrom etric  cones, w hich are of m uch 
simpler com position  th a n  coal ash. In deed, L . S. 
Marks2 has recen tly  called  atten tio n  to  differences 
as great as 390° C . w hich were ob ta in ed  on th e  sam e 
sample of ash b y  tw o  d ifferen t com m ercial lab o ra 
tories. It , therefore, seem s a d visab le  to  present in 
some detail th e  results th a t  h a ve  been ob ta in ed  in 
our in vestigation  in order th a t  fu el chem ists m ay 
fully appreciate th e em pirical n ature of th e test.

RELATION O F S O F T E N IN G  T E M P E R A T U R E  OF A SH  TO 

M E L T IN G  T E M P E R A T U R E  OF E U T E C T IC

A complex m ixture o f oxides and silicates like coal 
ash has no single, definite m eltin g point. On slow ly  
heating a sam ple of ash it  su ccessively  shrinks, sinters 
and then gra d u ally  softens into  a m ore or less viscous 
slag. From  th e view p o in t of clin ker form ation , 
we wish to know  th e tem p eratu re a t w hich th e ash 
may form a slag of sufficient flu id ity  to flow or a g 
glomerate in th e fuel bed. Since th is tem p eratu re is 
probably below  th e  tem p eratu re  of com plete m eltin g 
of the ash, i. e., th e  low est tem p eratu re a t w hich the 
melt on sudden cooling is all co n verted  to  glass, th e 
“ softening”  or “ flo w in g ”  tem p eratu re of th e ash when 
made in the form  of a cone seem s a m ore lik e ly  in d icato r 
of clinkering tendencies.

The deform ation  of a cone is also a rough m easure 
of viscosity, w hich u n d o u b ted ly  is a v e ry  im p o rtan t 
factor. I t  m ust, h ow ever, be k ep t in m ind th a t the 
deformation of th e cone does n ot afford a m eltin g 
point or a n y  other fixed tran sform ation  based on an y 
change of state. A s pointed  ou t b y  D a y  and Sh ep ard ,3 
a cone m ade of silicate  m ixtures, w hich are cap able 
of forming eutectics, begins to  w eaken  as soon as th e 
eutectic begins to  m elt; its  fu rth er progress is then

1 Published by permission of th e  D irector U. S. B ureau  of M ines.
5 L. S. M arks. "T h e  C linkering of C oal,"  Power, 40 (1914), 932-4.
* A. L. D ay and  E . S. Shepard, "T h e  Lim e-Silica Series of M inerals,"  

Am. J. Set., [43 22 (1906), 267. Also a full discussion of the  theo ry  of 
Seger cones, see "T h e  Physical C hem istry of Seger Cones,” by  R . B. Sosm an, 
Trans. Am. Ceram. Soc., IS (1913), 482-498.
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govern ed  en tire ly  b y  th e  re la tiv e  q u a n tity  of eu tectic  
present and its  v isco sity  a fter m eltin g. If  th e con
stitu en ts of th e ash are such as to  form  a re la tiv e ly  
large proportion  of th in ly  fluid eu tectic , th e  d efo rm a
tion  point of th e cone w ill lie close to  th e m eltin g point 
of th e  eu tectic; on th e other hand, if th ere is a large 
excess of som e re fra cto ry  com ponen t, such as silica  or 
alum inum  silicate , or if th e eu tectic  is viscous, th e  excess 
com ponen t w ill form  a rig id  skeleton  w hich is not 
p ulled  dow n b y  th e  flow ing eu tectic . In  th e la tter  
case th e deform ation  point w ill approach m ore n early  
th e m eltin g point of th e rigid  com ponent.

FA C T O R S  IN F L U E N C IN G  T H E  S O F T E N IN G  P O IN T

T h e ra te  of deform ation  is also influenced b y  the 
rate  of heatin g. R eactio n s betw een  different con 
stitu en ts ta k e  place before their m eltin g poin ts are 
reached. Som e of these reactio n s are slow er th an  
others. A lso som e co n stitu en ts h a ve  a slow  tim e-rate 
of m eltin g, as, for exam ple, silica and feldsp ar. T hese 
substances can be heated ab ove th eir m eltin g points 
and y e t  rem ain  in a crysta llin e form  for som e tim e. 
I t  is ob viou s, then, th a t  th e  deform ation  tem p eratu re 
of an ash cone m ust be affected  b y  ( i)  rate  of heatin g; 
(2) size, shape and in clin ation  of cone; (3) fineness 
of ash; and (4) n ature of atm osphere in w hich the cone 
is heated.

IN F L U E N C E  O F IR O N  O X ID E S

On a ccou n t of th e  presence of iron oxide in consider
able q u an tities in m an y ashes, th e  n ature of th e  a tm os
phere in w hich th e  ash cone is heated has a m arked 
influence on th e  soften in g poin t. U nder su itab le  con 
ditions iron m ay exist as m etallic  iron, pure or a lloyed  
w ith carbon, as ferrous oxide (F eO ), m agn etite  (F e30 4), 
or ferric  oxide (F e20 3). On com plete com bustion  
a t low  tem p eratu res, th e p y rite  in coal is con verted  
to  F e20 3. A ccord in g to  W a ld e n ,1 ferric  oxide (F e20 3) 
d issociates a t 1350° C ., when h eated  in air a t a tm o s
pheric pressure, into  m agn etite (F e30 4) and oxygen . 
T h erefore , in determ in ing th e soften in g tem p eratu re 
of an ash cone in an atm osphere of air (no reducin g 
gases present), we are dealing w ith  th e  form ation  of 
slags in w hich th e iron com ponen t enters th e  reaction  
as ferric  oxide or m agn etite . P eters2 sta te s th a t  
“ ferric oxide form s com pounds w ith  silica  w hich re
quire a high tem p eratu re for th eir fusion, and is conse
q u en tly  an unw elcom e base for slags; a lthough th is  
sub stance is an a lm ost in v aria b le  co n stitu en t of 
oxidized  ores, it  seldom  m akes a n y  troub le in th e  b la st 
fu rn ace, for th e reason th a t it  is easily  reduced b y  th e
fuel gases to ferrous oxide (F e O ) .....................

“ In th e m ore n eutral atm ospheres of th e  reve r
b eratin g  sm elter, how ever, it is lik e ly  to  cause d ela y  
b y  com bin ing w ith  silica, m akin g it  m ore d ifficu lt 
to  m elt th e  s la g .”

On th e oth er hand, if th e  ash cone is h eated  in a 
slig h tly  reducin g atm osphere of h yd ro gen  or carbon 
m onoxide, th e  ferric  oxide is reduced to  ferrous oxide

1 P. T . W alden, “ On th e  D issociation Pressure  of Ferric  Oxide,”  J .  
A m . Chem. Soc., 30, 1350.

2 E dw ard  D yer Peters, "P rincip les of Copper Sm elting,”  H ill Pub . Co., 
N ew  Y ork. 1907, pp. 399-400.



400 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 7, No. 5

w hich is a stron g fluxing agent. S teffe1 foun d the 
fo llow in g form ation  tem peratures for variou s ferrous 
silicates:

Form ation  tem pera tu re  0 C.
4FeO .SiO j...............................................................  1158-1174
2FeO .S iO î............................................................... 1162-1183
4FeO ,3SiO j............................................................  1162-1181
FeO .S iO i.................................................................  1158-1171
2 F e 0 .3 S i0 î............................................................  1321-1334

T h e v isco sity  of ferrous-silicate slags is low er th an  
when the iron com ponent enters th e reaction  in the 
ferric form , as shown b y  G rein er;2 so th e  conclusion 
seem s logical th a t  in  general low er soften in g tem p era 
tures m ay be exp ected  if th e atm osphere surrounding

stitu en ts  like silica and alum ina, so th a t  an y con
siderable reduction  of iron oxide to  m etallic  iron would 
ten d  to  increase th e re fra cto ry  effect of th e silica and 
alum in a. H ence, low er soften in g tem peratures may 
be exp ected  in tests m ade in  gas furnaces where some 
reducin g gases com e in c o n ta ct w ith  th e  ash, while 
higher results should be foun d b o th  in furnaces where 
air o n ly  surrounds th e cone and in  carbon or graphite 
electric furnaces where stro n gly  reducin g atmospheres 
reduce the iron oxides to  m etallic  iron.

E X P E R IM E N T A L  

In  th e  fo llow in g experim ents th e  authors have

T a b u s  I — D e s c r i p t i o n  a n d  O r i g i n  o f  S a m p l e s

L o c a t i o n  o p  M i n e

[PUB N o. L ab ..N o. D e scription B ed N earest  T own C ountv State
1 15840 B itum inous Coal Creek F rate rv ille A nderson Tenn.
2 15841 B itum inous A m erican Parrish W alker Ala.
3 15842 B itum inous Sterling M anring C laiborne T enn.
4 15843 B itum inous Jellico Jellico C am pbell T enn.
5 15844 B itum inous M ingo F o rk  R idge C laiborne T enn.
6 15845 B itum inous C oal Creek Oliver M organ T enn.
7 15846 B itum inous M ary  Lee R ed  S ta r W alker Ala.
8 15847 B itum inm is N ickel p la te Jefferson Jefferson Ala.
9 15848 B itum inous Thom pson . M arvel Bibb Ala.

10 16018 B itum inous R ed stone , L em ely Je t. B arbour W . Va.
11 16019 B itum inous P ittsb u rg h M organtow n M onongalia W . Va.
12 16243 B itum inous No. 5 Booneville W arrick In d .
13 16583 Sem i-bitum inous Pocahontks No. 3 Sim m ons M ercer W . Va.
14 16584 Sem i-bitum inous P ocahon tas  N o. 3 Bram well M ercer W . Va.
15 16585 Sem i-bitum inous P ocahon tas No. 3 E lk R idge M cD ow ell W . Va.
16 16586 Sem i-bitum inous P ocahontas No. 3 Big F o u r M cDowell W . Va.
17 16587 Sem i-bitum inous P ocahon tas No. 3 Jenk in  Jones M cDowell W . Va.
18 16589 Sem i-bitum inous P ocahontas No. 3 Boissevain T  azewell Va.
19 17081 A nth rac ite  (buckw heat) Pa.
20 17189 A nth rac ite  (buckw heat) Shenandoah Schuylkili P a .
21 17534 A nth rac ite  (buckw heat) Luzerne P a .
22 17590 A nth rac ite  (buckw heat) Sham okin N o rthum berland P a .
23 18248 A nth rac ite  (buckw heat) Pa.
24 14762 A nth rac ite  (buckw heat) Pa.
25 17563 Sem i-bitum inous G eorges Creek L onaconing Alleghany M d.
26 7244(a) Sem i-bitum inous(c) P ocahontas N o. 3 P ocahontas Tazewell Va.
27 7305(a) Sem i-bitum inous (c) P ocahontas N o. 3 P ocahon tas Tazew ell Va.
28 7308 Sem i-bitum inous(f) P ocahontas N o. 3 P ocahon tas T  azewell Va.
29 7309(6) Sem i-bitum inous(c) P ocahon tas N o. 3 P ocahon tas Tazewell Va.
30 18193 Sem i-bitum inous P ocahon tas No. 3 P ocahontas Tazewell Va.
31 18198 Sem i-bitu  minous P ocahontas No. 3 Pocahon tas Tazewell Va.
32 18203 Sem i-bitum inous P ocahon tas No. 3 P ocahontas Tazewell Va.
33 18349 Scin i-bitum inous P ocahon tas N o. 3 P ocahontas Tazewell Va.
34 18350 Sem i-bitum inous P ocahon tas No. 3 P ocahontas Tazew ell • . Va.
35 18208 Sem i-bitum inous Low er K ittan n in g E benburg C am bria Pa.
36 18296 Sem i-bitum inous Bering R iver Field Alaska
37 18297 Sem i-bitum inous Bering R iver F ield A laska
38 18298 Sem i-bitum inous Bering R iver Field Alaska
39 18302 Sem i-bitum inous Bering R iver F ield Alaska
40 18308 . Sem i-bitum inous Bering R iver F ield Alaska
41 18310 Sem i-bitum inous B ering R iver F ield Alaska
42 18312 Sem i-bitum inous B ering R iv e r F ie ld Alaska
43 18300 Sem i-bitum inous B ering R iver F ield Alaska
44 18303 Sem i-bitum inous B ering R iver Field Alaska
45 18306 Sem i-bitum inous B ering R iver Field Alaska
46 18348 Sem i-bitum inous B ering R iv e r F ield Alaska
47 18347 Sem i-bitum inous B ering R iver Field Alaska
48 18350 Sem i-bitum inous B ering R iver F ield A laska
49 12690 B itum inous P ittsb u rg h G reensburg W estm oreland Pa.
50 12691 (6) B itum inous P ittsb u rg h G rcensburg W estm oreland Pa.
51 7228(a) B itum inous P ittsb u rg h M arianna W ashington Pa.
52 7230 B itum inous P ittsb u rg h M arianna W ashington Pa.
53 7141(a) B itum inous P ittsb u rg h M arianna W ashington P a .
54 7458(6) B itum inous P ittsb u rg h C arnegie Allegheny P a.
55 13316 Sub-b itum inous B atan Philippine Island
56 7548(6) L ignite R ockdale M ilan T exas
57 7381(a) Lignite R ockdale M ilan T exas
58 7490(a) L ignite L y tle M edina Texas
59 7494(a) L ignite L ytle M edina Texas
60 7522(6) Lignite C alvert R obertson T exas
61 7534 Lignite C alvert R obertson Texas
62 7536(a) Lignite C alvert R obertson Texas
63 7159(a) P e a t b rique ttes E lizabe th  C ity P asq u o tau k N . C.

(a) C linker from gas producer. (6) C linker from  boiler furnace. (c) B one coal.

th e cone is able to reduce all th e iron to  th e  ferrous 
s ta te  before fusion  b egin s, b u t n ot to m etallic  iron, 
for in the la tte r  ev en t one of th e m ost a ctiv e  fluxing 
con stituen ts is rem oved from  th e  system . M ost 
ashes h ave a lread y  an excess of h igh -m elting con-

1 H erm an Steffe, “ On th e  Form ation  T em pera tu re  of a  Few  Ferro- 
Calcic Slags and  of a  Few  Ferrous Slags F ree from  Calcium , th e  Knowledge 
of which is Significant for the  Sm elting  of Lead O res,” D isserta tion , Berlin, 
1908.

5 E. G reiner, “ U eber die A bhängigkeit der V iscosität in S ilikat schm elzen 
von ihrer Zusam m ensetzung,” Tnaugural D iss., Jena , 1907, p. 55.

stu d ied  th e effect of variou s fa cto rs in th e softening 
tem p eratu re of ash, b y  m akin g tests  on a considerable 
num ber of different ashes in different ty p e s  of furnaces 
such 'as are in m ore or less com m on use for th e purpose. 
B efore g iv in g th e  results o b ta in ed  in each furnace, 
th e  coals tested  and general m ethod of operation will 
be described.

T h e description  and origin of th e coal sam ples are 
given  in T a b le  I, and th e an alyses of th e ashes and 
p a rtia l an alyses of th e coals in T a b le  II . A s m ay be
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seen from an inspection  of these tables, th e series of 
fuels tested  include an th ra cite , b itum inous, sem i- 
bituminous, sub-bitum in ous, lign ite and p e at; the 
compositions of th e ashes cover a fa ir ly  wide range, 
silica va ryin g  from  12.3 to  76.0 per cen t; alum ina 
from 8.6 to 34.7; ferric oxide from  3.8 to  69.7; lim e 
from 0.6 to  18.6; and m agnesia from  0.2 to  10.o per 
cent.

The coal sam ples were ground to  60 mesh w ith  
crusher, rolls and ball m ill as described in our T ech n ica l 
Paper 8.’ T h e 60 mesh m aterial w as spread ou t on 
shallow, 6-inch, fireclay  roasting dishes, and com 
pletely ashed w ith  occasional stirrin g in a muffle 
furnace at a tem p eratu re n ot exceedin g 750° C . A ll

T a b l e  I I — P e r c e n t a g e  A n a l y s e s  o k  A s h  a n d  D r y  C o a l

Sample A n a l y s e s o r  A s i i D r y  C o a l

No. S 1O2 A I2O 3 Pej03 T i02 CaO M gO N a20  K 2O SOa S Ash
1 35.7 23.5 3 2 .9 1.2 3 .2 1.1 0 .3 1.1 0 .5 3 .1 10.8
2 47.3 34 .6 9 .8 1.8 1.3 0 .4 2.1 2 .5 0 . 1 1.7 17.4
3 55.8 33 .5 5 .0 0 .9 1.5 0 .7 0 .5 2 .2 0 . 1 0 .8 15.6
4 43.3 31 .4 13.6 1.6 4 .2 1.4 0 .6 2 .9 1 .4 1.5 8 .6
5 42.2 30 .6 19.0 1.2 1.3 1.0 1.3 2 .9 0 .2 1.4 7 .5
6 12.3 12.2 69.7 0 .4 3 .9 0 .7 0 .3 0 .6 0 .2 5 .8 8 .2
7 54.1 34.7 4 .5 1 .5 1.2 0 .9 0 .6 2 .5 0 .2 0 .7 17.7
8 46.8 28.7 18.0 1 .4 0 .6 0 .9 1.6 2 .4 0 .3 2 .3 12 ; 7
9 54.8 27 .0 7 .0 1.3 4 .3 1.7 0 .3 3 .1 1.4 0 .6 17.5

10 38.4 24.2 22 .4 1.1 7 .7 0 .9 0 .3 1.9 3 .8 2.1 7 .9
11 50.4 24.0 20 .4 1.4 1.7 0 .2 1 .0 1.0 0 .3 2 .7 10.9
12 37.1 17.6 35 .9 0 .7 3 .2 0 .9 0 .4 1.8 2 .3 5 .8 11.5
13 54.8 27.0 7 .8 1 .6 1.6 1.5 2 .2 1 .9 0 .5 0 .7 8 .0
14 54.8 29.2 6 .9 1.8 1 .4 0 .6 1 .9 2 . 1 1.0 0 .7 7 .5
15 54.1 24.8 9 .4 2 .3 4 .0 1.4 1 .0 0 .8 2 .8 0 .6 7.1
16 37.2 25.5 11.8 1.5 12.6 1.9 1 .4 0 .4 5 .6 0 .6 5 .9
17 51.1 25.2 10.1 1.8 5.1 1.6 0 .8 0 .9 3 .1 0 .6 6 .8
18 51.8 25.0 9 .0 2 .0 4 .0 1.5 1.3 0 .8 4 .3 0 .7 5 .6
19 56.1 31 .4 5 .0 1.9 1 .0 1.0 0 .7 3 .1 0 .5 0 .7 21 .5
26 68.9 21.4 4 .5 2 .6 2 .0 0 .7 0 .6 0 .5 0 .6 17.2
27 69.4 21.5 4 .8 2 .0 1.6 0 .8 0 .5 1 .4 0 .7 14.8
28 64.7 23.2 4 .7 2 .6 1.2 0 .8 0 .3 0 .5 i ! 5 0 .7 14.8
29 69.6 19.7 5 .2 2 .2 2 .0 0 .4 0 .4 0 .5 0 .7 14.1
49 54.7 32.9 8 .9 1.6 0 .9 0 .6 0 .2 0 .9 11.1
51 54.5 27.0 12.1 i 18 1.5 0 .4 0 .5 1.9 1.7 11.4
52 53.2 26.0 15.8 1.4 1 .0 0 .7 0 .3 1.6 0 À 1.7 11.4
53 54.6 25.7 12.4 1.4 4 .3 0 .6 0 .6 1.3 1 .4 12.5
54 56.8 28.2 11.3 1.2 1.0 0 . 8 0 . 6 1.6 1.8 12.3
55 15.2 8.6 13.3 18.1 10.0 5 .3 1.8 26.9 8 . 2
56 47.9 23.7 5 .5 2 . 0 18.6 3 .3 0 .4 0 . 2 i ’.5 16.6
57 46.2 24.3 6 . 2 1.8 18.5 3 .0 0 . 6 0 .5 1.5 . 15.5
58 43.2 16.9 7.1 1.6 12.2 1.7 0 . 2 0 .3 1 6 .Ô 2 . 2 19. 1
59 52.5 21.5 8 . 8 1.6 14.4 2 .4 0 .5 0 . 2 2 . 2 19.1
60 47.5 29.1 5 .3 2 . 0 14.0 2 . 2 0 .4 0 .3 1.4 18.6
61 39.3 24.8 3 .8 1.9 14.9 1.7 0 . 2 0 .4 12.5 1.4 16.6
62 46.5 28.4 5 .2 2 . 0 16.1 2 .3 0 .7 0 . 2 1.4 16.6
63 76.0 11.7 4 .5 1.0 2 . 8 3.1 1.0 0 .9 1.4 32 .3

of the ash was finally  p u t th ro u g h  a 100 mesh screen 
and thoroughly m ixed.

P R E P A R A T IO N  O F CONF.S 

Sufficient ash to  m ake th e desired n um ber of cones
w as tran sferred  to  an 
a gate  m ortar, m oist
ened w ith  10 per cen t 
dextrin  solution  and 
w orked  into  a p lastic  
m ass w ith  a sp atu la  
o r  p e s t l e .  A f t e r  
m oistening th e  brass 
m old (F ig . 1) w ith  
kerosene to  p reven t 
stick in g , th e  p lastic  
m aterial w as firm ly 
pressed into  it  w ith  
a  knife sp atu la , and 
th e  surface stru ck  
off sm ooth to  m ake 
a n ea t solid tr ia n g 
u la r  p yram id . T h e 

cone was then pushed o u t of th e m old b y  a p p ly in g
1 F. M. S tanton  and A. C. F ieldner, “ M ethods of Analyzing C oal and  

Colie,'' Technical Paper 8, B ureau of M ines (1913), pp. 7-9.
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a sm all knife b lade a t th e base. W ith  a little  
p ra ctice  and proper lu b rication  of th e m old th is can 
be done a t once a fter m olding w ith o u t w a itin g  for the 
cone to  dry.

A fte r  d ry in g, th e  cones %vere m ounted in a refra cto ry  
base m ade up of a m ixture of tw o  p arts of kaolin  to 
one p a rt of alum in a (AI2O3). T h is  m ixture w as m oist
ened w ith  w a ter  to  m ake it  w orkab le  and  enough tak en  
for th e base to  be m ade and spread upon a sheet.-iron 
p late. A  sm all hole w as m ade into  w hich the cone 
w as set and  the base m aterial w orked around the 
b otto m  of th e  cone so th a t  it  w ould  be firm ly  set 
a t th e desired inclination  in th e base. T h e iron p late  
w as th en  p u t on a h ot-p late  and th e m oun ted cones 
dried slow ly  until all w ater w as driven  off. T h e dex
trin  w as th en  burned ou t b y  ign itin g  th e  m ounted 
cones in a m uffle, a fter w hich th e y  were rea d y  for use. 
In th e earlier exp erim ents the cones w ere m ade d irectly  
from  th e  100 mesh ash; later it  w as foun d th a t  grinding 
th e ash to  an im p alp able  pow der (or a t least to  pass 
200 mesh) m ade a m ore su b stan tia l and m ore easily  
m olded cone th a n  100 mesh m aterial. F ou r different 
sizes of cones were used:

No. 1, side of base inch, heigh t 1 inch 
No. 2, side of base x/ k inch, heigh t l 1/ -  inches 
N o. 3, side of base 3/xe inch, height 1 inch 
No. 4. side of base 7 2  inch, heigh t 2 1/* inches

G E N E R A L  M E T H O D  O P H E A T IN G

T h e general procedure in  m akin g a soften in g tem p era 
tu re determ in ation  w as th e sam e w ith  all th e furnaces 
used, th o u gh  n ecessarily  th e details va ried  in  th e differ
en t furnaces. T h e  te st piece w as p u t in to  th e  cold, 
or n early  cold, fu rn ace and th e fu rn ace w as heated  
a t th e rate of 10 to  1 5 0 per m inute up to  a p o in t not 
less th a n  2000 C . below  th e p robable soften in g point, 
a t w hich point th e rate  (usually  2 or 5 0 per m inute) 
w hich had been adopted  for th a t p a rticu la r  d eterm in a
tion  w as begun. T em p eratu re readin gs were ta k en  
e v e ry  5 m inutes, and m ore freq u e n tly  when a p p roach 
ing th e  soften in g tem p eratu re . O b servation s of the 
appearance of th e conc were m ade at lea st as often  
as tem p eratu re  readings were ta k en , special care 
b eing ta k en  to  note a n y  deform ation  or w arp in g due 
to  shrinking before a ctu al soften in g b egan . T h e 
p oint of in itia l soften in g or deform ation  w as ta k en  as 
th e tem p eratu re w here th e  first n oticeable bending, 
roundin g at th e to p , or sw elling of th e cone to o k  place. 
W arp in g of th e cone due to  shrinkage w as n ot con
sidered as th e  beginning of fusion.

T h e soften in g p o in t, deform ation  poin t, or “ fusion 
p o in t”  so-called, w as ta k en  as th e tem p eratu re where 
the apex of th e cone had b en t over to tou ch  th e base, 
or, fa ilin g to  bend, had fused dow n to  a lum p or ball. 
S ketches (F ig. 2) were m ade of th e appearance of 
th e  cone a t th e in itia l and final deform ation  points 
and a t several in term ed iate  points of deform ation , 
w ith  the corresponding tem peratures. Im m ed ia te ly  
a fter readin g th e tem p eratu re corresponding to  com 
p lete deform ation , th e  curren t or other source of heat 
w as reduced so th a t th e appearance of th e  cone could 
be verified b y  exam ination  a fter rem oval from  the 
furnace.
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T E M P E R A T U R E  M E A S U R E M E N T S  

T h e tem p eratu re m easurem ents were m ade in  tw o 
w ays: (1) b y  m eans of a H eraeus P t-P tR h  th erm o 
couple w ith  Siem ens and Halslce high-resistance milli- 
vo ltm eter, in the p latinum -resistan ce, M eker and  muffle 
N o. 2 furnaces, and the dow n -d raft ceram ic k iln ; (2) 
b y  m eans of a W ann er op tical p yro m eter in th e 
m olybdenum , carbon-resistan ce, and N orth ru p  fu r
naces. T h e therm ocouple and m illivo ltm eter were

z T
1280’ 1300° 1322°Orig inal 1240“ 1280a 1300°

S A M P L E  N o .18 G ood bend.

O rig ina l 1330° l36Cr 1386° 1400“ 1407°

S A M P L E  No.16 Bent and m elted to a ball.

Æ z ?  ¿ 2  s
O rig ina l 1127° 1185° 1223° 1244° 1304° 1345°

S A M P L E  N o.5  B entand puffed.

C l
O rig ina l 1380° 1390° 1400°

S A M P L E  N o .ll Bent and m elted to a ball.

F i g . 2 — A p p e a r a n c e  o f  A s i i  C o n e s  a t  V a r i o u s  S t a g e s  o p  S o f t e n i n g

stan dardized  from  tim e to  tim e in th e p h ysica l lab o ra 
to ry  of th e B ureau  under th e d irection  of D r. J. K . 
C lem en t b y  com parison w ith  a stan dard  th e rm o 
couple. T h e cold ju n ctio n  w as k ep t a t th e tem p era 
tu re of m eltin g ice during stan d ard izatio n  and during 
use in m easuring tem peratures. F u rth er checks on 
th e system  of fu rn ace and p yrom eter were obtained 
b y  p lacin g crysta ls  of pure d iopsid e1 in the positions 
occupied  b y  the ash cones and n otin g th e tem p eratu re 
of m eltin g; u su a lly  th e  cry sta l m elted b etw een  1381 
and 139 5 0 C . (corrected tem p eratu re readin gs). T h e 
m eltin g point of diopside is 1 3 9 1 0 C .2

T h e W ann er pyrom eter, w hich w as o rig in ally  sta n d 
ardized b y  th e R eich sa n sta lt, w as rechecked  b y  th e 
B ureau  of S tan d ard s a fter m ost of th e  w ork described 
in th is paper w as com pleted  and found to conform  to  
the original stan d ard izatio n . It  w as ch ecked  d a ily  
again st the a m yl a ce ta te  flam e. A s th is p yrom eter 
w as used on ly  w ith  those furnaces w hich had stro n gly  
reducing atm ospheres, it  w as possible to  check  the 
accu racy  of the p yrom eter readings and the b lack- 
b od y conditions of the fu rn ace b y  p lacin g th in  strips

1 O btained th rough the  kindness of Dr. A rth u r L- D ay, D irector of 
the  Geophysical L aborato ry .

2 A rthu r L. D ay and  R. B. Sosm an, "T h e  M elting  P o in ts  of M inerals 
in the L igh t of R ecent Investigations on th e  Gas T herm om ete r,'’ A m . J . 
Set., [4] 31 (1911), 346.

of K a h lb a u m ’s pure copper or K a h lb a u m ’s pure nickel 
in place of th e cones and n oting th e apparen t melting 
tem p eratu re. T h is  w as done a t least once a week, 
and at th e beginning and th e end of each series of tests. 
T h e results obtained  in these checks w ill be given in 
th e discussion pertain in g to  each furnace.

R E S U L T S  O B T A I N E D  I N  D I F F E R E N T  F U R N A C E S  

A  M E K E R  M U F F L E  F U R N A C E  N O .  2 9

T h is fu rn ace (F ig. 3) is a sim ple gas muffle furnace. 
I t  consists of a .sheet-iron shell, w ith  a refractory 
fireclay  lining. T h e m uffle a is of m agn esite and rests 
on th e fron t of th e furnace and on tw o  points at the 
rear. E x c e p t th a t at th e fron t it  is en tire ly  surrounded 
b y  th e com bustion  space over th e  M eker burner b, 
w hich is supplied  w ith  tw o inlets, one for gas and one 
for air under pressure, th e gas burns under and 
around th e muffle and th e prod u cts of combustion 
pass ou t of th e  chim ney. In  order to  attain  the 
higher tem p eratu res it  w as n ecessary to  adjust the 
gas and air so th a t a sligh t flam e issued from the 
chim ney.

In op eration, th e  cones c, gen era lly  four in number, 
were set in one base and the base raised ab ou t z/m inch 
from  th e b o tto m  of th e muffle b y  sm all supports at 
each end. T h e fro n t w as closed b y  an asbestos board 
door, d, w ith  a slit in it  ju st large enough to  admit 
th e therm ocoup le e, w hich could be m oved so th a t the 
couple could be p laced v e ry  close to  each cone as it 
w en t dow n. T h e therm ocoup le w as protected  from 
reducin g gases b y  a glazed  M a rq u a rd t tu b e 6 mm. in 
d iam eter and closed a t one end. T h e maximum 
va riatio n  in tem p eratu re in m ovin g th e couple along

th e line of concs from  one side of the muffle to  the other 
w as from  10 to  1 5 o C . In asm uch as fou r different 
cones were heated  sim u ltan eou sly  it w as n ot possible 
to  begin the 2°-per-m inute rate  of heatin g at 200
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below the approxim ate soften in g point of each cone. 
Usually the furnace w as heated  up to  a b ou t 1000° C. 
in 1 hour. T h e rate  w as then  decreased to 2° per 
minute until the last cone h ad  fallen, p rovided  it  w ould 
soften in the possible ran ge of th e fu rn ace: 1 4 3 7 °  C.
was the highest tem p eratu re th a t  w as reached, and 
in many cases, ow ing to  flu ctu atin g  gas pressure, 1 3 7 5 °  

was the upper lim it. N a tu ra lly  th e  rate  of heatin g 
at the higher tem p eratu res w as u n a v o id a b ly  reduced 
to 1 and even 1/ 6° Per m inute. N atu ra l gas and air 
at a pressure of a b o u t 15 pounds per square inch w ere 
available. N o a ttem p t %vas m ade to  rem ove reducin g 
gases from the muffle b y  circu latin g  air, hence, va riab le  
quantities of reducin g gases u n d o u b ted ly  pen etrated  
the magnesite muffle.

All the results ob tain ed , using tw o d ifferen t sizes 
of cones, are g iven  in T a b le  II I .
T a b u ? I l l — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  

M e r e r  M u f f l e  F u r n a c e , U s i n g  T w o  S i z e s  o f  C o n e s  
Rate of heating, 2° per m inu te ; 100 mesh ash; cones inclined 35° from 

th e  vertical
Softening point 

Cone 1 Cone 2

Sample
No.

V< in.
X 

IV* in. 
° C.

x/< in. 
X 

1 in.
0 C.

Difference A verage softcn- 
DifTerence in in average ing  in terval
dup licates of values of *-----------*-----------s

,-----------*-----------. Cones Cone 1 Cone 2
Cone 1 Cone 2  1 &  2 ' C. ’ C.

10 1235 115
11 1239

1323

1281 12 157
12 1275 197
13 1406 1298

1248

1273 50 . 133 48 49
14 1403

1431

1417 28
15 1200

1171

1307 1186 29 121 54 68
16 1233 1213

1216 1211

1225 1212 17 2 13 44 34
17 1278 1190

1206 1174

1242 1182 72 16 60 74 24
18 1271 1223

1306 1185 *35 38 +  ¿5 ‘57 38

1289 1204
1 1164

1303 i 39 96

1234
4 1265 i 300 iô — 40 Î3

1310

1305
5 i 388 1376(a) +  12 '45
6 1437 220
8 1357 Î35Ô

1336

1343

i i +  » ’46

9 ' 1335 1309 \8 +  Î7 *35 220
1327

1318

Average........ 55 23 + 4 6 92 60

D en tal C o m p a n y  burner, using n atu ra l gas and com 
pressed air.

T h e operation  of th is  fu rn ace w as sim ilar to  th a t 
of th e M eker m uffle fu rn ace, th e  fro n t b ein g closed 
b y  a door of asbestos board  w ith  a slit in it for th e 
therm ocoup le. T h e  essential difference betw een  th is 
fu rn ace and th e M eker fu rn ace w as in th e  size and te x 
tu re of th e  m uffle, it  being larger: 8 inches long, 4 
inches w ide, and 3 inches high. A lso th e fireclay, 
being q uite porous, perm itted  easier pen etration  of 
th e  fu rn ace gases th a n  th e dense m agn esite m uffle of 
th e  M eker furnace.
T a b l e  IV — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  

M u f f l e  F u r n a c e  N o . 2 ,  U s i n g  T w o  S i z e s  o f  C o n e s  
R ate  of heating , 2 °  p e r .m in u te ; 100 m esh ash ; cones inclined 3 5 °  from 

the  vertical
A verage

S o f t e n i n g  P o i n t Difference Difference softening
Cone 1 Cone 2 in in in te rva l

am ple V u n .X lin . V< in. X 1 Vain. duplicates average Cone 2
No. 0 C. • 0 C. of Cone 2 values 0 C.

1 1195
1189

1192 6 38
4 i.276 1226 +  50 19
5 1320 73
6 1320

1316

1318 4 153
8 1251 94
9 1242

1325

1284 83 85
10 Î237 1212

1186

1199 26 + 3 8 38
11 i268 1212

1215

1214 3 +  52 34
12 1195

1168

1182 27 135

A verage ............ , . . . 25 +  47 74

A s show n in T a b le  IV  th e  average soften in g in tervals , 
differences in a vera ge  va lu es of Cones i and 2, and 
differences in duplicates, are p ra ctic a lly  th e  sam e as 
those ob ta in ed  in  th e  M eker furnace. H ow ever, a 
strik in g difference is show n on com parin g th e soften in g 
points of those sam ples w hich  w ere run in b oth  fu r 
naces, under a p p a ren tly  th e  sam e con dition s; w ith
T a b l e  V — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  

M e r e r  F u r n a c e  a n d  M u f f l e  F u r n a c e  N o . 2  
R ate  of heating , 2 °  per m inu te; 100 m esh ash ; cones inclined 3 5 °  from 

th e  vertical

Sam ple
No.

4
5  
8 
9

10
11

Size of cone 
Inches 

V< X IV* 
V« X l 1/* 
V< X IV* 
V* x  I 1/* 
V i X 1 
V* x  i

S o f t e n i n g  P o i n t
M uffle furnace M eker

No. 2 furnace
0 C. 0 C. Difference
1226 1310 — 84
1320 1376 — 56
1251 1343(a) — 92
1284(a) 1318(a) — 34
1237. 1235 +  2
12(j 8 1281(a) —  13

A verage, — 46

The V 4 inch b y  i l/ 2 inch cone ga v e  m ore defin ite 
indications of soften in g th a n  th e V« inch b y  i  inch 
cone as shown b y  th e  sm aller soften in g in terva l 
(temperature range from  in itia l to  final deform ation) 
and smaller differences in  d u p licate  determ in ations. 
The softening points of th e  ta lle r  cone average 46° 
less, as would be exp ected  on a ccou n t of th e greater 
bending m om ent.

B M U F F L E  F U R N A C E  N O . 2

This furnace w as a fireclay  assay  muffle set in a 
chamber m ade of firebrick and h eated  b y  a B uffalo

(a) A verage of tw o de term inations.

b u t one excep tion  the results of th e m uffle furnace 
N o. 2 are from  13 to  92° low er th an  th ose of th e  M eker 
fu rn ace, the a vera ge  difference as g iven  in  T a b le  V  
being 46°. (T h is  difference is b elieved  to  be due to  
a greater reduction  to  ferrous iron due to  th e greater 
p en etration  of reducin g-furnace gases th rou gh  the 
w alls of th e porous fireclay  m uffle th a n  th rough  the 
denser m agn esite m uffle of th e M eker furnace.) B oth  
furn aces were u su ally  op erated  w ith  som e flam e 
appearin g a t the ch im n ey, since it  w as on ly  b y  th is 
m ethod of a d ju stin g  gas and air th a t  th e higher tem p era-
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d  1400

t  
8

10 11 > 4  9 5 a  13 IS 18 17 16

ASH NUMBER

F i c .  4 — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  M e k e r  
F u r n a c e  a n d  M u f f l e  F u r n a c e  N o . 2

tw een  the e x a c tly  centered alun dum  tubes. A fter 10 
or 15 runs, h eatin g becam e irregular, due to oxida
tion  of the resistor, w hich then n ecessitated  repacking 
th e  resistor and som etim es renew al of th e  alundum  tubes. 
In  view  of these difficulties, the interior of the furnace 
d ev iate d  som ew hat from  b la ck -b o d y  conditions, which 
in trod u ced  an error in the abso lu te  values of the 
tem p eratu re m easurem ents. O b servation s of the melt
ing points of copper and nickel in d icated  th a t this error 
was u su ally  less th an  30° a t th e copper point; and less 
th a n  500 C. a t the n ickel point.

A ll th e soften in g tem p eratu res determ ined in the 
carbon resistance furnace are g iven  in Table VI. 
T h e rate  of heatin g, fineness of ash, size and inclination 
of cone were th e sam e as in th e precedin g series. The

5U
d
o•
s
8
S

ASH NUMBER

F i g . 6 — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  t h e  
C a r b o n  R e s i s t a n c e  F u r n a c e , M e k e r  F u r n a c e  a n d  

M u f f l e  F u r n a c e  N o . 2

essential difference w as a reducin g atm osphere of carbon 
m onoxide w hich reduced th e ferric oxide of the ash 
m ore or less com p lete ly  to  m etallic  iron. Consequently, 
th e soften in g points ob tain ed  bear little  relation to

T a b l e  V I — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  t h e  
C a r b o n  R e s i s t a n c e  F u r n a c e , U s i n c  T w o  S i z e s  o f  C o n e s  

R ate  of heating , 2° per m inute; 100 mesh ash ; cones inclined 35° from
vertical

•SSS Ad
S o f t e n i n g  P o i n t  i n  °  C .  M a x i m u m  o  S ^  "o

Cone 1 Cone 2 of de te r- " tcc
‘/ t i n .  X 1 in. ‘A  in. X l ' / i i n .  m inations £ a o «

Ind iv idual In d iv idual .------- *------- 'It:
Ash determ ina- Aver- determ ina- A ver- Cone C one— ̂ “3
N o. tions age tions age 1 2 Q <
1 1100 ......................  1100 1076 1104 ___  1090   + 1 0  8
2 1675 1587 _____  1631 1587 1562 1630 1593 88 68 + 38  53
3 1570 1545 _____ 1558 1562 ..................  1562 25 _ — 4 . . .
4 1335 1241 1494 1357 1182 1213 1210 ----  253 ...........................

....  1210 1480 1540 1306 ______________________ 358 +51 / 0
5 1331 1371 1500 1401 1259 1263 1402 .................................................

......................................  1502 ..........................  1356 169 243 +45  121
6 1260 1161 1199 1207 1179 ................... 1179 99 . .  . . + 2 8  18
7 1630 1695 _____  1663 1645 1630 ____  1638 65 15 +25  /0
8 1185 1199 _____  1192 1164 1 167 ____  1166 14 3 + 2 6  56
9 1365 1271 1345. 1327 1245 1271 1230 1249 94 41 + 7 8  51

10 1 185 1188 _____  1187 1161 1 173 ____  1167 3 12 + 2 0  31
11 1173 1206 _____  1190 1123 1155 . . . .  1139 33 32 +51 24
12 1084 1092 _____  1088 1088 1088 ____  1088 8 0 . 0 30
13 1380 1400 _____  1390 1322 1331 1313 1322 20 18 + 6 8  129
14 1520 1520 _____  1520 1420 1427 ____  1424 0 7 + 96  136
15 1322 1300 _____  1311 1274 1241 1234 1250 22 40 +61 83
16 1402 1385 _____  1394 1350 1331 ____  1341 17 19 + 53  94
17 1267 1234 _____  1251 1241 1210 1210 1220 33 31 +31 39
18 1331 1300 _____  1316 1241 1255 1255 1250 31 14 + 6 6  83

A v e r a g e . . . .   ....................    + 5 7  + 5 8  +41 64
Average, excluding 4 and  5 ........................................  + 3 7  + 2 3

those ob tain ed  su b seq u en tly  in air as shown b y  com
parison w ith  th e  p latin u m -fu rn ace series in Fig. 8; 
w ith  b u t one or tw o  excep tions th e results are con
sid erab ly  low er ( 1 5 0 to  250o C .). A  closer relation 
is shown betw een  the carbon-furnace series and the 
tw o  m uffle-furnace series as p lo tted  in F ig . 6.

A s in th e  muffle- and M eker-furn ace tests, the '/<0
inch b y  1V2 inch cone soften ed a t from  10 to 9 0  

low er in tem p eratu re th an  th e  1/i inch b y  1 inch 
cone, th e average difference being 41 0 and the former

tures could be atta in ed  at the desired rate of h eatin g. 
A s a m atter of fa ct , th e g ra y  appearance of th e base 
m aterial, in w hich th e cone w as m oun ted, in m an y of 
th e tests w as in itse lf an evidence of reduction , since 
when heated under s tr ic t ly  oxid izing conditions it 
too k  on a sligh t reddish tin t. T h e m arked low ering 
of soften in g tem p eratu re b y  p a rtia l reduction  is shown
gra p h ica lly  in F ig. 4, w here th e muffle and M eker

fu rn ace results are com 
pared w ith  those ob
ta in ed  on th e sam e 
ashes in a p latin um - 
resistance f u r n a c e .  
O b vio u sly  no reduction  
could ta k e  place in the 
electric  furnace. D if
ferences of over 200° C . 
were foun d in some
cones.

C C A R B O N  R E S IS T A N C E

F U R N A C E

On a ccou n t of ease 
of con stru ction  and 
a b ility  to  a tta in  high 
tem peratures, various 
form s of gran ular 
carbon, grap h ite , or 
k ry p to l resistance fu r
naces are often  used 
for determ in ing the 
soften in g tem p eratu res 
of refra cto ry  m a teria ls .1 • 
A  furnace of th is ty p e  
was bu ilt as shown in 

. , , ,  F ig. 5. T h e resistor orF ig . 5— C arbon  resistance  fu rn ace : b, fire- °   ̂
c lay  cylinder, 8 inches ex ternal d iain- h e a t i n g  e l e m e n t  W a S  t h e  
eter, 10 inches high, 1-inch wall; d, fire- \ /  ̂ ¿n c l-j th ick  ann ular 
clay  cover p la te , 2 inches th ick ; m. fire- c . ,
c lay  p la te  covering p e e p -h o le ;/, a lundum  n n S  g r a n u l a r  C a r b o n ,  
tube , 3-inch bore, 4 inches long, 5 / 1 6 - a ,  b e t w e e n  t h e  t w o  
inch w all; «, a lundum  tube , 2-inch bore, c o n c e n t  f  i C a l u n d u m  
9 inches long, V i-inch wall; a, g ran u la r .
carbon  resisto r consisting  of e lectrode t u b e s  C a n d  J .  X n lS  
carbon  crushed to  pass a 6-m esh and  re- h e a t i n g  Z O n e  w a s  4  
main on a 12-mesh screen; t, i. w rought- i n c h e s  ^  h  T h e  c u r _ 
iron electrodes; o, g ranu la r carbon ; p, "
m agnesia insu lating  m ateria l; ¿ .in v e rted  rent of 2 0  to  5 0  am peres 
alundum  crucib le; h. a sh  cone. w as regu lated  w ith  a

w ater rh eostat, the tem p eratu re being m easured w ith  
a W anner op tical pyrom eter. A  uniform  h eatin g zone 
w as obtained  b y  carefu lly  p ackin g the carbon be-

1 A. V. B leininger and  C. H .  Brow n, “ T he T esting  of C lay R efractories, 
e tc .,” Technologic P aper N o . 7, B ureau of S tandards. 1911, p. 14; Zay Jeffries 
"N o tes  on the  G ran-A nnular E lectric  F u rn ace ,”  Met. and Chem. Eng., 
12 (1914), 154-157.
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cone giving b etter duplication. T h e avera ge  soften in g 
intervals and th e  average differences in d uplicates of 
Cone 2 were p ra ctic a lly  th e sam e as in th e gas furnaces.

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

The N orthrup h igh -tem peratu re electric  fu rn a ce 1
has a cylin drical 
heater un it of 
A cheson  grap h ite  
w h i c h  i s  s u r 
rounded b y  a re
fra c to ry  cylin der 
and non-conduct- 
ing m aterial. T h e 
w hole is enclosed 
in an a ir-tigh t 
m o n e l - m e t a l  
ja c k e t. C arb on  
m o n o x i d e  i s  
form ed b y th e oxi
d ation  of a thin- 
w alled  grap h ite  
cylin d er w hich fits 
sn u gly  w ithin  the 
heater u n it; th is 
reducin g a tm os
phere p rotects th e 
resistor from  rapid 
oxid ation . F ig . 7 
is a v ertica l sec
tion  th ro u g h  the 
heater u n it w ith  
th e ash cone in

F i g . 7 — A rrangem ent for so ften ing -tem pera tu re  . . .
test in N o rth ru p  fu rnace: / ,  g rap h ite  h e a te r p o s i t i o n  t o r  t e s t -
unit; b, g raph ite  tu b e  for p ro tec tin g  h e a te r i n g .  
from oxidation, 1-5/8* in te rn a l d iam eter, 125/< T e m o e  r a t l i r e  
inches long; e, solid g raph ite  cy linder, 2
inches high; d inve rted  a lundum  ex trac tion  m e a S U r e m  e n t S  
capsule, 3 inches h igh; a, a re frac to ry  p lug; w e r e  m a d e  w i t h  
M , observation holes, >/, inch  d ia m e ter & W a n n e f  o p t i c a l

pyrometer w hich w as sigh ted  d ire ctly  on the cone 
and its base th rough  the peep-hole i  in th e cen ter of 
the cover plug a. T h e degree of a ccu ra cy  of th e tem 
perature m easurem ents is show n b y  th e fo llow ing
melting points of copper and n ickel ob ta in ed  under 
test conditions:

A pparen tA pparen t
K.anloaum s pure copper m elting 

M. p. «  1083° C .(a) po in t
July 10, 1914........................  1088
July 14, 1914........................  1088
July 27, 1914........................  1096
Aug. 13, 1914........................  1088

K ah lb au m ’s pure nickel m elting
M . p. -  1450° C .(a) po in t

Ju ly  11, 1914...................  1448
Ju ly  22. 1914...................  1455
Ju ly  27, 1914...................  1447

(a) Provisional tem pera tu re  scale used by  B ureau  of S tandards.
\

A change of procedure w as m ade in th e N orthrup- 
furnace series, in th a t  th e  ash w as ground to  an im 
palpable pow der and m olded into a Vie inch b y  i inch 
cone which w as m oun ted v e rtic a lly . I t  w ill be shown 
hereinafter in the discussion of th e tests  m ade in the 
molybdenum and p latin u m  furnaces th a t th e d iffer
ence in softening points due to  ch an gin g these fa cto rs 
is small, usually  less th a n  30°, and, therefore, n ot suffi
cient to m aterially  affect th e  com parison of th e N orthrup - 
furnace series w ith  th e other furnace series, to show  th e 
influence of different atm ospheres.

1 E. F . N orth rup , "A  N ew  H igh-T em peratu re  E lectric F u rnace ,” 
Met. and Chem. Eng., 12, 31.

Since b oth  the N orth ru p  and gran ular-carbon  re
sistan ce fu rn ace produced atm ospheres of carbon  m on
oxide, sim ilar soften in g tem p eratu res were exp ected  
in  th e tw o  series; th a t  such did n ot prove to be th e  case 
is show n in T a b le  V I I  and F ig . 8. In  16 of 18 sam ples 
tested , th e soften in g points in th e N orth ru p  furnace 
were higher th a n  in th e carbon fu rn ace; th e m axim um  
w as 396° and th e average difference for th e series was 
134°. T h e check m ade on m aterials of know n  m eltin g 
points, a t  variou s tim es during th e course of these 
experim ents, e ffectu ally  rule out th e p o ssib ility  of 
a ttr ib u tin g  these large differences to  errors of tem p era 
tu re m easurem ent. T h e on ly  exp lan ation  we h a v e  to 
offer is th a t in th e carbon furnace th e reduction  of 
ferric oxide to  m etallic  iron did n ot proceed as rap id ly  
or as com p lete ly  as in the N orth ru p  fu rn ace; in the

T a b l e  V II— C o m p a r i s o n  o k  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  
N o r t h r u p  G r a p h i t e  R e s i s t a n c e  F u r n a c e  w i t h  T h o s e  O b t a i n e d  

i n  C a r b o n  R e s i s t a n c e  F u r n a c e  
R educing  atm osphere  of carbon m onoxide; ra te  of heating , 2° per m inu te

Softening p o in t in ° C, Softening in te rv a l, in ° C.
Ash
No.

N o rth ru p (a )
furnace

C arbon (b) 
furnace Difference

N o rth ru p
furnace

C arbon
furnace

1 1131 1090 +  41 67 8
2 1645 + 1593 +  52 167 53
3 1502 1562 —  60 100
4 1360 1306 +  54 181 70
5 1645 1356 +  289 30 121
6 1455 1179 +  276 355 18
7 1645 1638 +  7 75 70
8 1562 1166 + 3 9 6 392 56
9 1440 1249 +  191 70 51

10 1385 1167 +  218 72 31
11 1185 1139 +  46 85 24
12 1080 1088 —  8 16 30
13 1520 1322 +  198 18 129
14 1551 1424- +  27 124 136
15 1427 1250 +  177 140 83
16 1470 1341 +  129 48 94
17 1390 1220 +  170 95 39
18 1455 1250 +  205 124 83

Average, + 1 3 4 120 64
(а) Ash ground to  an  im palpable pow der; */i« inch by  1 inch cones in 

vertical position. Single de term ina tions only. _ »
(б) 100 m esh ash; l/ t  inch by  l j / s  inch cones inclined 35° from  vertical; 

average of tw o or m ore de te rm ina tions in m ost cases.

la tte r  fu rn ace th e ash cone is heated  in a closed tu b e 
of grap h ite  w hich excludes p ra ctic a lly  a ll air c ircu la 
tion  so th a t  o n ly  n itrogen , CO,, and a fractio n al per

F i g . 8 — C o m p a r i s o n  o f  S o f t e n i n g  T e m p e r a t u r e s  O b t a i n e d  i n  N o r t h  
r u p  C a r b o n  R e s i s t a n c e  a n d  P l a t i n u m  F u r n a c e s

cen t of CO2 w ould surround th e ash a t tem peratures 
ab ove n o o ° .  Such an atm osphere w ould  reduce th e 
ferric oxide to  m etallic  iron and th u s p reven t th e form a
tion  of a low  m eltin g ferrous silicate eu tectic. On 
th e oth er hand, th e  carbon fu rn ace perm itted  air to 
leak  into  th e h eatin g  space as show n b y  th e  appearance 
of carbon  m onoxide flam es at th e peep-hole and around 
th e cover-p late. Sufficient carbon  dioxide m ay, th e re
fore, h a ve  been present to  retard  the reduction  to m eta l
lic iron, th u s lea vin g  enough of the stro n gly  fluxing 
ferrous oxide in th e ash to  form  a low -m eltin g fluid



4 o 6 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 7, No. 5

eu tectic  w hich caused the cone to collapse a t a com 
p a ra tiv e ly  low  tem peratu re . E xam in ation  of polished 
sections of fused  cones from  b o th  furn aces disclosed 
more m etallic iron in those from  th e N orth ru p  furnace.

{To be concluded in June issue)
B u r e a u  o f  M i n e s ,  P i t t s b u r g h , P a .

PR ACTICAL M ETH O D S F O R  TH E D E T E R M IN A TIO N  OF 
R A D IU M 1

I — IN TERCH ANGEABLE E LE CT R O SCO PE  AND IT S  USE
B y S. C. IviND 

R eceived Ja n u a ry  4, 1915

T h e interest in radium -bearing ores and oth er rad io 
a ctiv e  p roducts in term ed iate  b etw een  ores and high- 
grade radium  salts has becom e so general th a t  the 
q u a n tita tiv e  determ in ation  of rad ium  has ceased to  
be a problem  exclu sively  of th e  ph ysicist or th e radio- 
a ctiv itis t. T h e tim e appears to  h ave com e w hen a n y  
good a n a lyst or assayer should be prepared to m ake 
radium  determ in ation s, and it  is th e o b ject of th is 
paper to  describe a m odified form  of electroscope 
as well as som e m ethods w hich it is hoped m a y prove 
useful in th is direction.

T h e “ em a n a tio n -m eth o d ,”  w hich w ill be fu lly  de
scribed in P a rt I I  of th is paper, is recognized as th e m ost 
accu rate  m ethod for determ in ing radium  in  sm all quan 
tities. T h e  tw o  difficulties again st its  general em p lo y
m ent are a t present th e tim e required  and th e expense 
of th e n ecessary ap p aratu s. T o  obtain  the highest 
degree of a ccu ra cy  w ith  present m ethods, accu m u la 
tion  of em anation  in a closed vo lu m e for a m onth is 
required  in m an y in stan ces to  insure th a t  th e  q u a n tity  of 
em an ation  is prop ortional to  the radium  conten t. T h is 
d ela y  of one m onth in ob tain in g th e resu lts is for p ractica l 
purposes alm ost p ro h ib itiv e .2 F urth erm ore, on ly  one 
determ in ation  per d a y  can be co n ven ien tly  carried 
ou t w ith  one electroscope, so th a t in a lab o rato ry  
w here a num ber of d aily  determ in ation s are to  be m ade 
th e in itia l expense for electroscopes becom es excessive.

T o  overcom e th is la tte r  d ifficu lty  an electroscope 
of sim ple con stru ction  has been devised. A ll of its  
p arts excep t th e  telescope can be m ade b y  a n y  m e
chanic. Its  chief a d va n ta g e  lies, how ever, in  th e fa c t 
th a t  it is con stru cted  in tw o  easily  d etach ab le  parts; 
the upper p a rt, consisting of th e telescope and leaf 
system , m a y be tran sferred  to  a n y  num ber of sep arate 
discharge cham bers. T h e la tter  are in expen sive and 
hence the in terch an geab le  top  perm its one to  em p loy 
a n y  desired num ber of instrum en ts w ith  little  a d d i
tion al expense.

M eth od s of shortening th e tim e required for an a n a l
ysis to a few  d a ys w ith o u t sacrificin g a ccu racy  can also 
be a tta in ed  and w ill be described w ith  exam ples in a 
second paper.

T h e classes of substances w hich one has to  an alyze 
for radium , are, in A m erica, ch iefly  th e  uranium  ores, 
carn o tite  and p itch b len de, and the crude radium - 
barium  su lfates or chlorides of v a ry in g  degrees 
of concen tration  of rad ium . T h e p ra ctice  up to  the 
present w ith  respect to  ores has been to  estim ate 
the radium  from  the uran ium  con ten t, w hile b uyin g

1 Published w ith  permission of the  D irector of th e  B ureau  of M ines.
1 F o r fu rther discussion see paper to  follow.

and selling exclu sively  on th e la tter. W h atever un
c e rta in ty  m a y h ave been in v o lve d , due to  the sup
posed v a r ia b ility  of th e R a / U  ratio  in carnotites ap
pears to  h a ve  been rem oved  b y  th e recent establish
m ent of its  co n stan cy  a t norm al v a lu e .1 T h is would 
appear to  ju s tify  m ore th a n  ever th e  existin g practice, 
b u t, on th e oth er hand, it  is in con testab le  th a t the 
accu rate  determ in ation  of uranium  is difficult and 
tim e-consum ing. I t  is th e  a u th o r’s opinion that 
rad ium  can be determ ined d irectly  w ith  m ore accuracy 
than  uranium , and hence it is recom m ended to replace 
th e uran ium  determ in ation  b y  a d irect electroscopio 
m easurem ent of radium  b y  th e em anation  method.

Of course in dealing w ith  a n y  ore in w hich uranium 
has been rem oved  or added, or th e R a / U  ratio  in any

F i g . 1

w a y  disturbed, it  becom es essential to  determine 
radium  d irectly . T h is  applies also to  crude sulfate 
or chloride, or a n y  kind  of m ill products, and to any 
ore susp ected  of addition  of uranium , or to  one from 
w hich radium  has been w h olly  or p a rtly  rem oved, or 
to  a n y  sam ple of ore to  w hich a spurious addition of 
radium  has been m ade.

I t  m ay also be m entioned th a t  th e fa ilure of many 
a ttem p ts  to  e x tra ct rad ium  p ro fita b ly  on a commer
cial scale m a y  be a ttr ib u te d  in m ost cases to  the neg-

1 L ind and  W hittem ore, J . A m . Chem. Soc.. 36 (1914), 2066.
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lect or th e  in a b il i t y  o f th e  o p e r a to r  t o  m a k e  an  a c 
curate q u a n t ita t iv e  d e te rm in a tio n  of ra d iu m  in  th e  
various p ro d u c ts  o b ta in e d  a t  e a ch  s te p  o f th e  p ro ce ss . 
C o n seq u en tly  th e  ra d iu m  h a s  o fte n  b een  lo s t  o r th e  
whole o p e ra tio n  c o n d u c te d  b lin d ly  w ith o u t  h o p e  o f 
success. P h o to g r a p h ic  m e th o d s , fo r  e x a m p le , are  
wholly u n s u ita b le  fo r  th is  o r a n y  q u a n t it a t iv e  m e a s 
urem ent; a n d  e v e n  r a d ia tio n  m e th o d s  u sin g  th e  a - r a y  
electroscope fo r  so lid s, th o u g h  p re se n tin g  g r e a t  c o n 
venience of o p e ra tio n , m u s t . be s u b je c t  a lw a y s  to  
control b y  th e  e m a n a tio n  m e th o d .

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

The detachable electroscope is show n in F igs. 1 and  3, 
and the detached em an ation  cham ber in F ig . 2. T h e 
latter is a gas-tigh t brass cylin d er 4 in. in  h eig h t and 
3 V 2  in. in d iam eter w ith  a vo lu m e of ab ou t one-half 
a liter. T h e brass w all of th e  cylin der is a b ou t Vi6 
in. thick, excep t th e  b o tto m  p late, w hich is a b ou t 
Vs in. th ick . T h e  b o tto m  p late  pro jects 1/ 2 in. o u t
side the cylin der and  is screw ed to  a w ooden base 
6 X 6 in. T h is pro jection  also carries a b in ding post 
for grounding th e  in strum en t. T h e  vertica l cylin der 
projects into the base into  w hich it  is care fu lly  soldered 
so as to m ake a ga s-tig h t jo in t.

On account of th e d ifficu lty  of ob ta in in g gas-tigh t 
brass stop-cocks, glass ones h ave been used and are 
connected to  th e p lain  brass o u tle t tu b es 0 (F ig . 3) from  
the cylinder b y  m eans of h e a v y  rubb er tu b in g  w ired on 
and with the ends covered  w ith  piscein glue. These o u t
let tubes are */< in- in tern al d iam eter and p laced V2 in. 
from the top and b otto m  on opposite sides of the cylin der.

The electrode (e) is a brass cylin der ‘ A in .  in d iam eter, 
projecting dow n w ard in  th e  v e rtic a l axis of th e  cylin der 
to within y 2 in. of th e b otto m  and clearing th e  top  b y  
the same d istance. T h e  electrode is suspended b y  a 
small brass rod V s in. in d iam eter w hich screw s into 
the top of th e  electrode, passes upw ard  th rou gh  the 
insulating m aterial (d) and term in ates in a sm all conical 
cap (c) serving to  m ake m etallic  co n tact w ith th e  leaf 
system above.

The best in su latin g m aterial for an in strum ent of 
this type has been found to be a high-grade sealing 
wax, such as “ b an k ers’ sp ecie .”  I t  has the a d va n ta g e  
over sulfur of furnishin g a t th e sam e tim e a gas-tigh t 
connection and a good e lectrica l insu lation , and is, 
of course, m uch less exp ensive th an  am ber. T h e 
sealing wax insulation  is bridged  across th e  b otto m  
of a cylindrical neck 3/s in. internal d iam eter and 1 in. 
high above the top  of th e cylin der. I t  is desirable to 
have the m inim um  laye r of w ax w hich w ill g ive  th e 
necessary stren gth . A  la y e r  V i  in. deep should be 
ample. The addition al h eigh t of th e neck m erely 
furnishes a friction  sup port for th e  upper p a rt of the 
instrument. T h e electrode and insulation  can be 
removed b y  unscrew ing th e  w hole collar, w hich is 
threaded into th e upper brass p la te  of th e cylin der 
V 16 in. th ick. T h e  collar screw s dow n on a th in  lead 
or rubber w asher to  insure gas-tightn ess. T h e re
moval of the collar and electrode en ables one to  m elt 
the wax into place w ith  great ease and also to  place 
the electrode in position  w ith o u t d isturbin g th e  so l
dered joint a t th e  b o tto m  of th e em an ation  cham ber.

A friction cap (see F ig . 2) fittin g  sn u gly  dow n

over th e n eck and th e  p ro jectin g electrode stem  pro
te cts  th e in sulation  from  con tam in ation  when d etached  
from  th e  upper p a rt of th e in strum en t.

T h e  leaf system  and telescope are carried  b y  the 
upper p a rt of th e in stru m en t (F ig . 1) and h a ve  the 
a d v a n ta g e  over som e instrum en ts of being fixed in a 
p e rfe ctly  rig id  position  w ith respect to  each other.

T h e  h orizon tal cylin der b (F ig. 3) con tain in g the leaf 
system  is 1 1/ i in. deep and 3 1/ i in. in d iam eter; th e  ends 
are closed b y  sheet m ica held in place b y  steel w ire rings 
w hich fit in grooves in th e edge of th e cylin der in  th e 
sam e w a y  th a t  an autom ob ile tire  is held in place. 
T h is  system  has p roved  m ost con ven ien t and fa r 
preferable to  th e  use of screw s. Inside th e  m ica p lates 
and in close co n tact w ith  them , fine iron  wire gauze 
serves to  con d u ct off a n y  stra y  e lectrica l charge. 
C ircu lar openings in th e gau ze i 1/* in. in d iam eter 
furnish a clear field of vision  opposite th e leaf system .

T h e leaf system  (/) is sup ported  from  th e top  of the 
cylin der w here it  is held in place b y  th e  sealing w ax 
insulation  set in  a m illed-head cap (g) w hich screw s into 
a v e rtica l collar on th e  cylin der 1/ i in. in heigh t. T h e 
cap is hollow ed o u t inside to contain  th e in su latin g 
w ax from  w hich a flat brass rod (J) */4 in. broad, ab ou t 
V is in. th ick , and 21/ i in. lon g p ro jects  dow n w ard, 
te rm in a tin g  below  in a ligh t brass spring (s) to  m ake a

F i g . 2

sligh t co n tact w ith  th e  conical top  of th e electrode 
of th e ion izatio n  cham ber.

T h is  spring should tou ch  th e electrode lig h tly  or it will 
th row  th e leaf system  ou t of position . T h e  alum inum  
leaf itself, a b ou t 2 in. in len gth , is a tta ch ed  to  a sm all 
offset a t th e  top  of th e  brass rod b y  a m oisture co n tact. 
T h e  w hole leaf system  m ay be rem oved  b y  unscrew ing 
th e  cap w ith o u t d isturbin g th e  rest of th e in strum en t. 
In case th e  cap does n ot screw  dow n tig h tly  into the 
desired position, it  m a y  be ad visa b le  to p u t a drop of 
solder across th e jo in t b etw een  screw  head and collar 
to  p rev en t a ccid en tal d isplacem en t of th e leaf.

T h e chargin g device (k) consists of a brass rod threaded  
h o rizo n tally  th rough  th e  side of th e case in a hard  
rubb er insulation  (»), sloping first upw ard  inside th e case 
a t an angle of 45° and  then  h o rizo n ta lly , so as to  m ake 
co n tact w ith  th e  brass rod of th e leaf system  while 
chargin g, or b y  tu rn in g to  be groun ded again st th e 
wire gratin g  of th e  outer case.

A  collar 3/ 4 in. lon g below  th e b otto m  of th e cylin der 
m akes a fa ir ly  sn ug co n ta ct fit over th e collar on top
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of the discharge cham ber and serves as support. I t  
is also desirable to  h ave som e kind of wooden fram e 
to  hold the upper half of the in stru m en t when de
tach ed  from  the base.

Opposite the alum inum  leaf is a v e rtica l brass 
p late (not shown in diagram ) parallel to  th e  leaf which 
m ay be pushed in alm ost to tou ch  th e  la tte r  and 
th us p ro tect it from  m echanical d isturbance during 
tran sportation . W henever th e in stru m en t is in use 
this protector should be w ith d raw n  again st the outer 
case, tu rn in g it crosswise, if n ecessary, to  rem ove it 
as far as possible from  th e leaf.

In stead  of sup portin g th e telescope on an u p righ t 
fixed to the sam e w ooden base as th e rest of the elec
troscope, it  appeared preferable to fasten  it  firm ly 
to the case carryin g the lea f'sy stem . T h ree arm s such 
as the one show n in F ig. 1, carry in g  a solid brass 
v ertica l p late, are firm ly screw ed on to  th e case of the

leaf system . T h e 
t e l e s c o p e  f i t s  
t ig h tly  into  a 
h e a v y  horizon tal 
collar w hich is 
screw ed into  the 
fron t p late th ic k 
ened b y  one or 
tw o  p lates fa s t
ened to  th e brass 
fro n t p late  to  in 
crease th e  depth 
of th e screw 
th read . T h e.te le
scope m a y be fit 
v e ry  firm ly into  
place and soldered 
after focusing, or 
the collar m ay be 
sp lit and carry  a 
tig h ten in g  screw 
for readju stm en t.

T h e telescope 
used is a B ausch  
and Lom b ty p e  
w ith  a 32 mm. 

o b jective  and a N o. 5 eyep iece, carryin g a m icrom 
eter scale servin g to m easure th e rate  of dis
charge of th e leaf. T h e eyep iece fits v e ry  firm ly into 
its  case so as to  ro ta te  w ith  d ifficu lty  a fter th e m icrom e
ter scale has been set parallel to  th e leaf.

W h en ever possible it  is desirable to  h ave a chargin g 
b a tte ry  b y  m eans of w hich a charge can be m ain tained  
for som e tim e on th e  in stru m en t. O therw ise one can 
charge w ith  am ber or hard rubb er (w ith  an ord inary 
rubber com b for exam ple).

T h e glass tu b e (see F igs. .1 and 2) fixed into th e 
wooden base of the in stru m en t a b ou t 1V2 in. from  
th e cylin der, serves to  hold a sm all sealed tu b e of 
radium  sa lt used in controlling th e calib ration  of the 
instrum ent. A  su itab le  q u a n tity  of radium  (about 
1 mg. of elem ent, in a sealed tub e) furnishes a con stan t 
source of pen etratin g rad iation  w hich m ay be con
ven ien tly  em p loyed  to  control th e calib ration  b y  m eas

uring th e rate  of discharge when th is tu b e  is placed 
in th e glass tu b e fixed in to  th e base, and b y  making 
com parison w ith  th e discharge ob tain ed  in the same 
w a y  a t th e  tim e th e calib ration  w ith  em anation  was 
o rig in ally  m ade. Such a m easurem ent can be made 
in a few  m inutes and saves a great deal of tim e in 
avoid in g th e repetition  of th e calib ration  w ith  emana
tion , in case no m arked change is foun d to  have taken 
place in th e rate of discharge, w hich is u su ally  th e case.

U S E  OF T H E  E L E C T R O S C O P E  IN  T H E  E M A N A T IO N  METHOD

T h e principle u n derlyin g th e use of th e  emanation 
electroscope is th a t, in a g iven  discharge chamber 
contain ing a t tw o  different tim es different quantities 
of radium  em anation , th e ion ization  and consequent 
rate  of discharge will in each case be proportional to 
th e q u a n tity  of em anation  present. If in one case 
th is  q u a n tity  is know n, the unknow n q u a n tity  can 
be determ ined b y  a d irect com parison of the tw o rates 
of discharge. T h e principle seem s v e ry  sim ple and 
w ith th e ob servation  of a few  essential precautions 
is rea lly  so in application.

O w ing to th e rapid decom position of radium  emana
tion  into th e series of elem ents, R a d iu m  A , B , and C, 
w hich deposit as a solid “ a ctiv e  la y e r ”  on the 
w alls of th e  cham ber, and co n trib u te v e ry  m aterially 
to th e  a c t iv ity , it  is n ecessary to w ait three hours 
a fter th e in trod u ction  of th e em anation  for th e active 
deposit to  h ave rached a maximum.  T h is  maximum 
is m ain tained w ith  little  change betw een  the third 
and fourth  hours and hence th e m easurem ent of the 
rate  of discharge m ay be m ade during th is period.

I t  is also to  be n oted, how ever, th a t  these active 
decom position  products of radium  em anation  carry a 
p o sitive  electrical charge when form ed and hence 
th e  position  a t w hich th e y  are deposited  in the- cham 
ber will be som ew hat depen dent upon th e electrical 
field to  w hich th e y  are exposed durin g deposition, and 
in  tu rn  the ion ization  and rate  of discharge w ill be in
fluenced. I t  w ould seem  sim ple to  allow  the depo
sition  of th e a ctiv e  la y e r  a lw a ys to  ta k e  place with 
no electrical field, b u t th e  d ifficu lty  here is, th at as 
soon as th e field is m ade for m easuring the rate of 
discharge, a sh ift in th e position  of n ew ly  formed 
R a A  ta k es  place so ra p id ly  th a t  even in th e few  min
u tes n ecessary for m easurem ent, th e rate of discharge 
m ay change con sid erably , eith er increasing or de
creasing according to  w h eth er as the new position of RaA 
is m ore or less fa vo ra b le  to  ion ization. T o  overcome 
th is d ifficu lty  one p ractice is to  keep th e electroscope 
charged during th e entire th ree hours of activation, 
b u t th is m ay be quite in con ven ien t if different instru
m ents are being used on the sam e chargin g line, and 
it has been foun d m ore sa tisfa cto ry  in this laboratory 
to charge for fifteen ' minutes before the m easurement. 
T h is allow s a n y  sh ift of R a A  to  be p ra ctica lly  com
pleted  and th a t  of R a C  (through R a B , an a-rayless 
p rod u ct), n ot to  have proceeded to a n y  considerable 
degree.

T h e m easurem ent itself consists in determining 
w ith  a sto p -w atch  the tim e elapsing during the passage 
of th e  leaf over a certain  p a rt of th e scale, a lw ays reading 
betw een  th e sam e scale d ivisions. T w o  or three closely

F i c .  3 — C r o s s  S e c t i o n  o f  E t u c T R O s c o r n  w i t h  
D e t a c h a b l e  I o n i z a t i o n  C h a m b e r
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agreeing m easurem ents suffice, b u t if th e deviatio n s 
are greater th an  1 per cent, an average of ten  m easure
ments should be ta k en . T h e discharge is then  reck 
oned in term s of scale d ivision s per second, from  
which is su b tracted  th e  “ n atu ra l le a k ”  of th e in stru 
ment which should be determ ined before th e in tro 
duction of em anation . E v en  w ith  a double con tact 
of wax insulation, th e n atu ra l leak  should  m ain tain  
a low value of a b ou t 0 .0 0 3-0 .0 0 5 d ivision s per second.

Another source of error, w hich seem s esp ecially  
pronounced in using sealing w ax as in sulation , is foun d 
in the so-called “ electrical s o a k ”  of th e insulator, 
meaning th a t a certain  tim e is n ecessary for th e  in su la 
tor to becom e fu lly  charged. Unless sufficient tim e 
is allowed (not less th a n  15 m inutes) for th is process 
to complete itself, th e rate  of discharge w ill be erratic.

The procedure in th e use of th e electroscope is then  
as follows:

1— Set up electroscope as show n in F ig . 1, and charge 
for 15 m inutes from  a b a tte ry  w ith  ju st sufficient 
voltage to  hold th e leaf on th e p a rt of th e scale to  be 
used later.

2— O bserve th e n atu ra l leak  during .15 m inutes.
3— -Carry ou t th e calib ration  control b y  m eans of 

penetrating ray s  if radium  is a vailab le  for th is  p u r
pose.

4— D etach th e  top  and ev acu a te  th e low er cham ber 
to the desired vacu u m .

5— Pass the em anation -air m ixture th rough  a su l
furic acid d ryin g tu b e  into  th e  e v acu a ted  cham ber 
and restore norm al pressure.

6— Allow th e em an ation  to  stan d  in th e discharge 
chamber for three hours.

7— Charge for fifteen m inutes as before.
8— T ake three readings if agreem ents are good, 

or ten if deviatio n s are greater than- one per cent.
9— Clean out th e em an ation  cham b er b y  draw ing 

dry, dust-free air th rou gh  it  for som e tim e (over n ight 
if convenient).

10— C alcu late  th e  d ischarge and su b tra ct th e  n atu ra l 
leak, expressing b oth  in  d ivision s per second.

11— T he corrected  discharge is com pared w ith  the 
calibration ■ of th e in stru m en t to  determ in e th e q uan 
tity  of radium  under m easurem ent.

C A L IB R A T IO N  O P T H E  E L E C T R O S C O P E

The calibration  of th e electroscope is carried ou t in 
exactly the sam e w a y  as in o rd in ary  m easurem ent, 
except th a t a know n  q u a n tity  of em an ation  is in tro 
duced. T his know n  q u a n tity  m a y  be ob tain ed  in 
two w ays:

(1) From  a stan dard  solution  of som e radium  salt 
by passing air th rough  it  un til its  em an ation  is all tra n s
formed into the electroscope. T h is p ractice  has tw o 
disadvantages, th e  n ecessity  of h a vin g  and ta k in g  care 
of such a stan dard  solution  and th e  u n ce rta in ty  a t
taching to the q u a n tity  of radium  em an ation  rem oved 
from it, owing to  th e  great te n d en cy  of radium  in such 
small q u an tity  to  be p recip ita ted  ou t in p a rt or be 
occluded in th e w alls of th e  vessel durin g prolonged 
standing. In short, th e  p ractice of em p lo yin g sta n d 
ard radium  solutions, th o u gh  q uite general, is n ot to. 
be .recommended, and has been pronounced u n satis

fa c to ry  a t th e  R ad iu m  In s titu te 1 in V ien n a. (2) T he 
p referable p ractice  is to  use high-grade an alyzed  
p itch b len de, d issolvin g a su itab le  q u a n tity  for each 
stan dardization , and ca lcu latin g  th e q u a n tity  of 
radium  from  th e uranium  analysis. T h e q u a n tity  
of radium  em anatiori ob tain ed  on dissolvin g w ill not 
correspond ex a ctly  to  th e radium  con ten t because 
a sm all fractio n  (2 to  5 per cent) of th e gas diffuses 
from  th e ore; th is fractio n , term ed th e “ em an atin g 
p o w er,”  m ust be determ ined b y  sealing a q u a n tity  
of tho ore in a tu b e for a m onth or m ore, and d ra w 
ing off th e em an ation  into  an electroscope b y  th e p a s
sage of air. T h e  em an atin g pow er th u s determ ined 
in th e stan dard  sam ple is used as a su b tra ctiv e  cor
rection. Q uan tities of rad ium  em anation  are con 
ven ien t w hich w ill produce a d ischarge of th e  cirder 
of 1 to 2 scale divisions per second.

E X A M P L E

G iven  a stan dard  pitchb len de con tain in g 60 per 
cen t uranium  m etal and h a vin g  an em an atin g pow er 
of 3 per cen t. If th e  R a / U  ratio  is 3. 33 X  io -7 , one 
m illigram  of p itch b len de contain s 2 X  io -10 g. of 
rad ium , b u t since on ly  97 per cen t of th is rad ium  can 
give  off em anation , one m illigram  of pitchblen de 
on dissolving w ill furnish  em an ation  eq u iva len t to 
1 . 94 X  io ~ 10 g. of radium . For th e  electroscope 
herein described use 20 to  40 m g. of h igh-grade 
p itchblen de.

C on tam in atio n  of th e discharge cham ber m ay com e 
ab ou t th rou gh  th e grad u al accu m u latio n  of a ctiv e  
deposit on th e inner w alls, w hich resu lts in the increase 
of th e  n atu ral leak  of th e in stru m en t. F or th is reason 
m ore em anation  th a n  n ecessary for a m easurem ent 
should n ever be in troduced. T h e  rem oval of em an a
tion  from  th e cham ber should ta k e  place a t once 
a fter th e com pletion  of th e m easurem ent, and to  avoid  
th e in trod u ction  of a n y  em anation  th a t m ay be present 
in  th e la b o ra to ry  air, it  is b ette r  to  draw  air from  the 
outside, passing it  th rou gh  a train  of c o tto n -b a ttin g  
to  rem ove dust and th rough  sulfuric acid  to rem ove 
m oisture. Should  th e discharge cham ber becom e con 
ta m in a ted  in sp ite of all precaution s, th e  cham ber 
should be opened and th e  w alls th o ro u g h ly  washed 
w ith  d ilute (1 to  3) n itric  acid, and th en  w ith  distilled 
w ater and fin ally  dried. R ep ea t th is  operation  until 
th e n atu ra l leak  is sufficien tly  reduced. C o n tam in a 
tion  of th e insulation  itse lf u su ally  n ecessitates its 
com plete rem oval.

In  m easurem ents of great a ccu racy  it  is desirable 
to  calib rate  each d ischarge cham ber sep a ra tely , b u t b y  
ta k in g  greater precaution  in th e  construction  and posi
tion  of 'th e electrode each cham ber could be m ade to 
h ave  th e sam e e lectrica l c a p a c ity  and hence one ca li
b ration  w ould serve for all. I t  seem s q uite p ra ctica 
ble to  reproduce cham bers w hich shall h a ve  th e sam e 
calib ration  va lu e  w ithin  tw o  per cent.

T h e  con vertib le  electroscope m ay also be used w ith  
other form s of discharge cham b cr th a n  th a t used for 
em anation . F or exam ple, it  m ay' be used in w ater a n al
ysis b y  a tta ch in g  to  a w ater cham b er of th e fon tacto-

1 48 th  C om m unication, p. 5, by  S tefan  M eyer, Silzb. V ienna Acad., 
122, A l t .  I la ,  June, 1913.
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m eter ty p e , or m ay be atta ch ed  to  an open a -ra y  
cham ber such as is used for the curso ry  exam ination  
of ores, or to  a n y  other desired form  of discharge 
cham ber.

B u r e a u  o f  M i n e s  E x p e r i m e n t  S t a t i o n  
F o s t e r  B u i l d i n g , D e n v e r , C o l o r a d o

H EAT TR A N SM ISSIO N  CA PA CITY OF A  SILICA^DISH

By W . K .  L e w i s  

Received Jan u a ry  20, 1915

In  cooperation  w ith th e T h erm al S yn d ica te  C o m 
p a n y, an in v e stig a tio n 1 has been carried  on in this 
la b o ra to ry  into  th e h eat tran sm ission  c a p a c ity  of 
fused  silica  dishes as used in th e con cen tration  of 
corrosive liquids, such as su lfu ric  and phosphoric 
acids, zinc chloride, etc. T h e on ly  source of en ergy 
em p lo yed  w as th e cooling of hot com bustion  gases, 
form ed b y  b urn ing B oston  C ity  gas in an ord inary 
gas crucible furnace, arran ged  for this w ork  as show n 
in F ig . I. I t  is here desired to m ake a report of th e 
results to  date.

T h e tem p eratu re under th e  dish w as con trolled  b y  
regu lation  of th e gas and air su p p ly , th e  flam e being

a t all tim es non-lum inous. T h is tem p eratu re was 
m easured a t variou s points under th e  dish b y  m o v a 
ble therm o-couples as in d icated  in th e diagram . 
T h e settin g  of th e dish w as such th a t th e surface ex
posed w as 66 sq. in. Solutions of different concen 
tration s were evap o rated , th e boiling points ran gin g 
from  io o °  C . for w ater up to  240 ° C . for stron g zinc 
chloride. E ach  solution  w as k ep t con stan t in  am ount 
and b oilin g point b y  running in w ater a t e x a ctly  
th e rate  a t w hich it  w as ev ap o rate d ; th e m easurem ent 
of' th is rate  of feed of m ake-up w ater ga v e  th e h eat 
absorp tion  of th e solution, th e h eat consum ption 
per un it w eigh t of w ater ev ap o rated  being eq ual to 
the to ta l heat of the steam  a t th e tem p eratu re and 
pressure evo lved , less th e h eat of th e liq u id  fed  in. 
T hese q u an tities were ta k e n  from  th e steam  tables. 
E ach  run w as con tin ued  a sufficient len gth  of tim e 
to elim inate a n y  appreciab le error due to  u n ce rta in ty

1 Thesis by  A. H . Spaulding, subm itted  in June, 1914, in p a rtia l ful
film ent of th e  requ irem ents for the  degree of S.B . from the  M assachusetts 
In s titu te  of Technology All experim ental d a ta  in th is  artic le  a re  taken  
from th is thesis.

as to  th e co n stan cy  of th e  am ount of boiling liquid 
in th e dish.

T h e  h eat su p p ly  com ing from  th e  cooling of hot 
gases, th ere m ust ev id e n tly  be a drop in  th e  tem pera
tu re of th e  gases under th e dish. M easurem ents made 
as sta ted , w ith  th e therm o-couple, proved  th is to be 
a p p ro x im ately  a s tra ig h t line fu n ctio n  from  th e cen
ter out as fa r  as the dish w as exposed to  the gases. 
T h is is show n for a ty p ic a l run  in F ig. II . T h e total 
drop in tem p eratu re from  th e cen ter to  th e  exposed 
edge increased as th e tem p eratu re under the center 
w as raised, as is dep icted  in F ig . I I I . T h e total 
h eat absorbed b y  th e b oilin g liq u id  in th e case of 
w ater itse lf is show n as a fu n ctio n  of th e average 
te m p eratu re1 under th e dish in F ig . IV .

M ere inspection  of th is last p lot show s th a t the 
heat tran sfer rises m uch m ore rap id ly  th a n  the first 
pow er of th e tem p eratu re difference, and th a t  in conse
quence th e  phenom ena m ust in v o lv e  m ore th an  sim
ple conduction . T o  ap p reciate  th e significance of 
th is cu rve in a n y  w a y  an analysis of the factors in
vo lv ed  is essential. A  hot b o d y  can give  up heat 
to  a cold one in  on ly th ree w ays— b y  conduction, by 
con vection , and b y  radiation . T h e hot gas, which is 
th e  source of en ergy in th is case, is in cap ab le  of radia
tin g  en ergy in appreciab le am ounts, and m ust there
fore g iv e  up its  h ea t b y  conduction  and convection 
on ly. T h e w o rk  of L an gm u ir2 m akes it probable that 
th e tran sfer of h eat from  a hot gas to  a solid is essentially 
a m a tter of con duction  th rough  a th in  stationary 
film  of gas on th e surface of the solid, convection  cur
rents in th e b o d y  of th e gas outside th is film being 
sufficient to  tran sp o rt the en ergy up to  th e outside 
surface of th e s ta tio n a ry  gas as ra p id ly  as it is con
d u cted  th rough  th is film  to  the solid. U nder the ex
perim en tal conditions of th is in v estig a tio n  it  is proba
ble, therefore, th a t  th e h eat g iven  up b y  the gas is 
proportional to th e difference in tem p eratu re between 
the gas and th e  solid w ith  w hich it  is in con tact, and 
furtherm ore th a t  th e p ro p o rtio n a lity  fa cto r, namely, 
th e coefficient of heat tran sfer, m ay be considered as 
con stan t th ro u g h  th e  re la tiv e ly  n arrow  tem perature 
range em p loyed  in th is w ork.

On the other hand, th e  h o t gases in th is furnace 
w ere in co n tact n ot on ly w ith  th e surface of the dish 
w hich it  w as desired to heat, b u t w ith  th e surface of 
the fu rn ace w alls as well. T hese w alls are therefore 
h eated  to  a tem p eratu re ap p roxim atin g th a t of the 
gas itself, b u t a t th is high tem p eratu re th e y  also lose 
heat rap id ly . E ven  n eglectin g h eat conducted  away 
through these w alls to  th e outside air, w hich on ac
cou n t of th eir th ickn ess and low  h eat conductivity  
will be sm all, large am ounts of h eat w ill be given up 
b y  rad iation  to  th e cold surface of th e dish. T h e only 
possible source of th is h eat is th e en ergy content of 
the h o t gases, b u t in order for th e w alls to receive 
th is h eat from  th e gas th e w all tem p eratu re m ust be 
low er th an  th a t of th e  gas and higher th a n  th a t of the 
dish. T h ere exists, therefore, a d yn am ic equilibrium, 
h eat flow ing b y  conduction  from  th e  gas to the fur-

1 O btained in a  w ay to  be described la ter.
2 Phys. Rev., April, 1912.
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nace walls, and b y  rad iation  an equal am ou n t passing 
from the w alls to th e  dish, th e tem p eratu re of all the 
elements rem aining con stan t. T h e  therm o-elem ent, 
or rather its en casin g porcelain  tu b e, is su b ject to  a p 
proxim ately the sam e influence as th e w all, and will 
therefore record, n ot th e tem p eratu re of th e gas, 
but th a t of th e solid w all. Indeed th ere is know n 
no accurate m ethod of m easuring th e tem peratu re 
of a hot gas w hich  is in terch an gin g h eat w ith  a solid 
with which it  is in  co n tact, since a n y  solid in trod u ced  
into the gas w ill, due to th is rad iation  effect, h a ve  a 
tem perature in term ed iate  betw een  th a t  of th e gas 
and the b od y w ith w hich it  is in terch an gin g heat. 
This tem perature w ill be determ in ed b y  th e rela
tive rates of conduction  and rad iation , th e first being 
proportional to the tem p eratu re difference, and the 
second to th e difference in  th e fourth  pow ers of the 
temperatures.
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the high h eat c o n d u c tiv ity  of fused silica, assum e th is 
temperature equal to  th a t  of th e b oilin g solution. 
Designate the tem p eratu re of th e fu rn ace w alls b y  
T, and the u n kn ow n  tem p eratu re of th e h ot gas b y  
0. Call the heat absorbed b y  the dish, per un it area 
and tim e, Q, and  the coefficients of h eat tran sfer b y  
radiation and con duction  from  th e furnace w alls and 
the gas to th e dish K  and k ,  resp e ctiv e ly ; and k '  

the co n d u ctiv ity  coefficient from  gas to  fu rn ace w alls. 
Moreover for each u n it area of th e dish le t th ere be 
an area of furnace w all eq u al to  A . I t  is ev id en t 
then th at th e fo llow ing relationship s m ay be exp ected  
to hold:

Q = K (T4 —  I*) +  k(Q —  t),
and

K(T4 —  /<) =  k 'A ( Q  — T).
From this second relationship ,

e  =  T  +  ~ r  ( T 4 —  I1) . '  
k A

S u b stitu tin g  th is  va lu e  of 0 in th e  first eq u ation ,

Q = K ( i  + - i ) ( T < —  t*) + * ( T  —  t).

In  th is eq uation  it  w ill be necessary to  use an a v er
age va lu e  of T , since th e tem peratures show  wide 
variation s. T h e  average va lu e  chosen is th e te m p era 
ture a t th e center of the dish less 2/3 th e to ta l decrease 
in tem p eratu re from  th e  center to  th e ed g e .1 I t  is 
difficult to  te st th e  a p p lica b ility  of th is form ula  d i
rectly , ow ing to  its  com p lex ity , b u t if it  be d iffer
en tia ted  w ith  respect to  T , for th e case of th e  w ater 
runs, w here I w as con stan t, there results

dQ  „ /  , k

d T *K( ' +vx)T3 + k
If, therefore, th e slope of th e  curve of F ig . IV  be p lotted  
a gain st th e th ird  pow er of th e absolute tem p eratu re ,

1 T his m ethod of estim ating  the  average tem pera tu re  under th e  dish 
was derived as follows: As previously s ta ted , the tem p era tu re  d rop  from
center to  edge of th e  dish was experim entally  found to  be linear. C alling 
the  rad iu s of th e  setting  R , th e  tem pera tu re  a t  the  cen ter T , th e  drop  in 
tem pera tu re  betw een th e  cen ter and  the  edge of the  dish AT, and  th e  tem 
pera tu re  a t  any  variable distance r, from the  cen ter T r , th is  la st q u an tity  
is determ ined by  th e  equation

AT
T  - T - -  r.

F or the  m om ent assum e th e  h e a t transfer a t  any  p o in t p roportional to  the  
tem p era tu re  diflcrencc a t  th a t  po in t, and furtherm ore consider th e  cu rv a 
tu re  of th e  dish so slight th a t  its  exposed surface m ay  be taken  as a fla t 
p la te . U nder these  conditions th e  a rea  exposed to  th e  tem pera tu re  T r , 
a t  the  rad ia l d istance, r, from the  cen ter of the  setting , is 2vrdr, and  the 
h ea t transfer,

dQ
—  = fc(2xrdr)(Tr—: 0

T

AT
-  k(27rrdr)(T  —  R  r —  i).

In teg ra tin g  betw een th e  lim its o and  R , and  inserting  for the to ta l area 
of th e  dish, a =  7rR2, th is gives 

Q
—  =  Ar[(T —  VaAT) —  t). ar

In  o th e r w ords, under these conditions the  average tem pera tu re  to  be used 
in calcula ting  h ea t transfer is the  tem p era tu re  a t  the  cen ter of the  heated 
area, less tw o-th irds th e  to ta l drop  in tem pera tu re  to  the  edges.

F o r th e  case of a spherical dish, as was em ployed in th is  work, in a 
se tting  such th a t  the  exposed surface sub tends a t  the cen ter of the  sphere 
a rad ial angle of 2 a, the  form ula for th e  average tem pera tu re  to  be used 
in calculating  h e a t transfer which is proportional to  the  tem pera tu re  
difference, a form ula derived exactly  sim ilarly  to  the  above becom es

Tav T - [a /s in a  
2 ( 1  —

cosa"l 
cosa) J

T h a t  th is  form ula simplifies to  th e  above for th e  case of a  spherical dish of 
infinite radius, i. e., for a  flat p la te , can be shown by  successive differentia
tion of n um era to r and  denom inator. In serting  the  value of a  for th e  dish 
em ployed, the  tem pera tu re  correction is found to be 0.687 tim es the to ta l 
drop  in tem pera tu re , ra th e r  th a n  0.667 tim es th a t  drop  as before.

T he flow of h e a t from furnace walls to  the  dish is proportional, how
ever, n o t to  the  difference in  tem pera tu re  b u t to  the difference of th e  fourth 
pow ers of the  tem peratu res. F o r the  case of such ra d ian t flow to  a flat 
p la te , th e  average tem pera tu re  is given b y  th e  equation

8T8
• -  T 3AT +  3T2(AT)= — ■ (AT)3 + (?)'

T his equation  is derived in exactly  the sam e way as the  preceding ones. 
T h is  form ula gives an  aveiage tem pera tu re  slightly  h igher than  the  two- 
th ird s rule. T h u s  for T  =  823, AT =  225, and  T  —  -/» AT =  673, while 
th is  la st form ula gives Tap — 679. F o r th e  higher tem peratu re , f  =  1223, 
AT =  410, and T  —  2/ j  AT — 949, the  rad ia tion  form ula gives 964. These 
differences are w ith in  the experim ental error. H av ing  shown for the 
previous case th a t  the  spherical shape docs n o t appreciably  affect the 
correction term , the  com plicated expressions for ra d ia n t flow in to  the  
sphere have n o t been derived, b u t in all instances the  tem pera tu re  under 
the  cen ter of the  dish, less tw o-th irds the drop to  th e  edges, has been taken  
as an  average.
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a s tra ig h t line should result. T h is  has been done 
in F ig . V , and  from  this line th e  con stan ts k and
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T h is eq uation  reproduces the avera ge  exp erim en tal 
curve of F ig . I V  w ith in  1 per cent. I t  also reproduces 
th e d a ta  on all solutions of zinc chloride and sulfuric 
acid  w ell w ith in  th e  exp erim en tal error (abou t xo 
per cen t).

T h ere is no d a ta  a t hand for th e determ in ation  of 
th e re la tiv e  values of th e  con stan ts k and k ' , b u t from  
th e sim ilar n ature of th e surfaces it  is p ro b ab ly  a llow 
able to  call them  eq u a l.1 O w ing to  th e configura
tion  of th e furnace- w alls em p lo yed  it  is also difficult 
to  decide e x a ctly  how  m uch of th eir surface is capable 
of h eat in terch an ge w ith  th e  dish b y  rad iation , b u t 
th e  con stan t A  has been carefu lly  estim ated  for th is 
case as 4 .8 . T h is g ives for th e  rad iation  constan t, 
K , from  fire b rick  to  fused silica, th e  va lu e  0.000163.

Since th e valu e of K  for b la ck  b o d y  rad iation  is 
on ly 0.0 00128,2 th is  high resu lt proves th a t  th ere is 
som ew here an error in th e w ork. T o  elim inate all 
p o ssib ility  of an influence of the gas flam e itse lf upon 
th e heat transm ission, th e burner w as m oved from  b e
low  th e  fu rn ace to  one side and th e h o t gases led to 
th e settin g  th rough  a horizon tal flue. T h e  tw o  a r
ran gem ents are show n in F igs. V I  and V I I . W ith in  
the exp erim ental error, no chan ge in perform ance 
was found, so th e  d iscrep an cy m ust be sought else
where.

Inasm uch as th e resu lts in d icate  a higher rad iation  
effect th a n  can correspond to  th e tem p eratu res, it  is

1 Since the  gases flow parallel to  the  furnace walls, b u t im pinge upon 
th e  dish, k f will tend  to  be less th an  k. On th is  account we shall also con
sider the  assum ed approxim ation, k' =» 0.75 k.

2 K urlbaum , W . A., 65 (1898), 746.

n atu ral to  susp ect th a t  th e tru e average tem pera
tures are higher th a n  th e va lu es assum ed. T h e esti
m ation  of th e average tem p eratu re  b y  sub traction  of 
tw o-th ird s th e drop in tem p eratu re  from  center to 
edge from  the va lu e  a t th e center is based on the as
sum p tion  th a t  all p arts of th e surface of th e furnace 
are e q u a lly  effective  in rad iation . In consequence of 
th e  con figuration  of th is  settin g  it  is ev id en t that 
those p arts of the fu rn ace w alls in th e center radiate 
m ore d ire ctly  upon th e  dish, and therefore g ive up 
m ore h eat to it, th a n  those a t th e outside of the fur
nace. T h is w ould  m ean th a t, in avera gin g  the tem 
p eratures under the dish, those a t the cen ter should 
be given  m ore w eigh t th a n  those n ear th e circum fer
ence. T h is  assum ption has been tested  b y  using as 
th e average tem p eratu re under th e  dish the arith
m etical m ean of th e  tem p eratu res a t center and edge; 
a t th e h igh est po int on th e exp erim en tal curve, the 
tem p eratu re a t th e cen ter being 950° C ., this raises 
th e  average tem p eratu re b y  67°, from  th e previous 
va lu e of 68o° to 7 4 7 °. A t  all other points the change 
is less th a n  this, fa llin g  to  a difference of only 29° 
a t the low est p o in t on th e cu rve. T h e h eat transfer 
w as now  p lo tted  again st th is new  avera ge  tem pera
ture, g iv in g a cu rv e  sim ilar to  F ig . IV ;  th e equation 
of th is cu rve was determ in ed in  e x a c tly  th e same 
w a y  as before, g iv in g

q  =  °-OOOI36 ( T 4 . I*) +  o .o o o 7 4 (T —  0-

T h e  m axim um  d eviatio n  from  th e average experi
m en tal cu rve is less th a n  2 per cen t. In  th is equa-

/  k \  0.000136
=  0.00074, and K l i +  — I =  --------  — .

 ̂ k ' A '  108
W e do n ot k n ow  th e re la tiv e  va lu es of k and k ' , but,
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as a lread y  sta ted , A  has been estim ated  as 4 .8 . Two 
assum ptions w ill now  be m ade: first, th a t  k =  k’  = 
0 .0 0 0 74 , 011 w hich basis K  =  0 .0 0 0 1 1 3 ; and second 
th a t  k '  =  0 . 7 5  k  =  0 .0 0 0 5 5 5 , g iv in g  K  =  o. 000106; 
the second asum ption  is p ro b a b ly  n earer the truth.
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Regarding the  rad ia tion  coefficient, th e  very fact 
that the surface is the  in terior of an enclosed space 
leads one to  expect a high value. The only com para
ble numerical de term ination  would seem to  be th a t  of 
Wamsler,1 who found nearly  identical values for various 
inorganic com pounds such as m etallic oxides, and in 
deed for all substances investigated  o ther th a n  pol
ished metals. He found for lime m ortar a coefficient

F
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of 0.000112, w ith  w hich th e ab o v e  figures are in close 
agreement. T h e general con sisten cy of the results 
calculated on the basis of th e  arith m etica l m ean 
as the average tem p eratu re ju s tify  th eir use as the 
best data a t present a va ila b le . T h e  results of th is w ork 
may therefore be generalized  in th e form  of th e fo llo w 
ing equations:

I— T he heat g iven  up b y  a fu rn ace gas, betw een  
the tem perature of 400° and io o o °  C ., to  a silica  dish 
upon which it im pinges is expressed b y  th e form ula

Q  =  ¿ ( 0  — / ) .

9 and t are th e tem p eratu res of the gas and th e dish, 
respectively; if Q is in gram  calories per square cen ti
meter per second, w hile tem p eratu res are in degrees 
centigrade, k =  0.00074, b u t for Q in B . t. u. per 
square foot per hour, and  F ah ren h eit tem p eratu res, 
k = 5-5.  F u rth erm ore, it  is prob ab le th a t  the sam e 
formula gives th e  h eat in terch an ge betw een  gas and 
any unglazed ceram ic m aterial, b u t th a t  for parallel 
flow of the gas p a st th e surface th e coefficients should 
be approxim ately 0.00056 and 4. 1 ,  resp ective ly .

II— T he heat received  b y  rad iation  per u n it area 
and tim e b y  the cold  surface of a silica  dish from  hot 
firebrick w alls en tire ly  surrounding it is g iyen  b y 
the equation

Q =  K (T 4 —  I*),

in which T  and t are th e absolute tem p eratu res of 
walls and dish. F or Q in gram  calories per square 
centimeter per second, w ith  K e lv in  tem peratures, 
K = 0.000106, w hile in  B . t. u. per square fo o t per 
hour, with absolute F ah ren h eit degrees, K  =  0 .13 4 . 
This expression is also p ro b a b ly  v a lid  for h eat in ter
change b y  rad iation  b etw een  all un glazed  ceram ic 
materials.

III—T h e  tem pera tu re , T , of the  walls entirely
/W am sle r, "M itte ilu n g en  fiber F orschungsarbeiten ," H e ft 98, 1911.

surrounding a cold surface which is receiving hea t from  
a ho t gas as the  only original source of energy, the  walls 
losing heat in no o ther way th an  by rad iation  to  th is 
cold surface, is given by  the equation

K (T 4 —  l<) =  kA (e  —  T ), 
th e  sym bols having the  significance given above, 
and  A being th e  ra tio  of the  ho t furnace wall surface 
to  the  cold surface absorbing th e  heat.

IV-—The to ta l -hea t absorbed from  a ho t gas by a 
cold surface in a furnace setting  is:

Q =  K (T 4 —  I4) +  k(6 —  l )

=  K ( i  +  A )  (T< —  I*) +  *(T  — fl.

Q cannot be expressed directly  in term s of 0, b u t T is 
found from  the  equation

K (T 4 —  I*) =  k ' A ( e — T ), 
best by graphical m ethods in the  case of a large num 
ber of problem s.

W hile the  u tility  of th is d a ta  in  th e  design no t only 
of silica dish evaporators, b u t in th a t  of m ost fuel-fired 
furnaces as well, is evident on its  face, three, im por
ta n t  points have come up in the  progress of th is  work 
which are no t b rough t ou t in the  preceding discussion. 
In  the  first place it  can be seen from  th e  last equa
tion  quoted  above th a t  the  g reater the  area of the  fu r
nace walls, the  more nearly  the ir tem p era tu re  ap 
proaches th a t  of th e  gas, and  therefore th e  greater 
the  rad ia tion  to  th e  cold surface. Since th e  h ea t re
ceived by the  cold surface d irectly  from  the  gas by 
conduction is dependent only on th e  tem pera tu re  
of the  gas, th is increased rad ia tion  is clear gain in 
useful hea t transm ission-capacity  of the  system . The 
furnace design should therefore provide for the great-

F ig . V I

est possible area of fu rn ace w all, so p laced as to  get 
effective- co n ta ct w ith  th e m oving gas, and a t th e sam e 
tim e cap ab le  of rad iatin g  as d ire ctly  as m ay be to  the 
heat-absorb in g surface.

T h is last o b ject w ill often  be d ifficu lt of a tta in m en t, 
b u t if th e interior fu rn ace stru ctu re  be of m aterial 
of h igh h eat c o n d u c tiv ity , h eat absorbed on a n y  sur
face exposed to  th e  gas will be con ducted  to  surfaces
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rad iatin g  d irectly  to  the cold b o d y, and th u s effi
c ien tly  tran sm itted  to  th e point desired. T h e flue 
space should therefore be filled w ith  an open checker- 
w ork  of refra cto ry  of high h eat c o n d u c tiv ity , so de
signed th a t the gases w ill pass freely  th rou gh  th e m ass 
and com e in effective co n tact w ith  it, on surfaces as 
rough as possible, and furtherm ore so p laced th a t th e 
resistance to flow from  absorbing surface to ra d ia 
tin g surface w ill be a m inim um .

In the second place, these results suggest an effec
tiv e  m ethod of avoid in g one of th e serious difficulties 
in the operation  of silica dish evap o rato rs, using coun 
ter curren t flow of hot gases and acid, in th e  concen 
tration. of su lfuric acid . A s ord in arily  operated, 
those dishes d ire ctly  over th e fire are so stro n gly  
heated  both  b y  the hot gases and to an even  greater

F ic . V II

exten t b y  th e  d irect radiation  from  the fuel bed itself 
th a t  b um ping and excessive b reakage result. T h e 
tem peratu re of the fuel bed can  be low ered b y  c a rry 
ing a th ick  fire and using insufficient air, producing 
m ain ly  carbon  m onoxide b y  th e com bustion . If 
n ecessary, steam  m ay be in jected  below  th e g ra te  to 
fu rth er low er th e tem p eratu re  b y  th e heat absorption  
of the w a te r  gas reaction . T h e com bustib le gas th u s 
p roduced w ill g ive up its  sensible heat to  th e  low est 
dishes in the series, b u t will not be excessively  hot. 
A t various points along the flue, air m a y now be a d 
m itted  to  com plete th e com bustion. U nder op era
tin g conditions p rev iou sly  em p loyed  th is w ould cu t 
dow n the e v a p o ra tiv e  c a p a c ity  of th e  system , due to 
th e resistance to flow of h eat from  gas to dish, b u t by 
increasing th e  heat absorption  area of refra cto ry  in

the flue, th is will be avoid ed , as th e heat absorbed 
from  the gas b y  conduction  w ill be tran sm itted  to the 
dish in th e  m ost efficient m anner possible, namely 
b y  radiation . Furtherm ore, th is w ill enable the 
op erator to  m ain tain  a t ev e ry  p o in t in th e flue, and not 
m erely over th e fire alone, th e highest tem perature 
th e dishes can stan d w ith o u t danger, and thus dis
tin c t ly  increase to ta l e v a p o ra tiv e  ca p a city . Not 
on ly  th is, b u t inasm uch as under these conditions 
th e air su p p ly  can be ea sily  controlled, th is change 
w ill m ake possible th e  reduction  of th e excess air em
p loyed, th u s im p rovin g th e reco ve ry  of w aste heat 
from  th e flue gases, and th e re b y  increasing the effi
c ien cy  of th e furnace.

T h e last point to be em phasized  is the fa ct that 
the sam e eq uation  for h eat flow expresses within the 
exp erim en tal error th e h eat transm ission  in the case 
of all solutions tested , v a ry in g  in boiling point from  ioo° 
C. for w ater to  2400 C . for zinc chloride. The con
cen tration  and v isco sity  of th e  solution  p la ys no ap
p reciable p a rt in th e  phenom ena. T h e  reason for 
th is is th a t th e great resistance to  flow is found at the 
b ou n d ary  surfaces b etw een  gas and solid, and in com
parison w ith  th is th e resistance th rou gh  the dish 
and from  the dish to  th e  solution, w h a tev er its nature, 
is n egligib le. I t  seem s therefore ju stifiab le  to use 
th is d a ta  for th e con cen tration  of a n y  liquid  in ap
paratu s of th e ty p e  em p loyed.

S U M M A R Y

T h e h eat tran sm ission  c a p a c ity  of a silica dish 
h eated  in a gas fu rn ace has been exp erim entally  de
term ined, and it  is show n th a t  th is  c a p a c ity  can be 
expressed as consisting of th e sum  of tw o  term s, the 
first a con duction  term  prop ortion al to  the temper
atu re difference, and the second a rad iation  term  pro
portional to  th e difference of th e fourth  pow ers of the 
tem peratures. T h e coefficients of these tw o terms 
h ave been estim ated,' and expressed in form s directly 
ap p licab le  to  th e solution  of problem s in design. The 
u tility  of th e resu lts in th e s tu d y  of furn aces in general 
has been pointed out, and suggestion s as to  desira
ble m odifications in fu rn ace con stru ction  and opera
tion  h ave been m ade. On th e other hand, these re
sults are m erely a report of progress to  date, and further 
w ork is under w a y  in w hich it  is being attem p ted  to 
m ore a ccu ra te ly  control th e  surface areas involved, 
to  m easure th e  tru e surface tem p eratu res b y  means 
of an op tical pyrom eter, to estim ate the true gas 
tem p eratu res b y  carefu lly  controlled  air sup ply and 
calcu latio n  from  th e know n  h eats of com bustion  and 
specific heats, and also b y  determ in ation  of total 
h eat con ten t, and to  s tu d y  the influence of velocity 
upon th e results.

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

TH E IN FLA M M ABLE L IM IT S OF M IXTURES OF GASO
LIN E VA PO R  AND A IR 1

B y  G e o r g e  A .  B u r r e l l  a n d  H u g h  T . B o y d  
Received D ecem ber 15, 1914

In  th is  report are show n exp erim ents h avin g to do 
w ith  lim its of com plete inflam m ation  in m ixtures of

1 Published  b y  perm ission of th e  D irecto r of th e  B ureau  of Mines.
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gasoline vap o r and  air. T h e lim its were determ in ed 
in connection w ith  coop erative w ork betw een  th e B u 
reau of M ines and th e  C ity  of P ittsb u rg h  on th e 
prevention of explosions in sew ers. G asoline is so 
widely used in  in tern al com bustion  m otors and for 
other purposes th a t th e  lim its are of in terest to  users 
of gasoline gen era lly . Som e of th e gasoline used w as 
a refinery d istilla te  of 73 0 specific g r a v ity , B aum d 
scale. T h e fractio n atio n  a n alysis as m ade b y  D r. 
L. W. D ean, of th e  petroleum  lab o rato ry , B u reau  of 
Mines, follow s:

F r a c t i o n a t i o n  A n a l y s i s  o f  G a s o l i n e  
Temp. 0 C. P e r c en t by  w eight T em p. ° C. P er cen t by  weight

50...............................  0 .9 0  110-120.............................  7 .30
50- 60...............................  9 .0 0  120-130 .............................  4 .9 0
60- 70............................. 14.50
70- 80............................. 14.40
80- 90............................. 13.80
90-100............................  12.90

100-110............................  10.90

130-140 ............................  3 .2 0
R esidue ............................  2 .70

T o ta l .................................  94 .50
L oss...................................  5 .5 0

The m ethods of determ in ing th e per cen t of gasoline 
vapor in m ixtures are those published  in T h i s  J o u r n a l . 1

INFLAM M ABLE L IM IT S  O F M IX T U R E S  OF- G A S O L IN E  

V A PO R  A N D  A IR

In preparing m ixtures of gasoline va p o r and air 
for the in fla m m ab ility  exp erim ents, th e air was shaken 
with the gasoline to  sa tu ratio n  in a 2400 cc. b o ttle  
and then enough of th e sto ck  m ixture w ith d raw n  
from the b o ttle  and d ilu ted  w ith  air to  form  a desired 
mixture. T h e la tte r  w as a lw a y s a n a lyzed  prior to 
exploding it. N o precaution  w as ta k en  to  rem ove 
water vapor.

The m ixtures were first tested  in a H em pel explosion 
pipette of 100 cc. c a p a c ity , using m ercu ry  as th e con
fining fluid. T w o  p latin u m  w ires en tered  n ear th e 
top of the p ip ette, across w hich a sp ark  w as m ade to 
jump b y  m eans of an in d u ction  coil d riven  b y  five 
dry cells. In flam m ation  w as deem ed com plete when, 
upon ignition of the m ixture, flam e filled th e vessel 
as far as could be ju d ged  -by th e eye.
Tub L o w  L i m i t  o f  I n f l a m m a b i l i t y  o p  M i x t u r e s  o f  G a s o l i n e  V a p o r  

a n d  A i r ; I g n i t i n g  S p a r k  a t  T o p  o f  t h e  H e m p e l  P i p e t t e

No. of Percen tage of
test gasoline vapor R e m a r k s

1....... ..................  1 .8 N o visible result
2 ............ N o visible resu lt
3 ............ N o visible result
4 ............ ..................  1.9 N o visible resu lt
5 ............ N o visible resu lt
6 ................ C om plete inflam m ation
/ ....... C om plete inflam m ation
8 ............ C om plete inflam m ation
9 ............ ..................  2.1 Com plete inflam m ation

10............ C om plete inflam m ation
11............ ..................  2 .2 Com plete inflam m ation
12............ C om plete inflam m ation
14............ C om plete inflam m ation

According to  th e ab ove results com plete inflam m ation  
occurred when th e m ixtures contain ed  betw een  1.9 
and 2.0 per cen t of gasoline vap o r. M ixtu res con 
taining less gasoline va p o r th a n  th e a b o ve, of course, 
underwent som e sligh t burn in g n ext th e  sp ark, b u t 
there was no appreciab le p rop agatio n  of flam e in  them .

In order to ob tain  d a ta  regardin g th e influence of 
the position of the ign itin g  sp ark  on th e  lim its of in 
flammability, exp erim ents were n ext con d u cted  under 
the same conditions as th e foregoing, excep t th e ig 
niting spark w as p laced  a t th e  b o tto m  of th e  explosion 
vessel.

1 G. A. B urrell and  I. W . R obertson , “ T he D eterm ina tion  of Gasoline 
Vapor in A ir," T h i s  J o u r n a l , 7 (1915), 112.

T h e  L o w  L i m i t  o f  I n f l a m m a b i l i t y  o f  M i x t u r e s  o f  G a s o l i n e  V a p o r  
a n d  A i r ; I g n i t i n g  S p a r k  a t  B o t t o m  o f  t h e  H e m p e l  P i p e t t e

T ria l Percentage
No. of gasoline R e m a r k s

 1.....................................  2 .15  C om plete inflam m ation
 2 .................................... 2 .0 0  C om plete inflam m ation
 3 .................................... 1 .94 C om plete inflam m ation
 4 ...................................... 1 .78 C om plete inflam m ation
 5 ...................................... 1.73 C om plete inflam m ation
 6 ...................................... 1.62 C om plete inflam m ation
 7 .................................... 1 .50 N o inflam m ation

A ll of these m ixtures of 73 ° B au m é gasoline were 
a n a lyzed  before and a fter explosion.

Som e flam e occurred near th e  sp ark  in th e  m ixture 
a n a lyzin g  1.50 per cen t, b u t on ly ab ou t 0.3 per cent 
of CO» w as form ed.

T h is m ethod, th en , g ives in th e H em pel explosion 
p ip ette , firing from  below , a low  lim it betw een  1.5 
and 1.6 per cen t as a gain st x.9-2.0 w hen fired from  
above. I t  also g ives a good check  on th e  low  lim it 
obtained  in th e 2800 cc. b ottle— 1.4—1.5 per cent. 
T h ere is a difference of on ly  0.1 per cent. T h is w ould 
ten d  to  show  th a t  under th e sam e conditions th e 
in itia l im pulse has a lm ost no effect upon th e  low  
lim its of com plete p rop agatio n  of flam e, as p ra ctic a lly  
th e  sam e resu lts were ob ta in ed  b y  a v e ry  sm all spark 
from  an in d u ction  coil, and a large flash produced b y  
d raw in g a p art tw o  h e a v y  copper w ires carry in g  220 
v o lts  and 6 am peres current.

T h e  U p p e r  L i m i t  o f  C o m p l e t e  I n f l a m m a t i o n  o f  M i x t u r e s  o f  G a s o 
l i n e  V a p o r  a n d  A i r , U s i n g  t h e  H e m p e l  P i p e t t e ; S p a r k  

I g n i t i o n  a t  T o p

T e s t Percentage
N o. of gasoline R e m a r k s

 1.....................................  3 .5  C om plete inflam m ation
 2 .....................................  4 .8  C om plete inflam m ation
 3 .....................................  5 .0  C om plete inflam m ation
 4 .....................................  5 .2  C om plete inflam m ation
 5 .....................................  5 .3  Incom plete  inflam m ation
 6 .....................................  5 .4  Incom plete  inflam m ation
 7 .....................................  5 .9  Incom plete  inflam m ation
 8 .....................................  6 .0  Incom plete  inflam m ation
 9 .....................................  6 .1  Incom plete  inflam m ation

10...................................... 6 .1  Incom plete  inflam m ation

A ccord in g to  th e  ab ove tests th e upper lim it lies 
betw een  5.2 and 5.3 per cen t of gasoline vap o r. W ith 
m ore th a n  5.3 per cen t there w as som e burn in g above 
th e sp ark, for in stan ce a t 5.4 per cen t th e flam e com 
p le te ly  filled th e sm all space (abou t 3 cc. ca p acity ) 
a b o ve  th e  spark b u t did not exten d  b elow  it.

E xp erim en ts were n ext tried , using a vessel of larger 
c a p a c ity  th a n  th e 100 cc. H em pel p ip ette , n am ely, 
one h a vin g  a c a p a c ity  of 2800 cc. T h is vessel w as 
30 cm . high and 12 cm . in diam eter. T w o  copper 
w ires m et n ear th e b o tto m  of th e jar , th rough  w hich 
an e lectric  curren t of 6 am peres and 220 vo lts  could 
be passed. A  flash w as produced  b y  d raw in g these 
w ires a p a rt w hen curren t w as flow ing.

T h e  L o w  L i m i t  o f  C o m p l e t e  I n f l a m m a t i o n , U s i n g  a  2800 cc. V e s s e l  
I g n i t i o n  f r o m  t h e  B o t t o m

T est Percentage
No. gasoline vapo r R e m a r k s

 1........................................  1.4 Incom plete  inflam m ation
 2 ........................................  1 .5  C om plete inflam m ation
 3 ........................................  1.5 C om plete inflam m ation
 4 ........................................ 2 .3  C om plete inflam m ation
 5 ........................................ 2 .5  C om plete inflam m ation
 6 ........................................ 2 .8  Com plete inflam m ation

A ccord in g to  th e ab ove results, th e  low  lim it of 
com plete in flam m ation  lies b etw een  1.4 and 1.5 per 
cen t of gasoline vap o r. W ith  1.4 per cen t of gasoline 
v a p o r a ton gu e of flam e abou t. 1 inch a t the base, 
ta p erin g  to  a cone, exten ded  on e-half th rough  th e vessel.
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T h e  fo llow ing d ata  show  th e high lim it as determ ined 
in  th e 2800 cc. vessel, ign ition  from  th e  b o tto m  upw ards:

H i g h  L i m i t  o p  C o m p l e t e  C o m b u s t i o n , U s i n g  a  2 8 0 0  c c .  V e s s e l

T e s t Percentage of
N o. gasoline vapor R e m a r k s

 1......................................  6 .0  C om plete inflam m ation
 2 ...................................... 6 .4  Incom plete  inflam m ation
 3 ...................................... 6 .5  Incom plete  inflam m ation
 4 ......................................  6 .6  Incom plete  inflam m ation

A ccord in g to  th e ab o v e results, th e high lim it of 
com plete in flam m ation  lies betw een  6.0 and 6.4 per 
cen t of gasoline vap o r.

In com m en ting upon th e  difference ob ta in ed  b y  th e 
tw o  m ethods of exp erim en tation , it  m ight be added 
th a t  th e  B u reau  of M ines and others h a ve  foun d 
th a t  low er lim its are ob tain ed  w hen ign ition  is effected  
from  th e b o tto m  upw ards. In  th e  la tte r  case th e 
h eated  con vection  curren ts a p p a ren tly  rise faster 
th an  th e  flam e does and tran sm it heat to  th e unburned 
gases prior to  th eir ign ition  b y  th e  flam e. A s a conse
quence th e y  receive m ore h eat th a n  w hen ign ition  is 
effected  from  th e  top  and th e  m ixture inflam es w ith  
sm aller percen tages of gas present. A n oth er point 
b rou gh t o u t b y  different experim enters is th a t  in sm all 
vessels th e cooling influence of th e  w alls exerts a m arked 
effect in fixing th e  lim its. F or in stan ce, tu b es m a y  be 
of so sm all bore and hence th e cooling influence of 
th e  w alls so great th a t  flam e is n ot tran sm itted  a t all 
in them . A gain , sp arks m a y be so m inute as n ot to 
ign ite ' th e  m ost in flam m able m ixtures. In  such a 
case th e tem p eratu re of th e sp ark  m ay be q uite above 
th e  ign ition  tem p eratu re of th e gases, b u t its duration  
so short th a t th e h ea t is d issipated  before th e  gases 
can be raised to  th eir ign ition  tem perature.

IN F L A M M A B L E  L IM IT S  O F VA PO R- FR O M  C L E A N E R S * 

N A P H T H A

F u rth er experim ents were m ade to  determ ine w hether 
or n ot th e in flam m able lim its of gasoline-air m ixtures 
differed for gasoline of different grades, i. e., w hether 
th e low  lim it as determ ined for gasoline h a v in g  a 
specific g r a v ity  of 73° B aum d w as d ifferen t from  th e 
low  lim it of a gasolin e h a v in g  a specific g r a v ity  of, 
sa y , 59-60° Baum d. T h e gasoline used in th e  follpw - 
in g experim ents w as 59-60° B au m e clean ers’ n ap h th a. 
T h e  2800 cc. explosion  vessel described in previous 
tests w as used.
L ow  L i m i t  o p  C o m p l e t e  I n f l a m m a t i o n  i n  2 8 0 0  c c . V e s s e l  o f  M i x t u r e s

o f  A i r  a n d  G a s o l i n e  V a p o r  o f  5 9 - 6 0 °  B a u m £  S p e c i f i c  G r a v i t y

T ria l * P ercen tage of
N o. gasoline vapo r R e m a r k s

 1....................................  2 .4  C om plete inflam m ation
 2 .................................... 2 .3  C om plete inflam m ation
 3 .................................... 2 .1  Com plete inflam m ation
 4 .................................... 2 .0  C om plete inflam m ation
 5 .................................... 1 .8  Com plete inflam m ation

' 6 .................................... 1.7 C om plete inflam m ation
 7 .................................... 1.5 C om plete inflam m ation
 8 .................................... 1 .5  C om plete inflam m ation
 9 .................................... 1.5 C om plete inflam m ation

1 0 . . ................................ 1 .4  Incom plete inflam m ation
11.................................... 1 .4  Incom plete  inflam m ation

A ccord in g to th e ab ove results, com plete in flam m a
tion, as observed b y  'the eye, to o k  place in a m ixture 
con tain in g 1.50 per cen t of gasoline va p o r. W hen a 
m ixture an a lyzin g  1.4 per cen t w as ign ited , in flam m a
tion  w as incom plete, th e  flam e lack in g  6 cm . of ex
ten d in g to  th e top  of th e  explosion  vessel.

It  w as foun d im possible to  o b ta in  a m ixture con 
tain in g too m uch gasoline va p o r to  explode at the

tem p eratu re  of th e la b o ra to ry : 20° C. T h e highest 
m ixture o b ta in ab le, 4.6 per cen t of gasoline vapor, 
com p letely  inflam ed. In  other w ords, th e vapo r pres
sure of th is p a rticu la r n ap h th a  a t 20° C . is 740 X 0.046 
=  33 mm . of m ercu ry. I t  .w ould h a v e  been possible, 

of course, b y  m ain tainin g higher tem peratures all 
th rou gh  th e exp erim en t, to  obtain  m ixtures of higher 
gasolin e-vapor conten t.

E F F E C T  O F IN C R E A S IN G  T H E  IN IT IA L  T E M P E R A T U R E  

ON T H E  E X P L O S IV E  L IM IT S

I t  is in terestin g  to  consider th e effect of high tem pera
tu re  and pressure, to  w hich m ixtures of gasoline vapor 
and air are su b jected  in th e cylin ders of internal- 
com bustion  engines. A  pressure of ab ou t 70.0 pounds 
per square inch is reached before ign ition . The-tem 
perature resu ltin g is high because on com pression to 
ab ou t 90.0 pounds per square inch pre-ignition  some
tim es occurs.

T h e B u reau  of M ines foun d in  experim entin g with 
m ixtures of m ethane and  a ir1 th a t  when th e  initial 
tem p eratu re w as 500° C ., th e low  lim it of complete 
inflam m ation  w as ab ou t 3.75 per cent. A t  ordinary 
tem p eratu re under th e  p articu lar exp erim en tal condi
tion  adopted , th e  lo w  lim it w as 5.50 per cent. Initial 
pressures up to  5 atm ospheres a t o rd in ary  tem pera
tures m ade no difference in th e lim its.

In  th e case of gasoline vap o r— air m ixtures— it 
w as also foun d th a t  increasing th e  in itia l tem perature 
before ign ition  low ered th e low  lim it v e ry  appreciably. 
E xp erim en ts were con ducted  w ith  an apparatus 
su b sta n tia lly  th e  sam e as th a t  used in  th e methane- 
air exp erim en ts.1

T h e  fo llow in g ta b le  show s th e  sh iftin g  of the low 
lim it as th e  in itia l tem p eratu re  w as increased. The 
gasoline w as of 73° B au m e g r a v ity , th e sam e as that 
w ith  w hich th e  first experim ents were m ade.

S h i f t i n g  o f  t h e  L o w  L i m i t  o f  I n f l a m m a t i o n  o f  M i x t u r e s  o f  G a so 
l i n e  V a p o r  a n d  A i r  w i t h  I n c r e a s e  o f  I n i t i a l  

T e m p e r a t u r e — I g n i t i o n  f r o m  B o t t o m  
Values betw een 

which th e  lim its lie
T em p era tu re  Percentage of A nalyses of m ixtures a fte r explosion 

0 C. gasoline vapo r Percentages of gasoline vapor
23 1 .5 0 -1 .6 2  C om plete com bustion  w ith  1.50 per cent

200 1 .4 2 -1 .5 0  C om plete com bustion  w ith  1.51 per cent
300 1 .2 2 -1 .2 8  C om plete com bustion  w ith  1 .28 per cent
400 1 .0 2 -1 .2 2  C om plete com bustion  a t  1 .22 per cent

T h e ab ove ta b le  shows th a t  w ith  increasing tem pera
tu re  th e low er lim it w as sh ifted  u n til, w ith  an initial 
tem p eratu re of 400° C .,t h e  lim it is betw een  1.02 and
1.22 per cen t of gasoline va p o r. A  m ixtu re containing
1.00 per cen t of gasoline vap o r did n ot explode when it 
w as h eated  to  500° C . ju s t prior to  ign ition , b u t when 
it  w as allow ed to stan d  for V2 hour a t th is tem pera
tu re  w ith o u t sp arkin g it  com p lete ly  burned. A t just 
w h a t tim e durin g th e V2 hour in terva l combustion 
w as com plete w as n ot determ ined.

T h e  low ering of th e low  lim it as th e in itia l tem pera
tu re is increased is due to  th e fa c t  th a t  th e higher 
th e in itia l tem p eratu re th e less h eat w ill be required 
to raise th e  tem p eratu re  of a g iven  m ass of the gas 
to  th e ign ition  tem p eratu re and con sequ en tly  th e smaller

1 G. A. Burrell and  I .  W . R obertson , “ T he  Influence of Tem peratures 
and  Pressure  on th e  E xplosib ility  of M ethane-A ir M ix tures,” This 
J o u r n a l , 7  ( 1 9 1 5 ) ,  4 1 7 .
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is the heat of com bustion  and th e p ercen tage of gasoline 
vapor required to  furnish th is q u a n tity  of heat.

SU M M A R Y

Using a 100 cc. H em pel explosion p ip ette  and ign itin g  
the m ixtures from  th e  top , th ere w as ob ta in ed  as th e 
lower lim it of com plete inflam m ation  a va lu e  ly in g  
between 1.9 and 2.0 per cen t of gasoline vap o r. T h e 
upper lim  t  under these conditions w as foun d to  be 
between 5.2 and 5.3 per cen t of gasoline vap o r. T h e 
gasoline used had  a specific g r a v ity  of 73° Baum<§. 
Under the sam e conditions, excep t ign ition  of th e m ix
tures from  th e b otto m , th ere w as ob ta in ed  a va lu e  
lying betw een 1.5 and 1.6 per cen t of gasoline vap o r 
as the low  lim it. W ith  th e sam e grade of gasoline, 
using a 2800 cc. vessel, and w ith  ign ition  from  th e 
bottom, b y  m eans of an e lectric  flask  produced  b y  
pulling tw o w ires a p a rt th ro u g h  w hich a curren t of 
7 amperes a t 220 vo lts  w as flow ing, th ere w as ob tain ed  
a value ly in g  b etw een  1.4 and 1.5 per cen t of gasoline 
vapor. T h e high lim it under these conditions la y  
between 6.0 and 6.4 per cen t of gasoline vap o r. A p 
preciably different lim its were n ot ob ta in ed  w ith  vap o r 
from cleaners’ n ap h th a.

When th e in itia l tem p eratu re  is increased  before 
igniting the m ixtures th e  low  lim it is g ra d u a lly  d e
creased until, w ith  an in itia l tem p eratu re of 400° C ., 
the low lim it lies b etw een  1.02 and 1.22 per cen t of 
gasoline vapor.

C h e m ic a l  L a b o r a t o r y , B u r e a u  o f  M i n e s , P i t t s b u r g h

THE INFLUENCE OF TEM PER ATU R E AND PR ESSU R E ON
THE EX PLO SIBILITY OF M E TH A N E-A IR  M IX T U R E S1

B y  G .  A .  B u r r e l l  a n d  I .  W .  R o b e r t s o n  

R e c e i v e d  D e c e m b e r  1 5 , 1 9 1 4

In this paper are show n th e resu lts of exp erim ents • 
made to determ ine th e  effect of tem p eratu re and pres
sure on m ethane-air m ixtures in chan gin g th e  low  
limit of com plete prop agation  of flam e in m ixtures. 
Temperatures up to  so o ° C . and pressures of 5 .0  
atmospheres ab ove atm osp heric pressure were em 
ployed.

The apparatus is show n in  F ig . 1. A  is th e  explosion 
pipette. I t  had a c a p a c ity  of 100 cc. P la tin u m  wires 
were fused into th e upper p a rt. A  sp ark  from  an in 
duction coil, driven  b y  4. o d ry  cells, w as used to  ign ite  
the gas m ixtures. A n  e lectrica lly  h eated  oven , D, 
surrounded th e  explosion  p ip ette  A . T h e tem p era 
tures were m easured b y  m eans of a p latinum -rhodium  
thermo-couple. T ran sp a ren t m ica p lates were used 
to close the upper end of th e  oven in  order to  observe 
the effects of sp arkin g th e m ixtures. A t  B  is show n 
a reserve p ip ette  of 200 cc. c a p a c ity  fasten ed  to  th e 
explosion p ip ette b y  m eans of pressure rubber tu b in g  
with m ercury as th e confining fluid.

The apparatu s w as m ade rea d y  for use b y  raising 
the leveling b o ttle  C, th e re b y  com p letely  filling th e 
pipettes A and B  w ith  m ercu ry. T h e  levelin g  b o ttle  
was then low ered un til all of the m ercu ry  had  fallen  
from A , leavin g a va cu u m  therein . T h e stop-cock  
between the tw o p ip ettes w as th en  closed. T h e  re
quired gas m ixture w as th en  draw n  into  B  th rough

1 Published w ith perm ission of the  D irector of the  B ureau  of M ines.

th e 'free end of th e  sto p -cock  and- the oven  h eated  to 
th e  required  tem p eratu re , w hereupon th e gas m ix
tu re w as in trod u ced  in to  A  and sp arked  a fter tw o  
seconds had  elapsed. T h e  flam e produced, if an y, 
w as ob served  and the p rod u cts of com bustion  an alyzed .

P relim in ary  exp erim ents were perform ed w ith  a 
therm o-coup le inserted  in th e explosion vessel A , to 
determ in e the tim e it  to o k  th e gas a fter it  w as in tro 
duced into  th e  ev a cu a ted  p ip ette  to  reach th e te m 
p eratu re of th e  oven . I t  w as foun d th a t  th is too k

F i g . 1— A p p a r a t u s  f o r  D e t e r m i n i n g  t h e  I n f l u e n c e  o f  T e m p e r a t u r e  
a n d  P r e s s u r e  o n  t h e  E x p l o s i b i l i t y  o f  M e t h a n e - A i r  M i x t u r e s

place in less th a n  tw o seconds a fter th e  in trod u ction  
of th e  gas.

M eth an e w as prepared from  th e n atu ra l gas used 
a t P ittsb u rg h  b y  fractio n al d istillatio n  a t low  tem p era
tures. T h e n atu ral gas w as liquefied a t th e tem p era
tu re of liquid  air and as m uch gas pum ped from  it 
w ith  a m ercu ry pum p as possible. T h e distillate 
w as reliquefied and pum ped again . A  trace  of n itro 
gen and pure m ethane to  th e  ex te n t of abou t 8 5.0  
per cen t of th e original vo lu m e of th e n atural gas 
w as ob tain ed  in  th is m anner.

T h e results of th e experim ents are shown in  T a b le  I .
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E xp erim en ts 1 to  5 show th e d isplacem en t of the 
low er lim it of com plete prop agation  w ith  th e in itia l 
tem p eratu re a t 500° C . and th e in itia l pressure a t 1 
atm osphere. A s far as th e eye could ju d ge, there 
w as a com plete filling of th e explosion vessel w ith  flam e 
when m ixtures contain ing 4.00 to  4 .4 7  per cen t 
m ethane were sparked. H ow ever, a m easurable 
am ount of m ethane rem ained un burned, p ro b ab ly  due 
p rin cip ally  to  th e fa ct th a t  a sm all am ount of gas

T a b l e  I — E f f e c t  o f  I n c r e a s i n g  t h e  I n i t i a l  T e m p e r a t u r e  o n  t h e  
Low L i m i t  o f  C o m p l e t e  P r o p a g a t i o n  o f  F l a m e  i n  M e t i i a n e - 

A i r  M i x t u r e s

T em  Pres- A n a l y s i s  o f  M i x t u r e s L im its
pera sures. Before A fter per

T est tu re A tm os- sparking . sparking . cen t
N o. ° C . pheres CH« A ir CH* COi O bservations CH<

1 500 1 4 .47 95.53 0 .5 8 4 .0 8 C om plete p ropagation
2 500 1 4.27 95.73 0 .6 4 3 .85 C om plete propagation 4 .0 0
3 500 1 4 .0 0 9 6 .00 0 .8 9 3 .1 4 C om plete propagation and
4 500 1 3.75 96.25 3 .45 0 .42 N o propagation 3 .75
5 500 1 3 .5 0 9 6 .50 3 .42 0 . 18 N o propagation
6 400 1 4 .75 95.25 0.75 3 .7 4 Com plete p ropagation
6 a 400 1 4 .55 95 .45 0.65 3 .93 Com plete p ropagation
7 400 1 4.47 95.53 4 .2 6 0.41 N o propagation 4 .55
8 400 1 4.27 95.73 4 .12 0.23 N o propagation and
9 400 1 4 .0 0 96 .00 3 .8 8 0 .2 0 N o  propagation 4 .7 7

10 400 1 3 .75 96 .25 3 .65 0 .2 0 N o  propagation
11 300 1 5 .15 94.85 0 .82 4 .3 6 C om plete p ropagation 4 .8 8
12 300 1 4 .9 8 95 .02 0.71 4 . 13 Com plete p ropagation and
13 300 1 4 .75 95 .25 4 .6 4 0 .13 N o  propagation 4 .75
14 300 1 4.27 95 .73 4.17 0.21 N o propagation 5.15
15 200 1 5 .15 94 .85 0 .2 0 4 .9 8 Com plete p ropagation and
16 200 1 4 .9 8 95.02- 4 .8 4 0.1*8 N o propagation 4 .9 8
17 25 1 5 .4 0 94 .60 5 .4 0 0 .0 0 N o propagation 5 .4 6
18 25 1 5 .4 6 94 .54 5 .47 0 .0 0 N o propagation and
19 25 1 5 .5 6 94 .44 0 .12 5 .4 6 Com plete p ropagation 5 .5 6

w as con tain ed  in th e  tu b e  xy of th e p ip ette  outside 
of the electric  oven  and did not burn. W hen th e 
m ethane in th e m ixture w as dropped to 3 .7 5  and 
3 .5 0  per cent, no prop agatio n  w as observed, a lthough 
som e m ethane w as burned, as w as show n b y  th e car
bon dioxide foun d upon analysis.

A ccord in g to  these results, th e low  lim it of com plete 
prop agation  is b etw een  3 .7 5  and 4.00 per cen t when 
th e in itia l tem p eratu re is 5000 C . and th e in itia l 
pressure 1 atm osphere. A t  400° C . and at atm ospheric 
pressure a m ixture con tain in g 4 .5 s  per cen t m ethane 
com pletely  prop agated  flam e, as far as could be ju d ged  
b y  th e eye, a lthough 0 .7 5  per cen t m ethane rem ained 
unburned. W hen th e  m ethane co n ten t was low ered 
to  4 .4 7  per cen t prop agation  could n ot be observed. 
T h e sam e w as true of m ixtures con tain in g 4 .2 7 , 4.00, 
and 3 .7 5  per cen t m ethane.

E xp erim en ts 17, 18 and 19 were perform ed to  o b 
ta in  th e low  lim it of com plete prop agatio n  of m ethane- 
air m ixtures under ord in ary  conditions of tem p era 
tu re and pressure. T h is va lu e  lies, it w ill be n oted, 
betw een  5 .4 6  and 5 .5 6  per cent m ethane. U n d o u b t
ed ly  a sm all am ount of carbon  dioxide w as form ed in 
th e case of E xp erim en ts 17 and 18, b u t n ot enough 
to  d etect b y  th e  m ethod of a n alysis used. In  each 
te st an an alysis w as m ade of th e m ixtures before and 
a fter sp arkin g. T h e sum  of the carbon  dioxide and 
m ethane should eq ual th e m ethane present before 
sparkin g. T h e an alyses agreed q uite well. A  curve 
representing th e resu lts of th e experim ents is show n 
a t F ig . 2.

T h e  va riatio n  of th e lim its of exp lo sib ility  w ith  
tem peratu re and pressure m a y be explained on p u rely  
th erm al grounds.

If one heats an exp losive m ixture of m ethane and 
air, th e num ber of collisions b etw een  th e m olecules 
increases w ith  rising tem p eratu re and th e speed of

reaction  increases until fin a lly  a v io len t reaction  and 
appearan ce of flam e follow s. T h e  tem perature at 
w hich th is kind  of a rea ctio n -ta ke s place is called the 
ign ition  tem p eratu re . T h e  ign ition  tem perature of 
m ethan e-air m ixtures w as foun d to  be betw een 650° 
and 750° C . b y  D ixon and C o w a rd .1 A  slow com
bustion  effect is possible, how ever, below  th e ignition 
tem p eratu re, depending on th e  n atu re of the source 
of ign ition  and len gth  of tim e th e  gas is heated. But 
in order th a t flam e m ay be p ro p ag ated  th rou gh ou t the 
gas m ixtu re, th e h eat of reaction  of a layer of gas 
n ear th e ign iter m ust be sufficient and its rate rapid 
enough to  raise th e  tem p eratu re of th e  ad jacen t layer 
to  th e ign ition  tem p eratu re . O b vio u sly  the higher 
th e in itia l tem p eratu re the less h eat w ill be required 
to raise th e  tem p eratu re of a g iven  m ass of the gas 
to  th e ign ition  tem p eratu re , and con sequen tly  the

»0 >» TOO 2S0 300 JJO Kf) «50

TEMPDUTuftC -  0CQ CCXT

F i g . 2 — E f f e c t  o f  I n c r e a s i n g  t h e  I n i t i a l  T e m p e r a t u r e  o n  t h e  L o w  
L i m i t  o f  C o m p l e t e  P r o p a g a t i o n  o f  F l a m e  i n  

M e t h a n e - a i r  M i x t u r e s

sm aller is th e h eat of com bustion  and th e percentage 
of m ethane required  to  furnish th is q u a n tity  of heat.

SL O W  C O M B U S T IO N  O F M E T H A N E -A IR  M IX T U R E S  AT HIGH 

T E M P E R A T U R E S  W IT H O U T  S P A R K IN G

A  few  experim ents were perform ed to  show the ex
te n t of burn in g when variou s m ixtures of methane 
and air were su b jected  to  high tem p eratu res without 
sp arkin g.
T a b l e  I I — R e s u l t s  o f  E x p o s u r e  o f  M e t h a n e - A i r  M i x t u r e s  t o  H ig h  

T e m p e r a t u r e s  w i t h o u t  S p a r k i n g

Analysis before ignition Analysis a fte r  ignition
ExposedT em p. Pressure

CO2° C. A tm os. CH< Air cm Min.
500 1 4.27 95.73 4.21 0.10 V*
500 1 4.27 95.73 3.89 0.40 30
500 1 4.60 95.40 3.74 0.90 30
T h e results, g iven  in T a b le  II , show  th a t no appre

ciab le com bustion  effect occurred in  experiments 
p rev io u sly  cited  betw een  th e tim e th e gas mixtures 
were in trod u ced  into th e p ip ette  and th e tim e they 
were sp arked. In  th e  experim ents previously  de
scribed, n ot longer th a n  2 seconds w as required for 
th e m ixtures to  a tta in  th e tem p eratu re of the oven 
a fter in trod u ction  into  th e  exh au sted  pipette. It 
w ill be ob served  th a t  as m uch as one-half minute 
exposure to  a tem p eratu re of 5000 C. resulted  in only 
a sm all am ount of carbon  dioxide.

E F F E C T  O F IN C R E A S IN G  T H E  IN IT IA L  P R E S S U R E  ON THE 

E X P L O S IB IL IT Y  OF M E T H A N E -A IR  M IX T U R E S  

Som e experim ents were m ade w ith  th e  apparatus 
show n in F ig . 1 to  determ in e th e  effect of in itial pres-

1 H . B. Dixon and  H . F . Coward, "T h e  Ign ition  T em pera tu re  of Gases." 
Chem. News, 99 (M arch  19. 1909). 139.
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sures higher th an  o rd in ary  on th e  exp lo sib ility  of 
methane-air m ixtures. T h e first experim ents were 
made w ith pressures up to  five atm ospheres, b y  rais
ing the level b o ttle  of th e ap p aratu s high enough to  
put the gas under th is pressure. I t  w as foun d th a t 
increased pressure up to  five atm ospheres had no 
effect in chan gin g th e low  lim it of com plete p ro p ag a
tion. In other w ords, th e  va lu e, ab ou t 5 -5 °  per cen t 
methane, is tru e a t five atm ospheres pressure.

S U M M A R Y

When th e in itia l tem p eratu re of m ethan e air m ix
tures is 500° C ., th e low  lim it of com plete p ro p ag a
tion of flame of th e m ixtures is betw een  3 .7 5  and 4.00 
per cent m ethane. A s th e  in itia l tem p eratu re is 
lowered from  500° C ., th e  low  lim it is raised un til at 
ordinary tem p eratu res it  is ab ou t 5. 5 per cen t m ethane. 
Differences in th e in itia l tem p eratu re of as m uch as 
2000 C. higher, sh ift the low  lim it o n ly  from  5 .50  
per cent to  betw een  4 .9 8  and 5 . 1 5  per cen t m ethane.

The results are im p o rta n t in th a t  th e y  showr th a t  
pressure and tem p eratu re conditions m a y v a r y  over 
rather a wide ran ge w ith o u t a ffectin g th e  exp lo si
bility of m ethane-air m ixtures. In con sisten t results 
that have been ob tain ed  in  th e  la b o ra to ry  b y  different 
investigators on th e  lim its of in flam m ation  of m ethane- 
air mixtures can n ot be explained on th e  basis of sligh t 
variations in tem p eratu res and pressures. T h e y  are 
better charged to  th e  n ature of th e  source of ign ition , 
method of ign ition , size and shape of th e con tain in g 
vessel, and in som e cases, in accuracies in  m ixing and 
analyzing the gases.

Since the low  lim it of com plete inflam m ation  for 
methane-air m ixtures is n ot chan ged a t pressures as 
great as five atm ospheres, it  can be sta te d  th a t  even 
in the deepest coal m ines th e low  lim it is n ot altered  
from the lim it a t o rd in ary  tem peratures.

C h e m i c a l  L a b o r a t o r y , B u r e a u  o f  M i n e s  
P i t t s b u r g h

THE VARIATION IN C O M P O SIT IO N  OF NATURAL G AS
FROM D IFFE R E N T SA N D S IN  T H E  SA M E  F IE L D 1

B y  G. A. B u r r e l l  a n d  G. G. O b e r f e l l  
R eceived D ecem ber 15, 1914

In working on th e  com position of n a tu ra l gases 
from different p a rts  of the  country , th e  au thors have 
found th a t n a tu ra l gases from  different sands in  the  
same field m ay differ appreciably  in com position. 
Invariably the gas from  the  shallow er sand has con
tained less of the  heavier paraffin hydrocarbons th a n  
that from the deeper sands. The m ost strik ing  v a ria 
tion yet encountered has had  to  do w ith n a tu ra l gases 
from two different sands in a gas field near Trafford 
City, W estm oreland C ounty , Pa. and no t far from  
Pittsburgh. The com positions of these gases follow:

G a s  f r o m  M urraysv ille  sand  E lizabe th  sand
Depth of san d   1700 ft. 2295 ft.
Rock pressure  190 lbs. per sq. in. 1000 lbs. per sq. in.

C o n s t i t u e n t s  C O ,  CH< N s  C O j  CH< C j H .  N j
Percentages  T race  9 8 .8  1 .2  T race  9 4 .0  5 .2  0 .8

It will be no ted  th a t  from  the  shallow sand there  
was collected a sam ple of alm ost pure m ethane, while 
in the deeper sand there  is contained in  add ition  to

1 Published by  perm ission of the  D irec to r of the. B ureau  of M ines.

m ethane an appreciable proportion  of the  higher m em 
bers of the  paraffin series of hydrocarbons. If one 
were to  assum e a' common source of origin for the  
na tu ra l gases in the  tw o sands, th en  by some process 
of separa tion  the  gas in the  upper sand has been freed 
of its  e thane and  higher paraffins.

I t  should be added th a t  the  paraffins were analyzed 
by burning them  in oxygen, no t by fractional distilla
tion ; hence in the  case of the  gas from  the  deep sand, 
only the  tw o predom inating  paraffins are shown. 
U ndoubtedly  sm all p roportions of propane,, the  b u 
tanes, etc., were also present, as in  the  case of o ther 
n a tu ra l gases containing m ethane and ethane.

C h e m i c a l  L a b o r a t o r y , B u r e a u  o f  M i n e s  
P i t t s b u r g h

A SIM PLIFIED  FERRO U S SU LFATE M ETH O D  FO R  TH E  
DETER M IN A TIO N  OF VANADIU M  IN  STEEL

B y G e o r g e  T . D o u g h e r t y  
R eceived O ctober 17, 1914

In th e  a p p licatio n  of John son ’s 1 or sim ilar m ethods 
for th e determ in ation  of van ad iu m  in steel, considerable 
d ifficu lty  is often  experienced in p roducin g a colorless 
or “ old rose”  shade w ith  ferrous su lfate  in th e solution  
con tain in g an excess of perm an gan ate a fter th e pre- 
•lim inary oxidation  of th e  van ad iu m . T o  ob via te  
th is  d ifficu lty  th e  fo llow in g m ethod has been developed, 
in w hich th is oxidation  of th e va n ad iu m  is effected  b y  
a sufficient q u a n tity  of n itric  acid  alone or w ith  am 
m onium  persulfate.

m e t h o d — T re a t 2 to 4 g. of the drillings in a 500 cc. 
E rlen m eyer flask, w ith  60 cc. of w ater and 10 cc. con 
cen tra ted  su lfuric acid. A fte r  h eatin g th e  solution  
n early  to  boiling, un til th e  reactio n  is com plete, add 40 
cc. of n itric  acid  (sp. gr. 1.20) and boil th o ro u g h ly  
for 10 m inutes to  oxidize th e  iron and va n ad iu m  and 
to  expel th e  last traces of n itrous fum es. C ool th e 
solution, ad d  60 cc. of cold su lfuric acid  (1:2) and dilute 
in a 600 cc. b eaker to  450 cc. A d d  3 cc. of a fresh ly  
prep ared  1 per cen t solution  of potassium  ferricyan id e, 
and t itra te  rath er ra p id ly , w ith  con stan t stirring, 
w ith  0.05 N  ferrous am m onium  su lfate, to  th e  ap p ear
ance of th e first dark  b lue color. T h e end p o in t can 
best be ob served  b y  lookin g th ro u g h  th e  side of the 
b eaker to w a rd  th e  b o tto m  of th e  beaker p laced  d irectly  
before a w indow . D ed u ction  of a b lan k  of 0.4 cc. of 
th e  ferrous solution  has been foun d n ecessary, and is 
in depen den t of th e  w eigh t of th e  sam ple, th e  presence 
of chrom ium , and  of th e  carbon  co n ten t up to  0.5 
per cen t C .

F o r steels w ith  o ver 0.50 per cen t C , th e  b lan ks are 
high er; and, m oreover, w ith  4 g. sam ples of such steels, 
th e  end p o in t is rendered in d istin ct b y  a tu rb id ity  
w hich appears to w a rd  th e  end of th e  titra tio n . T h is 
d ifficu lty  m a y  be a vo id ed  b y  addin g to  th e  solution  
im m e d ia te ly  a fter th e  b oilin g w ith  n itric  acid  as above, 
60 cc. of 1:2 su lfuric acid  and 5 to  8 g. of am m onium  
persu lfate  (w hich in th e  absence of silver n itrate  will 
n ot oxidize th e  C r and  M n ), and con tin uin g to  boil 
for 1 5 m inutes, so th a t  all n itrous oxides and hydrogen  
peroxide are expelled. (B efore th is  second boilin g, 
w ash dow n w ith  hot w ater loose sp ecks of th e  per-

1 C. M . Johnson , “ Analysis of Special S teels.”
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sulfate w hich stick  to  th e  glass.) C ool, d ilute and 
titra te  as above. A fte r  such trea tm en t th e  b lan k  
is 0.35 (instead of 0.4 cc.) for steels w ith  under 0.5 per 
cen t C , and 0.5 cc. for 0.60 to  0.70 C , and 0.6 cc. for 
0.90 to  1.25 C  steels. T h e  b lan ks are th e  sam e w ith  
or w ith o u t th e  persu lfate  trea tm en t for steels of over 
0.50 per cen t carbon.

T h e  ferrous am m onium  su lfa te  solution  m a y be 
stan dardized  again st 0.1 N  p erm an gan ate, th e  stren gth  
of w hich has been determ ined w ith  sodium  oxalate . 
T h e  iron va lu e  of th e  perm an gan ate m ultip lied  b y
0.917 g ives th e van ad iu m  value;

B y  th is  m ethod th e  fo llow ing results were ob tained , 
th e chrom ium  in expts. 9, ro, 13 and 14 bein g added as 
K îC fjO r  before the solution  of th e steel.

T h e  fo llow ing steels were em p loyed:

A— U. S. B ureau  of S tan d ard s  Sam ple No. 24, con tain ing  0.15 per cen t 
V, 0.35 per cen t C, and a trace  of Cr.

B— U. S. B ureau  of S tan d ard s  Sam ple N o. 30, con tain ing  0.21 per cent 
V, 0.37 per cent C, and  1.35 per c en t Cr.

C— A steel casting  con tain ing  0.215 per cen t V, 0.30 p e rc e n t C, and  no Cr.
D — A plain steel con tain ing  0.85 per cen t C.
E — A plain steel con tain ing  1.25 per c en t C.

T a b l e  I — V a n a d i u m  D e t e r m i n a t i o n s  b y  S i m p l i f i e d  M e t h o d  
W eight of Persu lfa te  V anadium

sam ple added found
E x p t. Sam ple G ram s G ram s G ram

1 A 2 0 0.148
2 A 4 0 0.146
3 B 2 0 0 .206
4 B 4 0 0.208
5 C 2 0 0.216
6 C 4 0 0.216

C 2 0 0.222
7 i D 2

8 ! C 2 0 0.210
: E 2
\l C 2 0 0.210

9 P' 1 .3 %  Cr
2

; c 2 0 0 .200
10 E! 1 .3 %  Cr

2

11 I
[ C 2 7 0.216
i D 2

12 1
f c 2 7 0.216
t E 2
1i c 2. 7 0 .216

13 Pf 1 .3 %  Cr
2

I; c 2 7 0 .210
14 E

1 .3 %  Cr
2

From  these resu lts it  is ap p a ren t th a t  in general 
for such m aterials, th e m ethod is accu rate  to  o .o i per 
cen t van ad iu m .

If chrom ium  also is to  be determ ined, it  is determ in ed 
in a sep arate  portion  of th e sam ple, using a n y  of the 
usual vo lu m etric  m ethods.

A m e r i c a n  S t e e l  F o u n d r i e s , C h i c a g o

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

W H E A T  P L A N T S  I N  T H E  S O I L — P R E L I M I N A R Y  P A P E R

By F r e d  W .  U p s o n  a n d  A. R . P o w e l l  

R eceived M arch  20, 1915

In  recent yea rs our kn ow ledge of th e  chem ical 
n atu re of soil organic m a tter has been g re a tly  exten d ed  
th ro u g h  th e  w ork of a num ber of in v estig a to rs, chief 
am ong w hom  are Jodidi and th e several w orkers in 
soil fe r tility  in v estig a tio n s of th e U n ited  S ta tes  B u reau  
of Soils. A  v e ry  com plete h istorical accou n t of th e  
w ork  on soil organ ic m a tter and  of th e  older view s 
regardin g it  has been presented b y  Schreiner and 
S h o rey 1 and b y  Jod id i.2 T h rou gh  th e  w ork  of these

i Bull. 53, Bur. of Soils, U. S. D ep t. Agr., p. 21.
5 Biochem. Bull. 3, 17.

in v estig a to rs and  th eir co-w orkers, we h a ve  come to 
regard  th e soil organic m a tter n ot as consisting of 
three of four com pounds of rath er indefin ite properties, 
b u t as being m ade up of a large n um ber of different 
organ ic com pounds w hich resu lt from  p la n t and animal 
residues th rou gh  th e  a gen cy  of th e  variou s chemical 
processes w hich are ta k in g  place in th e soil. From 
variou s soils th ere h a ve  been iso lated  and identified 
up to  th e  present tim e, m ore th a n  h alf a hundred 
definite organic com pounds. A m o n g th e various 
classes of organic com pounds represented  are acids, 
a ld eh ydes, alcohols, am ino acids, resins, esters, glycer
ides, h yd ro carb on s, sugars, am ines and other nitrog
enous com pounds. T h e m ethods b y  •which these 
com pounds h a ve  been iso lated  and id en tified  are some
w h a t in v o lve d  and  need n ot be considered here.

T h e  to x ic  effect on w h eat p la n ts of th e  various 
organic com pounds w hich h ave been isolated  from 
variou s soils has been ex te n siv e ly  studied  b y  Schreiner1 
and his co-w orkers. W ith  tw o  excep tio n s,2 th e work

1 2 3 4
P l a t e  1

b y  these in v estig a to rs on th e to x ic  effect of organic 
com pounds has been determ in ed b y  grow in g plants for 
short periods in  d is t ille d ' w a ter cu ltu res containing 
th e  variou s com pounds. T h e  organic compounds 
studied  are eith er th ose w hich h a v e  been isolated from 
th e  soil.or those w hich m a y resu lt th rou gh  th e  breaking 
dow n of p la n t and anim al residues.

M a n y  of th e com pounds stu d ied  h ave been shown 
to  be m ore or less to x ic  to  w h eat p lan ts in  com para
t iv e ly  low  con cen tratio n s, 10-200 p a rts  per million 
of solution. Som e few  h a ve  been foun d beneficial to 
th e  gro w th  of w h eat p la n ts in w ater solution. In 
m an y cases th e  ad ditio n  of- fertilizer salts to  th e cul
tu re  solution  has p a rtia lly  or co m p lete ly  overcome 
th e  to x ic  effects of th e  organic com pounds.

W hile a kn ow ledge of th e  effect of th ese compounds 
on th e  grow th  of w h eat seedlings in w ater solution is 
of th e  g rea te st im p ortan ce, n everth eless we should

1 A sum m ary  of th e  effect of various organic com pounds on growth 
is given in Bull. 87, B ur. of Soils, U . S. D ep t. Agr., p. 70.

1 Schreiner and  Skinner have stud ied  th e  effect of cum arin (Bull. 
77, B ur. Soils, p. 16) and  of salicylic aldehyde, U. S. D ep t. Agr. (Bull. 
108, 5, 12), on w heat p lan ts  in the  soil.
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not assum e from  results ob ta in ed  in  th is m anner th a t  
these com pounds w ill exh ib it th e sam e b eh avior to 
ward plants grow in g in th e  soil. C on ditio n s are m uch 
more com plex in th e  soil. A d so rp tion  and other 
surface effects, aeration, th e  effect of chem ical com 
pounds and th e  actio n  of m icroorganism s are all fa cto rs 
which are of little  im p ortan ce in th e w ater cu lture, 
but which p la y  a m uch m ore prom in ent r61e in the soil.

E xtensive w ork on th e b eh avior of these organic 
compounds tow ard  p lan ts in th e  soil, is n ecessary  b e
fore we are able to  d raw  final conclusions in  regard  
to the relation  of these sub stan ces to soil fe rtility .

E X P E R IM E N T A L  P A R T

The present pap er deals w ith  th e  b eh avior of van illin , 
salicylic a ld eh yde, cum arin , quinone and d ih yd ro xy- 
stearic acid  to w a rd  w h eat p lan ts in th e soil.

Vanillin is of special in terest because it  ex ists in 
many plan ts in  th e  form  of a glucoside. V an illin  or 
substances w hich g iv e  rise to it  h a ve  been reported  
in o a ts,1 asparagus sh o ots2 and other plan ts. Q u ite3 
recently it  has been iso lated  from  u n germ in ated  w h eat 
seeds and from  seedlings five d a ys old. I t  has recen tly  
also been iso lated  from  F lorid a  soils.4

Vanillin has been show n b y  Schreiner, R eed  and 
Skinner6 to  be to x ic  to  w h ea t seedlings grow n in  dis
tilled w ater solution, 500 p arts per m illion being 
sufficient to cause' death  in nine d ays. I t  w as n o tice
ably toxic in m uch low er con cen tration s. Schreiner 
and Skinner6 h a v e  show n also th a t van illin  is m uch 
less toxic in  w a ter solution  in th e  presence of fertilizer 
salts.

e x p e r i m e n t  I— The soil used in this experiment came from a 
meadow which has long been in blue grass. It  is a  black silt 
loam of excellent texture and rich in organic matter. Approxi
mately 1800 g. of dry soil were mixed with the required amounts 
of vanillin, potted and brought to the proper moisture content 
with distilled water. A fter standing 24 hours, ten wheatseeds 
were planted in each pot. Complete germination was secured 
in cach. After the plants were well sprouted each pot was 
thinned to five plants. The experiment lasted from October 20 
to November 28th (39 days). A t  the end of this time the pots 
were opened, the soil very carefully removed from the roots 
and the green and dry weights of the whole plant determined. 
The results are shown in Table I, A.

T a b l e  I — R e s u l t s  w i t h  V a n i l l i n

A B C

T r e a t m e n t

-M +J O Jd 
C u fc. &
Sfj; h i  — 2u  £  t - g  o  to

O  P  Pi
1 Soil u n trea te d ................................... 19.2 2.2 i 100
2 Same +  250 p. p. m. vanillin  19.2 2.20 100
3 Same 4* 500 p. p. m. vanillin  18.8 2.09 98

+ j 4-i V  +->.3 ¿3 > f* ^
a  to to £  a  to
S'g >,« IS  Ssu f- u £ O a I- i

O Q O

4-. a S3
*tO -5 ?

u  £  CJ to
Q Pi

> 6.4 100 
I 6.39 101

.  I ___________   - .....  . . .  ___ ! 7.13 114
4 Same +  1000 p . p. m. vanillin  18.6 2.16 97 48.4 7.46 101 50.1 6.57 98

48.1 7.58 100 51.0 ( 
51.5 7.43 107 51.8 ( 
47.7 7.20 99 58.2 !

The roots were n ot v is ib ly  in jured  in  a n y  w a y  even 
in the highest con cen tratio n  of van illin . A  p h o to 
graph serves to  show  th is m ore clearly . P la te  I shows 
the plants from  E xp erim en t i :  N os. i ,  2, 3 and  4 show
the plants from  th e u n treated  soil and from  th e soil

1 dc R aw ton, Compt. rend., 125, 797.
! von L ippm an, Ber., 18, 1335.
• Sullivan, T in s  J o u r n a l , 6, 920.
* Shorey, J .  /I j r .  Res., 1, 357.
s Bur. Soils. U. S. D ept. Agr., Bull. VI, 31.
! Ibid., Bull. 77, 20.

con tain in g 250, 500 and 1000 p a rts  per m illion van illin ' 
resp ective ly .

e x p e r i m e n t  2— This is a duplicate of the first experiment 
except that the plants grew till December 23rd (64 days). The 
results are shown under B in Table I.

e x p e r i m e n t  3— This experiment was carried out in the same 
manner as Experiments 1 and 2 except that the vanillin was 
added to the soil in water solution. This experiment ran from 
October 30th to December 29th (60 days). The results are 
given under C  in Table I.

e x p e r i m e n t  4— Another experiment was carried out using 
soil from a field which has been under cultivation for about 
thirty years. I t  is a  silt loam of excellent texture, but much 
less fertile than the soil used in the previous experiments. The 
plants grew from November 30th to February 3rd. Three 
plants were grown in each pot, the green weights of the tops 
only being recorded (Table II).

T a b l e  I I — R e s u l t s  w i t h  V a n i l l i n

R el-
G recn R elative  G reen a tive

T r e a t m e n t  No. w eight grow th  N o. w eight grow th
Soil u n tre a te d .........................................  1 6 .5  100 4 6 .6 9  100
Sam e - f  500 p. p. m. v a n il l in . . . .  2 6 .3 9  97 5 6 .5 9  99
Sam e 4* 1000 p. p. m .  v a n illin . . . .  3 5 .9  90 6 6 .4 9  97

T h ese experim ents show  th a t van illin  is n ot ap p reci
a b ly  to x ic  to  w h ea t p lan ts w hen present in th e  soil 
even  in q u an tities as high as 1000 p arts per m illion. 
V an illin  is therefore, to  sa y  th e  least, m uch less to x ic  
in th e soil th a n  in w ater cultures. E v en  w ith  the 
ad ditio n  of fertilizer salts in  th e m ost fa v o ra b le  com 
bin ation s, solutions con tain in g o n ly  50 p a rts  per 
m illion of van illin  g a v e  a re la tiv e  grow th  of w h eat 
p la n ts1 of 88.

S alicy lic  a ld eh yde has v e ry  recen tly  been fou n d  in 
a soil b y  Schreiner and S kin n er.2 T h ese in v e sti
gato rs h a ve  also determ in ed its  e ffect on corn and w h eat 
in d istilled  w a ter cu ltures and also in th e soil. T h e y  
find th a t  in  d istilled  w ater, grow th  of w h eat is reduced 
b y  th e presence of 25 p arts per m illion sa licy lic  a lde
h yd e, 69 per cen t and th a t in  con cen tration s of 50, 
100 and 200 p arts per m illion th is  su b stan ce produced 
d ea th .3 M uch th e  sam e effect w as produced on corn 
grow n in  n u trien t solutions: 10 p arts per m illion of
the a ld eh yde g a v e  a re la tiv e  grow th  of 60 a fter 25 
d a ys, w hereas 200 p a rts  per m illion ga v e  a re lative  
grow th  of o n ly  10.

T h e  effect of sa licy lic  a ld eh yde on w h ea t and corn 
in soil in p o ts w as also d eterm in ed .4 S alicy lic  a ld e
h yd e  in 50 p a rts  per m illion g a v e  a re la tiv e  grow th  of 
w h ea t of 61, a fter  22 d ays and  in con cen tratio n s of 
100 and 200 p arts per m illion caused d eath : 50 parts
per m illion of th e  a ld eh yde reduced th e grow th  of corn 
in soil 24 per cen t and in q u artz  sand  60 per cent. 
T h ese exp erim ents were carried  ou t in  paraffined wire 
pots described in C ircu lar 18 of th e B u reau  of Soils.

E X P E R IM E N T S  W IT H  S A L IC Y L IC  A L D E H Y D E

F or these -experim ents th e  soil selected  w as th e sam e 
as the one used in E xp erim en t 4 w ith  van illin . P ots 
holding a b o u t 1800 g. of soil were em p loyed. T h e 
a ld eh yd e w as dissolved  in w ater and added  to  the soil 
in th e proper proportions.

1 Schreiner and  Skinner, Bur. Soils, U . S. D ep t. Agr., Bull. 77, 21.
* U. S. D ep t. Agr., Bull. 108, 1 (1914).
* Ibid., 108, 3; Skinner, Btochem. Bull. 3, 390; J .  A m . Soc. Agron., 6,

108.
« U. S. D ep t. Agr., Bull. 108, 5.



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

E x p e r i m e n t  5 — This experiment with salicylic aldehyde was 
carried out in the same manner as the vanillin experiments. 
Ten wheat seeds were planted in each pot and the plants thinned 
to five after they were well sprouted. The experiment ran from 
Novem ber 22nd to January 2nd. Section A of Table III  shows 
the weights of the tops only.

T a h i . i : I I I — R e s u l t s  w i t h  S a l i c y l i c  A l d e h y d e

A B

go &d |  g So ejo 1 1 ■
N o. T rea tm e n t G O  iS feO  Q «

1 Soil u n tre a te d ..................................................  6 .7  .85 100 12.7 2.51 100
2 Sam e -f- 10 p. p. m. salicylic a ldehyde 6 .8  .89 102 12.1 2 .2 9  95
3 Same 4- 25 p. p. m. salicylic a ldehyde 6 .2  .77  93 11.8 2 .3 0  93
4 Sam e 4- 50 p. p. in. salicylic a ldehyde 5 .7  .73 85 12.2 2 .4 2  96
5 Same +  100 p. p. m. salicylic a ldehyde 6 .2  .75 93 12.3 2 .47  97

e x p e r i m e n t  6 — This experiment is a duplicate of Experiment 
5, except that it ran till January 28th. The results are shown 
under B in Table III.

e x p e r i m e n t  7— The same method was used as in the preceding 
experiments, except that higher concentrations of the aldehyde 
were used and the experiment ran from January 15th to March 
6th. A  of Table IV  gives the results.

T a b l e  IV — R e s u l t s  w i t h  S a l i c y l i c  A l d e h y d e

A B

C ¿ J  g  >  ~

go &d 1 1  go ¡jo ! l
N o. T rea tm e n t O Q t f & O Q  Pi u

1 Soil u n tre a te d .................................................  8 .5  1 .6  100 4 .5  .33  100
2 Sam e - f  100 p. p. ni. salicylic a ldehyde 7 .8  1.55 92 3 .8  .25 84
3 Sam e +  200 p. p. m. salicylic aldehyde 8 .4  1.73 99 3 .3  .20  73
4  Sam e +  500 p. p. m. salicylic a ldehyde 8 .0  1.59 94 4 .4  .34  98

e x p e r i m e n t  8— The effect of salicylic aldehyde on corn was 
also determined. The experiment ran from February 3rd to 
M arch 6th. Two plants were grown in each pot and the method 
was the same as the one used in the wheat experiments. The 
results are given under B in Table IV.

O ur experim ents in d icate  th a t sa licy lic  a ld eh yde is 
m uch less to x ic  to  w h eat and corn  p lan ts in th e soil
th a n  in w ater cu ltures. T h e to x ic  effect on w heat,
even  in a con cen tratio n  of 500 p arts per m illion, is 
p ra ctic a lly  negligible. T h is  does n ot agree w ith  th e 
resu lts of Schreiner and S kin n er.1 In  order to  de
term in e w hether th is difference w as due to  th e  m ethod 
or to th e soil we repeated  th e  exp erim ent, using th e 
paraffine wire p ots accordin g to  th e m ethod of Schreiner 
•and S kin n er.1

EXPERIMENT g — W heat was grown for twenty-two days in 
paraffined pots. A t the end of this time the tops only of the six 
plants from the check pot weighed 0.98 g. while those from the 
pot treated with 100 parts per million of the aldehyde weighed
1.09 g. The soil which we used was a silt loam of loose texture 
and fairly high in organic matter, while the one used by Schreiner 
and Skinner is described as “ a heavy clay loam.”

Our experim ents show  th a t th e effect of sa licy lic  
■aldehyde on th e  grow th  of w h eat and  corn  is different 
fo r  d ifferen t soils. W e are of the opinion th a t  aeration  
a n d  absorp tion  are im p o rta n t fa cto rs in overcom in g 

■the effect of th e  ald eh yde. I t  is p robable th a t  the 
■explanation of our resu lts is to  be found in th e fa c t 
th a t th e soil used w as of a looser te xtu re  and m ore 
■absorptive th a n  th e one described b y  Schreiner and 
Skinner.

P relim in ary  experim ents on th e b eh avior of cum arin, 
■quinone and d ih yd ro x ystearic  acid  to w a rd  w heat

1 hoc. cit.

p lan ts in  th e soil in d icate  th a t  th e effect is entirely 
different from  th e  effect of these sub stan ces in water 
solutions. Q uinone in con cen tration s below  500 parts 
per m illion in soil is beneficial to  th e grow th  of wheat. 
T h e  oth er tw o  substances are som ew hat m ore toxic 
in th e  soil th a n  is van illin . A  com plete series of ex
perim en ts w ith  th ese com pounds is in  progress. Ex
perim en ts are also in progress to  determ in e th e  fate  of 
these com pounds and  also of van illin  and salicylic 
ald eh yde, in th e soil.

C O N C L U S IO N S

T h e b eh avior of van illin  and of sa licy lic  aldehyde 
to w a rd  w h eat p lan ts in th e  soil is show n to be quite 
different from  th e  b eh avior of these substances in 
w ater cultures.

T h e  b eh avior of sa licy lic  a ld eh yde is show n to be 
different in d ifferen t soils.

T h e  n ecessity  for m ore exten d ed  exp erim ents of the 
n ature of those here reported , has been dem onstrated.

L a b o r a t o r y  o f  A g r i c u l t u r a l  C h e m i s t r y  
U n i v e r s i t y  o p  N e b r a s k a  E x p e r i m e n t  S t a t i o n  

L i n c o l n

TH E  EN G IN EER IN G  PR O P E R T IE S OF SOILS
B y R . O. E . D a v is 1 

R eceived F eb ru ary  6, 1915

T h e engineering properties of soils are of interest 
to all peoples liv in g  under civ ilized  conditions, and 
engineering questions concerning th e soil are of im
po rtan ce n ext to  th a t  of p roductiven ess. T h e con
stru ctio n  and m ain tenance of drainage, irrigation  or 
com m ercial can als, the proper fou n d atio n s for archi
te ctu ra l stru ctu res, th e  con stru ction  and operation 
w ith  sa fe ty  of m ines and quarries, and th e  protection 
afforded b y  levees and em b an km en ts are all dependent 
d ire ctly  in m ost cases and in d irectly  a lw a y s on these 
engineering properties. A tten tio n  has n ot been given 
to th e  su b ject in prop ortion  to  its  im portan ce. Lately, 
how ever, engineers and engineering societies have 
ev iden ced  a grow in g in terest in th e su b ject, as it is 
realized th a t while th e  engineering featu res of the 
sup erstructures h ave been w orked  ou t w ith  m uch care 
and detail, th e prop erties of th e soil on which the 
fou n d atio n  rests are v e ry  little  understood.

T h e sta tem en t has been m ade th a t  n oth in g is known 
of these properties. T h is, how ever, is rath er mis
leading; th e fa cts  are th a t  th e  prop erties th a t  th e engi
neer has to deal w ith  are m ain ly  th e p h ysica l properties 
of th e soil and these h ave been stu d ied  system atically  
for som e years, m a in ly  from  th e  agricu ltu ral stand
point. So it  is well to  see in w h a t w a y  th e  tw o  studies 
are related  so th a t needless w ork m ay be avoided.

A p p roach in g th e problem  from  th e  engineering 
stan dp oin t, th e  properties of th e soil on which the 
engineer wishes in fo rm ation  are th e  r ig id ity  of the 
soil, its  cohesiveness, its  p e n e tra b ility , and  its  porosity. 
T h ese are th e prop erties th a t  determ ine th e weight 
w hich th e  soil w ill sup port under stru ctu ra l condi
tions, th e  h eigh t to  w hich a reta in in g w all of soil will 
stan d  w ith o u t ad ditio n al su p port, th e  resistance

1 Scientist in Soil L ab o ra to ry  Investiga tions. B ureau of Soils, U. S. 
D ep t, of Agriculture.
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offered to  th e  d riv in g of piles or sim ilar operations, 
and the rates a t w hich w ater is lost from  irrigation  
ditches and canals. T hese sam e p h ysica l properties 
of the soil determ ine th e  resistance of a soil to  erosion 
by wind or w ater, regu late  th e rate  of w ater m ove
ment as a su p p ly  to  th e p lan t, determ ine th e resistance 
offered b y  th e soil to  tillag e  operations and to  th e ex 
pansion or grow th  of p la n t roots. W hile im p ortan t 
to know these properties in  engineering operations, 
the studies carried on from  an agricu ltu ral view p o in t 
have resulted in gen eralization s th a t  m ust be regarded 
if the engineering in vestig a tio n s are n ot to  resu lt in 
much unnecessary duplication.

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

Soil is m ade up of solid particles m o stly  m ineral in 
character, a v a ry in g  am ount of w ater w ith in  th e  in 
terspaces of th e soil and gen erally  gases o ccu p yin g 
part of the interspace. T h e re lativ e  proportions of 
these con stitu en ts are co n stan tly  chan gin g, b u t the 
actual am ount of solid m aterial rem ains m ore or less 
constant. E ven  th is, how ever, is n ot a ctu a lly  tru e; 
the m ovem ent of w ind or w ater over the surface causes 
a translocation of th e  solid soil-m aterial, and th e m o v e
ment of w ater w ithin  the soil is c o n sta n tly  causing 
the rem oval or deposition of th e solid phase of the 
soil A  more serious change in th e  soil as a result 
of the chan gin g m oisture con ten t w ill be referred to  
later. It  is sufficient to  s ta te  here th a t  th e soil is 
constantly chan gin g in actu al com position, and the 
properties are also chan gin g; th a t  is, th e soil problem  
is not sta tic  b u t d y n a m ic .1 If we consider m ore in de
tail the ph ysical properties we shall see in w h a t m an 
ner this is true.

S O I L  T E X T U R E

The textu re of soil is th e fa cto r upon w hich m any 
of the p h ysica l properties are dependent. T h e soil 
texture is determ ined b y  th e m echanical com posi
tion and b y  th e crum bing of th e soil. M ech an ica l 
composition refers to  th e  re la tiv e  am oun ts of different 
sized particles com posing th e  soil. A  soil m ade up 
mostly of sand or larger sized particles has larger in 
terstices th a n  a soil com posed of sm aller particles, 
under conditions in w hich crum bing does n ot ta k e  
place. A cco m p an yin g th e  presence of th e sm aller 
grades the phenom enon of crum bing occurs. T h is is 
the grouping of th e sm all silt and c la y  p articles into 
larger aggregates, th e resu lt of w hich is a m ore open 
and porous soil. T h e a ctu al am oun t of interspace 
is not increased g re a tly  b u t th e size of th e  spaces is 
m aterially 'enlarged. T h is  is c losely  related  to  the 
moisture con ten t as w ill be show n later.

The am ount of w ater w hich a soil m a y  con tain  is 
measured b y  th e pore space. In th e case of h e a v y  
clay soils, where th e  am ou n t of pore space is great, 
the cap acity  for absorbing w ater is v e ry  large. T h e 
rate at w hich w ater w ill m ove th rough  a soil depends 
upon the size of th e  pore spaces w hich is d ire ctly  de
pendent on the size of th e soil p articles or kernels.

1 This has been em phasized by  C am eron in several articles, especially 
in t h e  article, " T h e  D ynam ic V iew point of Soils,1' T h i s  J o u r n a l , 1  ( 1 9 0 9 ) ,  
806.

M I N E R A L O G I C A L  C O M P O S I T I O N

T h e m ineralogical com position  of th e soil has an 
effect upon th e  engineering prop erties of th e  soil th a t 
is b oth  chem ical and p h ysica l. T h e  chem ical fa cto r  
is th e  ease w ith  w hich th e m inerals are b roken  dow n 
or chan ged ch em ically , due to  th e w eath erin g condi
tions, or th e  action  of soil w ater and soil atm osphere. 
T h ese are e x a c tly  th e sam e conditions th a t  are im 
p o rta n t from  an agricu ltu ra l stan dp oin t. T h e p h ysica l 
fa cto r  is due to  th e p a rticu la r shape or condition  of 
surface of th e soil m inerals conn ected  w ith  various 
m ineral com positions. T h is question  is one of v ita l 
im portance in th e erosion of soil. T h e presence, for 
exam ple, of m uch m icaceous m aterial in th e soil is

presum ed to  cause th e p articles to  m ove over each 
other m ore easily  th a n  w hen these are absen t. T h is 
is also v ita lly  im p ortan t to th e engineer in selectin g 
fou n d atio n s or build in g em bankm en ts.

M O I S T U R E  C O N T E N T

W hile th e te x tu a l relations of the soil and its  m in
eralogical com position  are im p o rta n t in stu d y in g  
th e p h ysica l properties, p ro b ab ly  th e  m ost im p ortan t 
single fa cto r  in determ in ing th e p h ysica l condition  
of th e  soil is th e  m oisture con ten t. I t  is n ot sta tin g  
th e case too stro n gly  to  sa y  th a t  the soil is co n stan tly  
chan gin g and th a t these changes are m ain ly  due to  
th e soil m oisture. T h ere are surface changes ta k in g  
place due to  th e action  of w ind, and th ese changes 
are large; b u t th e changes resultin g from  w a ter ex

ten d  th rou gh ou t the m ass of th e soil w h erever th e 
rain fall is sufficient, and th e aggregate  of these changes 
is v e ry  large.

E xp erim en ts h a ve  sh o w n 1 th a t th e  m agn itude of 
a n y  p h ysica l m easurem ent of th e soil changes w ith  a 
change in m oisture con ten t. T h e degree of th e change 
varies w ith  th e  m echanical com position  of th e soil, 
th e va ria tio n  in soils of fine textu re being m ore grad u al 
w ith  chan gin g m oisture con ten t, th a n  th a t  in soils 
of a coarser textu re . H ow ever, th e change in dim en-

1 C am eron and  G allagher, Bull. 50, B ureau  of Soils, D ept, of Agric. 
( 1 9 0 8 ) .
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sion of a n y  p h ysica l p ro p erty  of a soil varies w ith  th e 
m oisture conten t, reachin g a m axim um  or m inim um  
v a lu e  a t a definite m oisture con ten t for a n y  specific 
soil. A s exam ples, th e vo lu m e or th e p en etra b ility  
of a soil changes w ith  a change in m oisture con ten t.

F igs. 1 and 2 show  th e  c u rv es1 for the apparen t 
specific g r a v ity  and th e p e n e tra b ility  of several soils, 
in w hich these va lu es v a r y  w ith  th e  change of m ois

tu re con ten t. F rom  th e  pen etration  cu rves it w ill 
be n oted  th a t  the p en etration  reaches a m inim um  
va lu e  w ith  P o d u n k  fine sa n d y  loam  a t a b o u t 6 per 
cen t m oisture, w ith  V olu sia  silt loam  a t 13 per cent 
and w ith  L eon ard tow n  loam  a t 15 per cent. T h e 
ap paren t specific g r a v ity  is a t  its  m inim um  v a lu e  at 
6 per cen t m oisture for P od u n k  fine san d y loam , at 
12 per cen t for V olu sia  soil and a t 14 per cen t for th e 
L eon ard tow n  loam .

Since th e soil as a w hole is a lw a y s eith er being w et 
o r  dryin g out, in un dergoing these processes th e p h ysica l 
prop erties change w ith in  certain  lim its, as a lread y  
poin ted  out. T h e m ost im p o rta n t of these changes 
from  an engineering stan dp oin t is th e change in  v o l
um e. If w a ter is added to  a loose soil and th en  th e 
soil is allow ed to  d ry  out, it  w ill be foun d th a t th e d ry  
soil w ill be in  a m ore co m p act sta te  th a n  th e  soil to 
w hich w ater w as first added. B y  repeatin g th e process 
i t  w ill be foun d th a t  th e change in vo lu m e results 
a lw a y s  in th e  soil occu p yin g m ore vo lu m e when w et 
th a n  w hen d ry. H o w ever, th e change in  vo lu m e 
becom es sm aller each tim e, approach in g a lim itin g 
c u rv e  for the vo lu m e changes. T hose changes are 
sh o w n  in F ig . 3 for a c la y  loam  soil. T h e  curves in 
F ig . 3 show  th e p ercen tage vo lu m e decrease of a loosely 
pa cked  soil on successive w ettin g  and d ryin g. T h e 
c u rv es  are num bered in  th e order of th e w ettin g. 
T h ere is a decrease of 14 per cen t in vo lu m e on the 
first dryin g, b u t when re-w etted  th e vo lu m e shows

1 R eproduced from  Bulls. 50 kbd 82, B ureau  of Soils, U. S. D ep t, of 
Agric.

an increase of on ly  4 p er cent. T h is is follow ed by 
a shrinkage of n early  12 per cent. T h e change be
com es less w ith  each cycle , approach in g lim itin g values.

On th e other hand, if th e soil is com pacted  as much 
as it  is possible to  do b y  m echanical m eans and then 
w etted , th e vo lu m e w ill increase; b u t on d ryin g out, 
while sh rin kage tak es  place, th e  d ry  vo lu m e will be 
larger th a n  th e volum e of th e origin ally  compacted 
soil. A g ain  th e changes in vo lu m e show  a hysteresis 
effect approach in g a lim itin g cu rve, as show n in Fig. 
4. In th is case th e  soil w as first com pacted  and then 
w etted . T h e com p acted  condition  is ta k en  as the 
zero vo lu m e. T h e first cu rve show s a decrease in 
vo lu m e on d ry in g, b u t on rew ettin g  there is an in
crease in  vo lu m e over th e  previou s condition  of the 
soil w ith  th e sam e am oun t of m oisture. T h e  direc
tion  of change on w ettin g  is in d icated  b u t th e actual 
p ath  fo llow ed  is n ot shown. ‘ T h is, then, explains 
n atu ra l p ackin g. R egardless of th e condition  of the 
soil, b y  several successive w ettin g s and dryin gs the 
soil p articles so arran ge th em selves th a t  th e  changes 
in vo lu m e approach  a lim itin g  cu rve. T h is is the 
process th a t  th e  soil follow s under n atu ra l conditions, 
so th a t th is process of “ n atu ra l p a c k in g ”  produces 
a soil of a definite vo lu m e for a g iven  m oisture con
te n t. W h eth er we sta rt w ith  a loosely  packed or a 
com pacted  soil, on continued  w ettin g  and d ryin g there 
are changes in vo lu m e and a hysteresis effect until a 
sta te  is reached  in w hich th e  expansion on wetting 
is ju s t eq ual to  th e co n traction  on d ryin g. This is 
th e s ta te  of n atu ra l packin g. W ith in  narrow  limits 
th e chan ge of vo lu m e on con traction s is n ot greatly 
depen dent on th e p a ck in g  of th e  soil.

S till another p ro p erty  of th e soil influenced b y the 
moisturfe con ten t is th a t  of th e  rate  of evaporation 
of th e  w ater contain ed  therein . M easurem ents of

the rate  of evap o ratio n  for several soils show that 
there is a  fa ir ly  rap id  increase in th e  rate  of evapora
tion  from  th e d ry  condition  up to  th e critica l moisture 
con ten t, and th a t  th e  ra te  th en  becom es n early  con
sta n t. T h e  change in th e rate  cu rv e  corresponds 
t& th e  m axim um  or m inim um  of oth er p h ysica l proper
ties. T h e curves reproduced in F ig . 5 show more
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clearly how th is chan ge in. rate  of ev ap o ratio n  tak es 
place.

From the consideration  of th e  changes ta k in g  place 
in the soil it  is ev id en t th a t  th e  conditions of th e soil 
are not con stan t. T h e  com position  as w ell as the 
physical properties of th e soil is co n sta n tly  chan gin g 
and these changes m ust be considered in a n y  s tu d y  
of soil conditions. T h e  largest and m ost im p o rtan t 
changes in th e  soil are w rou gh t b y  a chan gin g w ater 
content. T h e  influence of these chan ges fo llow  a 
definite law  and w ith  th is un derstan din g of th e influence
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of m oisture va riatio n , it  rem ains to  in v estig a te  th e 
amount of such changes due to  specific soil conditions.

S U M M A R Y

The engineering properties of th e  soil are th e prop er
ties of interest from  the p h ysica l stan d p o in t and are 
identical w ith  those p h ysica l properties of im portan ce 
to agricultural operations.

The factors influencing th e  p h ysica l prop erties are 
mechanical com position, m ineralogical com position  
and m oisture con ten t. A ll of these are c o n sta n tly  
changing, b u t th e grea test va riatio n  occurs in th e 
moisture relations of th e  soil.

A stu d y  of th e  m oisture relations has dem on strated  
the fact th a t  all of th e  p h ysica l prop erties change 
with a chan gin g m oisture con ten t and w ith  a n y  g iven  
soil there is a p a rticu la r  m oisture con ten t a t w hich th e 
properties eith er reach a m axim um  or m inim um  va lu e; 
this m oisture con ten t is th e  critica l m oisture con ten t 
of the soil.

The soil, if  a llow ed to  becom e w et and d ry  ou t
several tim es, reaches a condition  of com pactness
known as “ n atu ra l p a c k in g .”  T h is com pactness
varies w ith  th e m oisture con ten t ju s t as th e  other
physical properties do.

The stu d y  of th e engineering properties of th e  soil 
will consider th e  changes due to  specific soil con di
tions, b u t m ust recognize th e d yn am ic soil conditions.

B u r e a u  o p  S o i l s  
U. S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  W a s h i n g t o n

LITH IU M  IN  SO ILS
B y h .  A . S t e i n k o e n i g  

Received Jan u a ry  6, 1915

Lithium  is v e ry  w id ely , th o u gh  n ot a b u n d an tly , 
distributed in  n ature. I t  has been foun d in a large 
number of sed im en tary  rocks exam ined b y  A. H ilg er,1

1 Deul. Chtm . Ges. Bcr., 8, 335.

in  a great n um ber of p rim ary  rocks, granites, syen ites 
and gneisses, b y  L. D ie u la fa it,1 and in m any varieties 
of m arble, calcareou s rocks and E n glish  ch alk  b y  
K irch o ff and B u n sen .2

L ith iu m  is also v e ry  often  foun d in m ineral w aters 
and salines. I t  has been foun d in  th e larger bodies 
of w ater: in  th e D ead  Sea, b y  D ie u la fa it3 and in the 
w aters of th e  M editerran ean  Sea, R ed  Sea, Indian  
O cean, Chinese Sea, A tla n tic  O cean, A n ta rc tic  O cean 
and th e  N orthern  Ocean b y  the sam e author,'1 th e 
con cen tration  of lith iu m  being great enough in the 
w aters of the M ed iterran ean  to  m ake it  easy  to  d e
te ct, in th e residue from  one cubic cen tim eter of w ater.

B ein g so w id ely  d istrib u ted  in rocks one w ould  
exp ect to  find lith iu m  in th e soil and p lan ts su p ported  
b y  the soil. B e e t6 and to b acco  plan ts ta k e  up consid
erable q u an tities  of th is elem ent from  th e soil. L ith iu m  
was foun d in tom ato es, ch ick  peas and Iris germ in ica 
b y  Passerine6 and in a great n um ber of p lan ts grow in g 
exc lu sively  in A u stria  b y  T sc h e rm a k .7 B unsen  and 
K irch o ff foun d lith iu m  in th e ash of th e w ood of trees 
grow n on a gran ite  soil and in the ash of all k inds of 
cereals grow n in th e v a lle y  of th e  R hine.

L ith iu m  has also been foun d in th e b lood and m uscles 
of m an and ru m in an t anim als b y  K irch o ff and B unsen 
and in n ea rly  all th e organs of th e hum an  b od y b y 
H errm an n .8

L ith iu m  has been know n  to  be present in soils, 
for a lon g tim e, b u t there are few  q u a n tita tiv e  esti
m ates of th is elem ent. I t  w as fou n d  present in all 
soils exam ined b y  R o b in so n .5

T h e  lith iu m  w as ob tain ed  to g eth er w ith  th e  sodium  
b y  th e  J. L aw ren ce Sm ith  m ethod and th e excess of 
p latin u m  used to  p recip ita te  th e potash  rem oved  b y 
trea tm en t w ith  h yd rogen  sulfide. T h e  lith iu m  and 
sodium  salts rem ain ing in solution  are filtered  and con
cen tra ted  to  sm all volum e.

T h e  lith iu m  w as determ ined b y  m eans of a H ilger 
w a ve  len gth  spectroscope using th e line of 6708.2 
w a ve len gth . T h e  in ten sity  and duration  of th e line, 
com pared w ith  th a t  of a stan dard  solution, served to 
m easure th e  con ten t of lith ium . T h e m ethod of com 
parin g th e  sp ectra  of unknow n and stan d ard  w as v e ry  
sim ilar to  th a t  of T ru ch o t, w ith  th e use of p latin u m  
spiral and addition  of sodium  chloride to  stan dards 
as described b y  Skinner and C o llin s.10

A  b lan k  determ in ation  showed sm all am ounts of lith 
ium  in reagen ts b u t n ot enough to  in terfere w ith  th e 
determ in ation . T o  determ ine w hether appreciable 
am oun ts of lith iu m  are v o la tilized  durin g heatin g 
tw ice  to  drive off am m onium  salts, stan dards were 
m ade b y  addin g lith iu m , in am ounts occurring in soils, 
to  pow dered q u artz. N o  loss of lith iu m  occurred

1 A n n . chirn. Phys., f5] 16, 377-391.
2 Chem. News, 98, 151-2.
a Compt. rend., 94, 1352-1354.
* A n n . chim. phys., [5] 16, 377-391.
6 von L ippm ann , Ber., 30 (1897), 3037-3039.
• Staz. Sper. Agrar., 20, 471-476.
7 Zeil. Landw. Versuchs-lVesen. Oesterr., 2, 560-572.
s PjlUger's Archiv., 109 (1905), 26-50.
9 Bull. 122, B ureau of Soils, U . S. D ept. A griculture, 1914.

10 Skinner and  Collins, Bull. 153, B ur. of Chem ., U. S. D epartm en t of 
A g r .  (1912).
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P e r  C e n t  L i t h i a

S o i l s  A n a l y z e d  f o r  L i t h i u m  S o i l  S u b s o i l
S o i l s  o f  R i v e r  a n d  F l o o d  P l a i n s  P r o v i n c e

C a h a b a  F i n e  S a n d y  L o a m ,  C l a y  C o u n t y ,  G a ............................  0 . 0 0 2  0 . 0 0 4
C a h a b a  V e r y  F i n e  S a n d y  L o a m ,  M i n d e n ,  L a ......................... 0 . 0 0 1  0 . 0 0 2

S o i l s  o f  G l a c i a l  a n d  L o e s s i a l  P r o v i n c e
M e m p h i s  S i l t  L o a m ,  G r e n a d a  C o . ,  M i s s ........................................  0 . 0 0 2  0 . 0 0 2
M e m p h i s  S i l t  L o a m ,  S m o o t h  P h a s e ,  G r e n a d a  C o . ,

M i s s ...............................................................................................   0 . 0 0 1  0 . 0 0 2
C a r r i n g t o n  L o a m ,  L a w v i l l e ,  W i s ............................................................ 0 . 0 0 2
G l o u c e s t e r  S t o n y  L o a m ,  3  m i .  E . M a r l b o r o ,  N. H   0 . 0 0 3
V o l u s i a  S i l t  L o a m ,  3 1/ *  m i .  S .  W .  N a p l e s ,  N .  Y ....................  0 . 0 0 3

S o i l s  o f  C o a s t a l  P l a i n s  S e r i e s
R u s t o n  F i n e  S a n d y  L o a m ,  M i n d e n ,  L a ........................................... 0 . 0 0 2  0 . 0 0 3
S u s q u e h a n n a  C l a y ,  C l a r k  C o . ,  M i s s ...................................................  0 . 0 0 8  0 . 0 0 7
S u s q u e h a n n a  F i n e  S a n d y  L o a m ,  S m i t h  C o . ,  T e x a s .  . . .  0 . 0 0 3  0 . 0 0 3
O r a n g e b u r g  S a n d ,  T e r r e l  C o . ,  G a .......................................................... 0 . 0 0 2  0 . 0 0 3
N o r f o l k  F i n e  S a n d y  L o a m ,  3  m i .  S .  W .  M u r p h y ,  C o l -

q u i t  C o . ,  G a . . .................................................................................................  0 . 0 0 3  0 . 0 0 3
S u s q u e h a n n a  F i n e  S a n d y  L o a m ,  C o l q u i t  C o . ,  G a   0 . 0 0 2  0 . 0 0 3
P o r t s m o u t h  F i n e  S a n d y  L o a m ,  C o l q u i t  C o . ,  G a   0 . 0 0 3  0 . 0 0 4
T i f t o n  F i n e  S a n d y  L o a m ,  B e l l v i l l e ,  G a ..........................................  0 . 0 0 2  0 . 0 0 4

S o i l s  o f  t h e  L i m e s t o n e  V a l l e y  a n d  U p l a n d  P r o v i n c e
H a g e r s t o w n  L o a m ,  1 m i .  N .  W .  C o n s h o h o c k e n ,  P a .  . . .  0 . 0 1 0  . . .

S o i l s  o f  G r e a t  P l a i n s  P r o v i n c e
O s w e g o  S i l t  L o a m ,  2  m i .  N .  W .  M a n h a t t a n ,  K a n   0 . 0 0 3
C o l o r a d o  S a n d s ,  G r e e l e y ,  C o l ................................................................  0 . 0 0 2

S o i l s  o f  P i e d m o n t  P l a t e a u  P r o v i n c e
L o u i s a  L o a m ,  T r e v i l i a n s ,  V a ......................................................................  0 . 0 0 3

durin g th e  an alysis of these stan dards. Approxi
m a te ly  th e  sam e am ou n t of sodium  chloride as the 
soil sam ples contain ed  w as added to  th e  standards.

T h e soils were ta k en  from  six different areas. The 
resu lts of th e an alyses are g iven  in the accom panying 
tab le .

L ith iu m , a lthough occurring in sm all am ounts, was 
foun d present in  all soils exam ined and  in m any cases 
in larger am ounts th an  ru b id iu m 1 is u sually  found. 
T h e  con ten t of lith iu m  does n ot seem  to  follow  that 
of a n y  other elem ent in th e  soil. N ea rly  the same 
am ount of lith iu m  is foun d in soil and subsoil but in 
m ost cases th e proportion  found in th e subsoil is 
greater.

B u r e a u  o f  S o i l s  

U. S .  D e p a r t m e n t  o f  A g r i c u l t u r e , W a s h i n g t o n

LABORATORY AND PLANT
SAND B L A ST  F O R  M A R K IN G  G LASSW ARE

B y  G e o r o e  S p i t z k r  a n d  I , .  S .  T r a c h s u i ,

Received M arch  19, 1915

Som etim e ago it  becam e necessary for th e senior 
w riter to  devise a m eans for m arkin g glassw are. T h e 
m ain ob jects  desired were ra p id ity , econ om y and 
d u ra b ility . W here large q u an tities  of glassw are are 
to  be m arked  ra p id ity  is v e ry  essential. T h e m ethod 
of using an em ery wheel 
or em ery paper answ ers th e 
purpose q uite w ell where 
o n ly  “ sp ot e tch in g ”  is re
q uired  and th e glassw are is 
su ffic ien tly  stron g to  w ith 
stan d  th e pressure of the 
ra p id ly  m oving em ery wheel 
or em ery paper. W hen 
le tterin g  is to  be done other 
m ethods are resorted  to, 
and  th e  so-called  diam ond 
in k  or hyd ro flu o ric  acid 
m ethod  is som etim es used.
B efore em p lo yin g either 
hyd ro flu o ric  acid  or d ia
m ond in k  for effective 
etch in g it  is n ecessary  th a t  
th e  glassw are be w arm ed 
and free from  grease or dirt.
T h e  rubb er stam ps used 
for a p p ly in g  th e  etchin g 
agen t clog up w ith  the 
paste, m akin g frequ en t 
clean ing n ecessary  and also 
m akin g th e whole operation  
v e ry  slow  and som etim es 
u n satisfacto ry . In addition
th e etchin g done b y  th e h yd ro flu o ric  acid  is fine-grained 
and soon becom es v e ry  fa in t if th e glassw are is handled  
to  a n y  great ex ten t. T h is is tru e w hen grease or grea sy  
substances com e in  c o n ta ct w ith  th e etchin g.

T o  overcom e these difficulties an effort w as m ade to  
devise a sand b last, em b od yin g th e  featu res n ecessary 
for rap id  w ork, econ om y in vario u s relations and  one 
th a t w ould g iv e  durable m arkings. In  th is we believe

we h a v e  succeeded, in  a g rea t m easure, and it  is hoped 
th a t  perhaps others who m a y  h a v e  occasion  to  make 
use of th e  sand b last m a y  find som e suggestions in 
our description  and draw ings.

T h e  sand b la st devised  b y  th e  w riters has given 
excellen t resu lts in m arking B a b co ck  te s t bottles. 
I t  is easy  to  m an ipulate, econom ical and  rap id . From 
th e draw ing it  will be seen th a t  th e  m anipulation  is

11
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v e ry  sim ple; th e  b o ttle  to be m arked  is placed  in a 
cylin d rica l recep tacle  (b ottle  "holder), th e bell-crank 
presses th e b o ttle  a gain st th e  sten cil, th e  air cock is 
opened and th e  sand forced  a gain st th e stencil. At 
th e sam e tim e th e  cylin der is ro ta ted  b y  the hand 
su fficien tly  to  expose th e le tters  to  th e  b la st; when the 
tu rn  is m ade th e fo o t-lever is released w hich cuts off

1 Bull. 122, B ureau of Soils, U . S. D ep t. A griculture, 1914.
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the air b last, also p reven ts th e sand from  escaping, 
and the glassw are is th en  w ith d raw n . F rom  the 
construction of th e ap p a ratu s v e ry  little  sand is blow n 
out during th e m arking, even  th o u gh  high pressure is 
used.

Where large q u an tities of b o ttles  are to  be m arked  
the cost of m arking becom es an im p ortan t fa cto r  from  
the financial point of v iew , n ot o n ly  for tim e consum ed, 
but also w ith  reference to  cost of the m aterial. D urin g 
the past year over tw e n ty  thousan d (20,000) bottles 
have been m arked  at a cost of less th a n  ten  cents for 
sand and tw o  dollars (S2.00) for stencils, in  addition  
to the cost of com pressing th e air. T h e last item  
is to be considered and varies in different locations. 
In places w here steam  pow er is a va ila b le , as in fa c 
tories, cream eries e tc., the expense is scarcely  to  be 
considered a fter th e in itia l cost of in stallin g  an air 
compressor. W here o n ly  a lim ited  n um ber of bottles 
are to be m arked a hand com pressor w ill answ er q uite 
well; for rapid  w ork th e pressure need not exceed 20 
to 25 lbs. per sq. in.

It has been possible for an experienced m an to m ark 
six to eight gross per hour, in a v e ry  sa tisfa cto ry  
manner. T h e sand b last requires no previous clean ing 
of glassware, as is freq u e n tly  th e case when m arking 
with hydrofluoric acid.

D E S C R I P T I O N  O F  D R A W I N G S

Fig. i  is a brass receptacle of such dim ensions as 
will accom m odate the b o ttle  to  be etched  or m arked. 
This receptacle has a guide opposite th e  opening con
taining th e stencil. T h e stencil is held in fron t of 
the piece of glassw are to  be m arked, b y  tw o  clam ps..

Fig. 2 shows plans of and elevatio n s of th e  a ir-tigh t 
box which encloses a ll th e  etch in g m echanism . T h e 
spring (A) th rou gh  th e m edium  of th e  roller (B) forces 
the guide and th e  b o ttle  again st th e stencil. T h is 
rotation is ob tain ed  b y  pressing th e fo o t-lever (G) 
and is com m unicated  th rough  th e b ell-cran k and rod
(H). T he spring (A) is ad ju sted  to  ob tain  th e proper 
pressure of th e b o ttle  or piece of glassw are again st 
the stencil. T h e  sand is blow n from  th e nozzle (D ) 
and forced a gain st th e sten cil. T h e  receptacle is 
rotated b y  m eans of th e  handle (I) su fficien tly  to brin g 
each letter of th e sten cil norm al to  th e b la st of sand. 
The sand enters th e nozzle (D ) th rou gh  th e opening 
(E) b y  g ra v ity . T h e com pressed air enters through 
the valve (F ), w hich is controlled  b y  th e  foot-lever 
(G), this one lever op eratin g th e v a lv e  (F) and spring 
(A) sim ultaneously. T h e sand en tran ce to  th e nozzle 
is so located th a t  no sand escapes w hen th e air pressure 
is removed. A ll th e  m otions n ecessary to  m ark  each 
piece of glassw are are controlled  b y  th e foo t-lever 
sim ultaneously, excep t th e ro ta tio n  of the receptacle, 
the speed of w hich depends upon th e depth to  w hich 
the glassware is to  be m arked. A ll the sand b low n  into  
the box escapes th rough  th e opening (K ) into  a con 
tainer. T h e sand is return ed  to  th e  sand  box su p p ly in g 
the sand to  th e nozzle. T h is sand box is p laced  tw o 
or three feet ab ove th e ap p aratu s and th e sand is 
carried b y  m eans of rubb er tu b in g  or sm all glass pipe 
to the opening (E ) of th e nozzle.

T h e fu n dam en tal design of th is ap p aratu s can be 
m ade use of in m arking various kinds of glassw are. 
Sten cils can be easily  m ade con tain in g a greater n u m 
ber of letters or row s of letters. Sten cils h avin g 
plain  openings m a y be used in etch in g lab o rato ry  
glassw are, beakers, necks of flasks, e tc., or for “ sp o t”  
etchin g.

P u r d u e  U n i v e r s i t y . L a f a y e t t e . I n d i a n a

A M O D ER N  H YD RATED  L IM E  PLAN T
B y  R i c h a r d  K .  M e a d e  

R e c e i v e d  M a r c h  2 3 , 1 9 1 5

One of th e new est h yd ra te d  lim e p lan ts is th a t of 
th e  D u tch ess C o u n ty  L im e C o m p a n y , a t D over 
P lains, N . Y .  T h is p lan t w as com pleted  in the fall

F i g .  1— P i . a n t  o f  t h e  D u t c h e s s  C o u n t y  L i m e  C o . ,  D o v e r  P l a i n s ,  N .  V .

and has now  been in operation  for a b o u t four m onths. 
T h is com p an y, how ever, has been in existence for 
several years, op eratin g tw o  sm all kilns a b o u t tw o

F i g . 2 — L i m e  K i l n s  d u r i n g  C o n s t r u c t i o n

m iles from  th e to w n  of D o ver P lains, haulin g th eir 
lim e to  th e railroad  w ith  team s and brin gin g th e coal 
and oth er supplies to  th e p la n t b y  th e sam e m eans.
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T h e  stone foun d on th e  p ro p erty  is a h igh-grade 
m agn esian  lim estone of w hich th e fo llow ing analyses 
g iv e  a good idea.

A n a l y s e s  o p  L i m e s t o n e  F ro m  old q u a rry  F rom  n e w  q u arry
S ilica ........................................... . . .  0 .7 4 0.,88
Iron  oxide and  a lu m in a .. . . . . .  0 .92 0, 90
L im e ............................................ . . .  31 .04 30,,74
M agnesia ................................... . . .  21 .03 21,,11
Loss on ig n itio n ...................... . . .  46 .34 46. 64

T h e lim e has been sold for yea rs in N ew  Y o r k  C ity , 
A lb a n y , P oughkeepsie and oth er cities a long the line 
of th e N ew  Y o r k  C en tra l R . R . and en jo ys  th e  repu
ta tio n  of being a v e ry  high -class build in g lim e. A b o u t 
a year ago, th e com p an y decided to  b u ild  a new  p la n t 
consisting of 
b oth  kilns and 
h y d r a t i n g  
e q u  i p m e n t  
and  com m is
s i o n e d  t h e  
w riter to  pre
p a r e  p l a n s  
and sp ecifica
tion s for this 
p lan t. I t  w as 
decided also 
to locate  th e 
p la n t on a 
p a rt of th e 
p ro p erty  ad
ja c e n t to  the 
r a i l r o a d ,  
w h e r e  t h e  
sam e q u a lity  
of stone as a t 
th e  old p lan t 
is fou n d  and 
to  exten d  a 
sid ing f r o m  
th e  r a i l r o a d  
to  th e p lant.
A t  th e  new  
site, th e  stone 
l i e s  t o  t h e  
south of the 
p la n t in  a hill, 
h a vin g  quite 
a  considerable 
e l e v a t i o n ,  
w hile an ideal 
location  for
th e m ill w as foun d on a lev el p la tea u  im m ed iate ly  
a d ja cen t to  th e  h ill and  easily  reach ed  from  th e  ra il
road. W ork  was begun  upon th e  p la n t last w inter 
and com pleted  in th e  la te  sum m er.

T h e  general la y o u t of th e  p la n t is show n in  F ig . 1. 
T h e  kilns are located  a t th e  en d n earest th e  q u arry ; 
n ext com es th e  cooperage and barrellin g d ep artm en t, 
then  th e  boiler room  and  th e h y d ra tin g  p la n t in th e 
order nam ed and fin a lly  a storage for h y d ra te d  lim e, 
w hich la tte r  is n ot y e t  com pleted.

T h e kiln  b u ild in g is designed to  receive five kilns, 
tw o of w hich are a lrea d y  in  place. T h ese kilns are

of th e  general ty p e  fou n d  th ro u g h o u t M arylan d  and 
Southern  P en n sy lva n ia  (F ig. 2). T h e y  h a ve  been 
m odified, h ow ever, so as to  o b ta in  b oth  increased 
o u tp u t and  econ om y over th e  la tter . T h e  kilns are 
equipp ed  w ith  tw o  fire boxes, one on each side and a 
cooling cone below . T h e y  also h a ve  a storage for 
stone in th e upp er p a rt of the kiln. T h e capacity 
of th e  k iln s on th e  stone foun d a t D o v er P lains will 
avera ge  a b ou t 12 ton s per d ay. T h e  fuel ratio is 
ab ou t 1 of coal to  4 of lim e.

A rran gem en ts h a ve  been m ade to  in stall a belt 
c o n v eyo r to  carry  th e  lim e from  th e  kilns to  the hy

dratin g plant 
b u t at the 
present time 
th e lim e will 
be wh e e l e d  
from  one to 
th e  other.

On e n t e r 
in g the hy
dratin g plant, 
t h e  lime is 
first p a s s e d  
t h r o u g h  a 
S tu r  t  e v  a n t 
o p e n - d o or 
crusher (see 
F igs. 3 and 4). 
T h is  reduces 
th e  lime to 
such, a size 
th a t  it will all 
pass through 
a one-half inch 
screen, which 
is finie enough 
for hydrating 
p u r p o s e s .  
F r o m  t h e  
crusher the 
lim e is ele
va te d  to the 
th ird  and top 
floor of the 
building into 
a large steel 
b i n  w h i c h  
holds about

20 ton s of lim e and is p rovided  at th e  b o tto m  with a 
sp out and  gate , th e la tte r  b ein g opened and closed by a 
lever. B elow  th e sp ou t is located  th e  w eighing htfpper 
and b en eath  th is, th e  C lyd e  h y d ra to r  (F ig . 5), which 
rests on th e  second floor: th e  scale b ox and indicator 
to  th e  w a ter ta n k  are also on th is floor, so th a t  all the 
op erations of th e  h yd ra to r  are con trolled  a t one point. 
T h e  lim e is w eighed ou t in  b atch es of 200 lbs. and 
dum ped d ire ctly  from  th e  scale hopper in to  the hy
drator. T h e  w ater is m easured in a ta n k  beside the 
lim e bin and is sp ra yed  on th e  lim e a fter th e latter 
is in trod u ced  in to  th e  h yd ra to r. T h e  process of
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hydration lasts a b ou t 20 m inutes, a lth ou gh  it  is p rob 
able th a t w hen th e  p la n t is pushed for c a p a c ity  th is 
time can be shortened  to  15 m inutes, as th is lim e 
hydrates v e ry  rap id ly — p a rticu la rly  so for a m ag- 
nesian lim e.

After passing th rou gh  th e  h y d ra to r, th e lim e is 
dumped into  a large steel bin  or hopper, cap ab le  of 
holding co m fo rta b ly  th e  charge from  th e  h yd ra to r, 
and provided  a t th e  b o tto m  w ith  an a u to m a tic  feeder 
which serves to  regu late  th e supply, of lim e goin g from  
the h yd ra to r to  th e  p u lverizer and is so ad ju sted  as to 
empty the hopper before the new  charge from  the 
hydrator is rea d y  to be dum ped. T h e  lim e fa lls  from  
the feeder into  a screw  co n v eyo r w hich carries it  to 
the pulverizer.

For trea tm en t of th e lim e a fter passin g th rough  
the h yd rator, th e  R a y m o n d  system  is used. T h e 
lime first goes to  a N o. 1 a u to m a tic  R a y m o n d  p u l
verizer (F ig.
6), located on 
the g r o u n d  
floor; th is mill 
is equipped 
with a throw - 
o u t  w h i c h  
s e p a r a t e s  
from the h y 
d r a t e  a n y  
large pieces of 
core or u n h y
drated lim e 
left in the 
p r o d u c t  of 
the hydrator.
From the pul-, 
v e r i z e r  the 
fine product 
is sucked up 
by means of a 
No. 11 fan, 
a n d  b l o w n  
into a 7 ft.
dust collector located  ab o v e  th e  p ackin g b in , as shown 
in Fig. 3.

It will be n oticed  th a t  for th e  h y d ra tin g  p a rt of 
this p lant on ly  one e lev a to r  is used, n am ely  th a t  for 
carrying th e lim e from  th e  crusher to  th e  lim e bin. 
This is a fea tu re  of all th e p la n ts w hich th e  w riter has 
designed, th u s g re a tly  sim p lify in g  th e  in stalla tion .

In connection  w ith  th e  cyclo n e dust collector there 
is also a tu b u la r  collector w ith  18 ft. tu b es. T h is  is 
designed to  catch  th e  d u st in th e exh au st from  th e 
Raym ond system . T h e  p rod u ct ob ta in ed  from  th is 
is so fine th a t all of it  w ill pass a 100 mesh screen, and 
on account of th is  extrem e fineness, it  is su itab le  for 
the m anufacture of grease and  for oth er uses w here a 
superfine h y d ra te  free from  g rit is necessary.

Space has been le ft in th e  b uild in g, and all- arran ge
ments m ade for addin g another h y d ra to r and sep aratin g 
system w hen ever it  is desired to  double th e c a p a c ity  of 
the plant, w hich has been designed w ith  th is  end in view .

From th e dust collector, th e h y d ra te , as we h a ve  said,

fa lls  in to  a bin  ab o v e  the p a ck in g  m achine. T h is  la tter  
is of steel p la te  su p ported  on steel colum ns and holds 
40 ton s of h y d ra te . A 'n o v e lt y  in  its con stru ction  is 
a  p a rtitio n  d ivid in g it  in to  tw o  parts. B y  an arran ge
m en t of slides, h y d ra te  m a y  be p a cked  from  eith er side 
w ith  the sam e p a ck in g  m achine. T h is  featu re  is de
signed to  allow  tw o grades of h y d ra te  to  be m anu
fa ctu red  a t once, th e uniform  p rod u ct being obtained  
from  th e  F u ller  m ill as exp lain ed  fu rth er on. T h e 
p a ck in g  is done b y  th e B ates p acker and B ate s  v a lv e  
bags are used (F ig . 7). T h is  p acker is now  being 
eq uipp ed  w ith  a d u st catch in g  system  w hich  will 
rem ove p ra ctic a lly  all of th e dust and  will m ake 
th e  p la n t a lm ost dustless. T h is  system  consists of a 
suction  fa n  conn ected  w ith  a pipe runn ing alon g be
hind th e p ackin g m achine. B ranches w ith  openings 
exten d  to  th e  tu b es of th e m achine and the spill from  
th e  tu b es is su cked  a w a y  th rou gh  th e  pipe. T h e  dust

is d ischarged 
in to  th e dust 
c o l l e c t o r  of 
th e R a y m o n d  
system .

A  f e a t u r e  
of th is p la n t 
is th e eq u ip 
m ent for p u l
verizin g  lim e
s t o n e .  F o r  
th is  purpose 
a 36 in. F uller 
m ill is em 
p l o y e d  a n d  
w ith  it  alm ost 
a n y  f in e n e s s  
d e s i r e d  c a n  
be ob tain ed . 
W h e r e  t h e  
lim estone is 
d e s i r e d  f o r  
a g r i c u l t u r a l  
purposes th e  

m ill is p rovided  w ith  a x/\ inch m esh w oven  wire screen. 
T h is  g iv es & p rod u ct su ffic ien tly  fine for farm  req u ire
m ents. A t  th is  fineness th e  m ill w ill grind a b ou t 5 ton s 
of th e D o ver P la in s dolom ite per hour. T h e  lim estone 
to  be p u lverized  is passed th rou gh  th e sam e crusher used 
for th e lim e, goes up th e  sam e e lev a to r  and into  a 
screw  co n v eyo r w hich carries it  to  a bin  over the 
F u ller  m ill. A s th e  c a p a c ity  of th e  crusher is 8 to  
10 ton s per hour, th is  is a m p ly  large enough t  o 
ta k e  care of b o th  th e  h y d ra to r  and  th e p u lverized  
lim estone d ep artm en t b y  h y d ra tin g  first on lim e and  
th en  on stone. T h e  d ischarge from  th e F u ller mill 
is ta k en  up b y  an e lev a to r to another bin and it  m a y  
be p acked  from  th is  in to  bags b y  hand or it  can  be 
sp outed  d ire ctly  from  th e discharge of th is  e lev a to r 

into the cars.
T h ere is also an e lev a to r lead in g from  th e  th ro w o u t of 

th e R a y m o n d  m ill. T h is  ta k es  th e  ta ilin gs from  th e 
la tte r  up to  th e bin ab ove th e  F u ller m ill (w hich la tte r
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bin  has a special com p artm en t for these tailin gs) 
w here th e y  can be m ixed w ith  lim estone and 
groun d for agricu ltu ral purposes or th e y  can  be m ixed 
w ith  fresh h y d ra te  ground and e lev a ted  in to  one of 
the com partm en ts of th e h y d ra te  p a ck in g  bin. T h e 
id ea  of th is la tte r  arran gem en t is to allow  th e  m akin g 
of a v e ry  fine h y d ra te  b y  a d ju stin g  th e R a y m o n d  
m ill to reject all b u t th e  finest h y d ra te . T h e coarse 
m aterial so rejected  is then  groun d in th e  F u ller m ill 
and sold as secon d-grade or m ason's h yd ra te . T h e 
tw o com p artm en ts in th e p ackin g bin are to allow  th e tw o 
grades of h yd ra te  to be m an u factu red  sim u ltan eou sly.

F igs. 3 and 4 show th e  general arran gem en t of 
th e h y d ra tin g  p lant.

P ow er for d riv in g th e p lant is ob tain ed  from  an A tlas- 
C orliss engine w hich can develop a b ou t 135 H. P . Steam  
for th is is supplied  from  tw o  w ater tu b e boilers which 
have a rated  c a p a c ity  of a b ou t 60 H. P . each. T h e 
m achin ery installed  a t th e present tim e requires abou t 
75 H. P ., th e ad dition al pow er ava ila b le  being inten ded 
for th e p la n t a fter its  c a p a c ity  has been doubled.

C oal for th e boilers is b rou gh t in on th e south side 
of the p la n t on an e lev a ted  tra ck  and dum ped into 
a p o ck et opposite th e  boiler, w hile th e coal p ockets

colum ns. A ll th e elevato rs are encased in steel and 
are of th e  chain  b u ck et ty p e . T h e con veyors are of

F i g . 6 — R a y m o n d  P u l v e r i z e r

th e screw  ty p e  and w ork in steel troughs. T h e main 
sh a ftin g  is su p ported  on concrete piers, and clutches 
are used to  m ake th e  operation  of th e  p la n t more 
flexible. T h e h y d ra te d  lim e p la n t can be operated at 
its  fu ll c a p a c ity  w ith  b u t five men and it  is believed  that 
for q u a lity  of p roduct and  ease of operation  it will not be 
surpassed b y  a n y  h y d ra te d  lim e p la n t in th e country.

A ll plans and specification s for th e  h yd ra te d  lime 
p la n t were prepared b y  th e w riter, who also drew plans

F i g . 5 — T h e  H y d r a t o r

for su p p ly in g  th e  lim e kilns are located  fu rth er on 
along the sam e trestle . T h e  coal is e lev a ted  to  the firing 
floor b y . th e  use of a b u ck et e levator. T h e cars to 
be loaded are b rou gh t in on th e n orth  side of th e p lan t 
and the p latform  from  th e b aggin g m achine is on a 
lev el w ith  th e  car floor.

T h e  kiln  build in g is 60 ft. x 53 ft . and is of steel 
covered  w ith  corru gated  iron. T h e firing floor is of 
concrete and  steel and  all of th e  groun d floors th ro u g h 
ou t th e buildings are concrete. T h e  h y d ra to r  b u ild 
in g is 60 ft. x S3 ft ., of fram e covered  w ith  ga lva n ized  
iron and  th e con stru ction  th ro u g h o u t is of h e a v y  
m ill-typ e. A t  th e present tim e, a storehouse 53 ft. x 
100 ft. is being b uilt. T h is  is of lig h t steel con
stru ction  and w ill be covered  w ith  ga lva n ize d  iron. 
T h is  storehouse is designed to hold h y d ra te d  lim e 
in bags. I t  is th e  in ten tion , how ever, v e ry  sh o rtly  
to  p u t in a steel ta n k  storage in  w hich  th e h y d ra te  
w ill be stored  in b u lk  as m an u factu red  and then  
co n v eyed  b ack  to  the p la n t for p ackin g, as desired 
for shipm ent.

T h e bins are all of steel and w ith  th e  excep tion  of 
th e  crushed lim e bin are a ll sup ported  on lattice d

F i g . 7— B a t e s  V a l v e  B a g  P a c k i n g  M a c h i n e

for th e  general arran gem en t of th e  en tire plant, 
selected  th e  m ill site, p rosp ected  th e  store deposits, 
e tc. T h e  con stru ction  w ork w as in charge of Mr. 
A m brose A llen , sup erin ten den t of th e  p lant.

2 0 2  N o r t h  C a l v e r t  S t r e e t  
B a l t i m o r e , M d .
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A NEW T Y P E  O F APPARATUS. F O R  TH E R ED U CTIO N  OF 
IRON SO LU TIO N S B Y  M ETA LLIC ALU M IN U M

B y C .  L .  S c h u m a n n  

Received Jan u a ry  12, 1915

The use of alum in um  in th e form  of a sheet for th e 
reduction of iron from  th e ferric to  ferrous sta te  
was first recom m ended b y  W .
H. Seam on.1 A lum in um  w ire in 
the form of a spiral in a large 
test tube w as w orked out in 
dependently ab ou t th e  sam e tim e 
at the U n iv ersity  of M ichigan  
by Professor E . D . C am p bell.
Since th a t tim e the m ethod has 
been widely used on accou n t of 
its convenience and a ccu racy . A  
modification has been proposed 
with the view  of elim in atin g the 
error resulting from  th e o xid a
tion of the iron during the 
transfer from  th e reduction  tu b e to the t itra tin g  
flask.

The w riter has foun d a v e ry  con ven ien t form  in  an 
aluminum chain m ade from  h e a v y  alum in um  wire 
attached to  a glass rod of such len gth  th a t  it  p ro jects 
up into the neck of an E rlen m eyer flask (see sketch ). 
The reduction  and  titra tio n  m ay be th u s carried ou t 
in the sam e flask, the chain  being easily  rem oved  and 
washed after th e reduction  is com plete. T h is  m ethod 
has the additional a d va n ta g e  of requiring on ly  a sm all 
depth of liquid.

The chain is w eighed before and a fter use to  cor
rect for the iron present in  th e  alum inum . A  large 
number of determ in ations m a y be in progress a t the 
same tim e, for exp erim ent has show n th a t  differences 
in time of reduction  in trod u ce no appreciab le error.

U n i v e r s i t y  o f  M i c h i g a n , A n n  A r b o r

THE USE OF L IG H T  FILTE R S W ITH  TH E T A SSIN  
M ETALLO  G RA PH IC A PPAR A TU S

B y F r e d e r i c k  H. G e t m a n  

R eceived Jan u a ry  23, 1915

In the course of certain  in vestig a tio n s now  in p ro g
ress in this la b o ra to ry  it  becam e n ecessary to  em p lo y 
photom icrographic ap p aratu s for th e  exam in ation  
of m etallic surfaces. In  order to  secure sa tisfa cto ry  
illum ination, the T assin  electric  illu m in ato r2 w as used

spring clips C C , and th e exposure m ade w ith  a W rat- 
ten and W ain w righ t p a n ch rom atic  p late, the tim e of 
exposure being determ in ed b y  m eans of approp riate 
factors for each screen. T h e W ratten  and W ain 
w righ t A , B and C  screens g a v e  a sufficient range of 
colors for all o rd in ary  purposes, b u t if it is desired to 
ob tain  a record  of the tru e color ratio s of a h eat-tin ted  
specim en the K 3 screen should be used.

T h e a ccom p an yin g ph otom icrograp hs (Figs. II  
and I I I )  of a polished brass surface, etched  w ith  nitric 
acid, and m agnified 200 tim es, m a y  be ta k en  as ty p ica l 
of th e  results ob tain ed  when th e W ra tten  and W ain 
w righ t filters and p lates are used in con jun ction  w ith 
th e T assin  ap p aratu s.

C h e m i c a l  L a b o r a t o r y , B r y n  M a w r  C o l l e g e  
B r y n  M a w r , P a .

ch ro m atic  p h otograp h ic  p lates it  w as foun d to  be 
a lm ost im possible to  secure n egatives show in g m uch 
con trast and sh a rp ly  defined detail.

T o  overcom e th is defect a v e ry  sim ple accessory 
to  th e  T assin  ap p aratu s w as devised  as show n in 
F ig . I (a) and (b). T h rou gh  th e  cen ter of a sheet 
of brass, A  ( V 3 2  in. th ic k  and i 1/-! im  sq)-> a V s in 
hole, B , w as bored. T o  one side of A  w as soldered 
a brass ring, D  ( i '/ s  in. in d iam eter and ‘ A  in- deep),

F i g . I I — T a k e n  w i t h  O r d i n a r y  I s o c h r o m a t i c  P l a t e  

th e cen ter of th e ring being con cen tric w ith  the hole 
B. T o  th e opposite side of A  were fasten ed  tw o spring 
clips, C C , V s  in. wide and 7/s in. long. T h is device was 
th en  slipped over th e lens in  fro n t of th e vertica l 
illu m in ator as show n in F ig. I (e), th e  ring D being 
sp lit in order to  hold A  securely  in place.

A fte r  focusin g on th e groun d glass screen in the 
usual m anner, a W ratten  and W ain w righ t gelatin e 
ligh t filter of th e desired color w as slipped under the

F i g . I l l — T a k e n  w i t h  W .  a n d  W .  P a n c h r o m a t i c  P l a t e  a n d  B  F i l t e r

F i g . I

in connection w ith  a B au sch  and L om b m icroscope 
and photom icrographic cam era. W hile m ore or less 
satisfactory results were ob ta in ed  w ith  o rd in ary  iso-

1 West. Chem. M et., 4, 105.
2 Tassin, T his  J ournal , 6 (1914), 95.
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A M E TH O D  FO R  T H E  D ETER M IN A TIO N  OF CARBO N
DIOXIDE IN  BA KIN G  PO W D ER  AND CARBO N ATES

B y  H .  W .  B r u b a k e r  

Received Decem ber 7. 1914

T h e follow ing is the result of an a ttem p t to  devise 
a m ethod for th e determ in ation  of th e a va ila b le  ca r
bon dioxide in b ak in g pow ders, w hich is sim ple in  prin 
ciple, requires an ap p aratu s easy  to  con stru ct, and 
m anipulate, consum es little  tim e and gives reasonab ly 
accu rate  results. T h e  m ethod w as devised  for the 
use of a class of girls in household chem istry. I t  is 
adapted  not on ly to the determ in ation  of carbon  di
oxide in b akin g pow der b u t also in carbonates, b icar
bonates and m inerals such as lim estone and dolom ite.

T h e principle of th e m ethod, in brief, is th e lib era 
tion  of th e carbon dioxide, causin g it to d isplace its 
own volu m e of a sa tu rated  solution of sodium  chloride 
into  a grad u ated  cylin der and m easurem ent of the 
volum e of th e  solution  displaced. A  sa tu rate d  solu
tion  of sa lt is used because carbon dioxide is n ot readily  
dissolved in it  and te s ts 's h o w  th a t under th e  con di

tion s of th e  exp erim ent th e  am ount of absorption  
is so sm all th a t  it  m a y  be n eglected. A  satu rated  
solution  of sa lt is also used, instead of w ater, in th e 
decom position  of th e b ak in g  pow der. T h e  principle 
of collectin g carbon dioxide over a sa tu rated  solution  
of sodium  chloride is used b y  Jago in determ in ing the 
stren gth  of yea st.

P R O C E D U R E

One gram  of th e  b ak in g  pow der is p laced  in the 
flask A .  W ater is c ircu lated  th rou gh  th e condenser 
for several m inutes. T h e cylin der B  is n early  fu ll 
and th e d elivery  tu b e  C is fu ll, to  th e open end, of a 
sa tu rated  solution  of salt, th e pinch clam p being 
closed. T h e sto p cock  in th e fun nel D  is n ow  closed 
and e x a ctly  25 cc. of a sa tu rated  solution  of sa lt p laced  
in th e funnel. T h e pinch clam p on th e  d elivery  tu b e 
is now  opened and th e sa lt solution  run  in from  th e

fun nel b y  opening th e sto p cock, care being tak en  not 
to  ad m it a n y  air. T h e  carbon dioxide begins to be 
liberated  a t once and th e sa lt solution  is driven  over 
in to  th e  gra d u ated  cylin der E . T h e  decom position 
of th e b akin g pow der is com pleted  b y  heatin g with 
th e gas burn er u n til th e  solution  has boiled for two 
or three m inutes or until th e rise of th e salt solution 
in th e  cylin der E  is seen to  h a v e  stopped. T h e flame 
is then  tu rn ed  ou t and th e  ap p aratu s a llow ed  to stand 
un til it  has cooled to  room  tem p eratu re again. The 
cooling of th e flask A  can  be hasten ed, if desired, by 
low ering th e  ring and brin gin g a beaker of cold water 
up under th e  flask un til it  is im m ersed in th e water. 
W hen th e  ap p a ratu s has reached room  tem perature 
th e  sa lt solution  in E  and B  is leveled  up b y  raising E. 
T h e  pinch clam p is th en  closed; th e  cylin der E  is 
low ered to  th e  ta b le , th e d elivery  tu b e  rem oved and 
th e  vo lu m e of sa lt solution  in E  read. S u b tra ct 25 
cc. from  th is vo lu m e to  com pensate for th e  25 cc. of 
sa lt solution  w hich were run into  th e  flask A  to  decom
pose th e b akin g pow der. C orrect th e remaining 
vo lu m e to  o° C . and 760 mm . pressure. A s 5 .1  cc. 
of carbon dioxide gas a t o° C . and 760 m m . pressure 
w eigh 0 .0 1 g., w hich is one per cen t of 1 .0  g., the per 
cent of carbon  dioxide in the b akin g pow der may 
be foun d b y  d ivid in g th e corrected  vo lu m e b y  5. 1.

N o t e : In  m akin g th e  correction  for aqueous ten
sion I h ave used th a t  for pure w ater w hich is two 
or th ree m m . to o  high in each case. T h e effect of the 
sm all error th u s in trod u ced  in to  th e resu lts here re
corded is to  m ake th em  too low.

R E S U L T S

T h e purpose of th e condenser in  th e apparatus 
is to  p rev en t a n y  w a ter from  distillin g over into the 
cylin d er B  and th us d ilu tin g  th e  sa lt solution. Table 
I show s som e resu lts ob tain ed  w ith  variou s baking 
pow ders:

T a b l e  I — A n a l y s e s  o p  B a k i n g  P o w d e r s  f o r  C Oa
B arom -

Sam plc Vol. COt T em p, e te r P er cent
B aking pow der Cc. ° C. M m . COj

R oyal A 1...............................................  6 5 .0  20 740 11.30
2 .................................................................. 6 6 .0  20 740 11.47
R oyal B 1...............................................  6 6 .4  21 742 11.43
C alum et A 1.........................................  78 .3  22 740 13.47
2 .................................................................. 7 7 .9  23 740 13.34
C alum et B 1.........................................  8 2 .0  29 745 13.69
K . C. 1.....................................................  6 5 .0  24 745 11.14
2 .................................................................. 64 .5  25 745 11.02

In  order to  ascertain  w hether an appreciab le amount 
of carbon dioxide is absorbed b y  th e  sa lt solution 
during a determ in ation , 90 cc. of carbon dioxide were 
run into th e  ap p a ratu s a t 220 C . and 740 m m . and al
low ed to  stan d  2 hours and 40 m inutes, a t the end of 
w hich tim e th e  vo lu m e w as 90.3 cc. and th e  tem pera
tu re  230 C ., th e pressure h a vin g  rem ained th e same. 
T h e  increase in  vo lu m e is v e ry  close to  th a t  w hich would 
resu lt from  th e increased tem p eratu re.

In  a p p ly in g  th is  m ethod to  th e  determ in ation  of 
carbon  dioxide in carbo n ates such as sodium  carbon
ate  and p recip ita ted  calcium  carbo n ate th e sample 
w as decom posed b y  m eans of a d ilute solution of hy
drochloric acid  w hich w as sa tu rated  w ith  sodium 
chloride. T h e absorption  of carbon  dioxide b y  the 
acid  solution  is appreciab le and m ust be allow ed for.
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This is done b y decom posing one sam ple w ith  10 cc. 
of the acid solution, th en  runn ing a second d eterm in a
tion, using 15 cc. of acid . T h e  difference in th e 
amounts of carbon  dioxide ob tain ed  in  th e tw o cases 
being due to  th e absorp tion  b y  5 cc. of acid  solution, 
the proper correction  is m ade on eith er d eterm in ation. 
When decom posing p recip itated  carbon ates w ith  h y 
drochloric acid  no h eatin g is n ecessary, hence th e tim e 
consumed in each determ in ation  is v e ry  sh ort, b u t 
two or three m inutes being required for th e  lib eration  
of the carbon dioxide. In  runn ing tw o sam ples of 
calcium carbon ate in th is  w a y, th e  w hole process, in 
cluding th e w eighing of th e  sam ples, required  on ly  
ten minutes.

Table II shows som e of th e  results ob ta in ed  on car
bonates. In D eterm in atio n s 1 and 2 h eat w as used. 
In D eterm ination  3 no h eat w as used. T h e sam ple 
of sodium carbo n ate used in d eterm in ations 4 and 5 
was found to  con tain  4. 46 per cen t of m oisture. T h e 
theoretical am ou n t of carbon  dioxide in th is sam ple

D c tn .

T a b l e  I I — A n a l y s i s  o f  C a r b o n a t e s  f o r  C O a  
Decoin- 

W t. posed Vol. 
tak en  by  cc. CO2 T em p. B ar. P e r  C e n t  COa

No. Sample G r. acid C c. 0 C . mm.
1 CaCOa V« 5 62 .5 23 737

V« 10 6 1 .0 25 737
2 C a C 03 V< 3 6 4 .0 24 739

V< 8 63 .5 25 739
3 CaCOa V* 8 127.0 25 735

Va 13 124.65 25 735
4 NaaCOa Va 7 116.0 25 734

Va 12 113.88 25 734
5 NaaCOj Va 7 116.0 25 734

Va 12 113.88 25 734
6 D ry NaaCOa Va 7 118.2 24 742
7 Limestone Va 10 111.5 25 744

Va 15 113.5 28 .3 742
(a) B y  difference; see text.

43.98 

143.88
¡4 3 .9 8

■39.95

: 39 .95  
41 .38  

•38 .18

44 .00

4 4 .00

44 .00

39.65

39.65 
41 .50  
38 .45 (a)

is therefore 39 .6 5  per cent. Som e of th is  sodium  
carbonate w as now  dried and D eterm in atio n  6 m ade 
upon the d ry  sam ple w ith  th e resu lt shown. A llo w 
ing for the sam e absorp tion  as in D eterm in atio n  5, 
which is 2. 97 cc., g ives a to ta l vo lu m e of 1 2 1 . 1 7  cc. 
under the above conditions of tem p eratu re  and pres
sure which correspond to  4 1 . 3 8 per cen t of carbon 
dioxide.

D eterm in atio n  7 w as m ade on a sam ple of lim e
stone. I t  w as n ecessary to  use h eat to  com pletely  
decom pose th e sam ple w ith  th e  acid  solution. I had 
no g ra vim etric  determ in ation  of carbon  dioxide in 
th is lim estone again st w hich to  check  th e  result. 
H o w ever, accordin g to  the figures of another a n a lyst, 
th e  lim estone con tain s 12. 2S per cen t S i0 2, 1 . 1 5  per 
cen t AI2O3 +  F e203, 4 6. 7 4 per cen t C aO  and 1 . 38 
per cen t M gO , m akin g a to ta l of 6 1 . 55 per cen t, w hich 
leaves for carbon dioxide 38. 45 per cent. T h is m akes 
no allow an ce for potassium  and sodium  w hich m ay 
be present in v e ry  sm all q u an tities. T h e  resu lt is 
u n d o u b ted ly  a close ap p roxim ation  to  th e  actu al 
p ercen tage of CO2 present.

N o t e  (Jan. 1 1 ,  1 9 1 5 ) :  Since sending th is paper for
p u b lication  I h a ve  foun d a con ven ien t w a y  of ob via tin g  
th e n ecessity  of m akin g a correction  for th e absorption  
of carbon dioxide in  those cases w here th e  sam ple is de
com posed b y  d ilute acids. T h is  m akes it  un necessary 
therefore, to  decom pose m ore th a n  one sam ple of the 
su b stan ce for one d eterm in ation. T h e procedure is 
as fo llow s: Ju st before m akin g th e determ in ation
pour 3 0  or 4 0  cc. of d ilute hyd roch loric  acid  ( 1  acid  : 
3  w ater) on 0 . 5  g. of p recip ita ted  calcium  carbon ate. 
W hen th e  effervescen ce has ceased, and th e acid  solu
tion  has becom e clear, p ip ette  1 0  cc. of th is into the 
bulb  of th e  sep a ra to ry  fun nel and proceed w ith  the 
d eterm in atio n . T h is  m ethod of sa tu ra tin g  th e acid  
w ith  carbon  dioxide requires b u t a m om ent and m akes 
it  un necessary to  correct' for a n y  absorp tion  w hether 
th e sam ple is decom posed b y  h eatin g  or a t room  
tem p eratu re . T h e  fo llow ing d eterm in atio n  w ill il
lu strate  th e  a ccu ra cy  of th is  m ethod of procedure:

W t. of lim estone ta k e n .................................................................... 0.5 g.
Volume of sa lt solution d isp laced .......................................... 138.18 cc.
T em pera tu re , 22° C. B arom eter.........................................  739 mm.
Volume corrected  to  0° C. and  760 m m ............................. 112.3 cc.
P er cen t CO2 found......................................................................... 44.03
T heoretical per cen t COa.............................................................. 44.00

D e p a r t m e n t  o p  C h e m i s t r y  
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

A D D R E SSE S
THE FIXATION OF A TM O SP H E R IC  N ITR O G E N 1

B y W . S. L a n d i s  

It is now some three years since I have occupied this side of 
the lecture table, and I can assure you this is a  most delightful 
occasion to me, not only because I can here omit the tedious 
routine of taking an attendance record of m y class, but also be
cause it is my first opportunity to tell the chemical and engi
neering professions something about the interesting work I 
have been engaged in since giving up university teaching.

I am going to assume that you are all more or less familiar 
with the use of nitrogen in one or more of its various combina
tions, for to catalogue even a partial list of the most common 
commercial nitrogen compounds would read like a few pages 
out of Mr. Olsen’s “ Chemical Annual,”  or from the “ Chemiker 
Kalender.”  I am not even going to bore you with statistics of 
consumption of the nitrogen compounds, because the very com
plex nature of these statistics would make them difficult of 
comprehension if merely read from prepared tables, and I be-

1 Presented before the  W ashington  Section of the  A. C. S. on M arch  
17, 1915, and before th e  Philadelphia  Section of the  A. C. S., M arch  18, 1915.

lieve our time can be better occupied along other more inter
esting lines intimately connected w ith our subject. I  shall add 
only that in tonnage alone the nitrogen compounds stand well 
at the head of the list of the world’s trade in heavy chemicals, 
nitrate of soda and sulfate of ammonia being produced in 1913 
to the value of $200,000,000.

N ot including atmospheric nitrogen, whose utilization is yet 
in its infancy, we are practically dependent for our supply of 
this valuable element upon the nitrate deposits of Chile, and its 
recovery as a by-product from our fuels. The Chilean deposits 
have been so frequently and fully described elsewhere that we 
can omit reference to the same here. The end of this source 
of supply is, however, in sight, and it will be only a few years 
until Chilean nitrate will pass into history along with our anthra
cite coal and the Saxon silver-lead ores.

T he recovery of ammonia as a by-product from fuel is entirely 
different, since for many centuries to come, we shall have an 
ever-increasing source of this element in the coke oven and 
the gas producer, from which it  is obtained in one of its 
most valuable forms of combination, ammonia. This source
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supply is, however, somewhat unsatisfactory, inasmuch as it 
is wholly a by-product of the coal distillation industry, a ton of 
coal yielding only 5 to 6 pounds of ammonia, and by-products 
as a source of primary supply have many limitations. This is 
well illustrated by the present status in Germany, from which 
country I have lately returned. There is in that country just 
now a considerable shortage of nitrogenous fertilizer because 
the Government has confiscated all stores of nitrate for military 
purposes (the fertilizer industry there consumes about 800,000 
tons of nitrate per year). The coke ovens which we should ex
pect would normally come to the rescue in such a crisis are, 
however, largely closed down because industrial Germany is 
at a standstill, and no one wants coke. Ammonium sulfate 
production is, therefore, correspondingly decreased just at a 
time when agriculture needs it most, and its lack is felt acutely. 
Since my return I have learned that the use of coal has been pro
hibited in Germany in order to force the use of coke, and thus 
increase the supply of ammonia and tar.

W e come very near having the same conditions arising in this 
country, for were the farmer in position to take his normal 
fertilizer requirements there would be a great sulfate shortage, 
as our own industrial depression has closed down many of our

coke ovens, and we would have no ready means of meeting even 
a normal demand for sulfate. W e thus see the disadvantage 
of a by-product source of such an important element as nitro
gen, and why inventors have been so actively engaged in finding 
a substitute for the Chilean nitrate and the coke-oven ammonia.

N aturally the inexhaustible store of atmospheric nitrogen 
has presented itself most prominently in this search for a new 
source, and it  is upon the activities of the inventors in that 
field that I wish particularly to speak tonight.

Neglecting the many proposals which have merely wasted 
much paper and ink in describing impossible methods for the 
fixation of our atmospheric nitrogen, I  shall devote m y atten
tion solely to the successful, and at the present time commer
cially developed efforts in this field. W e can classify these suc
cessful attem pts into three groups:

I— Direct synthesis of nitrogen and hydrogen to ammonia.
II— Combustion of nitrogen and oxygen in the electric arc.
III— Combination of nitrogen with metals or carbides.
The only commercial process today belonging to Group I 

is the so-called Haber Process. Dr. Bernthsen described this 
process a t the Eighth International Congress of Applied Chem-

istry,1 and exhibited a small working model of the apparatus. 
I am sorry that I can add but little to the technical informa
tion he there presented, but the owners of this process have 
maintained the greatest secrecy with respect to its commercial 
development, and but little is known regarding the details in 
the commercial world.

As you will recall, this process consists in passing a mixture 
of three volumes of hydrogen and one volume of nitrogen, at a 
pressure of upwards of 150 atmospheres, over a  suitable catalyzer 
operating at a temperature of some 500 to 700° C. A  single 
passage of this mixture through the apparatus causes a trans
formation of 2 to 6 per cent of the nitrogen to ammonia, which 
is recovered from the apparatus by condensation, and the rest 
of the uncombined gases are again returned to the cycle.

Too much honor cannot be shown the courageous chemists 
who have succeeded in placing this process on a commercial 
working basis. The difficulties seem almost insurmountable. 
The catalyzer, which has taken various forms and compounds, 
principally metals and carbides, poisons very readily, and hence 
extreme care must be taken in the purification of the gases. 
Purity which the average chemist would classify as C. P. finds 
110 place in this industry, as that would lack almost as much

of meeting the requirements of the proccss as would the use o' 
crude chemicals in the analytical laboratory. It  took years of 
work to find a suitable metallic container for the high pressure 
gas mixture, because of the permeability of most ordinary 
materials. However, most of these difficulties have been over
come, and I have been reliably informed that the Badische 
Plant a t Oppan supplied its allotted quota of sulfate to the Ger
man Sulfate Sales Company last year, but I greatly doubt that 
they did it at a  profit if it  was made from synthetically produced 
ammonia, with sulfate prices as low as they were in the early 
part of 1914.

This proccss, as ordinarily understood, is not supposed to 
involve the use of any considerable quantity of electric power, 
which is not quite true, but does require a  large amount of highly 
skilled labor, for the units are small and complicated. This par
ticularly suits it to the Rhine location, but renders its value 111 
the United States rather questionable. I personally cannot 
see a future for its operation under American conditions, par
ticularly in view of the competition of the much cheaper Cyan- 
amid process which furnishes the same end product— ammonia.

1 T h i s  J o u r n a l ,  i  ( 1 9 1 2 ) ,  7 6 0 .

F i g . I — G e n e r a l  V i e w  o f  F a c t o r i e s , A m e r i c a n  C y a n a m i d  C o m p a n y
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At Oppan the Badische must dispose of large quantities of 
waste sulfuric acid and have at their disposal by-product hydro
gen; hence local conditions favor this process above all others.

The second group of processes embraces those oxidizing the 
nitrogen of the atmosphere in the electric arc. I t  is well known 
that when air is heated to temperatures of above 1800° C. and 
rapidly cooled, the nitrogen oxidizes to N O  and remains in that 
form. A t this temperature, however, the reaction velocity is 
very low and commercial working requires that temperatures 
of above 30000 C. be used, a t which temperature the reaction 
velocity becomes quite considerable.

Three types of apparatus are in commercial use for perform
ing this reaction:

1— The drum furnace with disc arc— Birkeland-Eyde.
2— The long tube furnace with spiral arc— Schonherr.
3— The narrow furnace with fan-shaped arc— Pauling.
There are numerous other proposed types of apparatus which

are claimed to be far superior to the above, as reference to patent 
literature in particular will show, but the above listed three 
furnaces are the only ones in actual every-day operation.

The products obtained by passing air through the arc of any 
of these furnaces consists of a highly heated gas containing

F i g . I I — O n e  o f  t h e  T r a n s f o r m e r  R o o m s

from 1 to 2 volume per cent of nitric oxide. On cooling down 
to temperatures of approximately 6000 C. this nitric oxide 
unites with free oxygen to form nitrogen peroxide, N 0 2; on further 
cooling of this nitrogen peroxide to below 140° C. it polymerizes 
to NjOj. When brought into contact with water and oxygen, 
this reacts, forming a mixture of equal molecular parts of nitric 
and nitrous acids. B y  subjecting the nitrous acid to further 
action of the peroxide this is also changed to nitric acid with 
the liberation of nitric oxide, which again passes through the 
cycle. Thus by suitable cooling of the nitric oxide in the pres
ence of air and water one ultim ately attains a product which 
consists almost quantitatively of nitric acid, and actual opera
ting results of the large furnace plants have shown a steady re
covery of about 90 per cent of the nitrogen oxides in the form 
of nitric acid or nitrate salts, the remainder being received as 
nitrite or not absorbed.

In general, the handling of the nitrose gases from the arc 
furnaces is now well standardized, and the design of a condensa
tion plant is almost as well understood today as that of. a sul
furic acid plant. A fter passing the various systems of cooling 
apparatus, consisting of steam boilers, evaporators, etc., the 
gases enter aluminum condensers where the temperature is re
duced to approximately 100° C. T hey then enter a  preliminary 
oxidation chamber so proportioned that they remain at least

i ’/2 minutes, and the preliminary oxidation to peroxide takes 
place. The gases next pass into a series of four or five stoneware 
or granite towers where they are washed with wratcr by  a coun
ter current system, remaining in the tower system for from 3 to 5 
minutes. Of the nitrogen oxidized, 90 per cent is here con
densed as nitric acid, the most concentrated acid being obtained 
in the first tower, and averaging froiii 30 to 35 per cent HNO3. 
A fter passing these condensing towers the gases usually enter 
a  final tower fed with caustic soda liquor, where a further 3 to 5 
per cent of the oxidized nitrogen is recovered as sodium nitrite. 
The remaining 5 per cent passes out into the air unabsorbed.

As above mentioned, these towers deliver a 30 to 35 per cent 
nitric acid; this can be further concentrated to 50 per cent 
nitric acid, using the heat of the hot gases issuing from the arc 
furnace to perform the necessary evaporation. It is not possi
ble to carry this evaporation much above 50 per cent for eco
nomical reasons, and where higher concentration of nitric acid 
is demanded special complicated concentration processes must 
be employed.

Dilute nitric acid, as obtained from the towers, finds little 
use in industrial processes, and it is difficult to transport. M ost 
of the nitric acid plants, therefore, either concentrate it to 96 
per cent acid by special means, or convert it  into calcium nitrate 
for fertilizer use, or into ammonium nitrate for explosive pur
poses. In the latter case most of the ammonia used today in 
the nitric acid plants, operating on the arc system, is obtained 
from Cyanamid. It  is quite probable that calcium nitrate will 
soon disappear from the fertilizer market, as it  certainly cannot 
be sold at a profit in competition with Chilean nitrate or ammo
nium sulfate, even when the latter is made from Cyanamid.

As we shall see later, these arc processes require enormous 
quantities of cheap electric energy, and must be located near 
such power centers. We have no cheap power in the United 
States, and there is no immediate prospect of our having an 
arc process in continuous large scale operation within our bor
ders. Our Western powers are far from markets and transporta
tion of the nitric acid as such to the E ast is almost out of the 
question.

I should like to dwell more at length upon the details of re
covery of 95 per cent of the available products from the gas 
issuing from the arc furnace, which contains at its maximum 
concentration only 2 volume per cent of the same. B u t my time 
is rapidly passing and I want to give you at least a glimpse of 
the third group of the nitrogen fixation processes, the one in 
which I myself am most actively connected.

This third group of processes embraces fixing nitrogen by 
metals or carbides, and has reached its highest development in 
the Cyanamid process, which last year produced throughout the 
world, in the fourteen factories at present in operation, some 300,- 
000 tons of material, carrying over 20 per cent nitrogen.

The inventors of the Cyanamid process originally attempted 
the synthesis of cyanides by subjecting barium carbide to the 
action of nitrogen, which, as is well known, forms barium cya 
nide. On attempting to use the cheaper calcium carbide in place 
of barium carbide, Professors Frank and Caro found that in
stead of obtaining a cyanide they obtained a new material, 
which proved to be calcium cyanamide. It  was found later 
that this material could be utilized directly 111 agriculture, and 
from this discovery has grown the enormous Cyanamid indus
try which has proven itself to be the cheapest method of fixing 
atmospheric nitrogen a t present in existence.

Reference to the literature existing upon the manufacture of 
Cyanamid seems to lead one to suppose that it is a compara
tively simple matter to carry out the reaction so frequently 
written:

C aC 2 +  N 2 = C aC N 2 +  C.
This might be true to a limited extent were this the only re
action that we chemists at Niagara have to contend with, but I
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developed industry in the country. N aturally, to sell them 
material one must take into account all of the peculiarities of 
the industry, and must satisfy them, a fact which further com
plicates the Cyanamid industry itself. As there may be fertilizer 
men present here tonight in the audience, I  am not going to 
expose them to the engineering profession, but will dismiss 
mention of these peculiarities, and you can assume that inas
much as Cyanam id is being produced and sold a t the rate pre
viously mentioned we have succeeded somewhat in meeting 
their fancies.

The first stage of the Cyanam id process involves the produc
tion of calcium carbide. T o produce day after day a high- 
grade calcium carbide that meets the peculiar requirements of 
the cyanamid industry is quite an art in itself. There are no 
journeymen carbide workmen in our country, and we had to 
start out and develop our own furnaces and methods of opera
tion, W e had to seek sources of raw materials for this manufac
ture, which are quite different even from those which meet the

to call upon him for '2,000,000 cu. ft. of a practically pure nitro
gen per day, such as we make at Niagara, he would probably 
have to do considerable research to find out just how this 
enormous quantity of such high-grade material could be made. 
In  the early days of the Cyanamid process, when the Niagara 
plant started, liquid air machinery was in a rather backward 
state of development, and we were forced to make our nitrogen 
b y  passing air over copper. The original plant was later en
larged, and I am sorry that m y pictures do not include it. It 
was a long step from the combustion tube of the chemical labora
tory to our present plant, using retorts containing 5 tons of cop
per mass, but the problem has been successfully solved, and the 
new plant has been in operation with a minimum of trouble 
for some years. In the early days of the industry at Niagara 
we could draw upon natural gas for reducing our copper oxide, 
so as to re-vivify it, but this gas supply has since failed and we 
were forced to put up our own coal gas plant, shown in Fig. II. 
E ven  this coal gas plant is not a standard one,-inasmuch as we
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can merely say to you that even this reaction itself is so compli
cated that while it is well known that it  is a reversible one, 
no one has yet succeeded in correctly establishing its equilib
rium constants. A  laboratory study of this reaction has been 
carried out in this country by Professor Thompson, and abroad 
by Professor Haber, but neither of them has succeeded in mas
tering it, because of the peculiar difficulties that arise in a study 
of it.

Naturally, if the highly skillad chemical laboratories met 
with these difficulties, we can assume that practice runs against 
a few of them itself. B ut aside from the fundamental absorp
tion reaction, as written above, there are a number of other 
complications that arise in this industry which we have to meet 
with in our every-day work, and which I shall call to your a t
tention to show that the actual carrying out of the Cyanamid 
process requires something more than writing the reaction on a 
piece of paper.

The fertilizer industry, into which most of our material at 
present goes, is a rather peculiar one, and probably has more 
peculiar fads and precedents than almost any other highly

requirements of the manufacture of lighting carbide, and we 
have to operate our furnaces in a certain peculiar w ay in order 
to combine these raw materials into a  product of such structure 
and grade that we can make Cyanamid out of it successfully. 
Y o u  will recall that Moissan in his early work found that he could 
not nitrify certain kinds of carbide, showing that there are con
ditions existing in our carbide manufacture that are different 
from those in the manufacturing of lighting carbide.

Our next great problem is to grind this special grade of calcium 
carbide so, that it passes a hundred mesh screen. Naturally 
this must be done without slaking the carbide, as hydrated 
lime does not make good Cyanamid. Now 100 mesh carbide 
dust, when exposed to the atmosphere 011 a damp day or 
thrown out on damp ground, is almost as explosive as low-grade 
dynamite, so that it is quite a problem to grind this carbide to the 
required degree of fineness and have a mill left at the end of 
the day’s run.

N ext comes the production of nitrogen. It  is a  compara
tively simple matter for the chemist to make a few cubic centi
meters of high-grade nitrogen in his laboratory, but if one were
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are coking coal, not only for the production of gas, but also to 
furnish the coke for our carbide furnaces. W e are running at 
temperatures in our /etorts and obtaining qualities of coke and 
gas that the average city gas plant would not consider as possible 
of attainment, and it was only after considerable experiment 
that we ourselves demonstrated that our theories were correct 
in this respect and succeeded in finding gas engineers liberal- 
minded enough to incorporate our ideas into a working plant.

Eventually we had to install purification apparatus for taking 
out the impurities in the nitrogen, as it came from the copper 
retorts, and have equipped ourselves with soda towers for re
moval of carbon dioxide, refrigeration plants for drying, lime 
tanks for purification, etc., and have even developed this plant 
so highly th a t.w e  have included a causticizing plant for re
covery of our spent alkali.

After the development of the liquid air machinery, both in 
the way of capacity and reliability, the problem of producing 
pure nitrogen was much simplified, and our latest addition at 
Niagara includes what was probably the largest liquid air plant 
in the world at the time it was built; a year ago. This plant 
alone throws to waste almost thirty gallons of liquid air an 
hour, jusL. to keep the apparatus flushed out and in good work
ing order, not to speak of the thousands of cubic feet of rich 
oxygen-nitrogen mixture.

After one has overcome the difficulties in the ’ production 
of a proper grade of nitrogen and of carbide, the next step is 
exposing these two to mutual reaction a t a proper'temperature, 
which is done in small individual ovens, holding from l/i to 2l/a 
tons of carbide. The reaction itself is reversible, and particular 
precautions must be taken to keep it always running in the right 
direction until the carbide has all been nitrified. I t  would take 
several evenings to present the complex physical and chemical 
difficulties met in this phase of our work. The product re
moved from these ovens is a  black, hard cake, which analyzes 
22 per cent nitrogen and about 1 per cent un-nitrified carbide. 
This material, which we call Lime Nitrogen, is next finely ground 
and stored in silos. The carbon, set free in the reaction pre
viously indicated is in the form of graphite, and it  is not an easy 
proposition to find a satisfactory mill that will grind this ma
terial fine and at the same time not blow itself up from libera
ted acetylene derived from the presence of any uncombined 
carbide, or wear itself out grinding the lime nitrogen-graphite 
mixture. Extreme precautions are taken in this part of our 
operation, both in the mills themselves and in the elevating 
and conveying apparatus connected with them to avoid dan
gerous explosions, and I can truthfully say that in the years I 
have been connected w ith the Company not a single injury 
has resulted from such explosions in our plant.

To prepare the lime nitrogen for agricultural purposes the 
finely ground material is partly hydrated to insure decomposi
tion of the carbide it contains, and is then oiled to render it 
dustless, and stored in bulk, or packed immediately into sacks 
and shipped to the fertilizer mixer.

Calcium cyanamide tends to transform itself into a large 
number of organic compounds when subjected to the action 
of water, particularly at temperatures above normal, and, there
fore, this hydration has proven an extremely complex problem, 
because we desire to avoid any such transformation, as agri
cultural experiments have shown that the calcium cyanamide 
in its unaltered form yields the best crop results.

But agricultural uses are not the only purposes to which the 
Cyanamid can be applied, as it is a very simple m atter to con
vert the Cyanamid into ammonia by  the exothermic reaction 

C aC N 2 +  3H2O = 2NH3 +  C a C 0 3.
If lime nitrogen is mixed in a slurry with w ater and subjected 
to the action of heat and high pressure it is converted quanti
tatively into ammonia. In this country this use of Cyanamid 
was not developed on large scale outside our experimental

laboratory until the beginning of this year, but while I was in 
Germany I saw in the yards of a big manufacturing concern 
some 60 autoclaves, each capable of converting 10 tons of Cyan
amid per day into ammonia. This equipment was waiting 
railroad cars to move it Gut, and was in no sense experimental, 
because three similar plants have been in operation in Germany 
for at least three years. The cost of this transformation is hardly 
appreciable, and the purity of the product is quite high, requiring 
merely passing through a self-acting rectifying column for the 
removal of steam.

The ammonia so produced abroad is at present being con
verted into a  high-grade sulfate and a pure nitrate, and we are 
a t work now in this country on producing a new fertilizer m a
terial, “ Ammo-Phos,”  consisting largely of ammonium phos
phate; m y experimental laboratory is at present working day 
and night trying to meet initial demands for this new material. 
Agricultural results during the past season have been so phe
nomenal that our friends will not await the completion of a 
large plant for meeting the requirements, but have insisted on 
our converting our laboratories into a miniature factory.

Our product contains over 13 per cent N H 3 and 45-50 per 
cent P 2Oj, or over 60 per cent plant food, the bulk of the remainder 
being chemically combined water, and when mixed w ith the 
high-grade potash salts available, will make a complete fertilizer 
some 6 times as concentrated as the average grade sold today.

I t  is also possible to transform Cyanam id into urea, and I 
have made in m y experimental laboratory a great deal of pure 
salt in a com paratively easy and simple manner.

Similarly, Cyanamid can be converted into Dicyandiam id—  
b y simple treatment with hot water. This material has been 
proposed for use as a deterrent in explosives, but I think it 
offers a much better field for transformation into the Guani
dines.

Such transformations of Cyanam id abroad have received a 
great deal of attention, and there are numerous derivatives on 
the market. Just a few months ago I saw a  sample of Creatine 
which had been made in a  chemical laboratory from Cyanamid, 
and we feel that we are not very far from the synthetic produc
tion of foods when we can reach such a point in our chemical 
synthesis.

W hen a  special grade of Cyanamid is melted down with a 
flux, such as common salt, it  combines the free carbon present 
with the cyanamide radicle, forming cyanide. The resulting 
product of this fusion contains about 25 per cent of its full weight 
in equivalent potassium cyanide; this crude form of cyanide 
dissolves very readily in water and filters rapidly from the insoluble, 
after which the solution is ready for metal extraction, or other 
uses to which cyanide in its dissolved form can be put. Large 
scale experiments have been tried out in a number of the big 
cyanide plants scattered at various places throughout the world, 
and in every respect this material has shown an exactly equiv
alent value to the higher grade cyanides. The transformation 
of the cyanamide nitrogen into cyanide nitrogen is almost quanti
tative, and the fusion experiments can be carried out without 
difficulty and at a low cost. W e have here, therefore, a  crude 
form of cyanide which can be prepared very cheaply and which 
could be readily delivered to the consumer at a price approxi
m ately one-third under the present prices of the higher grade 
cyanide. Abroad this material has been made in large quanti
ties and transformed into the pure cyanide, running approxi
m ately 127 per cent potassium cyanide equivalent, but we be
lieve that w ith proper propaganda work our own cyanide users 
would find the low-grade material quite acceptable, provided it 
could be delivered to them at a cost sufficiently low to enable 
them to perform the extra dissolving and filtering operation 
which it  involves over the use of the present high-grade alkali 
cyanides.

Cyanam id itself forms an excellent case-hardening material(
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and we have prepared a number of mixtures which are in steady 
use at our plant for performing this operation upon various 
machine parts which we are using. It  works extremely rapidly 
at very low temperatures, but we have not yet succeeded in 
overcoming certain fads in large scale use of this material, and 
it has not met with any general introduction. W e found that 
the ease hardener is more concerned with the color of his hard
ening powders than he is with the actual work they perform, 
and as the colors and odors of our cyanamid products are rather 
fast we have not found it interesting to us to meet some of these 
peculiarities of the case-hardening trade. While abroad I saw 
these case-hardening materials being prepared b y  the hundreds 
of tons for use in the manufacture of armament and war ma
terials, and the small factory engaged in their production has 
been swamped with orders ever since its inception.

T he arc processes have shown themselves capable of producing 
nitric acid or nitrates. Cyanam id itself is an entirely different 
product, but it is quite easy to produce ammonia from it, and 
there has recently been evolved abroad a most successful method 
of oxidizing this ammonia to nitric acid, so that in case of com
petition with the Birkeland-Eyde process we are not entirely 
limited to the fixation of nitrogen, but can furnish this nitrogen 
in exactly the same form that the arc processes can, and at 
considerably less cost. Our raw materials arc cheap— coke, 
limestone, air. W e use only one-fifth the electrical power that 
the arc processes do per unit of nitrogen fixed in the form of 
Cyanamid, respectively ammonia, and by the addition of a very 
small percentage more power we can convert our Cyanamid into 
nitric acid. W e require about the same quantity of labor to 
fix a unit of nitrogen in Cyanamid as the arc process does in nitric 
acid, but since there is only a small fraction more labor used to 
transform Cyanamid nitrogen into nitric acid we do not feel 
this is a great handicap when one considers our smaller power con
sumption. On the American continent where water power is 
so expensive and so scarce this difference readily off-sets the 
additional labor necessary to make nitric acid from Cyanamid. 
Further, our Cyanamid is easily transported and can be changed 
to ammonia or nitric acid at the end of its journey at the expendi

R EC O V ER Y OF TOLUENE FR O M  GAS

In the course of the proceedings at the conference on coal 
supplies held in Manchester in February, M r. Macintosh Williams, 
who attended on behalf of the W ar Office Committee on the 
Supply of High Explosives, referred to the shortage of toluol 
and to the action taken by the committee with the object of 
obtaining the necessary quantity to meet requirements. He 
stated that satisfactory arrangements had been made with the 
tar distillers; the coke-oven manufacturers were approached, 
and did what they could. Subsequently an appeal was made 
to the larger gas undertakings to make arrangements to wash 
the toluol out of their gas, and, in case of need, replace it with 
benzol if this was necessary to preserve the illuminating and 
calorific power. T hey thought that if the wash oil employed 
for washing or scrubbing the gas was first pre-benzolized, it 
would take up only the toluol content of the gas and leave the 
benzol content to a certain extent intact. Birmingham had 
made experiments, and found that if the oil was pre:benzolized 
to the extent of 5 per cent, it was possible to extract nearly 80 
per cent of the toluol content, and leave more than two-thirds 
of the benzol content still in the gas. If this were the case, 
it would materially assist the Government.

Dr. W . B. Davidson, the engineer-in-charge of the Nechells 
station of the Birmingham Gas Department, had drawn up a 
sketch of the plant which he thought might be adopted to effect

ture of a very small amount of steam and labor, so that we have 
the additional advantage in transportability of stable raw- 
material, and subsequent conversion a t the point of direct use. 
These commercial transformation units are small, and can be 
set up to supply even small amounts of ammonia or acid in a 
quite cheap and efficient plant. Practically all sulfuric acid 
plants in Germany have installed them since nitrate disappeared 
from trade.

There is no comparison between the initial investment re
quired for a Cyanamid plant and for an arc plant, if one in
cludes power development. The Cyanamid plant, per unit of 
nitrogen fixed, requires an investment of only about one-fourth 
that required by the arc process, and for a Cyanamid-ammonia 
plant about one-half that required by the Haber process. Even 
the combination of the Cyanamid-ammonia-nitric acid process 
requires an investment of only one-third to one-half that for 
the arc process. In each case we are assuming exactly the same 
quantity of fixed nitrogen in the forms above designated. Where 
electrical power is expensive, as in the United States, there is 
no question regarding the superiority of the Cyanamid process 
for the fixing of atmospheric nitrogen, particularly for fertilizer 
purposes, and we eventually hope that the future development 
of our nitric acid process will enable us to compete in every line 
of nitrogen compounds with all other competitive sources.

I have brought with me some moving pictures of our Niagara 
Plant, showing the arrangement of the whole and some details 
of the various units comprising it. I t  is manifestly impossi
ble in a plant such as ours to obtain pictures of every operation, 
but I have brought the most representative views of the 
operation of fixing nitrogen. When one considers that we have 
at Niagara a 12 kiln lime plant, 25,000 H. P. of carbide furnaces, 
a liquid air plant which was the largest in the world a year ago, 
a gas plant of sufficient size to serve the average town of 25,000 
inhabitants, a  nitrogen retort plant, an ammonia refrigeration 
plant, a causticizing plant, a nitrification plant, a hydration 
plant, and innumerable crushers, mills, silos and feeding ma
chinery, it is rather difficult to include them all in a few hundred 
feet of motion picture film.

the object in question. There is from twenty to forty times as 
much toluene in the gas made from a ton of coal as there is in, 
the tar produced from this bulk of raw material; and probably 
at least 2 lbs. of pure toluene, making 4 lbs. of trinitrotoluene, 
can be readily recovered per 10,000 cubic feet of coal gas.

The stream of cooled debenzolized oil coming from the crude 
still is mixed with a small stream (about 5 per cent by volume) 
of benzol in tank T i and is then pumped at the required rate 
(about 1300 gallons per hour) by pump Pi to the top of scrubbers 
S3; then by pump P> from the bottom of S3 to the top of &; 
and finally by pump P 3 from the bottom of S2 to the top of Si.

The oil now benzolized runs from the bottom of Si to the store- 
tank T2, whence it is pumped by P< in a continuous stream 
through the heater Hi, where heat interchange takes place 
between the cold oil and the hot oil leaving the crude still; 
then through the exhaust steam heater H 2; then through the super
heater H 3 (containing a closed high-pressure stea’m-coil) to the 
crude still, where it meets a  current of high temperature steam, 
which deprives it of its crude benzol.

The, hot debenzolized oil is drawn off and caused to flow first 
through Hi, and afterwards through a water condenser, Ci, 
to the store-tank Ti. The crude benzol vapors and steam are 
condensed in the water condenser C 2. The condensate flows 
to a receiver, R, whence it passes through a separator, the crude 
benzol being stored in the tank Tj.

CURRENT INDUSTRIAL NE.W5
B y  M .  L .  H A M L I N
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A charge of about 1600 gallons of crude benzol is pumped by 
Ps daily into the intermediate still where it  is distilled by  steam 
with the production of commercial benzol, commercial toluol 
and residual xylol and heavier oils. The commercial benzol 
is mixed with the wash oil, together with an additional quantity 
corresponding to the amount of toluol, etc., permanently re
moved from the gas. The commercial toluol is redistilled in a 
second still for the production of pure toluol.

If the wash oil contains much naphthalene, it  m ay be necessary 
to return the xylol to the gas, to prevent naphthalene stoppages 
in the district services.

Gas oil will probably prove the most suitable oil for washing 
purposes, as it is generally ready to hand, contains no naphthalene 
and readily absorbs crude benzol.

C O ST  OF H Y D R O G E N  GAS

In the course of the report of the British Comptroller and 
Auditor-General upon the Arm y Services appropriation account 
for the year ended March 31st last, which has been issued as 
a White Paper, it  is stated, in connection with expenditure at 
the Royal Aircraft Factory, that the cost of hydrogen gas showed 
an increase from $4.60 per 1000 cu. ft. in 1912-13 to $5.25 in 
1913-14 [J- Gas Lighting, 129 (1915), 442]. The output during 
the latter year was 2,023,607 cu. ft. as compared with 3,493,296 
cu. ft. in 1912-13.

GAS P R O G R E SS IN  TURIN

Notwithstanding the cost of coal and the outbreak of war, 
the Societa Ationima dei Consumatori di Gas-Luce, of Turin, 
Italy, states in its last annual report that gas affairs in that city 
are not only satisfactory but progressive. During the twelve 
months covered by the report, 21,750,465 cubic meters of gas 
were sold, which was an increase of over 500,000 cubic meters 
on the sales of the previous year. Gas-meters, likewise, have 
gone up in number— from 45,000 to 47,000. In spite of keen 
electricity competition, the board of directors are convinced 
the future offers splendid prospects— especially in respect of 
the use of gas for heating purposes.

Early in 1913 the price of coal was $5.75, c. i. f. at Savona. 
Later it rose to $6.12, while during 1914, it dropped first to
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$5.40 then to $5.00. The Company was fortunate enough, 
at the outbreak of war, to have their coal stores well stocked 
-—even considerably above their contractual obligations w ith the 
municipality of Turin. All the coke is readily sold; so much so 
that efforts are being made to use, in the producers, coke dust 
mixed with tar, and coke dust briquettes made on the gas
works. Old scrubbers have been replaced by modern vertical 
centrifugal washing apparatus, and old benches of retorts have 
given place to new.

EX PLO SIO N  FR O M  A D EFECTIVE G AS SERVICE 
GO VER N O R

A  communication by M r. Reinhard, manager of the Leipzig 
Gas Company was published in the Journal jiir  Gasbeleuchtung 
of Jan. 30th, describing an explosion that occurred in a spacious

cellar of a bookseller’s establishment and a basement restaurant 
adjoining it. T he explosion and resultant fire were attended 
with loss of life. There were six gas-meters located in the cellar 
for supplies to various parts of the whole building— four being 
50-Hght meters in an open cupboard, one of the remaining two
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being a 200-light, and the other a 5-Iight meter, both standing 
exposed on the floor of the cellar. On the outlet of the 50-light 
meter for the supply of the restaurant, there was a Hahn governor 
having i l/2-inch connections. This governor, which, as far 
as could be traced, had been installed more than nine years 
previously, was of an antiquated type.

The old pattern contains considerably less glycerine to seal 
the bell and so far as could be traced in this instance the glycerine 
had not been renewed nor the governor inspected, during the past 
nine years. Investigations on this governor made by Reinhard 
after the explosion showed that nearly the whole of the glycerine 
had disappeared— presumably evaporated— and that there was 
also a  deficiency of mercury. It  is not known whether the gov
ernor was originally filled with neat glycerine or with glycerine 
and water. It is clear, however, that the gas on the night in 
question blew the seal of the governor and the explosive mixture 
of gas and air in the cellar, which had a cubic content of about 
11,650 cubic feet, was ignited by  a young cook who brought a 
naked flame into the cellar. The explosion was very violent, 
and caused wide-spread damage. In view of the disastrous re
sults, Reinhard has thought it useful to draw attention to the 
defective character of the governor and the w ay in which the 
defect has been minimized in the more recent type.

E N G LISH  FO R EIG N  T R A D E IN  JANUARY

The English foreign trade of last January is compared with 
that of January, 1913, in the following table made from data 
published in Z. angew. Chem., 28 (1915), III, 83:

P e r c en t change 
com pared w ith

I m p o r t s Value Jan ., 1913
W h ea t............................................. . $ 2 ,16 0 ,0 0 0 + 5 6 .6
W heat flour................................... 4 ,71 0 ,0 0 0 + 5 6 .8
B arley ............................................. 1 ,270 ,000 — 21.7
O a ts ................................................. 1 ,300 ,000 — 46.5
C o rn ................................................. . 10 ,110,000 + 2 2 6 .9
R aw  c o tto n ................................... . 31 ,500 ,000 — 3 6 .2
C o tton  m anufac tu res......... 2 ,48 0 ,0 0 0 — 45.3
F la x .................................................. 1 ,599 ,000 — 27.7
R aw  h id es ...................................... 3 ,4 3 0 ,0 0 0 +  81 .6
Iron  and  s te e l............................... 2 ,820 ,000 — 52 .3
R aw  ju te ........................................ 2 ,62 0 ,0 0 0 — 63.7
L a rd ................................................. 3 ,0 5 0 ,0 0 0 — 8 .4
L e a th e r ........................................... 8 ,590 ,000 +  127.5
Preserved m ea ts .......................... 3 ,3 3 0 ,0 0 0 +  173.5
S a ltp e te r........................................ 380,000 +  26.5
P e tro leu m ...................................... 4 ,3 1 0 ,0 0 0 —  19.9
R ice .................................................. 2 ,08 0 ,0 0 0 +  145. 1
R aw  su g a r..................................... . 12 ,000,000 +  229.3
Refined su g ar............................... 6 ,8 0 0 ,0 0 0 +  22 .3
T e a ................................................... 9 ,3 0 0 ,0 0 0 +  73 .7
T obacco .......................................... 3 ,4 2 0 ,0 0 0 — 24. 1
R aw  w ool......................................., . 22 ,3 0 0 ,0 0 0 +  7 .7

E x p o r t s

Coal and  co k e .............................. . $11 ,000 ,000 — 39 .9
C otton  y a rn .................................. 3 ,3 5 0 ,0 0 0 — 49.7
C o tton  c lo th ................................. . 23 ,950 ,000 — 49
O ther co tto n  m a n u fa c tu re s .. . 3 ,4 4 0 ,0 0 0 — 48.8
Iron  and  s te e l............................... . 13 ,000,000 — 45
Ju te  p ro d u c ts ............................... 661,000 — 5 1 .8
Linen y a rn .................................... 170,000 — 67
Linen c lo th .................................... 1 ,999 ,000 — 3 4 .4
M ach in e ry .............. ...................... 8 ,09 0 ,0 0 0 — 50 .8
R aw  w ool....................................... 712,000 — 9 4 .6
W oolen y a rn ................................ 405,000 — 81.5
W oolen c lo th ............................... 4 ,3 5 0 ,0 0 0 — 47 .9

AM ER IC AN  FO R E IG N  CO M M E R C E

A  remarkable illustration of the maritime supremacy of Great 
Britain is afforded by an analysis of the foreign commerce of the 
United States in the American fiscal year 1914. Vessels flying 
the British flag carried 53.45 per cent of the imports and exports 
of the United States during that period according to Engineering, 
99 (1915)1 308. The corresponding proportion carried b y  Ger
man shipping was 13.79 Per cent; by American shipping, 9.26 
per cent; by French shipping, 4.64 per cent; by  Dutch shipping,
4.10 per cent; by Norwegian shipping, 3.49 per cent; by  Japanese 
shipping, 2.14 per cent; by  Italian shipping, 1.94 per cent; 
by  Austrian shipping, 1.57 per cent; by Belgian shipping, 1.27 
per cent; and by all other shipping, 4.35 per cent. The analysis 
extending in the fiscal year 1914 to American imports and ex
ports represented an aggregate value of $3,785,469,000.

R U SSIA ’S FO R EIG N  T R A D E IN  19 1 4

Russia’s foreign trade during last year amounted in the ag
gregate to a sum of $813,000,000, against $1,213,000,000 for 
the year 1913, the decrease for 1914 amounting to 32.7 per cent 
[Engineering, 99 (1915), 273]. The imports and exports were:

1913 1914
Im p o r ts ...................... S560,000,000 S423,000,000
E x p o r ts ......................  5652,000,000 5390,000,000

The imports, consequently, show a decrease of 24.55 per cent, 
while the corresponding figures under the exports are reduced 
as much as 39.73 per cent. In 1913 Russia had a surplus on the 
export side of $92,000,000 as against a deficit of $33,000,000 
for 1914; in other words, the commercial balance of the country 
for last year has deteriorated by $125,000,000, as compared 
with the preceding year. T he figures for the months after the
declaration of war do not appear to have been made available
yet. T hey are not only responsible for the unsatisfactory bal
ance, but have also neutralized the increase as compared with 
1913, which the first six months of 1914 manifested. The figures 
for the first six months of 1914 and 1913 were:

1913 1914
Im p o r ts ......................  S259,000,000 S312,000,000
E x p o rts ......................  5260,000,000 5310,000,000

There was consequently an increase of about 22 per cent on the 
imports during the first half of last year and 20 per cent on the 
exports, as compared with the corresponding figures for the pre
vious year. The value of the ruble is taken as $0.46. [1 ruble =
51.5 cents according to latest Treasury Departm ent Circular.]

SW E D ISH  FO R EIG N  TRAD E IN  1 9 1 4

In 1914 Sweden’s foreign trade amounted to 146,300,000 
kroner, or 8.7 per cent less than in 1913 [Z. angew. Chem., 28 
(I9I5)i H I, 106], imports decreasing 77,100,000 kroner, or 9.1 
per cent, and exports decreasing 69,200,000 kroner or 8.45 per 
cent. The decrease in the imports of raw material amounted 
to 33,200,000 kroner; of the exports, iron showed the greatest 
falling off. [1 kroner =  $0,268.]

T H E  G R A N G ESBER G  IR O N -O RE D E P O SIT S, SWEDEN

A  Swedish expert has recently investigated the Grangesberg 
iron-ore deposits, and pronounced their content to be much larger 
than was formerly believed. Only a  few years ago the aggre
gate capacity of these deposits was put at some 60,000,000 tons, 
and the area within which they were found a t 72,800 square 
meters. Now, however, the quantity, as regards only the phos
phoric ore, is reckoned to be three or four times as much [En
gineering, 99 (1915), 255 ]. The surveying and examination work 
undertaken at Grangesberg is the greatest of its kind ever under
taken in Sweden, and it has been going on ever since 1906. 
The examination has revealed the presence of 180,000,000 tons 
pure ore, and it is now proposed to extend the boring to 1000 
meters. Approximately an aggregate of 250,000,000 tons pure 
phosphoric ore m ay be reckoned upon. W ith the present pro
duction of about 840,000 tons annually, the deposits are calculated 
to last some 200 to 300 years. Further investigations are ex
pected to reveal the presence of additional iron-ore deposits in 
this mining district.

M AN UFACTURE OF EX PLO SIV ES IN  NATAL

It  is reported that Messrs. Kynochs, Ltd., will shortly cause 
great extensions to be made to their dynamite factory at Um- 
bogintwini. This manufacture will mean a  very large consump
tion of w attle wood.— E. G. A n d e r s o n .

SCO TCH  OIL TRAD E

T he Oil and Color Trades Journal, 47, No. 855, states that not 
for many years have the Scotch oil companies experienced such 
a  brisk demand or as good prices for all their products as is being
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experienced at the present time. All classes of oil, sulfate of 
a m m o n i a ,  and paraffin wax are being dispatched as soon as they 
are manufactured, and there are no stocks on hand. The shutting 
out of German competition in the sulfate of ammonia trade has 
brought prosperity to the Scotch industry. When the war broke 
out the price was around $5° per ton as compared with $70 at 
present. Paraffin wax has also risen about $45 per ton, lubri
cating oils $5 per ton, and burning oil $0.02 per gallon. These 
constitute almost record prices in the history of the industry 
during the past 10 or 15 years, and everything points to their 
being continued during the current year. Another excellent 
feature is the large amount of fuel oil taken by the admiralty 
at a price very remunerative to the Scotch companies:— A.

COM M ERCIAL VEH ICLES DR IVEN  B Y  STEAM

Some time ago a new form of steam omnibus was sanctioned 
for use in London, in which solid fuel in the form of ordinary gas 
coke was used. The results have been so encouraging that no 
less an authority than Professor Vivian Lewes has predicted that 
everything points to steam challenging the supremacy of petrol 
or petrol substitutes for commercial motor traction. According 
to the Mechanical World, 47, No. 1471, the virtue of the steam 
vehicle using solid fuel is the cheapness in cost of running. 
Experimental working has shown the cost of fuel, where the stops 
arc not frequent, to work out at 2 cents per 17 ton-miles, which 
is about half the cost with petrol, even when the latter is pur
chased in large quantities at 20 cents per gallon.

The uncertainty as to the price of petrol is undoubtedly the 
cause of many traders holding back from substituting me
chanical for animal haulage, and there is some force in the argu
ment that coke, being a home production, is not likely to be 
affected as to price in the same w ay as oil.— A.

CH LO RINE IN COAL

Mr. A. de Waele in a paper before the English Society of Pub
lic Analysts gave particulars of a case of abnormal corrosion of 
the tube of an economizer, and traced the corrosion to the pres
ence of chlorine in the coal used. The average chlorine content 
of the coal obtained from the Midland coals of the brine district 
was 0.22 per cent.— A.

BR ITISH -M AD E TU N G STE N

Before the war all the tungsten powder used in the manufacture 
of high-class steels for shell steel, armor, and cutting tools, used 
in engineering works and armament factories, was imported 
from Germany, and a serious condition arose when the supplies
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the industry, the combine company representing all the great 
steel firms of Sheffield, and also Armstrong, Whitworth & Com
pany. Such good progress has been made that supplies 011 a 
commercial scale will be produced in a few weeks’ time at the 
company’s factory at Widnes.— A.

NEW  SO U TH  W ALES STEEL W O R K S 

W ith reference to the completion of the Broken Hill Steel 
Proprietary Com pany’s works at Newcastle, N. S. W „ it ap 
pears from the Bulletin of January 14th, of the South Australian 
Official Intelligence Bureau at Adelaide, quoted by the British 
Board of Trade Journal, that the South Australian Government 
has already accepted a tender from the company for the supply 
of 2000 tons of 60-lb. steel rails and 140 tons of fish-plates. 
The rails will be manufactured on the "basic open-hearth method, 
and the Sandberg process applied. The acceptance of the 
tender means that for the first time in the history of the South 
Australian Railways, rails of Australian manufacture will be 
used. In connection with the utilization of some of the large 
iron-ore deposits in South Australia, it is interesting to note 
that a shipment of 2800 tons of ironstone was recently dispatched 
to the Broken Hill Proprietary Com pany’s iron and steel works. 
The ironstone was obtained from Iron Knob, some 41 miles from 
Port Augusta, where the largest deposit in that State is situated. 
This is contained in two great ore bodies known as the Iron 
Knob and Iron Monarch, the latter being the larger of the two. 
The ore from the Iron Knob has, during the last 12 years, been 
used by the Proprietary Company for fluxing purposes at its 
smelting works at Port Pirie, and its average content of metallic 
iron has been found to be. over 68.5 per cent. The extent of the 
deposits has not yet been actually determined, but on the as
sumption that the average depth of ore is 110 more than 100 ft., 
it has been calculated that over 21,000,000 tons of ore are avail
able.

SE G ER  CO NES

Seger cones were a t one time solely manufactured by the 
Prussian Government at the Royal Porcelain Works at Char- 
lottenburg, and were imported into Great Britain ill consider
able quantities for use by pottery manufacturers in standardizing 
the fire of ovens and kilns. It is reported that Dr. Mellor, 
principal of the Pottery Section at the North Staffordshire 
College, has brought to a successful finish experiments directed 
towards carrying on the manufacture of these cones in England. 
The governors of the college have authorized the manufacture 
and the laboratories and are already turning out Seger cones at
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EXCURSIO NS

W ater Purification Plant— Of the public works which have 
successfully overcome the natural difficulties that beset 
the city of New Orleans, none are more important than those 
of sewerage, water and drainage. These include 427 miles of 
sewers, with nine pumping stations; 312 miles of storm water
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drainage arteries, with seven great pumping stations; and 532 
miles of water mains, with a purification plant and pumping 
station on each side of the Mississippi River, which take its 
muddy water and render from it a crystal-clear and highly-safe 
and desirable water supply, and distribute it to the entire popu
lated area of the city under 70 lbs. pressure, thus giving a mag
nificent fire protection as well.

These great works of sewerage, water and drainage, so widely 
scattered, have involved an expenditure of over $30,000,000.

This plant, as it stands, has a capacity to purify and deliver 
to the city 60,000,000 gallons of water a day, with ample re
serve pump and boiler capacity to take care of any probable 
accident to pumps or boilers which m ay put a portion of them 
out of service for repair. The machinery and boiler equipment 
are of the most modern and efficient design known to water
works practice, and the coal consumption is below that of many 
plants for smaller cities which do not pump one-third as much 
water as is now being handled at this plant. The universal 
use of water meters for all water consumers has resulted in the 
prevention of waste of water; the present requirements of the 
city call for an average delivery of only 17,000,000 gallons of 
water per day. The plant, however, includes a sufficient area of 
ground and is laid out with a view of economical extension to 
a capacity of at least 168,000,000 gallons per day, which should 
serve a population of nearly 2,000,000.

W ater is taken from the Mississippi River, three-quarters of 
a mile away, through a 48-inch suction line, which is laid level 
and with its top 2 feet below extreme low water in the river, 
and lifted by  the low-lift pumps, through the head or controlling, 
house, into one of the two grit reservoirs, in passing through 
which it deposits about 10 per cent of the heavier suspended 
matter which it contains. From the grit reservoir the water 
passes through the head house again, and, in proportion to the 
amount of water passing and its condition, lime and sulfate of 
iron are added to it, after which it passes through one of the 
two sets of chemical mixing passages, which afford a runway 
back and forth and up and down of about a mile, during which 
any deposit is prevented by the motion of the water. This 
keeps the chemical solution thoroughly mixed with the water 
until the full chemical reaction required has taken place. Then 
once more the water passes through the head house, going this 
time to one of the two sets of settling reservoirs, through which 
its passage is very slow, for the express purpose of causing the 
deposit of the now coagulated* masses of clay and precipitating 
lime and magnesia which were originally contained in solution 
in the water, as well as of the iron and lime which were added 
to bring about this precipitation. T he result is that when the 
water has reached the outlet of the settling reservoirs and is 
ready once more to pass through the head house to the filters 
nearly all of the suspended matter and a large amount of the 
chemicals which were in solution in the river water, together 
with those which were added in the treatment, have been left 
behind in the settling reservoirs, and the remainder, about 
fifty parts per million out of an average of 750 parts of sus
pended m atter contained in the raw river water, are in such 
changed condition that they are easily removed by the filters, 
which yield an effluent entirely free from suspended matter 
and containing less than half as much lime and magnesia and 
only about 1 per cent as many bacteria as the river water orig
inally contained. The resultant water is bright and’sparkling in 
appearance and safe and desirable for every use.

The filters are of the so-called mechanical or rapid type. 
They are, however, merely gravity sand filters, designed to 
handle large quantities of water and to be very easily and cheaply 
cleaned. In filtering, the water enters above the sand layer, 
passes through it and is collected by a system of drains into one 
effluent pipe for each of the ten filter units, which effluent pipe 
is automatically throttled to prevent a too rapid flow through

the filters. As the suspended m atter in the water accumulates 
in the sand layer, the latter is gradually choked up, until finally 
the filter will not pass as much water as is required of it with 
the throttle on its effluent pipe wide open. This stage is reached 
in from 100 to 300 hours of service under present operating con
ditions in New Orleans, and then the filter has to be cleaned. 
The process of cleaning consists in closing the inlet and outlet 
of the filter from its connection with the operating portion of 
the system and in forcing filtered water into the effluent pipe, 
through the drains, and up through the sand layer, at a high 
velocity, which stirs up the sand layer, loosens the mud and 
causes it  to overflow through troughs placed a t a higher eleva
tion than that to which this velocity will raise the sand 
of which the filtering material is composed. I t  takes less than 
ten minutes to go through the entire operation of washing a 
filter, and only about one-half to one per cent of the water filtered 
is required for filter washing.

The entire cost of treating and filtering the water and pumping 
it into the distribution system is not over two cents per 1,000 
gallons, and the cost of water delivered to domestic consumers 
through meters by  the city is now usually less than one-fourth 
of what these same consumers had to pay for raw river water 
pumped direct from the river before the city constructed and 
operated its own waterworks plant.

The W eeks Island Salt Mine— Weeks Island, La., is 125 
miles west of New Orleans, situated on Vermilion Bay, an arm 
of the Gulf of Mexico, and rises 204 feet above sea level. It 
has an area of 2500 acres and the salt underlies practically the 
entire island.

This wonderful deposit of pure rock salt was discovered by 
Gen. F. F. M yles in 1898. I t  analyzes 99.84 pure chloride of 
sodium. The deposit obtains in a solid mass and is found at 
a depth of 93 feet from the surface. I t  is several thousand feet 
thick. This company acquired the entire salt deposit, sank a 
shaft 650 feet into the salt and erected a plant, completed in 
1903, with a capacity of 1500 tons daily, thoroughly equipped 
with every modern device for the economical production of all the 
commercial grades of rock salt. These are shipped to all parts 
of the United States, England, Australia, Central and South 
America, Cuba and the Philippines.

The mine chambers are opened from 80 to 100 feet wide and 
85 feet high with the overlying mass of salt, supported by pillars 
of salt 80 X 85 feet. The interior is lighted by electricity and, 
being all translucent, clear, crystal salt, has the appearance of an 
enchanted palace, whose domes are studded w ith saline diamonds. 
The mine is, of course, perfectly dry and is different from most 
mines in that no artificial scaffolding is used, the strength of the 
pillars of salt being more than sufficient for the support of the 
roof.

Rock salt is mined in very much the same manner as are all 
the baser minerals. The first operation is the drilling of the 
holes for the insertion of the dynamic charges, rock salt having 
a resisting power of 5000 lbs. to the sq. in. This is accomplished 
b y eleven-foot drills. The salt is cut out in tunnel form, arched 
columns being left to prevent a collapse. These tunnels are 
750 to 1000 ft. long and 80 to 100 ft. wide, and of about the same 
height. The blasting is generally done at night, as well to pre
vent accident as to allow the atmosphere to clear in time for the 
following day’s work. As blasted, the salt is loaded on regular 
narrow gauge mule trains, which carry it  to the foot of the shaft.

The salt passes through a forty H. P. electric-motor-driven 
crusher, after which it  is fed by  gravitation into the cage and 
carried to the mill, where it is fed autom atically into screens 
and separated into the various commercial grades. If shipped 
in bulk it  is deposited by gravity into the cars; if not, it is 
autom atically fed into sacks.

In the twelve years of the mine’s operation, 1,000,000 tons 
of salt have been removed, and there remains 5,000 times that



May, 1915 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 445

much on tlie level now being worked. Drillings to a depth of 
250 ft. below the present level showed a continuation of the salt 
deposit.

The excursion to the mine was made over the Southern 
Pacific line by special train, 102 persons making the trip. A 
box lunch was furnished on the train before arrival at the mines. 
Delicious refreshments were served by M r. M yles, owner of the 
mine; ice cream and cooling drinks were plentiful on the return 
trip. As I he route passed through sugar plantations and truck 
farms, the journey gave a good idea of the importance and ex
tent of agriculture in Louisiana.

INDUSTRIAL CH E M IST S AND CH EM ICAL E N G IN EER S 
DIVISION A M E R IC AN  CH EM ICA L SO C IE TY 

M INUTES OF NEW  O RLEANS M EE TIN G

The first meeting of the Division was devoted to the Public 
Symposium held at Tulane University and was presided over by 
Vice-chairman H. E. Howe. The program of papers is given 
on page 442.

The regular divisional meeting was held a t the Grünewald 
Hotel, New Orleans, La., April 2, 1915, with - Vice-chairman
H. E. Howe presiding.

The Secretary reported for the Chairman and the Executive 
Committee the appointment of the following committees:

S t a n d a r d  S p e c i f i c a t i o n s  a n d  M e t h o d s  o p  A n a l y s i s — A . M .  Com ey,
J. 0. Handy, R obert Job , F . G. S tan tia l.

N o n -f e r r o u s  M e t a l s  a n d  A l l o y s , a Sub-com m ittee of preceding Com- « 
rnittce—Wm. Price, Chairman; Allen M errill, Geo. L . H eath , G ilbert 
Rigg, Bruno Woicliiechowski.

S o a p  P r o d u c t s — A rchibald C am pbell, Chairman; C . P . Long, J . R . 
Powell, Percy H . W alker.

G l y c e r i n e , a Sub-Com m itee of preceding C om m ittee— A . C. L angm uir, 
Chairman; W. H . Low, S. S. E m ery , R . E . D evine, J , W . L oveland, A. M . 
Comey.

N a v a l  S t o r e s — J. E . Teeple, Chairman; o th e r m em bers n o t y e t selected.
A l u m —W. M. B ooth, Chairman; C has. P . H oover, W m. C. Carnell.
P l a t in u m — W. F . H illebrand, Chairman; P ercy  H . W alker, H . T . Allen.

The Secretary reported on the financial condition of the 
Division as follows:
Balance on hand April 6,

1914.....................................  568.02 E xpend itu res for p rin ting
Received................................. 1 .00 postage, e tc ......  $25.55

TOTAL F u n d s ......................... $ 6 9 . 0 2
B a l a n c e  o n  H a n d  A p r i l  1 , 1 9 1 5 ..................    $43.47

No Committee reports were received.
The reading of the papers was then continued in accordance 

with the program as given above.
The various methods for the analysis of alum which were 

offered by Wm. M. Booth, Chairman of the Committee on 
Alum, for discussion by the Division, were laid on the table as 
the time was too short for their attention.

Under new business the m atter of the relation of the various 
committees to each other was brought up and it was moved 
by W. F. Hillebrand and seconded by A. H. Sabin that this 
matter be referred to the Executive Committee for settlement. 
The motion was carried.

L e h i g h  U n i v e r s i t y  S . H .  S a l i s b u r y ,  J r . ,  Secretary
So. B e t h l e h e m , P a .

FERTILIZER DIVISION  AM ERICAN  CH EM ICAL SO CIE TY 
M INUTES OF N EW  O RLEANS M E E T IN G

The Meeting was called to order, Friday morning, April 2nd, 
in accordance with the official program, by  Chairman Brecken- 
ridge. About thirty members attended.

P a u l  R u d n ic k , Chairman of the Committee on Research 
and Methods of Analysis, presented a report in which tentative 
standard methods for the sampling and analysis of phosphate 
rock were proposed. The degree of fineness of the coarse 
moisture sample was discussed. It  was generally agreed that 
4 niesh (Bureau of. Standards specification), rather than 20 mesh,

as proposed, would be fine enough. There was a lively discussion 
as to whether all silica should be made insoluble before determin
ing sulfuric acid. The motion that the analysis be so conducted 
that all silica be made insoluble was finally carried. The motion 
to otherwise adopt the Committee’s report was carried.

F. B. C a r p e n t e r , Chairman of Committee on Fertilizer 
Legislation, presented a report regarding some fertilizer laws 
now in force.

After the Committee Reports the papers listed in the above 
program on page 442 were read.

The paper by  H. C. Moore was referred to the Committee 
of Research and M ethods of Analysis.

H. C. M o o r e , Secretary, pro-tan.

R E P O R T  O F C O M M IT T E E  ON F E R T IL IZ E R  L E G IS L A T IO N

During the past year, there have been no changes in the laws 
of the several states, which materially affect the fertilizer indus
try. There have been several bills presented in different states, 
which failed to pass and there is some legislation pending, but 
only a few minor changes have been noted, during the past 
twelve months.

There seems to be a growing tendency for the states to change 
from the brand tax to a tonnage tax. In some cases, this change 
has evidently been effected for the purpose of increasing the 
revenue, while in other instances, the reason assigned is to ob
tain statistical information, relative to the fertilizer business, 
which some companies now refuse to give. There seems to be 
no reason w hy any reputable company should be unwilling to 
furnish this information; on the contrary, the industry should 
be greatly benefited by  having a reliable statistical bureau, 
through which it might be possible to ascertain the total tonnage 
of fertilizers sold in each state and the amount of plant food 
in these fertilizers. If  such statistics were available, it is our 
opinion that they would become an important factor in increasing 
the sales of fertilizers.

In many of the states, the fertilizer laws have not been re
vised to meet present conditions, or when revision has been made, 
old forms have been copied. For instance, an expression com
monly used is as follows: " I t  shall be unlawful to offer for sale 
any fertilizer or fertilizer material containing any hoof meal, 
horn, hair, leather, or any other substance in which the ammonia 
is largely unavailable.”  B y  this statement, it assumes that the 
ammonia in these articles is largely unavailable; while, as a m atter 
of fact, from various tests, we find that hoof meal shows a  satis
factory availability, and by modern practice, the ammonia in 
hair, leather, etc., can be made available by  proper treatment.

When any of the state laws are undergoing revision, we should 
see that this form of expression is modified to read: "A n y  hoof 
meal, horn, hair, leather, or any other substance that has not 
been so treated as to render it largely available.”  This would 
allow the manufacturer to use materials which would cheapen 
the cost of fertilizers without in any w ay reducing their value.

Organic ammoniates, available for fertilizer purposes, are 
becoming scarcer each year, and if the manufacturer is restricted 
to such materials as Blood, Tankage, Cottonseed Meal, etc., 
the prices of ammoniated fertilizers will be largely increased in 
the future.

There seems to be little hope of getting a uniform law which 
will be applicable in the different states, but the fertilizer manu
facturers should have the hearty co-operation of the agricultural 
departments in having only such laws enacted as will amply 
protect both the producer and consumer, without imposing un
necessary hardships on the manufacturer.

A ll unnecessary restrictions tend to increase the expense of 
production and must necessarily result in higher prices for the
consumer.

J .  E. B k e c k e n r i d g e  P a u l  R u d n i c k
H .  A .  H u s t o n  H .  J .  W h e e l e r

F .  B .  C a r p e n t e r , Chairman
C o m m i t t e e  o n  

F e r t i l i z e r  L e g i s l a t i o n
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R E P O R T  O F T H E  C O M M IT T E E  ON  R E S E A R C H  AND 
A N A L Y T IC A L  M E T H O D S -F H O S P H A T E  R O C K

The following tentative standard methods for sampling and 
determination of moisture, phosphoric acid and iron and alumina 
in phosphate rock are recommended to the Division.

METHODS OF SAMPLING AND DETERMINATION OP MOISTURE
I. GROSS s a m p l e — A : c a r  s h i p m e n t s — ioo lb .  s a m p le  p e r  c a r .
1— s a m p l in g  f r o m  t h e  c a r : In sampling car shipments in 

the car at least ten seoopshovelsful, aggregating 100 lbs., shall 
be taken from each car a t approximately equal distances from 
each other so. as to average the car. Care shall be taken to 
see that each scoopful shall cover the entire face of the pile 
from floor to top.

2— s a m p l in g  f r o m  t h e  c a r t  o r  b a r r o w : A  small hand 
scoopful of i*to 2 lbs. shall be taken from each cart or barrow 
either as it is being loaded or as it leaves the car.

B :  c a r g o  s h i p m e n t s — 1 0 0  lb .  m in im u m  s a m p le  p e r  v e ss e l .
1— s a m p l in g  i n  h o i s t i n g  t u b  : In sampling cargoes generally 

running from 1000 tons upward a small hand scoopful shall be 
taken from approximately every tenth tub before it is hoisted 
from the hold.

2— s a m p l in g  f r o m  c o n v e y o r : If unloading is being done 
with automatic bucket and conveyor, periodical sections of the 
entire discharge of the conveyor shall be taken of such intervals 
and quantity as to give a sample equivalent to approximately 
one lb. per each ten tons of cargo.

3— s a m p l i n g  f r o m  c o n v e y i n g  v e h i c l e :  Samples shall be 
taken with a hand scoop from various cars at such regular 
intervals and in such quantities as to give approximately one 
lb. for each ten tons of cargo.

II. l a b o r a t o r y  s a m p l e — -The resulting gross sample ob
tained b y  any one of the methods outlined shall be crushed to 
pass a  four mesh screen, thoroughly mixed on a clean, hard 
surface and quartered down to a 10-lb. average sample.

A. c r u s h in g — This 10-lb. sample shall all be crushed to 
pass an eight mesh screen.

B. m i x i n g  a n d  q u a r t e r i n g — This eight mesh sample shall 
be carefully mixed and quartered down to two 2-lb. samples.

C. g r i n d i n g — 1— m o is t u r e  s a m p l e : One of these 2-lb. 
samples shall be held in an air-tight container. This sample 
is to be used for the determination of moisture.

2— a n a l y t ic a l  s a m p l e : The other 2-lb. sample shall be 
further mixed and quartered down to a 2- or 4-oz. sample which 
is then to be ground to pass a 60 mesh screen or preferably a 
63 mesh screen. This sample is to be used for the analytical 
determination.

n o t e : I t  is essential that the taking of the gross sample be
done with small hand scoops and that the practice of taking the
sample in the hand be absolutely prohibited, for it has been 
found that there is considerable selective action in the finer 
materials sifting through the fingers while a scoop retains the 
entire sample.

The dimensions of the screens referred to above are to be as 
follows:

N o. o p  M u s h  S i z e  o f  O p e n i n g  D i a m e t e r  o f  W i r e  
Inches Inches

4 0.185 0.065
8 0 .093  0 .032

65 0 .0082 0 .0072

III. d e t e r m in a t i o n  o f  m o is t u r e — Moisture is to be de
termined on both the moisture sample and analytical sample. 
Of the moisture sample not less than 100 grams are to be weighed 
out for each determination. Of the analytical sample ap
proximately 2 grams are to be weighed out for each determina
tion. Both are to be dried to constant weight a t  a tempera
ture of 1050 C. in a well ventilated oven, preferably with a 
current of dry air passing through the oven. The containers 
in which moisture is determined should be provided with well 
fitting covers so that the samples m ay be cooled and weighed 
in the well covered container.

IV. c a l c u l a t io n  o f  r e s u l t s — The percentages of phos
phoric acid and iron and alumina as determined on the analytical 
sample are to be calculated to a moisturc-free basis and subse
quently to the basis of the original sample as shown by the 
moisture content of the moisture sample.

d e t e r m in a t i o n  o f  p h o s p h o r i c  a c id

r e a g e n t s — To be prepared as in Official Methods, A. O. A. C. 
Bureau of Chemistry, Bulletin 107 (Rev.), 1910, p. 2. Prepara
tion of Reagents (e), (d), (e) and (/), except that the ammonium 
nitrate solution in (d) is changed to 5 per cent instead of 10 per 
cent.

m e t h o d  o f  s o l u t io n — To 5 grams of the sample add 30 cc. 
of concentrated hydrochloric acid (sp. gr. 1.20) and 10 cc. of 
concentrated nitric acid (sp. gr. 1.42) and boil down to a syrupy 
consistency. The residue, which should be nearly solid after 
cooling, is taken up with 5 cc. of concentrated nitric acid and 
50 cc. of water. H eat to boiling, cool, filter and make up to 
500 cc. through the filter. This procedure eliminates practically 
all of the silica and it is necessary to filter as quickly as possible 
after digestion so as to avoid redissolving the silica.

d e t e r m in a t i o n — Draw off an aliquot portion of 50 cc., corre
sponding to 0.5 gram, neutralize with ammonia, then add 
nitric acid until the solution is just clear. Add 15 grams of 
ammonium nitrate (free from phosphates), heat the solution 
to 50° C. and add 150 cc. of molybdate solution. Digest at. 
50° C. for 15 minutes with frequent stirring. Filter off the 
supernatant liquid and test the filtrate with molybdate solution 
to see if precipitation has been complete. (If not, add more 
molybdate to the filtrate and digest for 15 minutes longer.) 
Wash with 5 per cent ammonium nitrate solution by decantation, 
retaining as much of the precipitate as possible in the beaker. 
Dissolve the precipitate in the beaker in the least possible 
quantity of ammonium hydroxide (specific gravity 0.90) and 
dilute this solution with several times its volume of hot water. 
Dissolve the remainder of the precipitate on the filter with this 
solution, washing beaker and filter with hot water and keeping 
the volume of the filtrate between 75 and 100 cc. Neutralize 
with hydrochloric acid, cool to room temperature and add 25 
cc. of magnesia mixture from a burette, drop by drop, stirring 
vigorously with a rubber tipped rod, then add 15 cc. of ammonium 
hydroxide (sp. gr. 0.90) and allow to stand for four hours or 
over night at room temperature. The time of standing may be 
reduced to two hours if kept in a refrigerator or still better in an 
ice water bath. Filter through a platinum or porcelain Gooch 
crucible, fitted with a platinum or asbestos mat carefully 
made and ignited to constant weight. Wash with 2.5 percent 
ammonium hydroxide until practically free from chlorides; 
dry, ignite, cool and weigh as magnesium pyrophosphate. If 
desired, filtration m ay be made through an ashless filter paper, 
igniting in the usual manner. Calculate to P2Os by multiplying 
by  0.6378 (log 80468).

d e t e r m in a t i o n  o f  ir o n  a n d  a l u m in u m  t o g e t h e r  as  
p h o s p h a t e s

I. s o l u t io n s  r e q u i r e d : i — Hydrochloric acid (1 : 1); pre
pared by mixing 1 part by  volume of concentrated H C1 (sp. gr.
1.19) w ith 1 part of distilled water.

2— A  saturated solution of ammonium chloride, which should 
be filtered before use.

3— A  25 per cent solution of ammonium acetate, faintly acid 
to litmus paper.

4— A  solution of ammonium phosphate (10 per cent), pre
pared by dissolving 20 grams of (NHOsHPO* in 180 cc. of 
distilled water and filtering. (This should be prepared fre
quently in small quantity as it attacks glass containers on stand
ing.)

5— A  standard solution of ferrous ammonium sulfate, con-
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taining iron equivalent to about 0.0100 gram of Fe20 3 in 10 cc. 
and 50 cc. of conc. H C 1 per liter.

6— A solution of calcium and magnesium phosphates for blank 
determinations, prepared as follows: Dissolve 4 grams of 
MgO and 35 grams of C a C 0 3 (both free of iron and aluminum) 
in 100 cc. of conc. H C 1, add an aqueous solution of 30 grams of 
(NHOdfPO,, make up to 2 liters and filter.

7— A solution of ammonium nitrate (5 per cent) for washing 
precipitates. About 400 cc. are required for each determina
tion.

All reagents used should be as pure as practicable and all 
solutions should be free of suspended matter.

II. p r e p a r a t io n  o p  r o c k  s o l u t io n — Place 2.5 grams of 
pulverized rock with 50 cc. of 1 : 1 H C 1 in a graduated 250 cc. 
flask, the glass of which contains less than 1 per cent of iron 
and aluminum oxides.1 Boil gently with occasional shaking 
for 1 hour in such a manner as to avoid concentrating the solu
tion to less than half of its original volume,3 dilute, cool to room 
temperature, make up to volume and mix; filter immediately 
through a dry filter into a dry flask, discarding the first few cc. 
of the filtered solution.

Pipette a 50 cc. aliquot, representing 0.5 gram of rock, into a 
platinum dish and evaporate nearly to dryness.3 Cool, take 
up with a few cc. of water and when the salts are loosened from 
the dish, add 5 cc. of 1 : 1 sulfuric acid and evaporate to fumes. 
Increase the temperature and evaporate nearly to dryness.4 
Cool, dilute with about 50 cc. of distilled water, add 10 cc. of 
conc. HC1 and heat, with occasional stirring, until sulfates are 
dissolved. Filter into a 600 cc. Jena glass beaker through a 
9 cm. paper (S &  S No. 597), washing the paper thoroughly 
with dilute H C 1 and hot water.

III. FIRST PRECIPITATION WITH AMMONIUM ACETATE To t h e
solution in the beaker, add 25 cc. of the standard iron solution 
when the amount of combined iron and aluminum oxides in the 
rock does not exceed 5 per cent and 50 cc. of the standard iron 
solution when the combined oxides exceed 5 per cent.6 Oxidize 
with about 3 cc. of bromine water and boil in covered beaker 
for about 15 minutes to expel the excess of bromine. Rinse 
cover and sides of beaker with distilled water and cool to room 
temperature.

(Run a blank determination containing 10 cc. of 1 : 1 H C 1, 
25 cc. of the calcium and magnesium phosphate solution, and 
the same quantity of standard iron solution as is added to the 
rock solution.)

Add 100 cc. of saturated ammonium chloride solution,6 3 cc. 
of 10 per cent ammonium phosphate solution, 2 drops of methyl

1 Experim ents have shown th a t  the  so lution can n o t be m ade in flasks 
made of glass contain ing  a h igher percentage of alum ina, because the 
fluorine in the rock p a rtia lly  dissolves th e  glass and  adds alum ina to  the 
solution. N either “ N onsol," ' 'J e n a ” nor “ W eber's” re s is tan t glass " R "  
is suitable. F lasks m ade of glass con tain ing  little  a lum ina, su ch , as 
"Kavalier," “ p  Z re s is ta n t glass" or, o th e r B ohem ian glass of lower alum ina 
content have proven satisfacto ry . See "C hem ica l G lassw are,”  P . H . 
Walker, J . A m . Chem. Soc., 27, 865.

! This m ay be accom plished by  heating  th e  flask over a  low Bunsen 
flame or on a h o t p la te  which is ju s t  h o t enough to  keep th e  so lution boil
ing. A glass tube  ab o u t 12. inches long by  */» of an  inch in d iam eter w ith a 
bulb in the middle m akes a  very  satisfac to ry  condenser when placed in the 
neck of the flask.

* I t  is advisable to rem ove as m uch of th e  HC1 as possible before 
adding sulfuric acid so as to  minimize th e  chances of loss by  effervescence 
or bumping. T he  evaporation  m ay be conducted  in  glass beakers of low 
alumina content. K avalier glass has been  used satisfacto rily . In  no 
case should the evaporation  be conducted  in porcelain.

* I t  is best to  rem ove as m uch sulfuric acid as possible so th a t  the 
calcium sulfate w hich m igh t hold iron will dissolve readily  in HC1.

* I t  has been found th a t  w hen iron oxide is p resen t in considerable 
excess over a lum inum  oxide the  p rec ip ita tion  of the  phosphates is more 
complete, the com bined phosphates a re  m ore readily  ign ited  to  constan t 
weight, and the  p rec ip ita te  does n o t becom e red  on ignition.

'  Ammonium chloride in large q u a n tity  increases the  solubility  of 
calcium and m agnesium  phosphates and  decreases th e  solubility  of iron 
and aluminum phosphates.
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orange indicator and conc. ammonium hydrate (free of spangles 
and dissolved mineral matter) to alkaline reaction. Then 
add dilute H C 1 (about 1 : 20) drop by drop, with constant stir
ring, until the solution becomes faintly acid and the pink color 
of the methyl orange is just restored.1 Dilute to 450 cc.2 with 
distilled water, heat to boiling, and add 25 cc. of 25 per cent 
ammonium acetate solution. Continue heating for about 5 
minutes, after adding ammonium acetate, filter on a 12.5 cm. 
ashless filter paper (S &  S No. 589 “ W hite Ribbon” is suitable), 
in a 3 inch rapid filtering funnel, keeping the contents of the 
beaker and funnel hot.3 Wash 3 times with hot 5 per cent 
ammonium nitrate solution, each time cutting the precipitate 
loose from the filter and stirring it thoroughly with the stream 
from the wash bottle and filling to within about '/j inch of its 
upper edge. About 30 cc. are required for each washing. R e
turn the precipitate to the precipitating beaker by washing it 
out of the filter with a stream of hot water. Dissolve the 
precipitate with dilute H C1 (1 : 6), pouring about 50 cc. through 
the filter in successive washings and using about 25 cc. to wash 
down inside the beaker. Finish filter paper with distilled 
water.

IV . SECOND PRECIPITATION WITH AMMONIUM ACETATE Cool
the solution to room temperature, add 50 cc. saturated ammonium 
chloride solution, 4 cc. of 10 per cent ammonium phosphate 
solution, 2 drops of methyl orange, and adjust acidity as before. 
Dilute to 300 cc. with distilled water. H eat to boiling, add 
15 cc. of 25 per cent ammonium acetate solution and continue 
heating for about 5 minutes. Filter on the same paper as used 
for the first filtration, scrubbing the inside of the beaker with a 
rubber-tipped stirring rod and rinsing with hot 5 per cent 
ammonium nitrate solution. Wash the precipitate 10 times 
with hot 5 per cent ammonium nitrate solution, each time 
cutting the precipitate loose, stirring it thoroughly as be
fore and breaking up all lumps that it m ay contain. About 
300 cc. of wash solution are required.

As a precautionary measure, boil the filtrate and washings 
from both the first and second precipitates, and recover any 
additional precipitate.

V. i g n it i o n  o p  p r e c i p i t a t e — Transfer filter w ith precipitate 
to a weighed deep-form porcelain crucible (40 mm. in diameter 
is a good size) and heat gently over a low flame until the con
tents are dry, increase the temperature a little and continue 
heating until the paper is charred, increase the temperature 
again and continue heating until the paper is entirely burned. 
Ignite the uncovered* porcelain crucible for one-hour periods over 
blast lamp or No. 4 M eker burner to constant weight, each time 
cooling to room temperature in desiccator before weighing. 
Deduct the weight of blank from each determination, and after 
subtracting the weight of FePO< equivalent to the amount of 
iron found in 0.5 gram of rock by  titration, calculate the re
mainder to AljOj. A lPO i X  0.4184 = A l2Oa.

d e t e r m in a t i o n  o p  i r o n

I .  s o l u t io n s  r e q u i r e d — i — Standard Potassium Perman
ganate, N/40, containing 0.79015 gram of K M nO i per liter, 
and having a value of 0.001996 (or practically 0.002) gram of 
Fe^Oj per cc. Standardize with pure sodium oxalate (Bureau 
of Standards standard sample No. 40.)

2— Stannous Chloride. Dissolve 50 grams of the crystallized 
salt in 100 cc. of hot conc. H C 1 and make up to 1 liter with 
distilled water.

1 T h is  m ethod of ad ju stin g  acid ity  was suggested by  F . B. C arp en ter 
and  was found to  give satisfac to ry  results.

* All o u r work has confirm ed f r o w n ’s s ta tem en t (see W iley’s "P rincip les 
and  P rac tice  of A gricultural A nalysis," 2nd edition, 1908, Vol. I I ,  p. 245) 
th a t  th e  separa tion  from  calcium  under th e  conditions of th e  m ethod  de 
pends upon sufficient dilution.

* T he  con ten ts  of th e  funnel will rem ain  h o t if th e  so lution in the  
beaker is k e p t h o t over a low flame and  filtra tion  is fa irly  rapid .

* H e a t over Bunsen to  redness before p lacing over b la s t in o rder to  
p rev en t loss of p rec ip ita te  by  blowing o u t of crucible.
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3— Mercuric Chloride. Prepare a cold saturated solution.

4— Manganese Solution. (Preventive solution): (a)— Dissolve 
200 grams of crystallized manganese sulfate in 1000 ce. of water. 
(b)— Pour slowly, with constant stirring, 400 cc. of cone, sulfuric 
acid into 600 cc. of water and add 1000 cc. of phosphoric acid of
1.3 sp. gr. Mix solutions (a) and (b).

II. a n a l y t ic a l  p r o c e d u r e — Determine iron according to 
Jones’ and Jeffrey's modification of the Zimmermann-Rein- 
hardt method1 as follows: Place in a 250 cc. beaker an aliquot
of the rock solution, containing not more than 5 cc. of conc. 
H C1, boil and reduce with the smallest possible excess of stannous 

•chloride, added drop by drop while agitating the solution. 
Wash sides of beaker with distilled water and cool rapidly. 
Add 10 cc. of mercuric chloride solution and stir vigorously 
for about 30 seconds.2 Pour the mixture into a large porcelain 
casserole or dish containing 20 cc. of the manganese solution 
in about 500 cc. of water which has just been tinted with the 
permanganate solution.

T itrate with iV/40 permanganate solution to original tint and 
correct result by  the volume of K M nO i required for a blank 
containing the same quantity of H C1 (diluted), adding 
2 or 3 drops of stannous chloride to the hot solution, 
cooling, adding 10 cc. of mercuric chloride and titrating 
similarly.

W hen the rock solution contains carbonaceous matter it is 
necessary first to oxidize this with a little  potassium chlorate, 
evaporate to dryness to eliminate chlorine, and redissolve with 
S cc. conc. H C 1 and about 10 cc. of water.

Calculate the Fe20 3 found to FePO<, using the factor 1.8898, 
and after deducting from the weight of combined phosphates 
found, calculate the difference (A1PO0  to AI2O3.

AM ERICAN  ELECTR O CH EM ICA L SO CIE TY 
T W EN TY-SE VE N TH  GENERAL M EE T IN G  

ATLAN TIC CITY AND PH ILAD ELPH IA, A PRIL 2 2 -4 , 1 9 1 5

The Twenty-seventh General Meeting of the American Elec
trochemical Society was held at Atlantic City, N. J., and Phila
delphia, Pa., April 22-4, 1915. The meeting opened in Atlantic 
City with headquarters at the Hotel Chalfonte. Sessions on 
the 24th were held in the Harrison Laboratory, of the Univer
sity of Pennsylvania, Philadelphia.

P R O G R A M  O F  P A P E R S

T h e  A m e r ic a n  E le c tro c h e m ic a l  S o c ie ty  i n  I t s  E x te r n a l  R e la t io n .  
P r e s id e n t ia l  A d d re ss . F .  A .  L i d b u r y .

S o m e  M e c h a n ic a l  A n a lo g ie s  i n  E le c tr ic i ty .  E x p e r im e n ta l  
L e c tu re .  W . S. F r a n k l i n .

E ffic ien cy  o f L ig h t  P r o d u c t io n .  H .  Iv I v e s .
E x p e r im e n ta l  L e c tu re  in  t h e  H a r r is o n  L a b o ra to r ie s ,  U n iv e rs ity  

o f P e n n s y lv a n ia .  E . F .  S m i t h .

1. D e p o la r iz a t io n  i n  L e C la n c h e  C ells . M .  d s  K a y  T h o m p s o n  

AND E .  C .  C rO C K B R .

2. T h e  T h e r m a l  C o n d u c t iv ity  o f R e f ra c to r ie s .  B o y d  D u d 
l e y , J r .

3. C h e m is tr y  i n  t h e  D e v e lo p m e n t a n d  O p e ra t io n  o f F la m in g  
A rc C a rb o n s . W . C .  M o o r e .

4 . T h e  F o r m a t io n  o f M a g n e s iu m  S u b o x id e  i n  t h e  E le c tro ly t ic  
P r e p a r a t io n  o f M a g n e s iu m . F .  C. F r a r y  a n d  H. C. B e r m a n .

5. E le c tro d e p o s i t io n  of S m o o th  L e a d  f r o m  L e a d  N i t r a te  S o lu 
t io n s .  F .  C .  M a t h e r s  a n d  A s a  M c K i n n e y .

6 . T h e  C o a g u la tio n  of A lb u m in  b y  E le c tro ly te s .  W . D .  B a n 
c r o f t .

7. N e u tr a l iz a t i o n  o f A b so rb ed  Io n s . W. D .  B a n c r o f t .

8 .  F ib ro x . E .  W e i n t r a u b .

1 A n a lys t, 34 (1 909 ),  306.
1 B arneby  has shown th a t  only a  sh o rt in te rv a l of tim e is necessary 

betw een the  add ition  of m ercuric chloride a n d  m anganese su lfate, if the  
so lution is thorough ly  ag ita ted . J . A m . Chem. Soc., 36 (1914), 143.

9. T h e rm o -E le c tro m o tiv e  F o rc e  o f C e r ta in  I r o n  Alloys. T. 
E .  F u l l e r .

10. C a lo riz in g  M e ta ls .  W .  E .  R u d e r .
11 .  C o m m e rc ia l  N itro g e n  F ix a t io n .  S. P e a c o c k .
1 2 . E le c t ro p la t in g  w i th  C o b a l t.  H .  T .  K a l m u s , C .  H .  H a r p e j  

a n d  W .  L. S a v e l l .
13. T h e  C y a n a m id e  P ro ce s s . F . S .  W a s h b u r n .
14. F ix a t io n  o f A tm o s p h e r ic  N itro g e n . L .  L. S u m m e r s .
15. C le a n in g  a n d  P la t in g  in  t h e  S a m e  S o lu t io n . O. P .  W a t t s .
16. S o m e  P ro b le m s  i n  C o p p e r  L e a c h in g . ( G e n e r a l  D is c u s s io n .)
17. O n  th e  T e m p e r a tu r e  o f R e a c t io n  b e tw e e n  A c h eso n  G raphite 

a n d  M a g n e s ia .  O. h . K o w a l k e  a n d  D . S .  G r e n f e l l .
18. L ig h t in g  o f E le c tro ly t ic  T a n k  R o o m s. R .  E .  H a r r i n g t o n .

The annual business meeting of the Society and the announce
ment of the election of officers for the coming year were held 
at the opening of the Thursday (22nd) afternoon session. 
Following the lecture by Prof. Franklin, Thursday eve
ning, an informal social meeting was enjoyed in the Calé 
Alamac.

The morning session on the 24th was a joint session with the 
Illuminating Engineering Society, while that in the afternoon 
was held with the American Electroplaters’ Society. The 
laboratories and museums of the University of Pennsylvania 
were visited by  the members and guests.

A M ERICAN  IN STITU TE  OF CH EM ICAL ENGINEERS
TEN TATIVE ITIN E R A R Y TO SAN FRANCISCO

L e a v e A u g . A r r i v e A u g .
N e w  Y o r k 6 5 . 0 4  p . m . C h i c a g o 7 2 . 0 0 .  p .m .
C h i c a g o 7 6 . 0 0  p . m . C o lo .  S p r i n g s 9 7 . 0 0  A.M.
C o lo .  S p r i n g s 10 6 . 4 5  p . m . G r a n d  C a n y o n  12 1 . 5 0  a .m .
G r a n d  C a n y o n 12 8 . 0 0  p . m . S a n  D i e g o 13 6 . 0 0  p .m .
S a n  D i e g o 15 1 1 . 5 9  p .m . L o s  A n g e le s 16 3 . 3 0  a . m .
L o s  A n g e ic s 19 7 . 3 0  a . m . S a n t a  B a r b a r a 19 1 1 . 0 0  a .m .
S a n t a  B a r b a r a 19 1 1 . 2 0  p . m . D e l  M o n t e 2 0 7 . 2 0  a . m .
D e l  M o n t e 2 0 1 . 4 3  p . m . S a n  F r a n c i s c o 2 0 4 . 0 0  p .m .
S a n  F r a n c i s c o 21 9 . 4 0  p . m . Y o s e m i t e 2 2 1 0 . 4 5  a .m .

S a n  F r a n c i s c o 2 5 8 . 2 8  a .m .

Monday, Aug. 16 to Thursday, Aug. 19— Excursions, sight
seeing trips and joint session with the Southern California 
Section of the American Chemical Society.

Saturday, Aug. 21 to Wednesday, Aug. 24— Members may visit 
the Fair for three days or take the trip to the Yosemite Valley.

Wednesday, Aug. 25 to Saturday, Aug. 28— Excursions and 
sessions of the Institute at the University of California and 
Leland Stanford University.

Members have the option of leaving San Francisco on Satur
day, Aug. 28 at 10.30 a .m . by steamer for Astoria, reaching 
Portland on Sunday, Aug. 29, at 5 p .m ., remaining in'. 
Portland one day and reaching Seattle on Tuesday, Aug. 31 
at 6.50 a .m ., in time for the meeting of the American Chemical 
Society.

Members may also go by  rail from San Francisco to Portland 
by the Southern Pacific Shasta route, a very beautiful scenic 
trip, but must decide at time of purchase of ticket from starting 
point, or take the following schedule:

L e a v e A r r i v e  S e p t .
S a n  F r a n c i s c o A u g .  3 1 1 0 . 3 0  a . m . P o r t l a n d 1 5 . 0 0  p . m .

P o r t l a n d S e p t .  1 1 1 . 3 0  p . m . S e a t t l e 2 6 . 5 0  a .m .

S e a t t l e S e p t ,  2 7 . 1 0  p . m . B u t t e 3 9 . 2 8  p . m .

B u t f e S e p t .  5 9 . 3 0  a .m . A n a c o n d a 5 1 0 . 3 0  A.M.
A n a c o n d a S e p t .  5 6 . 3 5  p . m .

T r i p  t o t h e  Y e l l o w s t o n e  P a r k

A r r i v e  G a r d i n e r 1 0 .1 5  A.M .
L e a v e  G a r d i n e r 7 . 1 5  p .m .
A r r i v e  D u l u t h . . 2 . 0 5  p . m .

F o u r - D a y  L a k e  T r i p

L e a v e  S e p t . A r r i v e  S e p t .
D u l u t h  14 8 . 0 0  p . m . B u f f a l o  18 1 2 . 3 0  p .m .

B u f f a lo  18 7 . 3 0  p .m . N e w  Y o r k  19 7 . 5 7  a . m .

Members may omit the trip to the Yellowstone Park, arriving 
a t Chicago, Tuesday, Sept. 7, 9.00 p .m .
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GIBBS MEDAL AWARD
The Willard Gibbs Medal, for the year 1915, was conferred 

upon Dr. Arthur A. Noyes, the celebrated physical chemist, 
at the April meeting of the Chicago Section of the American 
Chemical Society, held April 16, 1915.

After an introductory address by Chairman Otto Eisenschiml, 
of the Chicago Section, the medal was presented by Professor 
Julius Stieglitz, of Chicago University. Following the pre
sentation and acceptance of the medal, informal addresses 
were made by President W . E. Stone, of Purdue University; 
Prof. James H. Tufts, representing the C ity  Club; and by 
President Kenneth Lockett, of the Chicago Tech. Club. The
presentation address, and a 
short abstract of Dr. N oyes’
Willard Gibbs Address on 
“A System of Qualitative 
Analysis, Including Nearly 
All the M etallic Elem ents,” 
are given below. It  is ex
pected that the papers deal
ing with this subject will be 
published later in the Journal 
of the American Chemical 
Society.

The Willard Gibbs, Medal 
was founded in 1910 by 
William A. Converse. After 
serving for seven years as 
secretary and one year as 
Chairman of the Chicago 
Section, Mr. Converse was 
compelled by growing busi
ness responsibilities to retire 
from active connection with 
the Section. In token of 
his continued interest in its 
welfare, he donated a sum 
sufficient to enable the Sec
tion to bestow annually a 
gold medal in recognition 
and e n c o u r a g e  me n t of 
eminent research in theoreti
cal or applied chemistry—  
the recipient to be selected 
by a competent jury and to 
be obligated only to the ex
tent of delivering an address 
before the Section on some 
topic in his field of research.
The medal was called after 
J. Willard Gibbs, by  per
mission of his [nearest sur
viving relatives. The medal has now been conferred upon 
five great chemists:

A R T H U R  AM OS N O Y ES— W IL L A R D  G IB B S  M E D A L IS T . 1915

S v a n t b  A u g u s t  A r r h b n i u s  1911
W i l l i a m  T h e o d o r e  R i c h a r d s  1912
L s o  H . B a b k e l a n d  1913
I r a  R e m s e n  1914
A r t h u r  A m o s  N o y e s  1915

Arthur Amos Noyes was born in Newburyport, Mass., Sept. 
13. 1866. He was graduated from the Massachusetts Institute 
of Technology in 1886 and obtained the M aster’s degree from 
the same institution the following year. After a year spent as 
assistant in analytical and organic chemistry, he went to the 
University of Leipzig where after two years of study with Pro
fessor Wilhelm Ostwald he obtained the doctor’s degree. Re-

tuming to the Institute he served four years as assistant and 
associate professor of organic chemistry and in 1899 was made 
professor of theoretical chemistry; in 1903 he became director 
of the Research Laboratory of Physical Chemistry. From 
1907 to 1909 Professor Noyes was acting president of the M assa
chusetts Institute of Technology. He is a member of the N a
tional Academ y of Sciences, and of numerous other scientific 
societies. During 1904 he was president of the American Chem
ical Society and served for many years as a  member of its board 
of editors. He is the author of several books in the fields of 
physical, organic and analytical chemistry, and is especially

w e ll  k n o w n  f o r  h is  m a n y  
i m p o r t a n t  c o n t r ib u t io n s  to  
th e  io n ic  t h e o r y  a n d  i t s  
a p p l ic a t i o n s .  H e  is  a ls o  a  
m e m b e r  o f t h e  e d i to r ia l  b o a r d  
o f  t h e  Zeilschrift fiir physi- 
kalische Chemie.—  [W. D. 
H a r k i n s .]

P R E S E N T A T I O N  
AD D R ESS

By J u l i u s  S t i e g l i t z  

M r. Chairm an, D r. N oyes, 
L adies and G en tlem en : 

Illustr ous men, leaders of 
thought in our science, have 
added, by  the dignity of 
their names, to the signifi
cance of the award of the 
Willard Gibbs Medal by the 
Chicago Section of the Am er
ican Chemical S o c i e t y  : 
Svante A. Arrhenius, founder 
of the theory of ionization; 
Theodore Richards, genial 
leader of one of the earliest 
onslaughts on the secrets of 
the subatomic world; Leo H. 
Baekeland, inventor of Ve!ox 
and Bakelite and through 
them and their followers dis
penser of the pleasures of 
picture making and of music 
to millions of art lovers; Ira 
Remsen, sturdy sponsor for 
American chemical research 
in the days when it stood in 
sorest need of protection— we 
look with pride on the high 

purpose which these names show to  be underlying the foundation 
and award of our medal. And tonight we are adding to the 
luster of the medal by bestowing it on another of those brilliant 
Americans, whose genius is fast making American chemical re
search in quality the peer of any in the world. M any of us will 
recall that when Arrhenius was here and told us his own pic
turesque story of the history of his theory, he remarked that the 
very finest work in developing his theory in the w ay of rigorous 
measurements was being done in this country in the research 
laboratory of the Massachusetts Institute of Technology under 
the direction of Arthur Amos Noyes. W ith accuracy as its goal 
and scientific honesty as its talisman, the laboratory of Dr. 
Noyes has produced classic after classic on the conductivity 
relations forming the basis of the theory of ionization. E very
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theory, however brilliant its success m ay be in its first qualitative 
and roughly quantitative garb, must, in order to survive and 
prove its permanent justification, conform ultimately to the 
test of minutely accurate quantitative measurement. This 
necessary and vital service to the theory of ionization was under
taken b y  Dr. Noyes and his associates and has been brilliantly 
carried out. Last year, in his Faraday address in London, 
Arrhenius again and again referred gratefully to the value of 
this work. I t  is interesting to note that this insistence on the 
utmost limits of accuracy is becoming the most striking charac
teristic of the genius of our best American scientists: to men
tion only a few names familiar to all of us. W e saw it in Gibbs 
in his far-going mathematical analysis of chemical and physical 
changes; we find it in Michelson, in Richards, in M orley, in 
Millikan— and again, tonight, in our medalist. This insistence 
on accuracy is evident in all of the contributions of Dr. Noyes 
to chemistry: van ’t Hoff developed a  method for determining 
the order of a given chemical reaction, but van’t Hoff’s formula 
was, after all, not a rigorous one and sometimes left one in doubt 
as to the result: a  more reliable formula, based on rigorous 
analysis, was developed by Dr. Noyes and is displacing van ’t 
H off’s. Accuracy again characterized the searching work of 
Dr. Noyes on the sensitiveness of indicators, on the correct use 
and understanding of which the reliability of so much of our 
technical and scientific research and practice depends.

Undoubtedly it  was this same pressing need of accuracy that 
led Dr. Noyes into the mopumcntal work on which we shall 
hear him speak tonight: his work on the revision of the methods 
of qualitative analysis. Bringing to this labor the ardor for 
exactness combined with a  masterly knowledge of the laws of 
physical chemistry— an advantage not held by  his greatest 
predecessor in this field, Fresenius— -Dr. Noyes could be content 
with nothing less than methods which approach quantitative 
analysis in accuracy, content with nothing less than a  system 
broad enough t<} include ultim ately the rare as well as the common 
elements in its scope. He thus escaped the chance for error 
inherent in older methods, which results from the setting of 
limitations not recognized by nature.

I cannot close this short review of some of the contributions 
of our medalist to our science without a grateful recognition of 
two other important forms of service other than original investi
gation: Dr. Noyes has been uniquely successful in associating 
with, himself a  group of great chemists: Lewis, W hitney, 
Washburn, Kraus, Bray, Tolman, Harkins are carrying the tra
ditions of accuracy and thoroughness of his laboratory into all 
parts of our country, in technical as well as scientific-fields, in 
work fertilized by their own brilliant ideas, characterized by the 
standards of the research laboratory of the Massachusetts 
Institute of Technology. In the second place, Dr. Noyes has 
been and is a  great teacher of the young, the undergraduate 
chemist-to-be: like A. W . Hofmann, in his day the greatest 
teacher of chemistry in the world. Dr. Noyes has insisted on 
presenting to the beginners in chemistry the new physico
chemical theories in lucid, transparent terms, and, in pursuance 
of this ideal, he has invented a long series of beautiful lecture 
experiments on physico-chemical relations— the best we have, 
which, like Hofmann’s, are now incorporated, more or less 
consciously or unconsciously, into our best elementary courses. 
These lecture experiments, like the work on the theory of ioniza
tion, like the work on qualitative analysis, have already become 
classics of American chemical endeavor.

T o  D r . N o y e s :
In consideration of these great contributions to chemistry 

by you, Dr. Arthur Amos Noyes, as an investigator and as a 
teacher, the Chicago Section of the American Chemical Society 
decided to bestow upon you its highest honor, the Willard Gibbs 
Medal, founded by our service-loving fellow member, M r. 
William A. Converse. In  the name of the Section, I have the

honor to present to you this, the Fifth W illard Gibbs Medal, 
w ith the best wishes for, and confidence in, further great produc
tive work on your part on behalf of our common science and 
country.

A D D R ESS OF A CCE PTA N C E1
B y  A r t h u r  A m o s  N o y e s

In replying to the address of presentation, Dr. Noyes expressed 
his deep appreciation of the honor conferred upon him, par
ticularly in being placed in a group with the four great chemists 
to whom the award has been given on previous occasions, and 
most of all in being presented with a medal given in the name of 
Am erica’s greatest chemist, Willard Gibbs. He also wished the 
Section to know how much more he valued such an honor on 
account of the fact that it came as a token of appreciation from 
his fellow chemists, of work done in the past.

On account of the fact that the work which he described in 
his address is still incomplete, even although it is finished in all 
its essential parts, Dr. Noyes has decided that it will be best 
at this time to publish only a short abstract written by one of 
the members of the Section. The work when completed will 
be published in full.

The driving force which kept him at work during fifteen years 
of investigation was his feeling of the great need of chemists 
for a systematic scheme of qualitative analysis to include all 
of the elements. The lack of such a scheme was most vividly 
impressed upon his mind when twenty years ago he received 
from Colorado an ore said to contain uranium. Even by making 
use of the best methods then available it took three weeks to 
determine that the rare element present was not uranium but 
vanadium. This incident he cited to illustrate the difficulties 
which then lay in the path of chemists when they started out 
to make analyses for the rare elements by  using the isolated 
statements which were all that could be found in the literature 
at that time.

Now many of the so called rare elements have been found in 
such large quantities that they are no longer rare. The reason 
for the omission of these elements from the ordinary scheme for 
a qualitative analysis is twofold: (1) the historical development 
of analytical chemistry; (2) the fact that they are more difficult 
to detect than most of the common elements. On the other 
hand, many of these so-called rare elements have come to play 
an enormously important part in science and industry, and some 
of them, for example titanium, have been found to be much more 
abundant in nature than some of the members of the group of 
the 22 common elements. In steel, tungsten, vanadium, and 
uranium have found an extensive use; thorium and cerium have 
come to be enormously important in the making of mantles for 
gas lighting, while tantalum, and to a greater extent tungsten, 
have rendered the same service in connection with lighting by 
electricity.

In papers already published in the Journal of the American 
Chemical Society a revision of the usual scheme of analysis for 
the common elements has been described, and in this a few of the 
rare elements have been included. In the present scheme the 
aim has been to provide for the detection of nearly all of the rare 
elements as well as the common ones, and at the same time to 
develop such detailed and explicit instructions that the results 
of an analysis m ay be certain if carried out by  a  chemist of 
ordinary skill. The aim has been to provide a method which 
will detect the presence of 1 mg. of any element in a mixture 
with 500 mg. of any common element or elements, or with 100 
mg. of any rare element. It  is often stated that a qualitative 
analysis is unnecessary if a quantitative analysis is to be made, 
and that the former is only a waste of time. T hat this is not in 
general true is proved by the fact that many quantitative analyses 
are made inexact by  a failure to realize the presence of an ele- 

1 A b stracted , by  consent of the  au th o r, by  P rofessor W illiam D. 
H ark ins , of Chicago U niversity .
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raent which would have been detected easily by  the use of the 
proper methods of qualitative analysis, while on the other hand 
a qualitative analysis can be so conducted as to enable the pro
portions of the various elements to be estimated roughly, thus 
making in many cases a quantitative analysis superfluous.

A former president of the society, M r. Dudley, spoke on the dig
nity of analytical chemistry, and now it is necessary that the dig
nity ofqualitative analysis in particular should be upheld. W hy 
is qualitative analysis so much discredited? This is due to the 
slack methods usually used in teaching the subject. Thus the 
manipulation is not given such painstaking attention as is con
sidered necessary in the teaching of quantitative analysis.

In general, in making a  qualitative analysis according to the 
system advocated, 1 g. of the sample is used, since in this case 
1 mg. is equal to 1 per cent. However, the strict adherence 
to the rule that 1 mg. should be detected, is somewhat irrational, 
since the results of a test depend upon the number of atomic 
weights of an element present, rather than upon its weight in 
grams. . >

The idea of the present presentation of the subject is not to 
give a method for making a qualitative analysis, but to show 
rather the character of the research. The system atic treat
ment of the analytical schemes must be left for the final papers.

A great deal of attention has been paid to an investigation 
of the methods for the preparation of the solution. N itric acid 
is used for the solution of the substance rather than hydrochloric 
since the latter gives the volatile chlorides or arsenic, ger
manium, and selenium, and also mercuric chloride, which is 
somewhat volatile. For the solution of the insoluble residue, 
hydrofluoric acid is used rather than fusion with carbonates, 
since the former method not only introduces less foreign sub-
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stance, but a t the same time it removes silicon. This residue is 
treated w ith hydrofluoric acid, and then evaporated with nitric 
acid. A fter this nitric acid treatment, tin, antimony, tantalum, 
columbium, titanium, and tungsten are left in the form of 
insoluble compounds, and the platinum metals and certain iron 
alloys are found to remain largely undissolved. The residue is 
heated with hydrofluoric acid, and after filtration the residue 
of metal is fused with sodium peroxide, which m ay now be ob
tained pure, and osmium is distilled off as OsO<.

T he solution is evaporated, concentrated hydrobromic acid is 
added, and arsenic, selenium, and germanium are distilled off 
as bromides. This process of distillation is, contrary to the 
usual opinion, somewhat quicker than the application of methods 
of filtration. Silver is left in the form of bromide.

Some of the most marked deviations from the usual method 
of procedure m ay be mentioned. Thus for the precipitation 
with hydrogen sulfide the solution is first saturated with the gas 
in a bottle, a cork is inserted tightly, and the corked bottle is 
heated for '/s to 1 hour in boiling water. Arsenic, antimony, 
and tin have been removed before this; the platinum metals 
cannot be completely 'removed by ammonium sulfide, so the 
treatment with this latter substance is not used.

In a later part of the analysis, TiOa is removed from a residue 
containing T a 2Os, and CbjOs, by boiling with potassium salicylate. 
The work has now proceeded so far that fairly good separations 
have been devised for almost every group, and considerable 
success has been attained in separations of certain of the rare 
earth elements. Those who have worked on the rare earths 
have neglected too much methods of separation which depend 
upon the fact that a number of these elements are capable of 
existence in several stages of oxidation.

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

N O TES AND C O R R E S P O N D E N C E
NOTE ON REVIEW  OF D R . T H O M P SO N ’S “ O CCU PA

TIO N AL D ISE A SE S”

Editor of the Journal of Industrial and Engineering Chemistry:

My attention has been called to a review,1 by  W . A. Hamor, of 
Dr. W. Gilman Thompson’s recent work on "Occupational 
Diseases, etc.”

In this review the statement is made that "  ‘Brass Founders’ 
Ague’ is more likely due to the inhalation of zinc oxide and 
not zinc fume.”  This statement is based on visits made to 
brass foundries, but zinc works, where this metal is handled in 
large quantities, were not visited, and those connected with 
such works, whose opinions and experiences would have been of 
value, were not consulted. For the past seven years I have 
been surgeon to one of the largest zinc plants in the country, 
and have just finished making a thorough physical examination 
of all of the employees. W ith this experience I have no hesi
tation in saying that I have never seen a  case of illness which 
could be directly attributed to zinc.

Sir Thomas Oliver2 states that zinc is non-toxic and described 
symptoms seen among brass founders which resemble those 
which he has seen in workers in copper, especially gastro-intes
tinal symptoms. Though he states that copper workers seem 
to be "as healthy as persons following other occupations else
where,” he distinctly states that copper gives rise to acute attacks 
of illness, and also states "th at animals exposed to oxide of 
zinc in the form of dust or who receive it in their food over a 
length of time”  show no signs of poisoning. In  his visits to the 
large smelting works at Bleiberg, Belgium, he could not find any 
evidence of ill-health among the workmen traceable to the zinc 
itself.

1 T h i s  J o u r n a l , 6 ,  ( 1 9 1 4 ) ,  8 7 1 - 2 .  2 "D iseases of O ccupation ," 1 9 0 7 .

Rambousek, Professor of Factory Hygiene and Chief State 
Health Officer a t Prague,1 states that “ Industrial poisoning, 
from zinc is unknown. The chronic zinc poisoning among 
spelter workers described by Schlockow, with nervous symptoms, 
is undoubtedly to be attributed to lead.”

A rm it2 claims having seen a  similar syndrome in the case of 
the inhalation of nickel-carbonyl, iron-carbonyl and cobalt 
fumes. I t  is generally conceded that copper has a toxicity, 
though according to Lehman (quoted by Rambousek) "opinions 
are divided on this point.”

The experience of C. A. Hansen, of the General Electric 
Company, is worth giving in extenso:

"W e have just had an experience here that seems to warrant 
the publication of this warning to any one who contemplates 
working with copper, in the electric arc furnace.

"W e melted 5000 lbs. of electrolytic copper scrap— uncon
taminated except for a small amount of admixed iron— in a three- 
phase arc furnace of the ordinary steel furnace type, the experi
ment lasting some five hours. A  few hours after pouring off, 
all of the ten men in the furnace building suffered inconvenience 
in breathing. For the 24 ensuing hours severe nausea was ex
perienced in each case and a soreness throughout the entire 
system similar to that of acute grippe.

“ Since in all other respects the run resembled an ordinary 
steel run, I  attribute the trouble we experienced to copper which 
was shown to be present in the furnace fumes. The temperature 
of the copper bath as a whole at no time exceeded 1300° C., 
so that probably the copper was volatilized only at points di
rectly beneath the electrodes.

1 R am bousek, “ In d u s tria l Poisoning,” 1913, tran s la ted  by  S ir T hom as 
L e g g e ,  p.  151.

2 “ Toxicology of N ickel C arb o n y l,"  Journal o f Hygiene, 7 (1911), 
525-551 ; Ib id .. pp . 565-600.
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“ From the severity of the attack, coupled with the short 
time we were exposed to the fumes, and that in a building which 
was well ventilated, I am of the opinion that very serious re
sults might obtain under less favorable conditions.

“ I  also attach more importance to the above from the fact 
that in five years of continuous research work on a large scale 
with furnace processes which involved, among others, tellurium, 
tellurides, arsenic, arsenides, zinc and sulfide ores, the only 
physical inconvenience suffered has been an occasional carbon 
monoxide headache.”

The hypothesis that zinc is the cause of "Brass Founders’ 
Ague” is to a large extent based upon the fact that the boiling 
point of zinc is 915 0 C., while that of copper is 2200°, and con
sequently that zinc, and zinc alone, forms the vapor that arises 
from the brass pot. T h at this is incorrect is shown by analyses 
of brass furnace flue dust, which shows as much as 10 parts 
of copper to 100 of zinc. The microscope also shows that copper 
is present as a true fume and not as splashes of metal.

The volatility of metals at temperatures well below their 
boiling points is well established. For example, in the case of 
common spelter: while lead has a boiling point of 1500° C. 
spelter made at a temperature of 1200° w ill contain about 1 
per cent of lead. Hoffman, in his "M etallurgy of Copper” 
(M cGraw Hill Book Co., 1914), states that in the case of copper, 
volatilization is noticeable in vacuo at 700 °, and decided near 
the melting point.

(1) The symptoms of this disease are very characteristic 
and pronounced, and the fact that it is known as "Brass Founders' 
Ague”  shows its close connection with brass. On the other hand, 
there is no name for this trouble among zinc smelters, and many 
of them have never heard of its existence.

(2) Hansen’s communication is of peculiar interest in that 
symptoms of a very serious type developed where copper alone 
was being melted with the same equipment that had been used 
for zinc without any trouble whatever.

(3) Evidence collected by investigators of world-wide re
pute is negative as far as the toxicity of the zinc fume met 
with in spelter works is concerned.

(4) Our own experience in connection both with the manu
facture of spelter and the manufacture of zinc oxide, has failed 
to show any symptoms whatever resembling those of the "spelter 
shakes.”  Under these circumstances it seems to me that the 
connection between zinc oxide or zinc fume and "Brass Founders’ 
Ague” is not proven, and that the balance of evidence is in favor 
of the trouble being due to the vapor of copper.

T n a  P a l m e r t o n  H o s p i t a l  J .  W . L uT H E R
P a l m e r t o n , P a . ,  A pril 15, 1915

N O TE ON A N ALYSIS OF CH R O M E YE L LO W S AND 
G REEN S

Editor of the Journal of Industrial and Engineering Chemistry: 
The April number of T h i s  J o u r n a l , page 324, contains 

methods of analysis of chrome yellows and chrome greens which, 
it is believed, do not satisfy the requirements of commercial 
accuracy, especially in the case of chrome greens.

The method for greens in its essential features was employed 
for a time in our laboratory, but it was abandoned upon finding 
that the determination of blue in chrome greens, precipitated 
in whole or in part on china clay, gave results entirely too high 
when estimated by difference. The objection to the method of 
analysis named appears to lie in the presence of combined water 
in china clay. W . G. Scott, in "W hite Paints and Painting 
M aterials,”  page 168, records the observation that when china 
clay is treated with hot, dilute hydrochloric acid, there is a de
cided loss in weight of the substance with no appreciable gain 
in the filtrate, which the observer attributes to combined water. 
The loss of weight by ignition of china clay has been noted by 
several chemists, the latest analyses that have come to the 
writer’s notice being those of the Bureau of Standards and 
Bureau of Chemistry (Proceedings of the American Society for 
Testing Materials, 13, 409) which show a loss on ignition of 
from 12 to 13 per cent. I t  is obvious that no little error in the 
determination of blue would be involved with material of this 
character, if estimated by difference.

Furthermore, in our experience, the determination of lead as 
chromate in nitric acid solution is found unreliable in com
parison with precipitation in acetic acid.

The quantitative estimation of Prussian blue from the per
centage of iron, in all ordinary kinds of chrome greens, has 
proved fairly satisfactory, in all events more accurate than by 
the method of difference.

D a y t o n ,  O h i o  T h e  L o w e  B r o t h e r s  C o m p an y
A pril 16, 1915 Per L . H. M c F a d d e n

A R R EST OF PLA TIN U M  TH IEF

Upon a description furnished by the Bridgeport Testing 
Laboratory, a  suspected platinum thief was arrested March 
6th at the laboratory of Arthur D. Little-, Inc., Boston, and 
was later identified by  M r. F . C. Barrows, of Bridgeport, Conn., 
as the man who had visited the Bridgeport Hydraulic Laboratory 
and the Bridgeport Testing Laboratory immediately prior to 
their discovery of the loss of a  considerable amount of platinum.

When the man was searched, a flattened platinum crucible, 
from which the number had been cut, was found tucked between 
the slide and cover of a box of safety matches. The man was 
found to have a criminal record and to have served a State 
Prison term. He was held for the Grand Jury which, however, 
for lack of evidence failed to bring a bill against him.

The man was about 35 years old, with prominent nose, pe
culiar eyes, reddish hair, and freckles. He speaks with a down- 
East accent. His height is about 5 ft. 9 in., and his weight about 
175 pounds. He gave the name of Rubin.

A  few days ago an assay balance was stolen-from the labora
tory of Henry Carmichael at 15 Exchange Street, Boston.

T h e  description published in T h i s  J o u r n a l , 7 (1915). 358. 
in a note from the Hahnemann M edical College, leaves little 

' doubt that the man is the same who was reported as operating 
in Philadelphia.

P E R SO N A L  N O I L S
Dr. Ira Remsen, president emeritus of Johns Hopkins Uni

versity, will deliver the principal address a t the formal opening 
of the new chemistry building of the University of Minnesota, 
on M ay 24th.

The address to the graduating class of the Michigan College 
of Mines was given this year by  Prof. James F. Kemp, of Co
lumbia University, on April 16th.

A  pamphlet, prepared under the direction of the Chemists’ 
Committee of the United States Steel Corporation, on the

Sampling and Analysis of A lloy Steels is now being distributed 
to its various chemical laboratories. This makes the fifth 
pamphlet so distributed, the purpose of which is to unify and 
simplify methods of analyses. The first four pamphlets covered 
the Sampling and Analysis of Iron Ores, Pig Iron, Plain Steel 
and Gases. T o curtail the requests for copies of these pam
phlets a charge of one dollar each is now being made, to persons 
and firms outside the Corporation. M r. J. M . Camp, Carnegie 
Building, Pittsburgh, Pa., is chairman of the committee.
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Mr. Watson Smith, retiring Editor of the Journal of the Society 
of Chemical Industry, was entertained at dinner, on February 
23rd, by members of the Council and Publication Committee. 
Opportunity was taken to present to him, as a souvenir of his 
33 years’ service as Editor of the Journal, an album containing 
a short address signed by the President and all available Past 
Presidents, the Members of the Council and Publication Com
mittee, and the Abstractors. A t the request of the President, 
the presentation was made by the Dean of the Chemical Press, 
Sir William Crookes, O.M ., F.R.S.

The Southern California Section of the American Chemical 
Society through its President, Edgar Baruch, 804 W right and 
Calendar Bldg., and its Secretary, H. L . Payne, 223 W . 1st 
St., Los Angeles, extends its welcome and hospitality to all 
members of the Society visiting the Expositions and Los Angeles 
this year.

At the annual meeting of the London Chemical Society, 
held on March 25th, the new officers elected were: President,
Dr. Alexander Scott; Vice-President, Prof. F. R. Japp and 
Prof. R. Threlfall; Treasurer, Dr. M . O. Forster; Ordinary 
Members of Council, M r. D. L. Chapman, Prof. F. G. Donnan, 
Mr. W. Macnab and Dr. J. F. Thorpe.

At the regular meeting of the Cincinnati Section of the A. C. S. 
on April 21st, the following papers were presented: "General
and Historical Discussion of the Soap Industry,”  by Howard 
Dock; "The Manufacture of Laundry Soaps and Soap Powders,” 
by A. Campbell; "T h e  M anufacture of Glycerine,”  by C. P. 
Long.

Prof. Richard S. M cCaffery presented a paper 011 “ Some 
Defects in Steel Ingots,”  before the Wisconsin Section of the
A. C. S. on April 21st.

Emil E. Lungwitz, chemical and industrial engineer located 
in New York City, announces a change of address from 80 Maiden 
Lane to 30 Church Street, to take effect M ay 1, 1915.

The second delivery of radium from the plant of the National 
Institute, being operated by the Bureau of Mines in Denver, 
has been made to the officers of the Institute. I t  consisted of 
300 mg. of radium bromide having a market value of approxi
mately $19,000. This delivery of radium bromide is a small 
fraction of the radium extracted from the first 240 tons of ore 
treated in the experimental plant first erected. The crystalliza
tion of the radium itself has not kept pace with the extraction 
from the ore, owing to the impossibility to obtain from abroad 
certain special apparatus not manufactured i n . this country. 
Deliveries will gradually increase until they are equal to the 
capacity of the combined plants which is approximately three 
tons of ore per day.

Notice has been given by the Society of Chemical Industry
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that the Annual General M eeting will be held in Manchester, 
England, on Wednesday, July 14th.

President Butler, of Columbia University, has announced an 
anonymous gift o ' $30,000 to be used in the reconstruction and 
new equipment of the laboratories of quantitative, organic and 
engineering chemistry in Havemeyer Hall.

Dr. Julius Stieglitz, professor of chemistry and director of 
analytical chemistry in the University of Chicago, has accepted 
an invitation to give courses in chemistry a t the University 
of California during the summer term that begins June 21st 
and closes on August 1st. Prof. Stieglitz will give a seminar 
on special topics in organic chemistry and also a college course 
in organic chemistry.

Dr. Frederick Winslow Taylor, of Philadelphia, past president 
of the Society of Mechanical Engineers, known for his inaugura
tion of methods of “ scientific management,”  died on March 
21st at the age of sixty-nine years.

Franklin C. Gurley, a graduate assistant in chemistry at the 
Massachusetts Agricultural College, has accepted a position as 
chemist with the Benzol Products Company of Philadelphia.

Dr. Augustus H. Gill, professor of technical analysis at the 
Massachusetts Institute of Technology, addressed the Detroit 
Engineering Society on M arch 19th, on "Lubricating Oils: 
Essentials and Characteristics.”

M r. George A. Rankin, of the Geophysical Laboratory, W ash
ington, D. C., spent the week of April 12th in the Lehigh 
Cement District, making measurements of the actual working 
temperatures in the clinkering zones of Portland cement kilns.

The following members were present at the meeting of the 
Council at the N ew Orleans M eeting of the A. C. S., M arch 31st 
to April 3rd: Charles Baskerville, B. C. Hesse, E. J. Crane, 
Charles E. Coates, H. E. Howe, J. H. Long, Frank N. Smalley, 
Edward Bartow, D. K . French, W . A. Noyes, William Brady, 
W. D. Richardson, W. D. Bigelow, B. B . Ross, Floyd W . 
Robison, Charles A. Catlin, J. S. Goldbaum, F . E. Tuttle 
(substitute), C. G. Derick (substitute), L . F. Nickel!, E. H. S. 
Bailey, Frank R. Eldred, H arry McCormack, L. H. Baekeland, 
George N . Prentiss (substitute), A . D. L ittle  and Frank R. 
Cameron.

Prof. H. P. Talbot, of the Massachusetts Institute of Tech
nology, lectured on “ The Noble Gases,”  on M arch 25th before 
the Phi Lambda Upsilon of Columbia University.

The Pittsburgh Section of the A. C. S. is planning Saturday 
afternoon excursions to some of the manufacturing plants around 
Pittsburgh.

The Dorr Cyanide Machinery Co. announce that after M ay 
1st, 1915, the address of their New Y ork office will be Room 
2843, Whitehall Bldg., New Y o rk  City.

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 I I È M I S T R Ÿ

GOVERNM ENT PUBLICATIONS
By R . S. M c B r i d b ,  B ureau  of S tan d ard s , W ashington

n o t i c e — Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Departm ent from which 
they originate. Consular Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar ^subscription rate for these Consular Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

B U REA U  O F F IS H E R IE S

Report on Alaskan Investigations in 1914. E . L ester  Jon es. 
*55 pp. Paper, 50 cents. The investigations reported on

relate principally to the fisheries but some attention is given to 
fur-bearing animals. The salmon industry is covered at length 
with discussion of modes of catching, canning and shipping.

BU REA U  O F F O R E IG N  AND D O M E S T IC  C O M M E R C E

Canned-Tomato Industry in Italy. J. A le x is  Sh river . 
Special Agents Series 93. 23 pp. Paper, 5 cents. This report
gives interesting comparisons with the business as it is carried 
on in the United States, including a description of the varieties 
cultivated, modes of culture and methods of canning with 
suggestions of considerable interest to American packers.

Canned-Goods Trade in the Far East. J. A le x is  S h river . 
Special Agents Series 92. 78 pp. Paper, 10 cents. This report
gives a detailed description of the markets for canned goods and
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the nature of competition to be expected and suggestions of 
interest to American packers as to development of trade.

Dyestufis for American Textile and Other Industries. 
T h o m a s  H. N o r t o n . Special Agents Series 96. 57 pp. Paper, 
10 cents. This extensive review of trade conditions was pre
pared in response to a  resolution of the United States Senate. 
The dyestuff situation in the United States is discussed with 
summaries of the consumption of dyes, an outline of the coal 
tar chemical industry and coal-tar dye industry in so far as 
these are in existence in the United States and a summary of 
the supply of raw materials and general chemicals required for 
the development of the industry. The German industries of 
this general group are also explained and the processes of manu
facture outlined. Particular emphasis is laid upon the American 
attitude toward the German industry and the economic necessity 
for a very complicated system if the dyestuff industry is to be 
developed in America. A  considerable amount of the material 
presented duplicates that given before the New Y ork Section 
of the American Chemical Society, particularly the reports 
which have been prepared by Dr. B. C. Hesse.

C O M M E R C E  R E P O R T S — M A R C H , 1916

The corundum industry of India is discussed. (P. 822.)
In the past most of the vegetable-oil seeds from India have 

been shipped to other countries, though some oil has been ex
tracted in India. Among the oil-bearing materials exported 
are linseed, peanuts, rape seed, sesame, cottonseed, castor beans, 
copra, mahwa seed, poppy seed, mustard seed,'and nigar seed. 
Efforts are being made to increase the oil production in India. 
(Pp. 828-31.)

The Swedish iron industry is almost paralyzed. (P. 857.)
The value of potatoes raised in Ireland is too high to warrant 

their use in the manufacture of alcohol. (P. 861.)
The soy-bean industry of Manchuria is discussed. (P. 863.)
Statistics of the copper industry in Austria are given. (P. 

882.)
Prospects for petroleum in Papua are favorable. (P. 883.)
Canada has just put into effect a white-phosphorus match 

law. (P. 888.)
N orw ay has placed an embargo on copper and brass. (P. 

897.)
A  beet-sugar factory is proposed for Gloucestershire, Eng

land. (P. 899.)
T he milling of rape seed and soy beans in Japan has increased 

because of the war. (P. 941.)
Statistics of the Russian petroleum industry are given. (P. 

945-)
The embargo on rattan from Singapore has been removed 

with respect to America. (P. 945.)
Methods of mining coal, sulfur, and petroleum in Tuscany, 

Italy, are described. (P. 952.)
Owing to a shortage of vessels, the trade of the Philippines 

is practically paralyzed. The suggested use of United States 
colliers to relieve the situation is against existing laws. (P. 
963.)

The Japanese iron industry is improving. (P. 971.)

Spain has placed am embargo on potash. (P. 977.)

France has placed an embargo on all lenses for optical instru
ments. (P. 993.)

The Portland-cement industry of Alberta, Canada, is de
scribed. (P. 996.)

The British cyanide industry produces large amounts of 
export, the largest factory being in Glasgow. (P. 998.)

The Standard Oil Company is equipping a new candle factory 
in Tientsin, China, with a daily capacity of 400,000 candles. 
(P. 1003.)

Efforts are being made to  increase the output of benzol and 
toluol from by-product coke ovens in Canada. (P. 1010.)

Old abandoned copper mines of Cyprus are being reopened. 
(P. 1017.)

The sugar industry of the Philippines is increasing. (P. 
1020.)

A  camphor-bearing plant, "Blum es balsamfera,”  has been 
discovered growing in abundance in the Philippines, and efforts 
will be made to utilize it. (P. 1022.)

The German pottery industries, and especially the use of 
continuous kilns (Kanalofen), are described in some detail. 
(Pp. 1028-31.)

The Philippine copra industry is improving. (P. 1048.)

Additions to the British absolute contraband list include 
tin, tin chloride, castor oil, paraffin, copper iodide, lubricants, 
hides, ammonia and ammonium salts, urea, and aniline. (P.
1057.)

Aniline oil and salts have been placed on the British embargo 
list. (P. 1058.)

The Brazilian monazite industry is described in some detail. 
(Pp. 1059-62.)

The British importation and crushing of oil seeds, including 
castor, cotton, flax and rape seeds, soy beans and copra, shows 
an increase. (Pp. 1069 and 1220.)

The export of senna from E gyp t has been prohibited except to 
the United Kingdom and France. (P. 1073.)

The nut of the tree known as "Chisochiton cuningianus”  con
tains 45 per cent of an oil suitable for soap making. (P. 1088.)

The metric system has been adopted in the new British 
Pharmacopoeia. (P. 1103.)

Ita ly  is experiencing a  great shortage of dyestufis. (P. n  08.)

The Scotch shale-oil industry is flourishing, there being a 
great demand for the oil, paraffin, and ammonium sulfate. (P. 
1108.)

Sales of cottonseed m eal in Canada for stock food are in
creasing. (P. 1141.)

The kelp industry of British Columbia is to be placed under 
government supervision. (P. 1152.)

The embargo on graphite from Ceylon to the United States 
has been removed. (P. 1153.)

R e c e n t  D e m a n d s  f o r  A m e r i c a n

S p a i n — 8 2 1  
C o a l

A l g e r i a ,  C a n a d a ,  
C h i n a ,  a n d  I r e 
l a n d — 8 3 8 - 4 3  

W i n d o w  g l a s s  
P l a t e  g l a s s  
M i r r o r s  
C u t  g l a s s

I n d i a — 8 5 0 ,  8 6 2
Glass
M a t c h e s

S i b e r i a — 8 9 3
M atches
P a in ts
T an n in g  m ateria ls
E n g l a n d — 9 0 1 ,  9 0 8
H ardw are
Steel billets
B rass
Gold p la te
Bronze
G lass
C a n a d a — 9 9 0  
C ottonseed  meal

G o o d s

S o u t h  A m e r i c a — 1055  
Soap
C o l u m b i a — 1 0 9 9  
D rugs
C austic  soda 
Sodium  silicate
I r e l a n d — 1 2 6 6  
G ypsum  
M eta l la th  
P la s te r board

The mineral industries of Brazil include iron, manganese, 
coal, copper, diamonds, and semiprecious stones. (P. 1163.)

The fiber of the water hyacinth in French Indo-China has 
been used in the manufacture of rope, twine, matting, as a 
substitute for rattan, and as a fuel. (P. 1182.)

The condition of the rubber industry in England is discussed. 
(P. 1190.)

A n embargo has been placed on tin from the Straits Settle
ments to other than British ports. (P. 1201.)

Imports of potash salts except carbonate and cyanide into 
the United States show a marked falling off. (P. 1202.)

Indications of oil in Chile are promising. (P. 1239.)
Efforts are being made to cultivate the Japanese camphor 

tree (“ cinnamonium camphora” ) in the M alay States. (P. 

I243-)
N ew fuels being used for German automobiles include mixtures 

of gasoline, benzene, and alcohol; 25,000 automobiles have been 
ordered to cease operating. (P. 1271.)
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St a t is t ic s  a n d  O t h e r  I n f o r m a t i o n  R e g a r d i n g  E x p o r t s  t o  t h e  U .  S  

W i n n i p e g — S u p .  2 3 a  O t t a w a — S u p .  2 3 6  N o t t i n g h a m , E n g -
F e r t i i iz e r  Gold L A N D - S u p .  1 9 c
G ly c e r in e  H ides A rtificial silk
Flaxseed M ica C em ent
H id es  P a p e r Glue

P u lp  wood L ea th e rPaper 
Paper pulp 
pulp wood 
Seneca root 
Sulfur ore
N ic a r a g u a — S u p .  3 4 a
Dyewoods
Gold
Hides
Rubber
Silver
Sugar
Ar g e n t i n e — S u p ,  3 8 a
Hides
Linseed
Quebracho
Sugar
Tallow
Copper
Fertilizer
Bones
S h e f f ie l d — -S u p .  1 9 a  
Pipe clay 
Chemicals 
Cutlery
Electroplate (silver, 

etc.)
Glass
Glue
Grindstones
Platinum
Steel
B r a z il — 9 6 8 ,  1 1 5 6
I p e c a c u a n h a
Hides

W ood pulp 
C orundum
B r i t i s h  C o l u m b i a —  

Supplem ent 2 3 c  
B rew ers’ g rits 
Bullion 
Explosives 
Fertilizer 
G lycerine 
H ides 
C opper 
Gold 
T in  
Silver 
Coal
W hale oil
C a r d i f f — Sup. 19a 
G lue
C ardboard  
P aper 
Steel p la tes 
H u d d e r s f i e l d , E n g 

l a n d — Sup. 19b 
Chem icals 
Copper 
D yes
Explosives 
Iro n  and  steel 
H ides
Soluble starch
D u b l i n — Sup. 19 d
H ides
L iquors

H ides 
Sod oil 
S tonew are 
Oxide of iron 
R o tte n  stone 
U m ber
S w e d e n — S u p .  1 6 a
A m m unition
Hides
Iro n  and  steel
Ferro-m anganese
Ferro-silicon
M atches
P aper
C austic  soda and  

po tash  
W ood pulp  
Cocoa b u tte r  
Enam eled  ware 
M ilk  pow der 
Pine ta r  
B o l i v i a — 1 2 5 2  
H ides
P eruv ian  bark  
R u b b er
D e n m a r k — Sup. 4a 
Casein
C inem atograph  films 
F lin t pebbles 
G lycerine 
H ides
S afe ty  m atches 
R enne t 
Soya bean  oil

The tin industry of the M alay States has fallen off greatly. 
(P. 1290.)

Special supplements issued in M arch include the following:
C a n a d a
Prairie Provinces— 23 a 
O ttaw a— 23 b 
British C olum bia— 23c 
N icaragua— 34a 
M alaysia— 566 
Sweden— 16a 
D enm ark— 4a

U n i t e d  K i n g d o m  
H uddersfield— \9b  
N o ttin g h am — 19c 
Ire lan d — 19d
Cardiff and  Sheffield— 19a 
T u rk ey — H a rp u t— 18a 
A rgen tina— 38a

B U RE A U  O P STA N D A R D S 

Electric W ire and Cable Terminology. A n o n y m o u s .  Circular 
3 7 , 2nd edition. 1 3  p p .  A  revision w ith minor changes.

Temperature Coefficient of M agnetic Perm eability within 
the Working Range. R a y m o n d  L .  S a n f o r d . Scientific Paper 
245. ‘ io p p . I t  is shown that errors of large magnitude m ay be 
introduced by neglecting the temperature coefficient of magnetic 
permeability.

G EN E R A L s u p p l y  c o m m i t t e e  

Specifications and Proposals for1 Supplies for Executive D e
partments and Other Government Establishments for the 
Fiscal Year 1916. These specifications and forms for proposals 
to supply materials are of interest in some cases to the chemical 
industry. The various classes which contain items of chemical 
interest are as follows: Class 1, stationary and drafting supplies.
Class 2, hardware, metals, leather and saddlery. Class 5, 
laboratory apparatus, hospital appliances and surgical instru
ments. Class 6, electrical, engineering, and plumbing supplies. 
Class 8, brushes, glass, lubricants, painters’ supplies, and paints. 
Class 9, furniture and floor coverings. Class 12, photographic 
supplies, meteorological instruments, etc. Class 13, engraving, 
printing, and lithographic supplies.

These specifications can be secured on application to the 
General Supply Committee by  those interested in offering bids. 
Some of the contracts have already been closed and others are 
still open. Full information can be had from the General 
Supply Committee, Washington, D . C.

T R E A S U R Y  D E P A R T M E N T  

Lubricant-Standard Specifications. Department Circular 42. 
1 P- This circular calls attention to the regulations regarding 
sampling of all deliveries of lubricants. Each delivery whether 
accepted or not must be sampled and the sample forwarded to 
the Bureau of Standards for test, with a statement of use for

which the oil was intended and whether or not it was satis
factory w ith statements as to the cause of rejection if delivery 
is not accepted. Persons contemplating delivery of lubricants 
to any Federal official should take account of this regulation.

P U B L IC  H E A L T H  SE R V IC E

Efforts to Curb the M isuse of Narcotic Drugs. M a r t i n  I. 
W i l b e r t . Public Health Reports, 30, 893-924. This is a 
comparative analysis of the Federal and State laws designed to 
restrict or to regulate the distribution and use of opium, coca, 
and other narcotic or habit-forming drugs. There is included a 
detailed review of each of the laws now in force. The part of 
particular interest to chemical dealers is the summary of the 
drugs which are included under the provisions of each of these 
regulations. In this connection see also an article entitled:

“ Harrison Anti-Narcotic Law— The Effect of Its Enforcement 
on the Drug Addict.”  M u r r a y  G a l t  M o t t e r . Public Health 
Reports, 30, 979-81.

Foot and Mouth D isease. A n o n y m o u s . Public Health R e
ports, 30, 892-93. A  brief discussion of the relation of this 
disease to public health with particular emphasis of the possi
bilities of the conveyance of the disease in milk and a discussion 
of the efficiency of pasteurization for preventing the trans
mission.

Quinine To Be Sold at Cost in Venezuela. A n o n y m o u s . 
Public Health Reports, 30, 981. A  note to the effect that the 
Venezuelan government is contemplating distribution and sale 
of quinine at cost in order to extend the use of this drug and to 
ensure a good quality.

D E P A R T M E N T  O F A G R IC U L T U R E
Net Energy Values of Feeding Stuffs for Cattle. H e n r y  

P r e n t i s s  A r m s b y  a n d  J. A u g u s t  F r i e s . Journal of Agri
cultural Research, 3, 435-92. This is an extended summary 
of the result of 76 experiments with the respiration calorimeter 
upon 9 steers in which the balance of matter and of energy was 
determined.

Commercial Fertilizers, Their Composition and Use. E d w a r d

B. V o o r h e e s . Farmers’ Bulletin 44. A  new edition reprinted 
without changes. Paper, 5 cents.

The Eastern Hemlock. E .  H. F r o t h i n g h a m . Department 
Bulletin 152. 43 pp. Paper, 10 cents. This Bulletin describes
the more important characteristics of the hemlock, presents 
tables of its volume and rate of growth and gives important 
facts regarding the range, commercial value, utilization, and 
amount of standing, with many statistics of this valuable forest 
product.

Para-Dichlorobenzene as an Insect Fumigant. A . B. 
D u c k e t t . Departm ent Bulletin 167, from the Bureau of 
Entomology. 7 pp. Paper, 5 cents. This report gives direc
tions for the use of ¡£>-dichlorobenzene both as an insecticide 
and as a  fumigant with a discussion of costs.

Injury by Disinfectants to Seeds and Roots in Sandy Soils. 
C a r l  H a r t l e y . Departm ent Bulletin 169, from the Bureau 
of Plant Industry. 35 pp. Paper, 5 cents. This is a report 
on preliminary tests of disinfectants in controlling damping-off 
in various nursery soils.

The Production and Consumption of Dairy Products. E u g e n e  ' 
M e r r i t t . Departm ent Bulletin 177, from the Bureau of Crop 
Estimates. 19 pp. Paper, 5 cents. This bulletin outlines the 
changes in geographic distribution of the dairy industry and 
gives information concerning the consumption of dairy products 
on farms and in cities. It includes a statistical review of the 
subject, with comments on the influencing factors. I t  is of 
interest to those engaged in any phase of dairying or the dis
tribution of dairy products.

Agricultural Alcohol: Studies of Its Manufacture in Germany.
E d w a r d  K r e m e r s . Department Bulletin 182, from the Bureau 
of Plant Industry'. 35 pp. Paper, 5 cents. This report dis
cusses the problems of manufacture, the economic situation.



4 5 Ó T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 7, No. 5

capacity, taxes, marketing sources, etc., with statistics. The 
report brings out the fact that “ the success of agricultural 
alcohol in Germany is the result of long-continued experiments, 
backed by a determination on the part of those high in authority 
that the project should succeed.”

Ammonification and Nitrification in Hawaiian Soils. W . P. 
K e l l e y . Bulletin 37. Hawaii Agricultural Experiment 
Station. 52 pp. Paper, 10 cents.

G E O L O G IC A L  SU R V EY
The Inorganic Constituents of Echinoderms. P. W . C l a r k e  

a n d  W .  C . W h e e l e r . Professional Paper 90-L. 9 pp.
Springs of California. G. A. W a r i n g . W ater Supply Paper 

338. 410 pp. "A s a basis for the discussion of springs and
spring waters of California this paper opens with a brief outline 
of the physical features of the State, together with a few notes 
on the character of the rocks and their structure, then proceeds 
to explain the usual or possible composition and properties of 
most natural waters as well as the source of their constituent 
substances, and concludes with discussions of the springs of 
California classified under the following groups: hot, carbonated, 
sulfur, saline, magnesic, iron, artesian, large cold, and minor 
perennial springs. Accompanying the discussions of many of 
the springs are analyses of their waters, and at the end of the 
book are two tables, one of which gives an alphabetic list, by 
counties, of the best-known springs of the State, with name of 
owner, location, temperature, and yield, and the other a list of 
California spring resorts.”

Underground W aters of the Coastal Plain of Georgia. L. W. 
S t e p h e n s o n  a n d  J. O. V e a t i i , with a Discussion of the Quality 
of the Waters, by R . B. D o l e . W ater Supply Paper 341. 
539 PP- "G ives the results of investigations made to determine 
the composition, structure, and stratigraphic relations of the 
formations of the Coastal Plain of Georgia and the geologic 
position, quality, quantity, and economic adaptability of the

Chemistry of Cyanogen Compounds. B y  H e r b e r t  E .  W i l 
l ia m s . Published by P. Blakiston’s Son &  Co., Philadelphia, 
Pa. No illustrations. 423 pp. Price, $3.50 net.

In the 27 chapters which make up the body of this work the 
author has compiled practically all the information available 
on the chemistry of cyanogen compounds, and has used unusual 
judgment in his abstracting, evidently having checked most of 
his information personally; there is little inserted in the book 
that is not of value, and much has been left out that is found in 
the usual dictionary or similar compilation that should never have 
appeared in print in permanent form because of inaccuracy.

The chapters on Simple Cyanides and the Iron Cyanogen 
Compounds forming Part I are particularly interesting because 
these seem to be the special field in which the author did most 
of his laboratory work, and we have, therefore, a catalogue here 
of these compounds, more complete than anything heretofore 
published, and as far as the reviewer can check the same, very 
much more authoritative. The book is worth its purchase price 
alone for this extremely valuable listing and description of the 
general properties of the cyanogen compounds.

There have been a number of treatises which have recently 
appeared on the manufacture and application of cyanogen 
compounds, and the 100 pages of M r. W illiams’ book devoted to 
this portion do not balance up well with some of the very recent 
publications nor with the rest of his own book; he has not exer
cised the same care in choosing his processes of manufacture 
that he has in cataloguing the properties of his compounds. 
W hile the information given in Part II on M anufacture is 
carefully chosen from the standpoint of accuracy, it does not 
always present the most modern and standard practice.

waters they contain.”  It  is concluded that "all the under
ground waters of this province m ay be used advantageously for 
domestic and industrial purposes, although those from the 
later formations m ay require a  little softening. The surface 
waters of this section are even better for industrial use than the 
ground waters, because they are lower in mineral content.”

N AVY D E P A R T M E N T  

Description of Navy Standard Boiler W ater-Testing Outfit 
and Instructions for Use. Revised edition. 12 pp. A brief 
and simple description of methods and apparatus for alkalinity 
test and chlorine test of boiler water is given.

B U RE A U  O F M IN E S

Probable Effect of t h e  W ar in Europe on t h e  Ceramic In
dustries of the United States. A. S. W a t t s . Technical Paper 
99- 15 PP- Paper, 5 cents. This report discusses the sources
of china clay, b a l l  clay, C o rn w a ll stone, chert p e b b le s  for grind
ing, and indicates the probable effect of the w a r  on the mining 
and transportation of these supplies. The white-clay resources 
of the'United States are also discussed w ith suggestions as to the 
possibility of substituting domestic product for those formerly 
imported. The value of imports and extent of domestic trade are 
indicated.

W A R D E P A R T M E N T  

Report on Fuel T ests and Issue of Fuel, 1914. F r a n k  T. 
H i n e s  a n d  O t h e r s . W ar Department Document 473. 145
pp. and 18 maps. Cloth, $1.00. This report is principally 
of interest in connection with the question of utilization of fuel 
for heating of residences, apartment buildings and other build
ings of similar heat requirements. There is included a set of 
maps giving zones of equal temperature over the United States 
for the various months of the year and averages for different 
seasons and a map showing the mean annual temperature in 
different parts of the Philippine Islands.

In Part III  of the work, covering the detection and estima
tion of cyanogen compounds, the methods of determination 
have again been very carefully chosen and compare in this 
respect with the catalogue of compounds in Part I. Many of 
the methods here described are in use in the reviewer’s labora
tory and are giving excellent results.

The arrangement of the work is excellent, and leads to very 
ready reference to the subject m atter contained. Such quick 
reference is particularly assisted by  the extremely liberal use 
of heavy font type for designating the various compounds dis
cussed, and the chapter headings and special divisions stand 
out most prominently in this heavy type.

T he literary style is excellent, arid the author is to be com
plimented upon the clearness with which he has presented 
certain of the complicated chemistry of this field.

One of the most valuable features of the book is the care 
which has been taken to reproduce reference to the original 
sources of the information, a task which has too often been 
shirked in cases of preparing a mere catalogue of chemical 
compounds.

On the whole, the work certainly demands a place in every 
working library concerned with cyanogen compounds, for it is 
so complete in itself that it will largely supplant reference to 
the unwieldy periodicals, and is far superior, from the purely 
chemical standpoint, to anything which has heretofore appeared 
on cyanogen compounds, but it must not be misunderstood as 
replacing several of these recent works which concern them
selves solely with the industrial phase.

W . S. L a n d is

B O O K  REVIEW S
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The Iron Ores of Lake Superior. Second Edition b y  Cro w ell  &
M u r r a y , Chemists and Metallurgists, Cleveland, Ohio.
Pp. 258 +  v. The Penton Publishing Co., Publishers,
Cleveland, O. Price, S3.50.

The authors, in the second edition, have corrected and re
drawn the maps, rewritten much of the general matter, secured 
the latest descriptions of the mines on the different ranges and 
added data concerning their locations.

The book contains facts of interest relating to the mining 
and shipping of iron ores and is a very useful reference volume.

W i l l ia m  B r a d y

Dyestuffs: Lehrbuch der Farbenchemie. B y  D r . H an s T h .
B u c h ë r ER, Direktor der Chemischen Fabrik auf Actien in
Berlin. Published by Otto Spamer, Leipzig, 1914. 557 pp.
Price, 22 Marks.

This book is a greatly enlarged edition of Dr. Buclierer’s 
smaller handbook on the same subject which appeared several 
years ago. The subject m atter is divided in the general method 
of all such books, into three parts: the first dealing with the raw 
materials including a good deal of m atter relating to distilla
tion of various kinds of tars, the second relating to the inter
mediate products derived from the previous raw materials, 
and the third dealing with the synthetic methods for the prepara
tion of various classes of dyestuffs. The chemistry relating to 
methods of preparation of the intermediate products in this 
book is given in a very complete manner and takes up over 
160 pp. The subject is dealt with, however, in a rather general 
manner and the manufacturer or works chemist would refer 
to this volume in vain for definite methods of manufacturing 
specific products. The same is also true of the third and main 
section relating to the dyestuffs themselves. The matters are 
gone into with the usual German thoroughness regarding theo
retical considerations and relations, such, for instance, as the re

Ayrlculture: T h e  C h e m is tr y  o f A g r ic u l tu r e :  fo r  S tu d e n t s  a n d  
Farm ers. By C. W. S t o d d a r t .  8 v o . 3 6 4  p p .  Price, $ 2 .0 0 .  Lea 
and P., Philadelphia.

B io-chem istry : C h im ie  B io lo g iq u e  m é d ic a le .  B y  J .  V i l e  a n d

E. D e r r i e n . 8 v o . 4 0 0  p p .  P r i c e .  $ 1 .2 5 .  P a r i s .
Blowpipe A n a ly s is : L ö t ro h rp ro b ie r k u n d o ,  A n le i tu n g  z u r  q u a l i t a 

tiven u . q u a n t i t a t i v e n  U n te r s u c h u n g  m i t  H ilfe  d es  L ö tro h re s .  
By H. K ru g . 8 v o . 8 8  pp. Price, $1.00. Berlin.

Chem istry: A M a n u a l  o f C h e m is try ,  T h e o re t ic a l  a n d  P r a c t ic a l ,  
Inorganic  a n d  O rg a n ic . By A. P. L u f f  a n d  H . C . H. C a n d y . 2nd 
Ed. 12mo. 680 pp. Price, $2.25. Cassell, London.

Distilling: B re n n e re i  L ex ik o n , H e ra u s g e g e b e n  u n t e r  M itw irk u n g  
von W. B e h re n d , E . D u n tz e ,  F . K o h r in a n n ,  u .  a . B y M . D e l 
b r ü c k . 8 v o . 7 8 7  p p .  Price, $ 7 .0 0 .  Berlin.

Food: Das L e b e n s m itte lg e w e rb e , H a n d b u c h  f ü r  N a h r u n g s m i t te l 
chem iker u . s. w. B a n d  I .  B y K . v. B uchka . 8vo. 906 pp. 
Price, $9.50. Leipzig.

Food: Food  I n d u s t r i e s :  a n  E le m e n ta ry  T e x t-b o o k  o n  t h e  P r o 
duction  a n d  M a n u f a c tu r e  o f S ta p le  F o o d s . B y H . T . V u l t e  a n d

S. B. V a n d e r b i l t . 8vo. 309 pp. Price, $1.75. Chem ical Publishing 
Co., Easton, Pa.

Food: N a h ru n g s m it te lc h e m ie ,  m i t  b e s o n d e re r  B e r ü c k s ic h t ig u n g  
der m o d e rn e n  p h y s ik a l i s c h -c h e m is c h e n  L e h re n .  B y T . P a u l . 
8vo. 77 pp. Price, $1.00.- Leipzig.

General C h e m is tr y :  J a h r b u c h  d e r  C h e m ie . B e r ic h t  ü b e r  d ie  
w ich tig sten  F o r t s c h r i t t e  d e r  r e in e n  u n d  a n g e w a n d te  C h e m ie . B y 
R. Meyer. Ed. Jah rgang  28. 8vo. 642 pp . Price, $5.00. B raun- 
schweig.

Iron: T he  C e m e n ta t io n  o f I r o n  a n d  S te e l. T ran sla ted  from  the  
Italian by J. W. R ichards and  C. A. R ouiller. B y F . G i o l o t t i . 8vo. 
407 pp. Price, $4.00. M cG raw -H ill B ook Co., New Y ork.

Irrigation: P r a c t ic a l  I r r ig a t io n  a n d  P u m p in g .  B y  B u r t o n  P .  
F l e m in g . 8 v o . 226 pp. P r i c e ,  $2.00. John  W i l e y  & Sons, N e w  
York.

Masonry: A S h o r t  T e x t-b o o k  o n  M a s o n ry  C o n s t r u c t io n ,  I n c lu d in g

lation between color and constitution, to which subject alone 
thirty-three pages are devoted. There is, however, a distinct 
lack of definiteness in describing the methods for the prepara
tion of the dyestuffs, and very little concerning factory practice 
is given. Indeed, this side of the subject, which is really the 
most valuable from the practical point of view, is entirely neg
lected. In fact, this book of Bucherer’s is rather an extensive 
discussion of the general chemistry of dyestuffs and the methods 
of sulfonation, nitration, halogenation, etc. In this sense it 
cannot but be of considerable help to any chemist interested 
in the manufacture of dyes as the matter is put before the 
reader in a rather concise and simple manner and the author 
even goes so far as to give the synthetic methods, by various 
simplified diagrams, of how one product is derived from an
other. Also a very large number of structural formulas are 
given including the more important dyestuffs and the reactions 
which are usually given in terms of their structural formulas 
throughout, so that the reader can easily follow the synthesis 
of the product in question. This helps a great deal in the un
derstanding of these complicated organic reactions as the reader 
is enabled to more or less visualize the bodies entering into the 
reaction and can thus follow more intelligently the up-build- 
ing of the synthetic product than if the formulas of the different 
substances were merely given in their empiric form.

On the whole, this book is rather complete in its presenta
tion of the subject if we consider that subject limited to the pure 
chemistry of the dyestuffs, and this, of course, limits the use
fulness of the book to the technical chemist. I t  is a book 
primarily to be employed as a  text-book for the student rather 
than as a  technical handbook for the works chemist. I t  also 
requires that the reader should be well drilled in rather advanced 
organic chemistry; but in the hands of such a student it will 
have a distinct value in developing his knowledge of this 
special field.

J .  M e r r i t t  M a t t h e w s

D e s c r ip tio n s  o f t h e  M a te r ia ls  U sed , E tc .  By M . A. H o w s. 8vo. 
160 pp. Price, $1.50. John  W iley & Sons, New York.

M ic ro sc o p y : P r a k t i k u m  d e r  k l in is c h e n  c h e m is c h -m ik r o s k o p is c h e n  
u n d  b a k te r io lo g is c h e n  U n te r s u c h u n g s m e th o d e n .  B y  M .  K l o p s t o c k  

a n d  A .  K o w a r s k y . 3rd E d. 8vo. Price, $2.00. W ien.
M in e r a l s : D ie L a g e r s tä t t e n  d e r  n u tz b a r e n  M in e r a l ie n  u n d  G e s te in e , 

n a c h  F o r m , I n h a l t  u n d  E n t s te h u n g  d a rg e s te l l t .  B d . I .  B y  F. 
B e y s c h l a g , P . K r u s c h , u . J . H . L. V o g t . 2nd E d . 8vo. 578 pp. 
Price, $4.50. S tu ttg a r t.

M in e r a l s :  D ie n u tz b a r e n  M in e ra l ie n , m i t  A u s n a h m e  d e r  E rze ,
K a llu m s a lz e ,  K o h le n  u .  de3 P e t ro le u m s .  B d . I I .  By B. D a m m e r  
a n d  O .  T i e t z k . 8vo. 539 pp. Price, $4.00. S tu ttg a r t.

P a in t s :  A M a n u a l  o f O ils, R e s in s  a n d  P a in ts .  V o l .I .  B y  H . I n g l e .

8vo. 138 pp . Price, $1.00. C. Griffin, London.
P o is o n s :  I n o r g a n ic  P l a n t  P o is o n s  a n d  S t im u la n t s .  B y  W .  E. 

B r e n c h l e y . 8vo. 110 pp . Price, $1.25. C am bridge U niversity  
Press, London.

R a d io a c t iv i ty :  A c q u ire d  R a d io a c tiv ity .  B y  S i r  W i l l i a m  C r o o k e s .

4to. 14 pp . Price, $0.50. D ulau, London.
S a n i t a t i o n :  P r a c t ic a l  T ro p ic a l  S a n i ta t io n :  a  M a n u a l  fo r  S a n i ta ry

I n s p e c to r s  a n d  O th e rs .  By W. A l e x . M u i r h e a d . 8vo. 288 pp. 
Price, $3.50. E- P . D u tto n , N ew  York.

S ew ag e : S ew age P u r if ic a t io n  a n d  D isp o sa l. By G. B. K e r s h a w .
8vo. 350 pp. Price, $3.00. C am bridge U niversity  Press, London. 

S te e l:  S te e l a n d  I t s  T r e a tm e n t .  B y E . F . H o u g h t o n  a n d  O t h e r s .
2nd E d. 12mo. 104pp. Price, $1.00. E -F . H oughton & Co., Philadelphia. 

V a rn is h :  Dio F a b r ik a t io n  d e r  L ack e , F irn is s e  u sw . B y  E . A n d r e s .

6 th  E d. 8vo. 270 pp. Price, $1.00. Wien.
V e n t i la t io n :  H e a t in g  a n d  V e n t i la t in g  B u ild in g s . B y  R . C . C a r 

p e n t e r . 6 th  Ed. 12mo. 598 pp. Price, $3;50. John  W iley & Sons,
New York.

W a s te s : U ti l iz a t io n  o f W as te  P r o d u c ts ,  T ransla ted  from  the  G erm an.
By T . K o l l e r . 2nd E d. 8vo. 340 pp. Price, $2.00. London. 

W a te r  S u p p ly :  C o u n try  P lu m b in g  P r a c t ic e :  D esig n , I n s t a l l a t i o n
a n d  R e p a ir  o f S y s te m s  of W a te r  S u p p ly  a n d  S ew age  D isp o sa l.
B y W. H u t t o n . 8vo. 310 pp. Price, $2.00. D .  W illiams Co., New York.

NtLW PUBLICATIONS
B y J o h n  F . N o r t o n , M assachuse tts  In s ti tu te  of Technology, B oston
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RECEN T JOU RNAL A R TICLES
A b s o r p t io n :  F u r  l 'a b s o r p t io n  d e s  g az  p a r  le  c h a r b o n  a u x  b a sse s  

te m p é r a tu r e s .  B y  G .  G l a u d e . Bulletin de la Société Chimique de 
France.

C ellu lo se : R e c e n t  P ro g re ss  in  t h e  A n a ly s is  o f C e llu lo se  a n d
C e llu lo se  D e riv a tiv e s . B y  J. F . B r i g g s . The A nalyst, Vol. 40, 
1915, No. 468, pp. 107-20.

C o n c re te :  B as is  o f C u r r e n t  P r a c t ic e  i n  C o n c re te  D e sig n . By 
C. A. P. T u r n e r . The Cement Era, Vol. 13, 1915, No. 4, pp. 50-1. 

C o p p e r : H y d ro m e ta l lu rg ic a l  T r e a tm e n t  of M ic h ig a n  C o p p er
T a il in g s .  By R. D . L e i s k . Metallurgical and Chemical Engineering, 
Vol. 13, 1915, No. 4, pp . 233-4.

C y a n id e : C o p p e r C y a n id e  P la t in g  S o lu t io n s .  B y  M .  C .  W e b e r .

Metallurgical and Chemical Engineering, Vol. 13, 1915, No. 4, pp . 255-6. 
E le c tro ly s is :  E le c tro ly s is  a n d  I t s  M it ig a t io n .  B y E . B. R o s a . 

Journal o f the N ew  England Water W orks Association. Vol. 29, 1915, 
No. 1, pp. 49-72.

G a s : B u r n in g  B la s t  F u r n a c e  G as. A n o n y m o u s . The Iron  Age, 
Vol. 95, 1915, No. 11, pp . 612-3. .

I c e :  T h e  E c o n o m ic a l Ic e  P l a n t  o f T o d a y . B y T h o m a s  S h i p l e y .
Ice and Refrigeration, Vol. 48, 1915, No. 4, pp. 204-9.

I c e :  S u g g e s tio n s  fo r  t h e  I m p r o v e m e n t  o f R e f r ig e ra t in g  a n d  Ic e -
M a k in g  P la n ts .  B y  R o b e r t  P .  K e h o b . Refrigerating World, Vol. 
49, 1915, No. 2, pp. 27-9.

I n o r g a n ic  C h e m is t r y :  E x p e r i m e n t e d  a n o rg a n is c h e  C h e m ie  u n d  
E le k tr o c h e m ie  im  J a h r e  1914. B y  A. G u t b i e r . Zeitschrift filr  
dngewandte Chemie, Vol. 28, 1915, N o. 20, pp . 93-111.

L ig h t in g :  S t r e e t  L ig h t in g  P r a c t ic e  w i th  I n c a n d e s c e n t  L a m p s .
B y G. H . S t ic k n e y . M unicipal Engineering,jV o l. 48, 1915, No. 2,
pp. 80-8.

M in e r a l s :  G e n e ra l  P r in c ip le s  G o v e rn in g  t h e  C o m p le te  A n a ly s is  of
M in e ra ls  a n d  O res. B y W . R . S c h o e l l e r . The A nalyst, Vol. 40,
1915, No. 468, pp. 90-106.

N itro g e n :  T h e  F ix a t io n  o f A tm o s p h e r ic  N itro g e n . B y W . S.
L an d is . Metallurgical and Chemical^Engineering, .Vol. 13, 1915, No. 4, 
pp. 213-20.

O rg a n ic  C o m p o u n d s :  T h e  E le c tro c h e m ic a l  P r o d u c t io n  o f O rg a n ic
C o m p o u n d s . A n o n y m o u s . Metallurgical and Chemical Engineering, 
Vol. 13, 1915, N o. 4, pp . 211-13.

O z o n e : T h e  U se o f O zone  a s  a  S te r i l iz in g  A g e n t fo r  W a te r  P u r if ic a 
t io n .  B y  S. T . P o w e l l .  Jour?ial o f the New England Water Works 
Association, Vol. 29, 1915, No. 1, pp. 87-93.

P a v in g  M a te r i a l :  M isu se  o f a  G ood  P a v in g  M a te r ia l  Is  D e tr i 
m e n ta l  t o  F lo r id a  R o a d  D e v e lo p m e n t. B y C h a r l e s  E. F o o t e . 
Engineering Record, Vol. 71, 1915, N o. 15, pp. 452-3.

R o a d s :  F r o s t  A c tio n  o n  R o ad s . B y  A n d r e w  M .  L o v i s .  The Cement 
Era, Vol. 13, 1915, No. 3, pp. 49-50.

R e f ra c to r ie s :  R e f ra c to r ie s  o f t h e  R o ck y  M o u n ta in  R eg ion  and
S o m e  o f T h e ir  P r o d u c ts .  B y  J .  C .  B a i l a r . Metallurgical and 
Chemical Engineering, Vol. 13, 1915, No. 4, pp . 257-8.

S a n i t a t i o n :  T h e  F e d e ra l  M e a t  I n s p e c t io n  S erv ice  a n d  S an ita tion  
o f P a c k in g  H o u se s  u n d e r  I t s  S u p e rv is io n . B y G e o rg e  H. Shaw. 
Am erican Journal o f Public Health, Vol. 5, 1915, No. 3, pp. 236-45. 

S e w a g e : S ew age A e ra t io n  a t  L a w re n c e  a n d  M a n c h e s te r  Compared.
B y H . W . C la r k .  Engineering Record, Vol. 71, 1915, No. 12, pp. 367-8. 

S e w a g e : T h e  W e s t E n d  Sew age  T r e a tm e n t  W o rk s , H a m ilto n , Ont. 
By B e r n a r d  E . T . E l l i s .  Engineering News, Vol. 73, 1915, No. 9, 
pp. 424—8.

S te e l :  A c id  O p e n -H e a r th  S te e l fo r  C a s tin g s .  B y  E d w i n  F .  C o k e .
The Iron Age, Vol. 95, 1915, No. 10, pp. 551-3.

S te e l :  “ A re a g ra m s ”  o f O p e n -H e a r th  F u r n a c e  F lu e s .  By A. R.
M i t c h e l l . The Iron Age, Vol. 95, 1915, N o. 11, pp. 607-8.

S te e l :  H e a t  E n e rg y  f r o m  t h e  B e s s e m e r P ro ce ss . B y G. Butz.
The Iron Age, Vol. 95, 1915, No. 11, pp . 618-9.

S te e l :  H y s te re s is  L oss  in  M e d iu m -C a r b o n  S te e l. B y  F .  C .  L a n g e n 
b e r g  a n d  R . G. W e b b e r . The Iron  Age, Vol. 95, 1915, No. 9, pp. 
506-8.

S u l f a te s :  T h e  F o r m a t io n  a n d  D e c o m p o s it io n  o f S u lfa te s  during
R o a s t in g .  B y  B o y d  D u d l e y , J r . Metallurgical and Chemical Ent»• 
neering, Vol. 13, 1915, No. 4, pp. 221-6.

S u lf u r ic  A c id : N e u e r u n g e n b e tr e f f e n d  B le ik a m m e r n ,  T urm 
s y s te m e  u n d  a n d e r e  V o r r i c h tu n g e n  z u r  H e rs te llu n g  von 
S c h w e fe lsä u re .  B y  O s k a r  K a u s c h . Chemische Apparatur, Vol. 
2, 1915, No. 4, pp. 53-5.

T u r b in e s :  T u r b in e  E ffic ie n cy  T e s t  b y  C h e m ic a l M ethods.
A n o n y m o u s . Engineering Record, Vol. 71, 1915, No. 12, pp. 358-60. 

V a le n c e : A C r i t ic is m  o f t h e  E le c t ro n  C o n c e p tio n  o f V alence. By 
R o g e r  F .  B r u n e l . Journal o f the Am erican Chemical Society, Vol. 37, 
1915, No. 4, pp. 709-22.

W a te r :  P h i la d e lp h ia  W a te r -F i l te r  O p e ra t io n s  i n  1914. A n o n y m o u s .

Engineering News, Vol. 73, 1915, No. 12, pp . 576-7.
W o o d : D ie  I m p r ä g n ie r u n g  d e s  H o lz es  n a c h  d e m  V e rfa h re n  deB Dr.

B o u c h e r ie .  B y  F r i e d r i c h  M o l l . Chemische A pparatur, Vol. 2, 
1915, No. 4, pp. 49-53,

Z in c :  D ie  B e s t im m u n g  d es  Z in k s  a ls  Z in k a m m o n iu m p h o sp h a t 
u n d  ih re  A n w e n d u n g  b e i  T r e n n u n g e n .  B y  P .  A r t m a n n . Zeit
schrift f ü r  analytische Chemie, Vol. 54, 1915, No. 2. pp . 89-102.

Z in c : L e a c h in g  a  Z in c -L im e  O re w i th  A c id s. B y  O . C .  R a l s t o n  and  
A .  E- G a r t s i d e . Metallurgical and Chemical Engineering, Vol. 13, 1915, 
N o. 3, pp. 151-5.

R EC EN T INVENTIONS
UNITED ST A TE S PA TE N TS

B y C. L .  P a r k e r  

Solicitor of Chem ical P a ten ts , M cG ill B uilding, W ashington, D . C.

Manufacturing M ixed Hydrogen and Nitrogen. G. P. 
Scholl, Jan. 5, 1915. U. S. Pat. 1,123,394. A  mixture of nitro
gen and hydrogen having definite proportions is produced by 
vaporizing ammonia, holding it  under a given pressure, which

m ay be from 20 to 30 lbs. per sq. in., mixing with air and dis
sociating the ammonia at a  predetermined pressure, which may 
be 10 lbs. per sq. in., by  passing the mixed gases over copper 
turnings heated to approximately 7200 C.

Preventing Accumulation of Moisture of Condensation upon 
Glass or Other Protected Surfaces. H. M . Pickering, Jan. 5, 
1915. IJ. S . Pat. 1,123,367. The composition consists of 20

parts of glycerin, 2 parts of oil of turpentine, and 1 part of oil 
of eucalyptus.

Fixing Atmospheric Nitrogen. S. Peacock, Jan. 5, 1915. 
U. S. Pat. 1,123,584. A  compound of sulfur, carbon and nitro
gen is produced by bringing a mixture containing nitrogen 
and an oxid of sulfur into contact with carbon at a temperature 
of 800 0 C.

Precipitant for Recovering M etals from Solutions. G. H. 
Clevenger, Jan. 5, 19x5. U. S. Pat. 1,123,685. The precipitant 
consists of a  powder made from a brittle alloy composed of zinc 
and not more than 3 per cent sodium, the sodium being added 
to impart brittleness to the alloy.

M arine Protective Coating. D. F. Comstock, Jan. 5, 1915- 
U. S. Pat. 1,123,687. The composition consists of a water-re
sisting copper paint and a small amount of a  radioactive sub
stance, preferably pulverulent camotite.

Pigments. C. D. Holley, Jan. 5, 1915. TJ. S. P a t  1,123,743. 
M etallic lead is moistened with water containing a relatively 
small amount of nitric acid and the mass is allowed to undergo 
progressive spontaneous oxidation in the presence of air to form 
oxids of lead.

Alkali-M etal Compounds. H  E. Brown, Jan. 5, 1915. U. S. 
Pat. 1,123,841. Potash is obtained from feldspar by fusing, in 
a  non-reducing atmosphere, a  mixture of feldspar with a sufficient 
quantity of potassium chloride to furnish combinable chlorine for 
all the potassium and a sufficient quantity of calcium carbonate 
to bring the calcium oxide content of the resulting fused material 
up to between 40 and 55 per cent.
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Alkali-Silico-Aluminate. A. H. Cowles, Jan. 5, 1915. U. S.

Pat. 1,123,693. Alkali- 
silico-aluminate and h y
drochloric acid are pro
duced by subjecting clay 
to the action of vapors of 
salt and water at a high 
temperature. A  mixture 
of the salt and clay is fed 
into the furnace from the 
hopper 5, steam being in
troduced through the pipe 
6. The suction of a fan, 3, 
draws the whirling charge 
up into the dust chamber 2 
where it is electrified by 

the passage of electricity between the highly charged points 10, 
whereby, according to the process set forth by Cottrell and others, 
the dust particles attract each other into small masses and fall 
back into the furnace, the hydrochloric acid passing over into 
the acid-condensing systems where it is condensed.

BR ITISH  PA TEN TS
By D . G is d d e s  A n d e r s o n  

Chemical Engineer and P a te n t Chem ist, Glasgow, Scotland

The following abstracts are taken from the latest published 
British specifications. The date at the end of the abstract is 
the date of acceptance.

Process for Converting Unsaturated Fatty Acids into Saturated 
Compounds. W . J. M ellersch-Jackson, Sept. 23, 1913. Brit. 
Pat. 21,477. A  basic heavy metal salt of a fatty  acid of high 
molecular weight is dissolved in ,'o r intimately mixed with, the 
substance to b e ‘treated, and the material hydrogenated between 
100 and 1800 C. Basic oleates of nickel and copper are men 
tioned.— Feb. 2, 1915.

Improvements in the Manufacture of Tungsten. C. Gladitz, 
Oct. 23, 1913. Brit. Pat. 24,028. This invention relates to a 
new form of spool on which cold drawn tungsten wire is received, 
previous to undergoing heat treatment. B y  means of an aux
iliary rotable pin the periphery of the spool is increased for the 
winding operation and decreased for the heat treatment. In 
this way any tension in the wire, caused by the differences in 
coefficients of expansion of the metal of the spool, and of the wire, 
during the heat treatment, is eliminated.— Feb. 4, 1915.

Submarine Varnishes. G. Paterno and C. M annelli. Dec. 
22, 1913. Brit. Pat. 29,524. Fluorides or iluosilicates of

aluminum, zinc, or lead are 
used as ingredients in antifoul- 
ing compositions.— Feb. 18, 
19.15-

Apparatus for Distilling 
Liquids. Crossley, W heeler and 
Smith, Jan. 10, 1914. Brit. Pat. 
707. A  new type of apparatus 
for distilling liquids such as oil 
or tar, which are liable to froth. 
A  superheater, L, passes through 
the center of the still, and is 
heated by means of the burner 
M. The superheater breaks 

up the froth and in addition is stated to increase the yield of 
distillate.— Feb. 10, 1915.

Preparation of Vegetable Textile Fibers for Bleaching. Jar- 
dine and Nelson, Jan. 12, 1914. Brit. Pat. 802. The process 
consists in treating the fibrous material in a digester with a solu
tion of a magnesium or sodium bisulfite. The gases liberated

in the course of the cooking are continuously removed.— Feb. 
12, 1915.

Coagulation of Rubber Latex. N. W . Barritt and A. Street, 
Feb. 12, 1914. Brit. Pat. 3,632. Rubber latex is subjected to 
partial evaporation under reduced pressure, and exposed to the 
action of hot, dry vapors of acetic acid and formalin. The 
exposure is effected on a revolving drum.— Feb. 12, 1915.

Accelerating the Vulcanization of Caoutchouc. S. J. Peachey, 
Feb. 19, 1914. Brit. Pat. 4,263. A small quantity of para- 
nitrosodimethylaniline, or of one of its homologucs is added 
before vulcanization. It is stated that the isomeric nitros- 
amines produce no acceleration.— Feb. 18, 1915.

Nitrogen Compounds from Pulverized Carbides. T. Fuji
yama, April 14, 1914. Brit. Pat. 9,259. Process does away with 
the application of external heat. A  small quantity of pulverized 
carbide is ignited in an unheated chamber in presence of air. 
When the temperature has risen sufficiently nitrogen is intro
duced, and fresh carbide fed in, in such a manner that a heat 
insulating layer of the carbide is formed over the carbide under
going reaction.— Feb. 11, 1915.

Treatment of Iron or Steel for the Prevention of Rust. Rudge- 
Whitworth, Ltd. and H. L. Heathcote, April 22, 1914. Brit. 
Pat. 9,926. Relates to iron and steel articles already coated 
with rust-resisting phosphates of iron. The phosphate coating 
is treated with linseed oil and stoved, or with celluloid varnish 
and subsequent stoving.— Feb. 18, 1915.

Rubber Composition for Outer Covers of Pneumatic Tires.
C. Pacchetti, June 6, 1914. Brit. Pat. 13,779. Rubber when 
in a plastic state is mixed with lengths of horse hair or hog’s 
hair and the mixture subsequently vulcanized. Said to give 
non-skid properties.— Feb. 18, 1915.

New Substituted Ureas. Fabriques D e Produits D e Chimie 
Organique D e Laire, July 23, 1914. Brit. Pat. 17,501. Relates 
to tetra-substituted ureas of the general form

R \  / R 2
>N— CO— N< .

• R /  n R 3
R  and R* represent alkyl radicles; Ri and R 3, aryl radicles.

The chloride of an aryl-alkyl urea is first formed and then 
caused to react with an aromatic 
base having different radicles 
from those of the aryl-alkyl 
urea.

T hey are viscous liquids or 
solids of low melting point, and 
claim is made for their use in 
stabilizing nitro-derivatives of 
organic compounds.— Feb. 11,

1915-
Impregnating Liquids with 

Carbonic Acid or Other Gases.
A. A. Pindstofte, Sept. 14, 1914.
Brit. Pat. 19,769. The gas 
and liquid passing through the 
pipes /  and d, respectively, are 
forced up the impregnating 
chamber a. The gas-charged 
liquid flows through the pipe i  
to the bottling chamber, and 
the superfluous carbonic acid and
expelled air flow through j  into the liquid reservoir b and^fill^the 
space caused by the displaced liquid: m is a supply reservoir
connected with an air-discharge controller, q. The partitions of 
the impregnating chainberi are perforated and are shown in 
plan in Fig. 2.—  Feb. 11, 1915.



M A R K E T  R E P O R T
AVERAGE WHOLESALE PRICES OK STANDARD CHEMICALS, ETC., FOR THE MONTH OF APRIL, 1015

O E  G A N I C C H E M IC A L S

A cecanilid........................................................... 1.25 @ 1.40
Acetic Acid (28 per c e n t) ............................. ................ C. 2 .00 © 2.25
Acetone (d ru m s)............................................. 21 © 25
Alcohol, denatu red  (180 p roo f)................. ................ Gal. 33 @ 35
Alcohol, grain (188 p roo f)........................... ................ Gal. 2 .5 0 @ 2.54
Alcohol, wood (95 per c e n t) ........................ ................ Gal. 45 @ 47
Amyl A c e ta te ................................................... 2 .70 © —
Aniline O il......................................................... 1.00 @ 1. 10
Benzoic A cid ..................................................... — © —
Benzol (90 per c en t)...................................... 1.20 @ 1.40
C am phor (refined in b u lk ) .......................... 41 »/i @ —
Carbolic Acid (d ru m s).................................. ................Lb. 1.10 @ 1.15
C arbon Bisulfide.............................................. ................ Lb. 61/* @ 7»,
C arbon T etrachloride  (d ru m s).................. 16 © 17
C hloroform ........................................................ ................ Lb. 30 © 35
C itric  Acid (dom estic), c ry s ta ls ................ ................ Lb. 55 @ 57
D extrine (corn) (carloads, bags)................ ................ C. 3 .0 0 ® —
D extrine (im ported p o ta to ) ........................ ................Lb. — ® —
E th e r (U. S. P., 1900).................................. ................ Lb. 15 © 20
F orm aldehyde .................................................. 8 l/ i © 9»
G lycerine (d y n am ite ).................................... 18»A ® 20
Oxalic A cid ........................................................ 19 © 20
Pyrogallic Acid (b u lk ).................................. ................ Lb. 1.40 © 1.50
Salicylic A cid.................................................... 1.40 @ 1.50
S tarch  (cassava).............................................. 31/4 © 4
S tarch  (corn) (carloads, bags).................... ................ C. 2 .25 © —
S tarch  (p o ta to )................................................ — @ —
S tarch  (rice)....................................................V — © —
S tarch  (sago ).................................................... 3’/« @ 4
S tarch  (w h ea t)................................................. 7 © 7ł/s
T annic  Acid (com m ercial)........................... ................ Lb. 60 © 66
T a rta r ic  Acid, c ry s ta ls .................................. 38 @ 39

IN O R G A N IC  C H E M IC A L S

A cetate of Lead (brown, b ro k e n ). . . 7.1/4 @ 772
A cetate of Lim e (g ray )........................ 2 .50 ©  2 .55
Alum (lu m p )............................................ 2 .50 @ 3 .00
A lum inum  Sulfate (high-grade). . .  . ......................... C. 1.50 @ 1 .75
Am m onium  C arbonate, (dom estic). .........................Lb. 8»/4 @ 9
Ammonium Chloride, (g ray )............ 5 Vs @ 6 7s
A qua Ammonia (drum s) 16°............ 2>/4 @ 27=
Arsenic (w h ite )....................................... 4 @ 5
B arium  C hloride .................................... 60 .00 @ 65.00
Barium  N itra te ....................................... 16 © 20
B arytes (prim e w hite, fo reign)......... — @ —
Bleaching Pow der (35 per c en t)----- 1 .40 ®  1 .50
Blue V itrio l.............................................. ......................... Lb. 6*/4 ® 674
Borax, c rystals (bags).......................... 4V4 ® 574
Boric Acid, crystals  (pow d.).............. 87* @ 10
Brim stone (crude, dom estic)............. 22 .00 ©  22.50
Brom ine (b u lk ) ....................................... 40 @ 50
Calcium  Chloride (lum p)................... ......................... Ton 11.70 ® 12.00
C halk (light p rec ip ita ted ).................. ......................... Lb. 47* @ 57a
C hina C lay (im ported )........................ 14.00 @ 18.00
F e ld sp ar .................................................... ......................... Ton 8 .00 @ 14.00
F u lle r’s E a rth  (ptowdered, foreign).. ......................... C. 80 © 90
G reen Vitriol (b u lk )............................. ......................... C. 60 @ 70
H ydrochloric Acid (1 8 °) ..................... ......................... C. 1.15 ® 1 .65
Iodine (resubllm ed).............................. ......................... Lb. 3 .8 0 @ 4 .25
Lead N itra te ............................................ 8 ® —
Litharge (A m erican)............................. ......................... Lb. 574 ® 572
L ith ium  C arb o n ate ............................... ......................... Lb. 1.00 © 1,, 10
M agnesium  C a rb o n a te ........................ ......................... Lb. 4 7s @ 474
M agnesite  "C alc in ed '* ........................ nominal
N itric  Acid (36°).................................... ......................... Lb. 71/2 ® 8
Phosphoric Acid (sp. gr. 1 .7 5 ) . . . . . . ......................... Lb. 271/s @ 28
P hosphorus............................................... 35 © 95
P laste r of P a r is . ..................................... ......................... Bbl. 1.50 ©  1 .70
Potassium  B ic h ro m a te ....................... 15 © 16
P otassium  B rom ide............................... ......................... Lb. 80 @ 81
Potassium  C arbonate  (calcined). 80 @ 8 5 % ......... C. 14 © 1472
P otassium  C hlorate, c rystals s p o t . ........................... Lb. 35 @ 36
Potassium  C yanide (bulk), 98-99% ,......................... Lb. 18 © 25
Potassium  H ydrox ide ...... .................... ....................... :L b . 21 © 25
P otassium  Iodide (b u lk )..................... ......................... Lb. 3 .15 ®  3 .25
P otassium  N itra te  (c rude)................. ......................... Lb. — © —

Potassium  P erm anganate  (bulk) ........................ Lb. 60 © 75
Quicksilver, F lask (75 lb s .) ................ 65 .00 @ —
Red Lead (A m erican).......................... ......................... Lb. 6 @ 6 V2
Salt Cake (glass m akers’) ................... ......................... C. 55 @ 65
Silver N itra te .......................................... ......................... Oz. 32 @ 34

Soapstone in bags .................................. .............. Ton 10.00 @ 12.00
Soda Ash (48 per c e n t) ................................... ..............C. 677a @ 72V:
Sodium  A c eta te .................................................. ..............Lb. 4 @ 4>/i
Sodium  B icarbonate  (dom estic).................. ..............C. 1 . 0 0 @ 1 . 10
Sodium  B icarbonate (E ng lish )..................... ..............Lb. 372 @ 4
Sodium  B ichrom ate...... ................................... 5 @ 5>/t
Sodium  C arbonate  (d ry ) ................................ ..............C. 60 © 80
Sodium  C h lo ra te ............................................... ..............Lb. 16 @ 18
Sodium  H ydroxide (60 per c e n t) ................ ..............C. 1.70 @ 1.80
Sodium  H yposulfite .......................................... ..............C. 1.60 © 1.90
Sodium  N itra te  (95 per cent, s p o t) ............ 2 .2772 © —
Sodium  Silicate (liqu id ).................................. ..............C. 85 © 1.15
S tron tium  N itra te ............................................. ... .......... Lb. 1772 © 18
Sulfur, Flowers (sublim ed)............................ .............. C. 2 . 2 0 2.60
Sulfur, R o ll . ........................................................ .............. C. 1.85 @ 2.15
Sulfuric Acid (60° B ) ....................................... ..............C. 85 © 1.00
T alc  (A m erican)................................................ ..............Ton 15.00 © 20.00
T erra  A lba (A m erican), No. 1 ..................... 75 @ 80
T in  Bichloride (50°)........................................ ..............Lb. 147« @ 14»/«
T in  O xide............................................................. ..............Lb. 55 @ 57
W hite Lead (Am erican, d ry ) ........................ ..............Lb. 574 @ 5«/j
Zinc C arb o n a te .................................................. ..............Lb. 872 © 9
Zinc Chloride (g ran u la ted )............................ ..............Lb. 674 @ (>'h
Zinc Oxide (Am erican p rocess).................... ..............Lb. 57? © 6*/i
Zinc S u lfa te ......................................................... ..............C. 2 .50 @ —

O IL S , W A X E S ,

Beeswax (pure w h ite )......................................
E T C .

40 @ 42
Black M ineral Oil. 29 g ra v ity ...................... ..............Gal. 1272 @ 13
C asto r Oil (No. 3 ) ............................................ ..............Lb. 95/4 @ 10'/ .
Cercsin (yellow )................................................. ..............Lb. 10 © 25
Corn O il................................................................ .............. C. 6 .2 6 © 6.31
C ottonseed Oil (crude), f. 0. b. m ill.......... ..............C. 5.47 @ 5.55
C ottonseed Oil (p. s. y . ) ................................. 67z @ 6>/,
C ylinder Oil (light, filtered )......................... ..............Gal. 20 @ 25
Japan  W ax ........................................................... 13 @ 15
Lard Oil (prim e w in te r).................................. ..............Gal. 90 @ 92
Linseed Oil (raw )..........................•................... ..............Gal. 60 @ —
M enhaden Oil (c rude)..................................... ..............Gal. 37 © 39
N aph tha, 68 ®  7 2 ° .......................................... @ 12

N eatsfoo t Oil (20°)........................................... ..............Gal. 93 © 95
Paraflinc (crude, 120 & 122 m. p .) ............. ..............Lb. 27» © 3
Parafim e Oil (liigh v iscosity )........................ ..............Gal. 22 © 23
Rosin ( " F ” grade) (280 lb s .) ....................... ..............Bbl. 3 .95 @ 4.00
Rosin Oil (first ru n ) ......................................... ..............Gal. 25 @ —
Shellac, T . N ....................................................... ..............Lb. 14 @ 14>/i
Sperm aceti’ (cake)............................................. ..............Lb. 25 © 27
Sperm  Oil (bleached w inter), 3 8 ° ............... ..............Gal. 70 @ 71
Spindle Oil, No. 200......................................... 17 © 18
Stearic Acid (double-pressed)...................... ..............Lb. 12 © 12Vi
Tallow  (acidless)............................................... ..............Gal. 62 @ 63
T a r Oil (d istilled).............................................. ..............Gal. 30 © 31
T urpen tine  (spirits o f) .................................... ..............Gal. 487a © —

M E T A L S

A lum inum  (No. 1 in g o ts)...............................................Lb. 19 © 19'/.
A ntim ony (H allc t’s ) ......................................... ..............Lb. 28 © 30
B ism uth (New Y o rk )....................................... ..............Lb. 2 .80 @ 2.90
Bronze pow der................................................... ;--- © —
C opper (e lectro ly tic)........................................ ..............Lb. 1774 © 17!/s
Copper (lak e )..................................................... 18 © lS'/i
Lead. N . Y .......... ' . ............................................. ..............C. 4 . 1772 @ —
N ickel.................................. .. . ............................ ..............Lb. 42 © 45
P la tinum  (refined)............................................ ..............Oz. 45 .00 © 50.00
S ilv er...................................................................... ..............Oz. 5 0 7 s  © —
T in .......................................................................... 50 .00 © —
Z inc ......................................................................... ..............Lb. 11 @ —

F E R T IL IZ E R  M A T E R IA L S

Am m onium  S u lfa te ...........................................................C. 3 . 15 © 3.20
Blood (d ried )....................................................... 2 .70 © —
Bone, 472 and 50 (ground, ra w ) ................. 30 .00 © —
Calcium  C y an am id .................................U nit of Ammonia 2 . 2 0 © —
Calcium  N itra te  (N orw egian)...................... ..............C. — © —
C astor m eal.................................. * .................... ..............U nit — © —
Fish Scrap (domestic, d r ied )......................... — &• —
P hosphate, acid (16 per cent b u lk ) ........... 7 .50 © —
Phosphate  rock; f. 0 . b. mine:
F lorida land pebble (68 per c e n t) ............... 2 .25 © 2.50
Tennessee (70-80 per c e n t)........................... .............. Ton 5.00 © 5.50
Potassium , “ m uria te ,” basis 80 per cen t. ...............Ton 1.15 © 1.25
P yrites  (furnace size, im p o rted ).................. 1272 @ —
T ankage (h igh-grade)...................................... 2 .70 &• 10
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r j r t i  «  n r t  pI here s a l y p e  or

"U N IV E R SA L ” 
Mixing Apparatus

for Your Purpose

T HE illustrations herewith show only a few of 
the types of “ Universal” Mixing Apparatus 
which we make. For instance, a type for 

Laboratory and Experimental use is shown; also 
a Mixer and Incorporator for handling stiff m a
terials, such as Gutta Percha, Rubber, etc.
We show a type for kneading and mixing under 
vacuum, then extracting and recovering the sol
vent, and also a mixer that has no center shaft 
to which materials can cling.
We can supply you with a type of “ Universal” 
which will satisfy you—absolutely, and we will be 
pleased to take this m atter up w ith you.

We m a n u f a c t u r e : —

KNEADING AND M IX IN G  MACHINES
A U T O M A T IC  WEIGHING SCALES
VACUUM KNEADERS
FILTER PRESSES
RUBBER WASHERS
M A ST IC A T O R S and
SOLUTION M A K IN G  MACHINES

Vacuum  M i x e r  T i l l e d  for  E m p t y i n g — C o ve r  R a i s e d } ]

T i l l e d  P o s i t i o n — P o w e r  T i l t i n g  
A r r a n g e m e n t

WERNER & PFLEIDERER COMPANY
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