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THE. ANNUAL MELTING AT RO CH ESTER
T he F o rty-eigh th  A n n ual M eetin g of the A m erican  

C hem ical Society was held in R ochester, N ew Y o rk , Sep­
tem ber Sth to 14th. T h is is the first m eeting held in 
the fall of the year under th e n ew ly adopted con stitu ­
tion, and is b y  far the most successful in the h istory of 
the Society. T h e large and represen tative atten dan ce 
am ply justifies the change in date for th e annual 
m eeting from  the C hristm as holidays to  the fall of the 
year.

W e publish elsewhere in this issue the program  of 
papers presented to the general m eetings and the 
various sectional m eetings, and a stu d y  of the list will 
show  an unusual num ber of va lu able  contributions 
to theoretical and applied chem istry. T he greater 
portion of the papers in this program  will be published 
in full in th e Journals of the Society.

President L itt le ’s address was given  on W edn esday 
m orning at a general m eeting in the E ast H igh School. 
T h e Sectional m eetings were held in the E astm an ' 
B uilding, U n iversity  of R ochester. T h e presidential 
address, w hich follow s in fu ll, is a m ost au th en tic  and 
com prehensive treatm en t of the su b ject of Industrial 
R esearch in A m erica, and its statem en ts of the exten t 
and thoroughness of this developm ent in our more 
progressive industries will be a surprise to m any of our 
readers. A  careful reading of th is address w ill un­
dou b ted ly  suggest to  delinquent A m erican m anufac­
turers th a t serious and genuine In dustrial Research 
w ill offer the only m eans b y  w hich th ey  m ay avoid  the 
otherw ise in evitab le  steam  roller of crum bling tariff 
walls, foreign com petition  and an tiq u ated  m ethods and 
products.

T h e general m eeting of th e Society  on Septem ber 
9th was preceded b y  a m eeting of the B oard of D irec­
tors a t the H otel Seneca on M o n d ay afternoon. T h e 
R ochester Section of the S ociety  entertained the C o u n ­
cil at dinner on M o n d ay evening, after which the 
form al m eeting of the C oun cil w as called  to order b y  
President L ittle . Dr. C has. L. Parsons was elected 
S ecretary of the S ociety  and D r. A . P. H allock, T rea s­
urer for a period of three years under the new co n stitu ­
tion. T h e editors and editorial boards of the S o c ie ty ’s 
journals were reelected for th e current year, and the 
editorial staff of the Industrial Journal wras strengthened 
b y the addition  of tw o assistant editorships.

T h e first general session was held in the A ssem bly 
H all of the E astm an  K o d a k  C om p an y p la n t at K o d a k  
P ark, on T u esd a y  m orning, and was opened b y  a cordial 
address of welcom e b y  M ayor E dgerton . Papers were 
presented b y  M essrs. J. 0 . H an dy, C . E . K . M ees, 
B. C . Hesse, G. A . Soper and H enry Leffm ann.

A t  the conclusion of the m orning session, the m em ­
bers and their guests were en tertained a t luncheon b y  
the E astm an  K o d a k  C om p an y. A fter luncheon the 
m anufacturin g departm ents and laboratories of the 
p lant were throw n open to  inspection, and under the- 
guidance of the technical m em bers of the E astm an  
staff the visitors were g iven  an excellent op p o rtu n ity

to  gee one of the m ost h igh ly  developed industries in 
Am erica.

T h e R ochester S ection  en tertained  the visiting 
m em bers on T u esd a y  evening, a t a sm oker in Masonic 
H all. T h e E n terta in m en t C om m ittee, under the di­
rection  of M . H. E isenh art, a b ly  assisted by large 
com m ittees from  the R ochester Section , provided a 
m ost elaborate program  and feast for this occasion. 
E ach  gu est was decked ou t in a com m odious white 
apron, on w hich was inscribed, in bold letters, his 
nam e and address, and, as a protection  against draughts 
a Chinese m andarin cap w ith p igtail. The liquid 
refreshm ents were provided  in the form  of a special 
brew supplied b y  the M o erlb ack  Brewery. The 
Sm oker program  was arranged w ith  great care and 
consisted of selections b y  professional talent inter­
spersed w ith much m usic from  an orchestra, songs 
from  a m em bership q u artet, un usually  interesting and 
in stru ctiv e  m oving pictures, and several impromptu 
parades b y  guests. T h e entire fun ction  was most thor­
ou gh ly  organized and executed  and will stand as a monu­
m ent to the skill and energy of th e Rochester Section.

T h e annual b an qu et .was set for T h u rsd ay night at 
Pow ers H otel. Dr. L. H. B aekelan d  acted as toast­
m aster and the principal speakers were President 
Rees of th e U n iversity  of R ochester; E dw ard W. Mor- 
ley , past hon orary president of the E ig h th  International 
Congress; P resident A . D. L ittle ; H. E . Howe of Bausch 
& Lom b O ptical C o .; C . H. H e rty  of the University of 
N orth  C arolin a; S. L. B igelow  of W ashington; and 
S ecretary  C. L. Parsons. A deligh tfu l feature of the 
ban quet was th e orchestral m usic and a number of 
soprano solos.

T h e excursions to  th e plan ts of the Bausch & Lomb 
O ptical C om p an y, T a y lo r  In stru m en t Com pany, Cur­
tice Bros. C om p an y, J. H ungerford Sm ith Company. 
M o erlb ack  B rew ery, G erm an -A m erican  Button Com­
p an y, Genessee R edu ctio n  C om p an y, Municipal In­
cinerator, S tecker L ith ograph ic  C om pan y, and others, 

under the general direction of M r. J. E. W o o d l a n d ,  

C hairm an  of th e F a c to ry  E xcursions C o m m itte e , 

proved  to be one of the m ost im p o rtan t features of the 
A n n u al M eeting; R ochester, being an industrial cen­
ter, is a d m irab ly  situ a ted  to p rovide this i n t e r e s t i n g  

and in stru ctive feature of the program .
T h e E n terta in m en t C om m ittee had also made ample 

provision  for the en tertain m en t of th e lad y m em b er»  

and visitors in th e form  of a reception  a t the U n iv e r s i t j  

C lu b , a card p a rty  a t the C en tu ry  C lu b , an ex cu rs io n  

to Iron dequoit B a y  w ith luncheon at the Newpor* 
House and num erous autom obile excursions throug 
the c ity  and neighborhood of R ochester.

T h e success of the m eeting is due to  the work of the 
local com m ittees and it was the unanim ous opinion 0 
th e visitin g  m em bers th a t to th e Rochester Section 
belongs the credit of organizin g and administering t0 
the m inutest detail th e innum erable features wliic1 
con trib u ted  to th e  com plete success of the Forty-eig 
A n nual M eeting.
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IN D U S T R IA L  R E S E A R C H  IN  A M E R IC A

P R E S ID E N T IA L  A D D R E S S

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

Germany has long been recognized as preem inently 
the country of organized research. T h e spirit of re­
search is there im m inent th rou gh ou t the entire social 
structure. T his is n ot th e tim e nor place, how ever, 
nor is it necessary before th is audience, to  refer in any 
detail to the long record of splendid achievem ent m ade 
by German research during the last fifty  years. It is 
inscribed in lum inous 
letters around the 
rock upon which G er­
many now stands se­
cure among the n a ­
tions of the world.

The virility  and 
range of G erm an re­
search were never 
greater than th e y  are 
to-day. N ever be­
fore have the superb 
energy and calculated  
audacity of Germ an 
technical d i r e c t o r s  
and German finan­
ciers transform ed so 
quickly and so surely 
the triumphs of the 
laboratory into in­
dustrial conquests.
Never has the future 
held richer promise 
of orderly and sus­
tained progress, and 
yet the preeminence 
of Germany in indus­
trial research is by 
no means indefinitely 
assured. A new com ­
petitor is even now 
girding up his loins 
and training for the 
race, and th a t com ­
petitor is strangely 
wough the U nited 
States— that prodi­
gal among nations, 
still justly stigm a­
tized as the m ost w asteful, careless and im provident

p r e s i d e n t  l i t t l e

them all.

To one at all fam iliar w ith  the disdain of scientific 
caching which has characterized  our in dustry, and 

ich still persists in m any quarters, this statem ent 
!s so contrary to th e current estim ate th a t its general 
acceptance cannot be expected. It  w ill have served
•  ̂ Purpose if it leads to a consideration of the facts 
which prove the thesis.

coun try of Fran klin , M orse and R um ford; of
• c ormick, Howe and W h itn ey; of E dison, Thom son,

stinghouse and B ell; and of W ilbur and Orville

W right, is ob viously  a cou n try  not w holly  hostile to 
industrial research or unable to a p p ly  it  to good pu r­
pose. It  is, how ever, not surprising th a t w ith va st 
areas of virgin  soil of which a share m ight be had for 
the asking; w ith interm inable stretches of sta te ly  
forest; w ith coal and oil and gas, th e ores of m etals 
and countless other gifts of n ature scattered  broadcast 
b y  her lavish  hand, our people entered upon this rich 
inheritance w ith the spirit of the sp endthrift, and gave 
little  heed to refinem ents in m ethods of production 
and less to m inim izing waste. T h a t d ay  and genera­

tion is gone. T o ­
day, their children, 
p a rtly  through b etter 
recognition of p o ten ­
tial values, b u t m ain­
ly  b y  the pressure of 
a g rea tly  increased 
population and the 
stress of com petition  
a m o n g  them selves 
and in the m arkets 
of th e world, are 
rap id ly  acquiring the 
know ledge th a t effi­
ciency of production 
is a sounder basis for 
prosp erity  than  mere 
volum e of product, 
h o w e v e r  g r e a t .  
M a n y  of them  have 
a lread y learned th a t 
the m ost profitable 
ou tp u t of their p lan t 
is th a t resulting from  
the catalysis  of raw  
m aterials b y  brains. 
A  far larger num ber 
are still ign oran t of 
these fu n dam en tal 
truths, and so it  hap­
pens th a t m ost of 
our industrial effort 
still proceeds under 
the guidance of em ­
piricism  w ith a happy 
disregard of basic 
principles. A  n ative  
i n g e n u i t y  often 
brings it to  a sur- 

seems to sup port th e aphorism  
'tis  fo lly  to  be w ise.”  

of industrial re­
said of a babe

prising success and 
“ W here ignorance is profitable,
W h atever m ay be said, therefore, 
search in A m erica at this tim e is 
still in the cradle b u t which has nevertheless, like 
the in fan t Hercules, a lread y destroyed  its  ser­
pents and given  prom ise of its perform ance a t m an’s 
estate.

The long-continued and h igh ly  organized research 
which resulted in the developm ent of A m erican  agri­
cultural m achinery has led to  the general introduction  
of m achines which reduce the labor cost of seven
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crops $681,000,000 as m easured b y  th e m ethods of 
on ly  fifty  years ago.

T h e superhum an d exterity  and precision of Am erican 
shoe m achinery, which has revolutionized  a basic 
in d u stry  and reduced com petition  to the statu s of an 
academ ic question, present A m erican  industria l re­
search at its best. T h ey  are not th e result of the indi­
vidual inspiration of a few  in ven tors as is com m only 
supposed. T h e y  represent years of coordinated effort 
b y  m any m inds directed and sustained b y  constan t 
and refined experim ental research.

Y o u  need not be rem inded th a t the ubiquitous 
telephone is w holly  a product of A m erican  research. 
M un chausen ’s sto ry  of th e frozen conversation  which 
afterw ard  thaw ed out is a clum sy fable. T h in k  of the 
N iagaras of speech pouring silen tly  through th e N ew  
Y o rk  telephone exchanges where th e y  are sorted out, 
given  a new direction and delivered au d ib ly  perhaps a 
thousand m iles aw ay. N ew  Y o r k  has 450,000 in stru ­
m ents— tw ice the num ber of those in London. Los 
A ngeles has a telephone to every  four inh abitants. 
W h y should one care to  p roject one’s astral b od y when 
he can call up from  th e C lub  in fifteen  seconds? Our 
whole social structure has been reorganized, we h ave 
been brought together in a single parlor for conversation  
and to conduct affairs because th e A m erican  T elephon e 
and Telegraph C om p an y spends an n u ally  for research, 
the results of which are all abou t us, a sum  greater 
than the to ta l incom e of m any universities.

T he nam e of E dison is a household word in ev ery  
language. T h e E dison m ethod is a syn on ym  for 
specialized, intense research w hich know s no rest until 
everyth in g  has been tried. B ecause of th a t  m ethod 
and the unique genius which directs its application, 
Ita lian  operas are heard am id A laskan  snows and in 
the depths of A frican  forests; ev ery  phase of life and 
m ovem ent of interest th rou gh ou t th e w orld is caught, 
registered, tran sported  and reproduced th a t  we m ay 
h ave lion hun ts in our draw ing-room s and the corona­
tion  in a five-cent theatre. From  his lab o rato ry  have 
com e th e incandescent lam p, m ultiple te legrap h y, new 
m ethods of treatin g ores and a thousan d  other diverse 
inventions, th e developm ent of a single one of w hich 
has som etim es involved  millions.

T h e developm ent of th e autom obile, and especially  
of the low -priced Am erican car, is a th in g of yesterd a y. 
T o -d a y  a single m anufacturer tu rn s ou t tw o  cars a 
m inute, while another is expan din g his o u tp u t to  500 
cars a  d ay. E v e ry  23 d a ys th e to ta l engine horse­
pow er of new cars of one sm all ty p e  equals the en ergy 
of the entire M ississippi river developm ent a t K eo ku k . 
E v e ry  46 d ays th is engine ou tp u t rises to  the to ta l 
en ergy developm ent a t N iagara  Falls. T h e am ount 
of gasoline consum ed upon our roads is equal to  the 
w ater su p p ly  of a tow n  of 40,000 in h ab itan ts, and its 
cost on Su n d ays and holidays is $1,000,000.

It goes w ith ou t sayin g th a t  a n y  such developm ent 
as th a t of the autom obile in d u s tr y 'in  A m erica  has 
been based upon and vita lized  b y  an im m easurable 
am ount of research, th e  range and influence of which 
extends through m any other industries. I t  has a c­
celerated  the application  of heat treatm en t more th an

a n y  other agency.- • One tire  m anufacturer spends 
$100,000 a y ear  upon his lab oratory . T h e research 
dep artm en t organized b y  m y associates for one auto­
m obile com pan y com prised w ithin  its staff experts in 
autom obile design, m athem atics, m etallography and 
heat treatm en ts, lubrication , gaseous fuels, steel and 
alloys, paints and pain tin g practice, in  addition to 
th e chem ists, ph ysicists and assistants for routine 
or special w ork.

T h e  b eau tifu l c ity  whose h o sp ita lity  has so greatly 
added to  th e pleasure and success of the present meeting 
of our S o ciety  is th e hom e of tw o  h igh ly  scientific 
industries of w hich a n y  com m u n ity  m a y well be proud. 
T h e B ausch &  L om b O ptical C om p an y, through its 
close affiliation  w ith th e w orld-fam ed Zeiss works at 
Jena, renders im m ed iately  availab le  in this country 
the la test results of G erm an op tical research. The 
E astm an  K o d a k  C o m p a n y is perhaps more generally 
and w id ely  know n th a n  even  th e Zeiss works, and in 
cap ital, organization, v a lu e  of p roduct and profit of 
operation w ill bear com parison w ith  th e great German 
com panies whose business is applied  science. Like 
th em , it  spends m on ey w ith  a lavish  hand for the pro­
m otion of tech n ical research and for the fundamental 
in vestigation  of th e scientific bases on which its in­
d u stry  rests. As yo u  h a ve  h a p p ily  been made aware, 
th is w ork is carried on in  th e superb new research lab­
oratories of th e com p an y w ith  an equipm ent which is 
p ro b ab ly  un rivalled  anyw here for its special purposes. 
T h e lab o rato ry  exem plifies a n otable  feature of Ameri­
can industria l research lab oratories in th a t it makes 
provision  for developing new processes first on the 
lab o rato ry  scale and then  on th e m iniature factory 
scale.

T o  no chap ter in th e h isto ry  of industrial re se a rc h  

can A m ericans tu rn  w ith  greater pride th an  to the one 
w hich contains th e  epic of the electrochem ical develop­
m ent a t N iag ara  F alls. I t  starts w ith  the w o n d e r fu l 

sto ry  of alum inum . D iscovered  in G erm any in 1828 
b y  W ohler, it  cost in 1855, $90 a pound. In 1886, it 
had fallen  to $12. T h e A m erican  Castner process 
b rou gh t th e  price in 1889 to $4. E ven  at this figure 
it  w as o b vio u sly  still a  m etal of lu xu ry  with few in­
dustrial applications.. H all in  A m erica  and H 6ro u lt 

sim ultan eously  in E urope discovered th at c r y o lite , 

a double fluoride of sodium  and aluminum, fused 
readily  a t a m oderate tem peratu re , and when so fused 
dissolved alum in a as boiling w ater dissolves sugar or 
salt, and to  th e exten t of m ore th a n  25 per cent. 
electro lyzin g th e  fused solution alum inum  is o b ta in e d . 

On A u g u st 26, 1895, the N iagara  works o f the 

P ittsb u rg h  R edu ctio n  C o., sta rted  a t N iagara Falls the 
m anufacture of alum inum  under th e Hall p a te n ts . 

In  19 11 , the m arket price o f  th e m etal was 22 cents 

and the to ta l annual production  40,000,000 pounds.

A  chance rem ark of D r. G eorge F . Kunz, in 18S0, 
on the industrial value of abrasives, t u r n e d  the thoug ' 5 
of A cheson to  th e problem  of their artificial p r o d u c t io n  

and led to th e discovery, in 1891, of c a r b o r u n d u m  a011 
its subsequent m anufacture on a sm all scale at M o n ° D 

gahela C ity , P en n sylvan ia . In 1S94, Acheson 31
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before his directors a schem e for m oving to  N iagara 
Falls, when to  quote his own words:

‘‘To build a p lan t for one thousan d horse-power, 
in view of the fa c t th a t we were selling only one-half 
of the output from  a one hun dred and th irty-fou r 
horse-power p lant, w as a trifle too m uch for m y con­
servative directors, and th e y , one and all, resigned. 
Fortunately, I w as in control of th e d estin y of the 
Carborundum C om p an y. I  organized  a new board, 
proceeded w ith m y plans, and  in the year 1904, the 
thirteenth from  the date of th e discovery, had a p lant 
equipped with a five-thousand  electrical horse-power 
and produced over 7,000,000 pounds of those specks 
I had picked off th e end of the electric ligh t carbon in 
the spring of 18 9 1.”

The com m ercial developm ent of carborundum  had 
not proceeded far before Acheson b rought out his pro­
cess for the electric furnace production  of artificial 
graphite and another great N iagara  in d u stry  was 
founded. In quick succession cam e th e W illson process 
for calcium carbide and th e industria l applications of 
acetylene; phosphorus; ferro-alloys m ade in th e electric 
furnace; m etallic sodium , chlorine and caustic soda 
first by the C astner process, later b y  the extraordi­
narily efficient Tow n sen d cell; e lectro lytic  chlorates and 
alundum.

Perhaps even  more significan t than  an y of these 
great industrial successes w as th e  L o ve jo y  & B radley 
plant for the fixation of atm ospheric nitrogen which 
was perforce abandoned. I t  is well to  recall, in view  
of that reputed failure, th a t th e present-day processes 
for fixing nitrogen h ave m ade little  if an y im provem ent 
in yields of fixed nitrogen per k ilo w a tt hour over 
those obtained in this pioneer N iagara  plant.

In the year 1800, a you n g assistant of Lavoisier, 
E. I. du Pont b y  nam e, em igrated  to this cou n try  w ith 
others of his fa m ily  and settled  on th e b an ks of the 
Brandywine, near W ilm ington , D elaw are. He engaged 
m the m anufacture of gunpow der. T o -d a y  the 
du Pont C om p an y em ploys abou t 250 train ed  chem ists. 
Its chemical dep artm en t com prises three divisions: 
the field division for the s tu d y  of problem s w hich m ust 
be investigated outside the lab o rato ry  and w hich m ain­
tains upon its staff experts for each m anufacturing 
activity, together w ith  a force of chem ists a t each plant 
for routine lab oratory  w ork; second, th e experim ental 
station which com prises a group of laboratories for 
research work on the problem s arising in connection 
with the m anufacture of b la ck  and sm okeless powder, 
and the in vestigation  of problem s or new processes 
originating outside the com p an y; third, the E astern  
Laboratory which confines itse lf to research concerned 
wuh high explosives; its equipm ent is housed in 76 
buildings, the m a jo rity  being of considerable size 
spread over 50 acres. Since no industrial research 
laboratory can be called successful w hich does not in 
due time pay its w a y, it  is p leasant to  record th a t the 
Eastern L aboratory is estim ated  to  yield  a profit to 
'ts company of $1,000,000 a year. In addition  to the 
generous salaries paid for the high-class service de­
manded by the com pany, conspicuous success in re­
search is rewarded b y  bonus paym en ts of stock.

In  Acheson and H all have been already nam ed tw o 
recipients of the P erkin  m edal, the badge of knighthood 
in A m erican  industrial research. T h e distinguished 
and thoroughly representative juries which aw ard the 
medal ann ually  had previously  bestow ed it  upon 
H erreshoff for his work in electro lytic  copper refining, 
the con tact process for sulfuric acid and the inven tion  
of his w ell-know n roasting furnace, and upon B ch r for 
creative industrial research in th e great glucose in ­
dustry. In  1912, it was received b y Frasch, and th is 
year it was aw arded G ayley.

T h e G a y le y  invention  of th e dry air b last in the 
m anufacture of iron in volves a savin g to the A m erican 
people of from  $15,000,000 to  $29,000,000 ann ually. 
A modern furnace consum es abou t 40,000 cubic feet 
of air per m inute. E ach  grain of m oisture per cubic 
foot represents one gallon of w ater per hour for each 
1000 cubic feet entering per m inute. In the P itts ­
burgh district the m oisture varies from  1.83 grains in 
F eb ru ary  to  5.94 grains in June, and the w ater per hour 
entering a furnace varies accordin gly from  73 to  237 
gallons. In  a m onth a furnace using n atural air 
received 164,500 gallons of w ater, w hereas w ith  the 
d ry  b last it  received only 25,524 gallons. A  con serva­
tiv e  statem ent according to Prof. C han dler is th a t the 
invention  results in a 10 per cent increase in o u tp u t 
and a 10 per cent savin g in fuel.

E specially  notable and picturesque am ong the 
trium phs of Am erican industrial research is th a t b y  
means of which Frasch gave to  this cou n try  poten tial 
control of the sulfur in d u stry  of th e world. T here is 
in C alcasieu  Parish, Louisiana, a great deposit of 
sulfur 1000 feet below  th e surface under a layer of 
quicksand 500 feet in thickness. A n A ustrian  com ­
pan y, a French com pany and num erous A m erican 
com panies had tried  in m any ingenious w ays to  w ork 
this deposit, b u t had in v a ria b ly  failed. M isfortune 
and disaster to  all connected w ith it  had been the 
record of the deposit to  the tim e when F rasch  ap­
proached its problem  in 1890. He conceived the idea 
of m elting th e sulfur in place b y  superheated w'ater 
forced down a boring, and pum ping th e sulfur up 
through an inner tube. In his first trial he m ade use 
of tw e n ty  150 H. P. boilers grouped around the well, and 
the titan ic  experim ent was successful. T h e pum ps 
are now discarded and the sulfur brought to th e surface 
b y  com pressed air. A  single well produces abou t 450 
tons a d ay, and their com bined c a p acity  exceeds the 
sulfur consum ption of the world.

A n  eq u ally  notable solution of a technical problem  
which had long baffled other investigators is the 
Frasch process for refining th e crude, sulfur-bearing, 
C anadian and Ohio oils. T h e essence of the invention  
consists in distilling th e different products of the fra c ­
tional distillation  of the crude oil w ith m etallic oxides, 
especially oxide of copper, b y  -which the sulfur is com ­
pletely  rem oved while the oils distill over as odorless 
and sw eet as if from  the best P en n sylvan ia  oil. T h e 
copper sulfide is roasted to regenerate the copper. 
T he invention  had im m ense pecun iary value. It  sent 
the production of the Ohio fields to 90,000 barrels a
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d a y  and the price of crude Ohio oil from  14 cents a 
barrel to $1.00.

T urnin g from  these exam ples of in d ivid u al a ch ieve­
m ent so stron gly characteristic  of the genius of our 
people in one aspect, let us again consider for a m om ent 
th a t other and even more significant phase of our 
industrial research, nam ely, th a t which in volves the 
coordinated and long-continued effort of m any chem ists 
along related  lines.

C hem istry  in A m erica is essentially republican  and 
pragm atic. M ost of us believe th a t the doctrine 
science for science’s sake is as m eaningless and m is­
chievous as th a t of art for a r t ’s sake, or literature for 
literatu re ’s sake. These th in gs were m ade for man, 
not for them selves, nor w as man m ade for them . 
M ost of us are beginning to  realize th a t th e m ajor 
problem s of applied chem istry are in com p arab ly  
harder of solution than  the problem s of pure chem istry, 
and the a tta ck , m oreover, m ust often be carried to 
conclusion at close quarters under the stress and strain  
induced b y tim e and m oney factors. U nder these 
circum stances it should not excite surprise th a t a 
con stan tly  rising proportion of our best research is 
carried on in th e laboratories of our great industrial 
corporations, and nowhere more effective ly  th an  in 
the research lab oratory  of the G eneral E lectric  C om ­
pan y under the guidance of you r past president, Dr. 
W hitn ey. A s to  the lab oratory  m ethod D r. W h itn ey 
says in a personal letter: “ W e see a field where it  seems 
as though experim ental w ork ou gh t to  p u t us ahead. 
W e believe th a t we need to g e t into  th e w ater to  learn 
to sw im , so we go in. W e start b ack  a t the academ ic 
end as far as possible, and count 011 know ing w hat to 
do w ith  w hat we find when we find it. Suppose th a t 
we surm ise th at, in general, com bustible insulation  
m aterial could be im proved upon. W e tr y  to  get some 
work started  on an artificial m ica. M a yb e we tr y  to 
synthesize it and soon com e to a pu rely  theoretical 
question; e. g., is it possible to crystallize such stuff 
under pressure in equilibrium  w ith w ater vapor cor­
responding to th e com position of real m ica? T his 
m ay lead a long w a y  and call in a lot of pure chem istry 
and physical chem istry. U sually  we ju st keep a t it, 
so th a t if  you  h a v e n ’t seen it on the m arket w e ’re 
prob ab ly at it  y e t .”

In strik in g contrast to the secrecy m aintained be­
tw een individual w orkers in large G erm an research 
laboratories, is the alm ost universal custom  in A m erica 
to encourage staff discussion. In  th e General E lectric  
L ab oratory, as in m any others, th e w eekly  sem inars 
and constan t helpful interchange of inform ation  has 
developed a staff u n ity  and spirit w hich g rea tly  in ­
creases the efficiency of the organization  and raises 
th a t of the individual to a higher power.

M an y evenings could p rofitab ly  be spent in dis­
cussing the achievem ents of this lab oratory . T heir 
q u ality  is well indicated b y  the new nitrogen tungsten  
lam p, w ith its */s w a tt per candle, which com bines the 
great work of Dr. Coolidge on ductile tungsten  w ith 
the studies of L an gm uir and others of the staff on th e 
particu lar glass and gas and m etal which are brought 
together in this lam p. -

A n y  a ttem p t to a d eq u a te ly  present the enormous 
volum e of research work, m uch of w hich is of the 
highest grade, co n stan tly  in progress in the many 
scientific bureaus and special laboratories of the 
general govern m ent or even to in d icate its actual ex­
ten t and range, is of course u tte rly  beyond the limits 
of m y atta in m en ts or of you r patien ce. The generous 
p olicy of the govern m ent tow ard  research is unique 
in this, th a t the results are im m ediately  m ade available 
to the whole people. H e a v y  as some of the govern­
m ent reports are, th e y  can not be expected  to weigh 
more th a n  th e men who w rite them . Some, like the 
G eochem istry of F . W . C larke, are of monumental 
character. A  v a st num ber áre m onographs embodying 
real and im p ortan t contrib ution s to  scientific knowledge 
or industrial practice. Som e, as would be expected, 
are little  m ore th an  com pilations or present the results 
of tr iv ia l or ill-considered research.

T h e U nited  S tates is still essen tially  an agricultural 
cou n try  and agriculture is, in its u ltim ate terms, 
applied ph oto-chem istry. T h e valu e of our farm 
prop erty  is a lread y over 842,000,000,000, and each 
sunrise sees an added increm ent of millions. Even 
sm all advances in  agricu ltural practice bring enormous 
m on etary returns. T h e greatest problem  before the 
cou n try  is th a t of developin g rural life. While our 
people still crow d into a lread y congested cities, some 
are beginning to  realize th a t Long A cre Square is not a 
w h olly  sa tisfy in g  su b stitu te  for Long Acre Farm, and 
to question w hether the winding, fern-fringed country 
roads of V erm on t m ay n ot be a b etter national asset 
than  th e G reat W h ite W ay.

Chief, therefore, am ong the G overnm ent Depart­
m ents, in the volum e of industrial research is of course 
the D ep artm en t of A gricu lture, which includes w ithin  

its organization  ten  great scientific bureaus, each 
inspired b y  an intense pragm atism  and aggressively 
prosecuting research in its a llo tted  field. The m agni­

tu d e of these operations of th e D epartm en t m a y  be 
inferred from  th e fa ct th a t  it spent for printing alone 

during the fiscal yea r ju st ended §490,000. The 
activ ities  of its arm y of agents literally  cover the earth, 

and its annual expenditure runs to  m any millions. 
T h e B ureau of Soils, th e B ureau  of P lan t I n d u s t r y ,  

the B ureau of A n im al In d u stry  and the Forest Service 

h ave to do w ith  the v e ry  foun dations of our n a t io n a l  

existence and prosperity, and their researches have 

added billions to th e n ational w ealth . The Bureau 

of C h em istry , through its relation  to the e n f o r c e m e n t  

of th e Pure Food L aw  and the inspection of m e a ts  

before in terstate  shipm ent, is as ubiquitous in its in­

fluence as the m orning n ew spaper and touches the daily 
life of the people alm ost as closely. T h e consumer is 
b y  no m eans the on ly  one b enefitted  b y  its activities. 
M an ufacturers are protected  from  the unfair competi­
tion  of less scrupulous producers. T he progress of 
research is stim ulated  not on ly b y  investigations within 
the B ureau, b u t b y  their reaction  upon the m a n u f a c ­

turers of food products w ho are rap id ly  being brought 
to  establish laboratories of their own. The food work 
of th e B ureau is supplem ented and extended by the 
laboratories of the sta te  and c ity  boards of healt ,
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of which th a t -of M assachusetts has been notable for 
productive research. Spccial laboratories within the 
Bureau carry its influence and in vestigation s into other 
fields as in case of the P aper and L eather L aboratory.

The Office of P u b lic  R oads of the D epartm ent, 
mindful of the fa ct th a t  less th an  ten per cent of the 
total road m ileage of the cou n try  has ever been im ­
proved, m aintains a large organization  of engineers, 
chemists and other scientists to conduct investigations 
and compile data, the u ltim ate purpose of which is to 
secure efficiency and econ om y in the location, con­
struction and m aintenance of co u n try  roads, h igh w ays 
and bridges.

The research w ork of th e D ep artm en t of A griculture 
is greatly augm ented and given  local application 
through the agen cy of 64 sta te  agricultural experim ent 
stations established for the scientific in vestigation  of 
problems relating to agriculture. These stations arc 
supported in p art b y  Federal grants, as from  the 
Hatch and A dam s funds, and for th e rest b y  state ap­
propriations. T h eir present incom e exceeds S3,000,000. 

All are well equipped; one of them , C alifornia, in­
cludes within its p la n t a superb estate  of 5400 acres 
with buildings w orth $ 1,0 0 0 ,0 0 0 .

The station w ork is organized upon a national basis 
but deals prim arily w ith  the problem s of the individual 
states. T he efficiency of their w ork is stim ulated  by 
the requirement of the A dam s F un d th a t appropriation 
shall be confined to  definite projects. T h e num ber of 
such projects during 1 9 1 0  was 33 5  and during 1 9 1 1 ,  

29°- The reduction in num ber in no w ay im plies 
diminished a ctiv ity , and is due to more careful selection 
and preparation, w ith elim ination  of tr iv ia l and m erely 
demonstrational projects. W hile th e w’ork of the 
stations necessarily covers a wide range of subjects, 
many of which w ould n ot be regarded as chem ical in 
nature, a notable proportion  has to do d irectly  with 
chcmical projects. O nly the briefest reference can 
be made to a few  of these:

At Connecticut, O sborne’s studies of proteins and 
their feeding values h a ve  developed differences as 
great in their assim ilab ility  as those existing betw een 
the different carbohydrates.

Kansas has a d ep artm en t for th e stu d y  of problem s 
ln handling and m illing grain  w ith an experim ental 
baking plant for testin g the bread-m akin g cap acity  of 
flours. The m illers are a ctiv e ly  cooperating.

Minnesota has a sim ilar th o rou gh ly  modern baking 
and testing lab o rato ry  for studies in w heat and flour 
chemistry and techn ology.

Arizona finds th a t date ripening m ay be so hastened 
by spraying the im m atu re fru it w ith acetic acid that 
choice varieties are caused to  ripen in th a t region.

The Cornell Station  has dem onstrated th a t the 
growth of a legum e w ith a non-legum e gives the latter a 
t,reater protein con ten t than  when grown alone.

Wisconsin has established the significance of sulfur 
as a Piar>t food; grain  crops, for exam ple, rem ove nearly 
as much sulfur as th ey  do phosphoric acid, whereas 
1 ie soil supply of sulfur is far less.

ermont is stu d yin g  the forcing of plants b y  means
carbonic acid gas.

Idaho has raised the protein content of w heat b y  
50 per cent. K en tu ck y  has developed a m ethod for 
the detection of Bacillus typhosus in w ater, and N orth 
D ak ota  is conducting ve ry  extensive field tests on the 
durab ility  of paints and oils.

These are of course mere surface references which 
hard ly  touch the real w ork of th e stations. A n 
enorm ous am ount of research and routine w ork on 
fertilizers is con stan tly  carricd on b y  m ethods sta n d ­
ardized b y  the A ssociation of Official A gricu ltural 
Chem ists. The th eory  of the action  of fertilizers 
engages the effort of m any research w orkers who 
find the problem  far more com plex than  the old p lant 
food theory assumed.

It m ay be said w ithout fear of contradiction  th a t 
through the com bined efforts of the D ep artm en t of 
A griculture, the E xperim ent Station s, the A gricu ltu ral 
Colleges and our m anufacturers of agricu ltural m a­
chinery there is devoted to  A m erican agriculture a 
far greater am ount of scientific research and effort 
than is at the service of an y other business in the 
world.

No other organic substance occurs in such abundance 
as wood, and few  if an y are more gen erally  useful. 
A b ou t 150 ,0 0 0 ,0 0 0  tons of wood are still w asted an ­
nually in the U nited States. T h e Forest P roducts 
L ab orato ry  which is m aintained b y  the F orest Service 
in cooperation w ith the U n iversity  of W isconsin has 
for its purpose, the developm ent and prom ulgation  of 
m ethods for securing a b etter utilization  of th e forest 
and its products, and its research w ork is d irected to 
th a t end. T h e lab oratory  is splendidly equipped 
with apparatus of sem i-com m ercial size for w ork in 
tim ber physics, tim ber tests, wood preservation, wood 
pulp and paper and wood distillation  and chem istry.

In  the U nited States P ate n t Office, Dr. H all has 
developed a rem arkab ly  com prehensive index to chem ­
ical literature which now contains 1 ,2 5 0 ,0 0 0  cards and 
which is open to every  worker. T h e B ureau of F ish ­
eries devotes $40,000 to  a single stu d y  and the G eolog­
ical Survey, $100 ,0 0 0  to the in vestigation  of the m ineral 
resources of A laska. It  spent, in 1 9 1 3 , $ 17 5 ,0 0 0  for 
engraving and printing alone. T he superb G eo­
physical L ab orato ry  of the C arnegie In stitu tion  of 
W ashington is also con stan tly  en gaged in the m ost 
refined researches into the com position, properties 
and mode of genesis of the ea rth ’s crust. T h e S m ith ­
sonian In stitution  is honored throughout the world 
for the efficiency of its  effort to increase and diffuse 
useful know ledge am ong men.

T he Bureau of M ines of the D ep artm en t of the 
Interior was established to conduct in behalf of the 
public welfare fundam ental inquiries and investigations 
into the mining, m etallurgical and m ineral industries. 
Its  appropriation for the current fiscal year is $662,0 0 0 , 

of which $347,0 0 0  is to be devoted  to technical research 
pertinent to the m ining industry. T h e B ureau has 
revolutionized the use of explosives in mines. O ver 
$8,000,000 worth of coal is now bought on the specifica­
tion and advice of the B ureau while more than 50 of the 
larger cities, a num ber of states, and m any corporations 
have adopted-the Bureau plan of purchase. Our own
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D r. Parsons, as chief m ineral chem ist of th e B ureau, 
is carryin g its researches into  new and interestin g fields.

Perhaps no b etter evidence could be adduced of 
the present range and volum e of industrial research 
in A m erica th an  the n ecessity, im posed upon th e author 
of such a general su rvey  as I am a ttem p tin g , of con­
densing w ithin a paragraph his reference to the Bureau 
of Standards of th e D ep artm en t of Com m erce. Its  
purpose is th e in vestig atio n  and testin g of standards 
and m easuring instrum ents and the determ ination  of 
ph ysical constan ts and the properties of m aterials. 
T o  these ob jects it devotes abou t $700,000 a yea r to 
such good effect th a t in equipm en t and in th e high 
q u a lity  and o u tp u t of its w ork it  has in ten years tak en  
rank w ith th e forem ost scientific in stitution s in the 
w orld for th e prom otion of industrial research and the 
d evelopm ent and stan dardization  of the instrum ents, 
m aterials and m ethods therein  em ployed. Its  in ­
fluence upon A m erican  research and in d u stry  is a lread y 
profound and rap id ly  extending. T h e B ureau  co­
operates w ith  foreign govern m ents and institution s, 
and is co n stan tly  consulted b y  s ta te  and m unicipal 
officials, techn ical bodies, com m issions and industrial 
laboratories as a court of h ighest appeal.

I can not b etter conclude this cursory and fra g ­
m en tary reference to  govern m ental w ork in  applied 
science than  w ith the words of the distinguished D i­
rector of th e B ureau of Standards:

“ If there is one th in g ab ove all others for which 
the a ctiv ities  of our go vern m en t during th e past tw o 
or three decades will be m arked it  is its original w ork 
along scientific lines, and I ven tu re to sta te  th a t th is 
w ork is ju st in its  in fa n cy .”

In  view  of th e  evidence offered b y  G erm an y of th e 
far-reaching benefits resu ltin g from  th e close co- 
operation w hich there obtains betw een  the u n iversity  
lab o rato ry  and th e industrial p lant, it m ust be ad ­
m itted w ith  regret th a t our ow n institution s of learning 
h ave, speaking generally, failed  to  seize or realize the 
great o p p ortu n ity  confronting them . T h e y  have, 
alm ost un iversally , neglected to  provide adequate 
equipm ent for industrial research, and, w h at is more to  
be deplored since the first w ould otherw ise q u ick ly  
follow', have rarely  acquired th a t close tou ch  w ith 
in d u stry  essential for fa m ilia rity  and appreciation  of 
its im m ediate and pressing needs. T here are h ap p ily  
som e n otable exceptions. P erhaps forem ost am ong 
them  stan ds the M assachusetts In stitu te  of T echn ology 
w ith its superb engineering and testin g equipm ent, 
its  R esearch L ab orato ry  of A p plied  C h em istry  and the 
m eritorious thesis w ork of its studen ts in all d ep art­
m ents. T h e B io logical D ep artm en t has been especially  
activ e  and successful in extending its influence into 
industrial and san itary  fields, w hile unusual significance 
a ttach es to the m otor vehicle studies ju st concluded 
and th e  more recen tly  in augurated  special in v estig a ­
tions in electricity , since both were in itia ted  and su p ­
p orted  b y  extern al interests. A b ou t tw o  years ago the 
In stitu te  brought v iv id ly  before the com m u n ity  the 
v a r ie ty  and exten t of its wide-spread service to in d u stry  
b y  holding a  C ongress of T echn ology, a t w hich all of

the m an y papers presented recorded th.e achievements 
of In stitu te  alum ni.

T h e C olorado School of M ines, recognizing that 
$100,000,000 a year is lost through inefficient methods 
of ore treatm en t, has recen tly  equipped an experimental 
ore dressing and m etallurgical p la n t in which prob­
lem s of treatm en t applicable to  ores of wide occurrence 
will be in vestigated . T h e Ohio S ta te  University has 
established an en,viable rep u tatio n  for its researches 
in fuel engineering. C ornell has been especially alive 
to th e scientific needs of industria l practice, and a 
long experience w ith  tech n ica l assistants enables me 
to  sa y  th a t I h a ve  foun d none b etter equipped to cope 
w ith  th e m iscellaneous problem s of industrial research 
th an  th e graduates of Cornell. I t  m ay in fact be stated 
gen erally  th a t th e q u a lity  of advanced chemical 
train in g now  afforded in th is co u n try  is on a par with 
th e  best ob tain able in G erm an y, and th a t  home-trained 
A m erican  yo u th  ad ap t them selves fa r more efficiently 
to the requirem ents and conditions of our industries 
than  do all b u t the m ost excep tional Germ an Doctors 
of P h ilo so p h y w ho find em p loym en t here.

Several of the great universities of th e middle west, 
n o ta b ly  those o f W isconsin and Illinois, have placed 
them selves closely in tou ch  w ith  the industrial and other 
needs of their com m unities and are exerting a funda­
m ental and grow ing influence upon affairs. In the east, 
C olu m bia  has recen tly  established a particularly well 
equipped lab o rato ry  for in dustria l chem istry and is 
b roaden ing its w ork in th is departm ent.

T h e  U niversities of K an sas and of Pittsburgh are 
carryin g forw ard  an esp ecially  in terestin g experiment 
in th e  operation  of In d u strial R esearch Fellowships 
supported  b y  th e special interests d irectly  concerned. 
These F ellow ships endow  w orkers for the attack of 
such diverse su b jects  as th e ch em istry  of laundering, 
the ch em istry  of bread and baking, th a t of lime, cement 
and vegetab le  ivo ry , the ex tra ctiv e  principles from the 
ductless glands of w hales, th e ab atem en t of the smoke 
nuisance, the tech n ology of glass, and m any others. 
T h e results obtained  are inten ded prim arily for the 
b en efito f th esu p p o rterso f the in d iv id u al Fellowships but 
m ay be published after three years. The holder of 
th e fellow ship receives a proportion  of the financial 
benefits resulting from  th e research, and the scale of 
sum s allotted  has p rogressively  risen from $5°° 3 
year to  $2500 and even  to  $5000. W hile some doubt 

m a y reason ab ly  be expressed as to  th e possibility of 
close in d iv id u al supervision  of so m an y widely varying 
projects, the results obtained  thus far seem entirely 
satisfacto ry  to  those behind th e  m ovem ent, which has 
fu rth er served to  stron gly  em phasize the willingness 
of our m anufacturers to  subsidize research.

T h e present v ita lity  and rate  of progress in A m erican  

industrial research is str ik in gly  illustrated  b y its very 
recent developm ent in special industries. It has been 
said th at our best research is carried on in those lab­

oratories w hich h a ve  one client, and th a t one th em selves.

T w en ty -five  years ago th e num ber of industrial 
concerns em p loyin g even a single chem ist was very 
sm all, and even he w as u sually  engaged almost wholl> 
upon routine w ork. M a n y  concerns engaged in busi­



ness of a d istin ctly  chem ical n ature had no chem ist at 
all, and such a th in g as industria l research in any 
proper sense hard ly  cam e w ithin  the field of vision of 
our m anufacturers. M an y of them  have not y et 
emerged from the penum bra of th a t  eclipse and our 
industrial forem en as a class are still w ithin the deeper 
shadow. M eantim e, how ever, research has firm ly 
established itself am ong the foun dation  stones of our 
industrial system , and the question is no longer “ W hat 
will become of the chem ists?”  It  is now, “ W hat will 
become of the m anufacturers w ith ou t th em ?”

In the U nited S tates to -d a y , th e m icroscope is in 
daily use in the exam ination  of m etals and alloys in 
more than 200 laboratories of large industrial concerns.

An indeterm inate b u t ve ry  great am ount of segre­
gated research is co n stan tly  carried forw ard in sm all 
laboratories which are either an elem ent in some 
industrial organization  or under individual control. 
An excellent exam ple of th e q u a lity  of w ork to be cred­
ited to th e’ form er is found in the developm ent of 
cellulose acetate b y  M ork in  th e lab oratory  of the 
Chemical P roducts C om p an y, w hile a classic instance 
of what m ay be accom plished b y  an aggressive indi­
vidualism plus genius in research is fam iliar to m ost of 
you through the m yriad  and protean applications of 
Bakelite. T he rap id ity  of th e reduction  to  practice 
of Baekeland’s research results is th e more am azing 
when one considers th a t th e d istances to be traveled  
between the lab oratory  and the p lant are often, in 
case of new processes and products, of alm ost astro­
nomical dimensions.

Reference has a lread y been m ade to  the h igh ly 
organized, m unificently equipped and splendidly 
manned laboratories of the du P on t C om pan y, the 
General E lectric C om p an y, and th e E astm an  K od ak  
C om pan y» T h ere are in the cou n try  a t least fifty  
other notable laboratories en gaged ' in industrial re­
search in special industries. T h e expenditure of several 
of them is over 8300,000 each a year; the U nited States 
Steel Corporation has not hesitated  to spend th a t 
amount upon a single research; the expenses of a dozen 
or more probably exceed S ioo ,o oo  ann ually. T h e 
limits of any address delivered outside a ja il un fortu­
nately preclude more than  the m erest reference to  a very  
few. One of the finest iron research laboratories in 
the world is th a t of the A m erican  R olling M ills Co. 
Equally deserving m ention from  one aspect or another 
are the laboratories of th e Fire U nderw riters, the 
National Carbon C o., the S o lv a y  Process C o., the 
General Bakelite C o.. P arke, D av is  & C o., the Berlin 
^lls Co., the U nited  G as Im p rovem ent C o., the 
National E lectric Lam p A ssociation, S w ift &  C o., the 
Pennsylvania R ailroad, and m any others.

Research in the textile  industries has been greatly  
simulated b y the various textile  schools throughout 
‘he country, of which the Low ell T extile  School w ith 
!ts superb equipm ent is perhaps b est know n. T he 
^mentation industries h ave been brought upon a 
scientific basis largely  through the efforts of the W ahl- 
Henius Institute at C h icago  and other special schools. 
I11 the paper in d u stry, general research is m ainly 
confined to the Forest P rod u cts L ab orato ry  at M adison,
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its  branch lab oratory  for wood pulp a t W ausau, th e 
Bureau of Standards, the Paper and L eather L ab o rato ry  
of the A g ricu ltu ral D ep artm en t, and the lab o rato ry  
of A rth u r D . L ittle , Inc., a t Boston. Our own special 
equipm ent for this purpose includes, as does th a t of 
some of the other laboratories nam ed, a com plete 
model paper mill of sem i-com m ercial size.

There is no school of paper-m aking in th e cou n try, 
and one of our m ost urgent industrial needs is the 
establishm ent of special schools in this and other 
industries for the adequate train ing of forem en w ho 
shall possess a sufficient know ledge of fun dam en tal 
scientific principles and m ethod to appreciate the 
helpfulness of technical research. T h e P ra tt In stitu te  
at B roo klyn  is fu lly  a live to this dem and and has 
shaped its courses adm irably to m eet it.

T h e steel industry in its m any ram ifications prom otes 
an im m ense am ount of research ranging fro(m the m ost 
refined studies in m etallography to exp erim entation  
upon the gigan tic scale required for the developm ent 
of the G a yle y  dry b last; the W hitin g process for slag 
cem ent; or the South C hicago electric furnace. T h is 
furnace has probably operated upon a greater v a riety  
of products than  any o th e r 'e le c tr ic  furnace in th e 
world. R egarding the steel for rails produced therein, 
it is gratify in g to note th a t after tw o and one-half 
years or more no reports of breakage h ave been re­
ceived from  the 5600 tons of standard rails m ade from  
its output. T h e significance of this statem en t will be 
better appreciated when we consider th a t in 1885 th e 
average total w eight on drivers w as 69,000 lbs. I t  
had risen to over 180,000 lbs. in 1907, and reached 
a m axim um  of 316,000 lbs. in th a t year. i he w eight 
of rails during the same period had increased from  
65-75 lb s . to 85-100 lbs. In 1905, conditions were 
so bad th a t out of a lot of 10,000 tons, 22 per cent were 
rem oved the first year because of, depressions in th e 
head. In 1900, the A m erican R a ilw a y  E ngineering 
A ssociation took  the m atter in hand and studied the 
influence and extent of segregation of specific im purities. 
T h e w ork was at first confined to phosphorus b u t has 
been extended to other constituents. F a y  called a t ­
tention  to  the highly deleterious influence of sulfide of 

manganese.
T h e great railw ay system s h ave been quick  to 

cooperate in these researches which w ith others of 
fundam ental im portance h ave been extended b y  the 
Am erican Society  for T estin g M aterials, the M aster 
C ar B uilders’ Association, and other organizations. 
M aterials of construction have constituted  a fertile  
subject of inquiry in the Structu ral M aterials le s t in g  
L ab orato ry  of the U nited S tates G eological S u rvey.

There could well be a further great enlargem ent o f 
the field of industrial research in special industries 
through the in itia tive  and support of N ational trad e 
associations, to the great benefit of their m em bership. 
T h e Am erican P aper and Pulp  Association, for ex ­
am ple, should subsidize studies in the utilization  of 
w a s t e  sulfite liquors, the paper-m aking qualities of 
unused woods and-fibers, the hyd ration  of cellulose, 
new m ethods of beatin g the yields from  rags, the proper 
use of alum  and so on. T h e A m erican  B rass Founders
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A ssociation  could not do b etter th a n  in itia te  in v esti­
gations into zinc losses, the ph ysical properties of alloys, 
and the production  of alloys to specifications defining 
th e properties desired, the application  of the electric 
furnace to th e in d u stry  and th e preparation  of new 
alloys b y  electric or other m ethods. A  sim ilar oppor­
tu n ity  knocks at th e door of the A m erican F ou n d ry- 
m en’s Association. Som e few  associations like those 
of the B akers and the L aun drym en  are a lread y a ctiv e  
to  good purpose; others like th e Y e llo w  Pine L um ber 
M an u factu rers’ A ssociation  are aroused, b u t to the 
great m a jo rity  of those pow erful organizations, re­
search is still an academ ic question to  be discussed b y  
their m em bers in d iv id u ally  if th e y  so choose. E v e ry  
in d u stry  has, how ever, its  broad research problem s, 
and its points especially  vulnerable to research a tta ck , 
am ong which it  should be easy  to select those of general 
interest to  th e in d u stry  as a whole.

There are in th e cou n try  m any an a lytica l, testin g 
and com m ercial laboratories, and, in m ost of these, 
special researches are conducted  for clients, often  w ith 
g ra tify in g  results. I t  is to be regretted , how ever, 
th a t there is n ot a more general appreciation  am ong 
com m ercial chem ists of the scale and q u a lity  of eq u ip ­
m ent and organization  essential for rea lly  effective 
industrial research. As th is broader v iew poin t is 
a tta in ed , and the engineer’s h a b it of m ind acquired, 
we m ay exp ect a great extension of independent re­
search, and the cessation of com plaint regardin g the 
trend of prices for analysis.

A m ong the re lativ e ly  few  p rivate  or incorporated  
laboratories w ith h igh ly organized staff, and adequate 
special equipm ent, should be m entioned those of the 
In stitu te  of In dustrial Research at W ashington, which 
has done n otable work on the corrosion of m etals, 
paint techn ology, canning, road m aterial, cem ent, and 
special mill problem s; th e electrochem ical laboratories 
of F itzG era ld  and Bennie a t N iagara  Falls, w hich h ave 
so successfully specialized on th e construction  and 
operation of electric furnaces to  m eet th e requirem ents 
of special processes and products; the ore sam pling 
and treatin g  p lan t of R ic k e tts  and B an ks; and the 
P ittsb u rgh  T estin g  L ab orato ry.

Industrial research is applied idealism : it  expects 
rebuffs, it  learns from  every  stum ble and turns the 
stum b lin g b lock into a stepp in g stone. It  know s th a t  
it m ust p a y  its w ay. It contends th a t  th eory  springs 
from  practice. I t  trusts the scientific im agination  
know ing it to  be sim ply logic in flight. It  believes 
w ith F. P. F ish, th a t, “ during th e n ext generation—  
th e next tw o generations there is going to be a de­
velopm ent in chem istry which w ill far surpass in its 
im portance and valu e to  th e hum an race, th a t  of 
e lectricity  in the last few  years. A  developm en t which 
is going to  revolutionize m ethods o f m anufacture, and 
m ore than th a t is going to  revolution ize m ethods of 
agricu lture, and it believes w ith  Sir W illiam  R am say  
th a t “ T h e c o u n try  which is in ad van ce in chem istry 
w ill also be forem ost in w ealth and general p ro sp erity .”  

ith  .these articles of fa ith  established in our th ough t, 
le t us consider where th e y  lead us. W ithin  the last 
few  d a ys F ran k A . V anderlip , th an  w hom  no one speaks

w ith  m ore a u th o rity  upon financial m atters, has told 
th e assem bled represen tatives of the electrical indus­
tries th a t  th e y  are facin g a cap ita l requirement of 
S8,000,000 a w eek for th e  n ext five years— a total 
w ith in  th a t period of $2,000,000,000. As chemists, 
w e are ourselves entering upon an era in which the 
cap ita l dem ands of industries now  em bryonic or not 
y e t conceived, will in th e n ot d istan t future be equally 
in sisten t and even  m ore in satiab le. H ave we as 
chem ists given  a th o u g h t to  th is aspect of the develop­
m ent of our science, or planted  th e seeds of the organ­
ization  w hich m ay som e d a y  cope w ith it? In the 
electrical and other established engineering professions, 
it  is significant th a t th e great industria l applications 
of th e sciences in v o lve d  h a ve  been in large part due 
to  the a ctiv ities  of firm s and organizations like Stone 
and W ebster, J. G. W h ite  & C o., B lackw ell, Viehle & 
B u ck , and th e U n ited  G as Im p rovem ent Co., which, 
b y  an orderly b u t inexorable evolution , passed from 
th e sta tu s of engineers to  th a t of engineers and bankers. 
Our ow n profession has n ot y e t  ev o lved  the chemist 
and ban ker, b u t such an evolution , or at least the close 
alliance of ch em istry  and b an kin g is a fundamental 
prerequisite if th e results of in dustria l research are to 
find their fu ll fru ition  in A m erica. L et me add that 
no field w ith in  th e p u rview  of the banker is more ripe 
for tillage or cap able of y ield in g a richer harvest.

W e need, how ever, to  lead  the b an ker to the chemical 
p o in t of view , and even  more do we ourselves require 
to  be ta u g h t th e financial principles involved in the 
broad application  of ch em istry  to  industry. To the 
ideals of service w hich inspire our profession, and which 
are so finely exem plified in  C o ttre ll and made effective 
in th e R esearch C orporation, we should add a stronger 
im pulse 'to  d irect personal in itia tiv e  in affairs. We shall 
need for years to  prosecute a vigorous campaign for a 
b etter un derstan ding b y  the general public of what 
ch em istry  is and w h at research is. The popular 
im agin ation  is rea d y  to accep t a n y  marvel which 
claim s th e lab o rato ry  as its b irth p lace, but the man 
in th e  w orks still disbelieves th a t  tw o  and two in chem­
ical n om en clature m ake four. W e need a multiplica­
tion  of research laboratories in special industries, each 
w ith  an ad equ ate staff of the best men obtainable and 
an equipm en t w hich  gives full range to their abilities. 
In  n early  ev e ry  case th is equipm en t should include 
ap p aratu s of sem i-com m ercial size in which to reduce 
to  p ractice the la b o ra to ry  findings. N othing is m°re 
dem oralizing to  an industrial organization, and fe" 
th in gs are m ore expensive, th a n  full-scale experimenta­
tion  in  the p lant.

These laboratories should each be developed around 
a special lib rary , th e b usin ess> of w h i c h  should be to 
collect, com pile and classify  in a w a y  to make all 
in s ta n tly  availab le , ev e ry  scrap of inform ation bearing 
upon th e m aterials, m ethods, products and require­
m ents of th e in d u stry  concerned. M odern progress 

can no longer depend upon acciden tal discoveries- 
E a ch  ad va n ce  in industria l science m ust be studied: 
organized  and fough t like a m ilitary  cam paign’ Or, 
to  change th e figure, in the early  d a ys  of our scien ce 

chem ists patrolled  the shores of the great ocean of the
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unknown, and seizing upon such' fragm en ts of tru th  
as drifted in w ithin  th eir reach, turn ed  them  to  the 
enrichment of the in tellectu al and m aterial life of the 
community. L ater th e y  ven tu red  tim id ly  to launch 
the frail and often  le a k y  canoe of hypothesis and

returned w ith richer treasures. T o d a y, confident 
and resourceful, as th e result of m any argosies, and 
h avin g learned to read the stars, organized, equipped, 
th e y  set sail b o ld ly  on a chartered sea in staunch ships 
w ith tiering can vas bound for new E l D orados.

ORIGINAL PAPERS
DESIGN OF S U R F A C E  C O M B U S T IO N  A P P L IA N C E S

B y  C h a r l e s  E d w a r d  L u c k u 1 

R eceived  S e p te m b e r  10, 1913

Manufactured gaseous fuel is and alw ays w ill be 
more costly per un it of h eat carried than  n atural fuel, 
and yet m ay yield  cheaper and b etter service; cheaper 
if the process and ap p aratu s used for th e com bustion 
of the gas is efficient enough, and b etter if it is so de­
signed as to liberate th e h ea t in a sufficiently more 
available form. I t  is th is fa ct th a t justifies the general 
interest now shown in th e process th a t has been term ed 
Surface Com bustion, which prom ises both  cheaper 
and better gas service, the realization  of w hich depends 
on the accum ulation of m uch new d ata  for the design 
of apparatus of com m ercial form . Som e of this in­
formation has been w orked out, and com m ercial ap ­
paratus of one or tw o  classes designed therefrom . 
The process of developm ent th a t  has resulted in the 
establishment of surface com bustion  on an engineering 
basis whereby apparatu s can now  be designed to m eet 
specific conditions is reported briefly in this paper.

A S S U M P T IO N S  O F  N E W  P R O C E S S  

The new process assum es th a t gas to be burned should 
be supplied with no m ore air th a n  w ill furnish th e re­
quired am ount of oxygen  for th e  com bustion  reaction, 
and that the air and gas should be th o rou gh ly  m ixed 
previous to com bustion, so th a t th e reaction  m ay take 
place instantly, once th e ign ition  tem perature is reached. 
Excess air is regarded as n ot only useless b u t harm ful 
because its heat absorption  preven ts th e  attain m en t 
of the highest tem peratures so desirable when th e heat 
of combustion is to be com m unicated  to other bodies, 
and carries a w ay  as flue h eat, q uan tities th a t would 
otherwise be of use. P rem ixture is regarded as de­
sirable because th ereb y  each particle of fuel m ay be 
brought positively  into in tim a te  con tact w ith  its re­
quired oxygen before it  is needed, instead of depending 
°n the accidental dissipation of th e products form ed 
°n the edge of a flam e je t, before the cen tral core of 
?as can secure air from  a surrounding and supporting 
atmosphere. T h is prem ixture, in conjun ction  with 
suitable proportioning, preven ts the escape of unburned 
fuel in any form . T h u s, prem ixture of air and gas in 
combining proportions at once insures protection  
against two im portan t sourccs of loss in com bustion: 
(0 that due to excess air and (2) th a t due to incom plete 
combustion. A s an in ciden tal accom panim ent, another 
advantage of no less im portance follow s, and th a t  is 

.development of the heat of com bustion  in a form  more 
available for absorption b y  the bodies to  be heated, and

1 Professor ~of M ech an ica l E n g in eerin g , C o lu m b ia  U n iv e rs ity , N ew  
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for th e heatin g of which the gas is burned. H eat 
will be absorbed m ost readily  from  a fire when the' 
tem perature of the gases leavin g the first is highest 
and when the- fire zone is m ost radiant. A ll h ea t 
absorbed from  the fire b y  direct con tact of the ab ­
sorber with the hot gaseous products is absorbed at a 
rate d irectly  proportional to  th e excess of the tem pera­
ture of th e gases over th a t of th e absorber; hence, the 
hotter these gases the more heat will a given 'absorb in g 
surface take up, other things being equal. H eat is, 
how ever, much more rap id ly absorbed b y bodies when 
the source is radiant, because radiant h eat readily 
pierces the insulating dead gas films adhering to  the 
surface of th e absorber and resisting b y  its low  therm al 
c o n d u ctiv ity  all transm ission from  passing hot gas 
stream s. The superior tran sm ittin g value of radiant 
heat has been well know n as long as ph ysicists have 
studied the sun ’s rays, b u t it has been lackin g in m ost, 
though not all, gas burners because of the very  low  
radiant value of hot gases as com pared w ith solid 
bodies a t the same tem perature. T h e prem ixture of 
the gas and its supporting air m akes it ve ry  easy to 
secure a large am ount of th e heat of com bustion in a 
rad iant form , because the com bustion, being en tirely 
independent of an y atm osphere into  w hich the products 
m ay be discharged, can be carried on behind layers of 
solid granules, in the crevices betw een  them , in holes 
in solid plates, or behind solid plates of an y convenient 
form , all of which, atta in in g th e tem perature of the 
gaseous products of com bustion, rad iate heat a t a rate 
im m ensely superior to  th a t of the gases them selves.

W ith  all these prospective ad van tages in th e direction 
of superior efficiency of this gas burning apparatu s 
over all other modes of sup ply, th e question 
n atu rally  arises as to w hy the principles in volved  h ave 
not been more com m only practiced, and w h y there 
should 'be an y delay in at once proceeding to  th e design 
of suitable appliances. T h e answer is to be foun d in 
the peculiar physical properties possessed b y  th e gas 
and air over those now com m only in use, which m ake 
them  difficult to  control in the absence of detailed 
know ledge of their characteristics. In  fa ct, w ith ou t 
such know ledge, design of apparatu s is quite im possible 
and it becom es feasible ju st in proportion as inform a­
tion of the needed sort is established b y  experim ental 

research.
r e q u i r e m e n t s  o f  p r o c e s s  

The fun dam en tal peculiarity  of such m ixtures is th e 
property of self-propagation of flam e through them , 
bringing them  into the class of th in gs com m only 
term ed explosive. As all the m ixture is in a condition 
suitable for com bustion once the ignition tem perature
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is reached, it  n atu ra lly  follow s th a t as th e com bustion 
tem perature is m uch in excess of th a t of ignition, the 
burning of how ever m inute a q u a n tity  of m ixture 
a t a point of ignition  will prom p tly  heat neighboring 
layers of m ixture far above their ignition  tem perature 
so th a t the flam e will, of itself, proceed through the 
w hole m ixture mass if it  be isolated in a cham ber. 
T h e only w a y  such a self-propagation  can be stopped 
is b y  preven tin g th e heatin g of a fresh lay e r b y  the com ­
bustion of its  neighbor, such prevention  ta k in g  the 
form  of a heat absorption b y  some solid screen a t a rate 
great enough to perm it the screen to take up th e heat 
of com bustion of all m ixture in con tact w ith one side 
w ith ou t itself becom ing hot enough to  warm  the m ix­
ture on its other side to the ignition point. I t  is easy 
to  m ake such flam e in terru p tin g screens th a t w ill stop 
the propagation  of flam e through an explosive m ixture 
once or tw ice, b u t difficult or im practicab le to m ake 
them  so as to be able to continue to do so indefinitely. 
W ith  the exception  of the internal com bustion  gas 
engine, gas burning apparatu s requires a continuous 
burning of gas as supplied in a definite place term ed 
the burner or furnace. W hen explosive gaseous m ix­
tures are supplied to such continuous fires, the prop erty 
o f self-propagation  operates to defeat localization  of the 
com bustion unless specific m eans are provided  in the 
design of the structure to m ake th e treatm en t of the 
m ixture conform  to  its ph ysical properties, in which 
case the com bustion can be m ore defin itely localized 
th an  otherwise.

For an y given  m ixture there is a definite norm al rate 
of propagation  which m ay be equal to, less or greater 
th an  the ve lo city  of flow of the m ixture into the fire, 
and  it is clear th a t localization  of com bustion will 
depend prim arily  on the relation  of these tw o rates, 
th a t of flam e propagation  and th a t of flow. If th ey  
are equal. th a t is, if the flam e can burn b ack  tow ard 
th e source of m ixture supply, ju st as fast as, but no 
fa ster  than the m ixture reaches the flam e, then will 
th e flam e rem ain fixed or be defin itely localized. In 
fa ct, th e above is the prim ary condition for localization  
of the com bustion  of explosive m ixtures, because oth er­
wise the flam e would trav el back to the source of sup ply  
or be blow n out b y  the ph ysical pushing a w a y  of the 
faster flowing fresh stream  of m ixture. Of course, 
localization  m ay also be secured if the m ixture be 
fed through a flam e-interrupting partition  a t a flow rate 
inferior to th a t o f prop agation, in which case the 
localization  takes place on the face of th e partition , 
which m ust, of course, have a large c a p a city  for heat 
absorption  indefinitely, i. c.. it m ust be able to  dissipate 
or transm it to some other b o d y  the am ount of heat it 
is receiving otherwise it would rise in tem perature 
to  the point where it, b y  ign iting the m ixture on the 
su p p ly  side, would cease to  be an interrupter.

M ixtures of the sort that seem best from  th e stan d ­
point of efficiency of apparatus, h avin g th is explosive 
p rop erty, require a special treatm en t to  perm it of their 
use in com m ercial apparatus, which special treatm en t 
has for its first object the definite localization  of th e 
flam e. T h e m eans em ployed m ust, m oreover, be so 
p o sitive  as to  be unaffected b y  long-continued operation;

th a t is, the localization  m ust be perm anent. There 
are, how ever, still other conditions to  be met, such as 
control of rate of com bustion  per sq. ft. of fire or per 
cu. ft. of furnace, a cook sto ve  requiring a low and a 
crucible furnace a high rate, and as such mixtures 
have w hat m ight be called a natural rate corresponding 
to  th e norm al rate  of prop agation, it is clear that specific 
m eans m ust be a vailab le  for burning slower or faster 
per sq. ft. of gas stream  Cross section. Furthermore, 
a n y  one burner or furnace designed for some definite 
or norm al rate of com bustion  or gas consumption, 
w ould be valueless com m ercially  unless it would operate 
quite as p o sitive ly  a t a wide range of variation, both 
above and below  th a t norm al rate. In other words, 
localization  of the' flam e m ust not only be positive, and 
an y desired rate of com bustion  be attainable by de­
sign, b u t in addition— hand or au tom atic  interference 
w ith  the designed rate of consum ption must not in 
a n y  w ay  interfere w ith the localization .

In som e cases it  is desirable th a t the burner be capa­
ble of reaching its norm al or ste ad y  working state 
in a short tim e, e. g., in a dom estic cook stove burner, 
while on the other hand a slow h eatin g corresponding 
to a large heat storage in the furnace is necessary 
when articles are co n stan tly  being thrust in to be 
heated  and then draw n out, w ith ou t too much change 
of tem peratu re in th e furnace: hence, control of heat 
c a p a city  of th e burner m ust be available. Finally, 
there m ust be provided  m echanical means for making 
the desired m ixtures and for m aintaining the desired 
proportions sufficiently, m eans so sim ple and automatic 
to  require no more skill or atten tion  on the part of the 
operator th an  appliances now in use.

A ccord in gly , th is review  of the w ork of d e v e lo p m e n t  

of the first com m ercial surface com bustion appliances 
is d ivided  into the fo llow ing divisions:

I. L ocalization  of C om b ustion  Zone: initially on 
s tartin g  cold ap p a ratu s and permanently on a t t a in m e n t  

of the ste ad y  sta te  of the fire.
II. R a te  of C om b ustion  per sq. ft. of Bed or Hearth 

for High R a tes and Low .
I I I . C on tro l and A d ju stm en t of R ad iatin g  Surface.
IV . A u x iliary  A p paratus.

V. E fficien cy of Surface C om bustion  A p p l i a n c e s . ,  

T h e experim ental w ork here reported has all been 
done b y  or under the direction of the writer, p a r t l y  m 

his lab oratory  a t C olu m bia  U n iversity , but largely  

in the lab o rato ry  of th e G as and Oil C o m b u s t i o n  Co. 

in th e C h em ists ’ B uild in g. A c k n o w l e d g m e n t  

freely  m ade of the contrib ution s of the la b o r a t o r j  

staff, headed b y  M r. F ra n k  C reelm an and in c lu d in g  

M essrs. E . J. A llen, H .  L. O cum paugh, F. A. W eg en er, 

W . B. E d d i s o n  a n d  Prof. E . J. H a l l  of C o lu m b ia  

U n iversity .
O n ly th e results of N . Y .  C ity  illum inating gas are 

here reported, though w ork has been done with other 
fuels and sa tisfa cto ry  results obtained th at permit the 
statem en t th a t all fuels in the gaseous or liquid form 
are eq u a lly  ava ila b le  for the process.

I .  L O C A L I Z A T I O N  O F  C O M B U S T I O N  ZONE 

R easonin g from  the fa ct th a t th e flam e cap or s u r fa c e  

over w hich com bustion  is proceeding will be stead' >n
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location only when th e v e lo city  of th e m ixture ap ­
proaching it is equal to the rate of flam e propagation  
for such a m ixture, the first step in the design of prac­
ticable apparatu s is the form ation  of gas passages of 
suitably changing area, since the v e lo city  of gas flow 
for small changes of pressure will v a ry  inversely  as 
the cross section of th e flow path. T h e m ixture 
should approach th e fire zone through a sm all tub e or 
orifice at a rate greater th an  the norm al ve lo city  of 
flame, but im m ed iately  beyond there should be an 
enlargement of the cross section of the passage to per­
mit of velocity  reduction  w hich, if carried far enough, 
would finally cause flow v e lo city  to drop to eq u ality  
with flame ve lo city , which w as a t th e point of entrance 
in excess. M echanical construction  th a t will perm it 
of this can be designed in alm ost endless v a riety , m any 
of them equally good, b u t for the best results certain  
precautions m ust be observed: n o ta b ly  (1) the tenden cy 
for a gas je t escaping from  an orifice under pressure 
to resist sidewise expansion so th a t even if th e passage 
offers an increasing area for flow, the gas stream  m ay 
not fill it unless forced to  do so b y  baffles or their eq u iv­
alent; and (2) the ten d en cy for free jets  flowing through 
a gaseous atm osphere of, for exam ple, products of 
combustion, to entrain  or diffuse w ith the atm osphere 
at the edges, becom ing so d ilute as to not burn properly, 
if at all.

G A S  P A S S A G E S

Perhaps the sim plest ap p aratu s w ould be a very  
narrow angle conical passage to  which m ixture is fed 
at the sm aller end; th e stream  expanding sidewise to 
always fill the cone w ould  reduce in v e lo city  and perm it 
the location of a com bustion  surface quite definitely. 
In time such a conical tub e would get h ot; in fa ct, at 
the section where th e flam e surface located, it would 
become incandescent alm ost im m ediately  if of refractory 
material, or m elt off if of m etal, and, of course, the 
narrower section along which the fresh m ixture ap­
proaches would heat b y  conduction  and warm  the 
feeding gas. T h is m ixture heatin g w ould tend to 
increase flow ve lo city  and push a w a y  the flam e surface 
if another counter influence did n ot preven t it; i. e., 
the increase of flam e propagation  rate, w hich is due 
partly to rise of m ixture tem perature and p a rtly  to 
the accelerating effect of the h ot solid walls. T his 
counter influence acceleratin g com bustion and draw ing 
the flame surface b ack  again st th e su p p ly  current is 
really stronger than the pushing a w a y  effect of ve locity  
increase due to expansion of the stream  b y  heating, 

uch cones are n ot in m ost cases good form s for the 
Purpose because of the lim it im posed on adjustm ent
0 rate of supply w hich  if  varied  v e ry  much would 
cause a blow off or b ack  flash of the flam e, unless
1 ey were extrem ely long. W hen, how ever, a steady- 
rate apparatus is needed and  flow is fixed, there m ay
e just enough sidewise expansion of th e je t  issuing 
r°rn a mere hole in a p late  to locate  the flam e, b u t the 

Practical uses of such ap p aratu s are v e ry  sm all.
■ 0 meet the needs o f e v ery -d a y  service there m ust

a more positive localization  of the com bustion 
ur ace> insensible to  va riatio n  of m ixture pressure 

0r ow rate over a w ide, though definite service range;

th is requires specific provision for stream  baffling so 
th a t th e gas stream  will increase in cross section 
rap id ly  beyond the sup ply point of m inim um  area and 
safe m axim um  flow velocity. Perhaps the sim plest 
of these flam e spreaders is a p late over the hole through 
w hich the m ixture escapes as in Fig. 1. B y  placing

' \  Z
- ^ g p  t lS fc a
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F ig s . 1 t o  4— M e a n s  p o r  V e l o c it y  R e d u c t io n  t o  C o n t r o l  L o c a l iz a ­
t io n  o p  C o m b u s t io n  S u r f a c e

the baffle aw ay  from  the plate carryin g the orifice, 
a distance equal to  one-quarter of the d iam eter of th e  
orifice, the stream  direction will be turned through a 
right angle w ithout changing the flow ve lo city  un til 
the stream  m oves out under the plate beyond th e hole, 
when, of course, the ve lo city  will be reduced in versely  
as th e diam eter of the circle the gas occupies a t a n y  one 
tim e. W ith  a hole ‘/is of an inch in d iam eter a p late 
spaced ‘/et of an inch a w a y  could reduce flow ve lo city  
when cold to '/s of its entrance valu e if the p late were 
V2 inch in diam eter. T his w ould perm it an eightfold 
change in the rate of flow when cold, keep the flam e 
surface a lw ays under the plate and give to  the flam e 
surface the form  of a short cylinder. Such a con­
struction  offers som e difficulties as in operation both 
plate and hearth would get ve ry  hot and  un equally  so; 
startin g a t th e center the p late would rem ain dark, 
becom ing incandescent from  th e flam e zone out to 
the edge, which would crack m ost plates refractory 
enough to resist fusion even  if a practical w a y  of m aking 
such plates and holding them  in position were availab le .

An easier construction  is show n in F ig. 2, in which 
a solid (alundum  cem ent) cone w ith three sm all ribs 
is placed in a counterbore o f the feed hole. T h is is 
self-locating when in the position shown b u t not o th er­
wise. Still another form  th at holds the baffle defin itely  
against side m ovem ent is shown in Fig. 3, in  which the 
baffle is shaped som ew hat like a  m ushroom  w ith  a 
square-section stem  fittin g loosely in an enlargem ent 
of the feed hole so th a t th e  flow area does n ot change 
m aterially  until th e escaping m ixture strikes th e under­
side of the head and is deflected ou tw ard . T h e d i­
mensions given  are those used on some th a t ga v e  good 
service w ith m ixture pressures up to  three inches of 
w ater though a  little  troublesom e to  m ake and  a p t to  
break if  not g e n tly  handled- T h e  m ost perm anent 
form  of this class o f m olded baffles is the refracto ry  
ball in a conical hole as shown in F ig . 4 and it  is in ter­
esting to note th a t the ball, rem aining suspended in
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th e je t  and keeping, b y  reason of its w eight, a constant 
v e lo city  of the je t  around it. insures the location  of the 
flam e above it, keeping it  cooler th an  otherw ise, so 
th a t  fire c la y  balls have rem ained uninjured when the 
sam e c la y  a short distance ab ove readily  fuses. T h e 
p h ysica l action  is here sligh tly  different th a n  in the 
previous cases, the escaping m ixture form ing an ex­
pan din g and ve lo city  reducing jet of rin g form  betw een 
th e  ball and its seat.

W hile, in the construction  shown as ty p ica l, lo ca liza ­
tion  of the com bustion surface is definite and m ixtures 
m ay be burned in com bining proportions, all fail to  
produce th e uniform  incandescence th a t is easily  
obtain able otherw ise w ith  such m ixtures, though, of 
course, a series of such baffles spaced un iform ly, 
approach th is resu lt; in stead  of a uniform  glow  th e y  
have a sp o tty  appearance from  b lack  to  tru ly  in­
candescent. It  is found, how ever, th a t a n y  sort of 
porous screen placed in the p ath  of th e escaping gases 
will get un iform ly hot. Such screens h ave been used 
of three sorts: (1) A  perforated  plate of m etal, m ade
o f one of the non-oxidizable alloys such as are used in 
electric heaters. (2) A  layer o f gran ulated  refractory  
m aterial. (3) A  d iaphragm  of bonded gran ular m a­
teria l, the m ost sa tisfa cto ry  of w hich were m ade of 
N orton  alundum . O f course, the less m ass g iven  to  the 
screen the m ore rap id ly  it  reaches incandescence 
in itia lly  and in th is respect th e m etal screen is best; 
one of these placed */» inch over a hearth  4 1/» inches 
d iam eter supplied w ith  55 holes each ‘/is inch diam eter 
and l/« inch b all baffles heated  in  six  seconds, w hile 
d iaphragm s th ick  enough to  be m echanically  strong 
m ay ta k e  five m inutes, though, of course, the latter 
are m ore perm anent. W ith  th e  sam e arrangem ents 
excep t th a t th e  m ushroom  baffles were used instead, 
th e  follow ing consum ptions of gas were m easured at 
th e  corresponding pressures and ga v e  a ste a d y  dull red 
at the low est rate and correspon din gly brighter heats 
a t th e higher rates: 7.25, 9 .1. 10.9, 12.2, and 14.2 cu.
ft. o f gas per hour at 1.00, 1.5, 2.0, 2.5 and 3.0 inches of 
w ater pressure. A  sim ilar set of m ushroom  baffles 
p laced in a vertica l hearth  and h a vin g  a screen of 
crushed fused silica  5/$ inch deep of size betw een 
*°/m inch and  ls/ ,4 inch, held in place b y  a second screen 
of wire mesh, heated  to  incandescence in 3 1/ . m inutes 
at a sup ply pressure o f 2 inches o f w ater.

A ll the previously  described baffling m eans intended 
to  assist the spreading of th e  m ixture stream  beyond 
th e point of high v e lo city  su p p ly, and m an y others 
of th e sam e class, are used to cou n teract the n atu ral 
ten d en cy  of gas jets to  rem ain  in ta c t and resist side- 
wise expansion. It is possible, how ever, to  m ake use 
of th is n atu ra l tenden cy of je ts  and in cid en ta lly  secure 
a v e ry  high degree of incandescence, h igher in fa ct 
th a n  is possible b y  a n y  other know n m eans, using air 
and  the sam e gas. M o vin g th e  nozzle a w a y  from  the 
baffle and m aking the baffle porous (using for con ve­
nience in  experim ental w ork a pile of refracto ry  gra n ­
ules), th e  top or im pact surface m a y  be shaped to  con­
form  to  the n atural m ushroom  of th e je t  as it  strikes. 
F o r a n y  degree of porosity  and je t  v e lo c ity  or su p p ly  
pressure there is a  best d istance and a corresponding

im p a ct face shape, th a t perm its all m ixture striking 
w hether a t th e center or edges to  h ave ju st the right 
v e lo city , th a t of p rop agation , in co n tact with the 
m aterial, so th a t com bustion  takes place in contact 
w ith th e outer or rad ia tin g  surface w hich then has the 
m axim um  possible tem perature. I t  is essential that 
th e im p act face be porous so th a t the products may

F ic .  5— M e a n s  f o r  L o c a l iz in g  t h e  C o m b u s t io n  Z o n e  a t  t h e  E xternal 
R a d ia t in g  S u r f a c e

readily  escape through in stead  of form ing dead gas 
film s w hich sep arate the com bustion  surface from the 
solid faces and insulate the la tter  from  the heat of the 
form er. In th is m anner a surprising degree of radiance 
is obtained due to  the high rate  of combustion of a 
m ixture contain ing no excess air excep t possibly at 
th e outer edges b y  en train m en t. A t 3.2 inches 
m ixture pressure, 40 cu. ft. of gas per hour were burned 
over a b ou t fou r square inches of surface, which cor­
responds to  over 1400 cu. ft . per sq. ft . per hour and 
more th a n  800,000 B. T . U .’s per hour per sq. ft. 
H igher rates of com bustion  th an  th is are obtainable 
b u t not all developed  on th e rad iatin g surface itself.

P R O P E R T I E S  O F  G R A N U L A R  B E D S

In v iew  of th e im portan ce of developing as large 
an am ount of h eat as possible in th e  radiant form, in 
addition  to  th e localization  of the com bustion zone, 
and considering th a t  loose granules or a  porous dia­
ph ragm  of refra cto ry  m ay serve th e  double purpose of 

the rad iatin g  screen and of the a ctu al baffling or mix­
ture stream  spreader, ev eryth in g  else m a y b e  abandoned 
in fa v o r  of these refractories excep t perhaps for certain 
special purposes for w hich special form s m ay be best. 
N ea rly  all th e w ork done has been concentrated on an 
effort to  learn  how  these gran ular beds and bonded 
diaphragm s should be handled  to  y ield  c o m m e r c i a l  

ap p aratu s, and b y  reason of th e sim p licity  of the loose 
bed it  has been con sisten tly  favored  for most uses over 
th e bonded.

A  uniform  grained bed of loose granular materi 
w ill act as a su b sta n tia lly  p erfect spreader of the 
m ixture issuing from  an orifice covered by' the e 
b u t the q u a n tita tiv e  effect of variation s in size of gram, 
im perfections in shape or n o n - u n ifo r m it y  of 5̂ize’ 
togeth er w ith shape of bed and its relation to shapSj 
size and position  of th e feed orifice, are all to be e



Oct., 1913 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

termined b y  experim ent on ly. M o st of the detailed 
data of this sort w ill be om itted  as n ot of general 
interest but th e fo llow ing series of experim ental de­
terminations illu stra te  th e m ost im p ortan t of the 
general principles th a t  m ust be observed for successful 
operation: One of th e sim plest im aginable arrange­
ments is shown in F ig . 6, where a single nozzle 6/ i6

F ig . 6— A p p a r a t u s  f o r  D e m o n s t r a t in g  t u b  S p h e r ic a l  F o r m  o f  t h e  
Co m b u st io n  S u r f a c e  w h e n  M i x t u r e  i s  S u p p l ie d  f r o m  a  N o z z l e  

S u r r o u n d e d  b y  G r a n u l a r  R e f r a c t o r y

inch in diam eter pro jects 1 l/< inches into a bed of 
broken fire b rick  w hich m aterial is v e ry  convenient 
for studying th e u ltim ate  position  and shape of the 
combustion zone as it  will fuse and bond a t th a t place. 
The bed was held in a square b rick  box 63/< inches 
on a side and 5 inches deep and th e nozzle w as fed w ith 
mixture at 3.2 inches pressure. S ta rtin g  w ith coarse 
grains V i inch to  V s  inch, th e m ixture on ignition 
flashed in stan tly  dow n through th e bed, locatin g 
below, quite near th e  nozzle as w as shown later b y  the 
more or less spherical lum p th a t fused there. T he 
same action too k  place w ith  sm aller grain  as it  was 
reduced in size successively  from  !/s inch to  V is  inch, 
’/is inch to y 4 inch, V< inch to  Ve< inch, */«4 inch to 
/«inch and V32 inch to  z/ it inch, b u t a fu rth er reduction 
in size resulted in a d ifferen t action. On using grains 
from V32 inch to V is inch in size, th e m ixture on ignition 
burned on top in stead  of flashing dow n through the 
voids to its norm al surface a b ou t th e  n ozzle. In a 
few minutes the top la y e r  becam e hot and then  seemed 
to cool; but on scraping aw'ay th e to p  it  could be seen 
that the com bustion surface had receded; a fter running 
a sufficient tim e th is progressive h eatin g from  th e o u t­
side down tow ard th e  nozzle resulted  in a final location  
°f the com bustion zone a b o u t where it  was in the 
coarser m aterial, in  w hich it  flashed b ack  instantly  
to its normal position. Of course, in  either case, the 
whole bed gets h o t in  tim e, b u t w ith  coarse grains it  

eats from the norm al com bustion  zone n ear th e nozzle 
0ut an£i upward, while w ith sm all enough grain the 
outside top heats first, th e  flam e draw ing down slow ly, 
a ’ fference in  action  w hich requires an explanation.

hen the grain is fine enough it  acts like  a  flam e 
interrupting screen, each litt le  crevice  betw een neigh- 

oring grains discharging so little  m ixture th a t  its  heat 
0 combustion can for an appreciable tim e be ab- 
,?r e<̂ by- the solid grain  in co n tact w ithout raising 

e lower side to  th e  ign ition  poin t, radiation  from  th e  
u side surface helping to  keep down th e  tem perature.

In  tim e, how ever, the lower side of th e top laye r  gets 
hot and the com bustion surface recedes, doing so 
more rap id ly  once it  has passed under th e top layer 
because then radiation  cooling is lessened, leavin g 
more h eat for the grain to  ta k e  up. I t  follows also th a t  
as w ith the finer grain less to ta l m ixture will escape 
from  such a round nozzle as it tends to  fill th e  orifice, 
so th e to ta l am ount of heat developed w ill be less than  
w ith coarse grain. T o  show th a t th e stoppage of the 
nozzle b y  the grain reducing th e  to ta l gas flow- and 
h eat generation with fine grain is not responsible for 
the difference in flam e action  a t th e sta rt as com pared 
w ith coarse grain  b u t th a t the difference is due to  th e 
difference in th e mode of gas flow through th e bed 
itself with corresponding more in tim ate co n tact be-

F ig . 7— A p p a r a t u s  f o r  D e m o n s t r a t in g  U n if o r m i t y  o p  P o s it io n  o p  
C o m b u s t io n  S u r f a c e  w it h  D i p f e r e n t  S iz e s  o p  G r a in

tw een m ixture and grain the sm aller th e  la tter, th e  
sam e series of results were ob tain ed  in a pyram idal 
cham ber, shown in  F ig. 7, in  which th e  nozzle is a pair 
of hacksaw' cuts in a i-xnch pipe cap, th e  w hole being 
shown in th e photo, F ig . 8. W ith  such slot outlets 
for the m ixture th e  flow is su b stan tia lly  th e same 
for all th e different sizes of grain given, y e t n ot 
on ly  did the top  heat first w ith  th e  !/m inch to  Vie inch

F xg. 8— A p p a r a t u s  f o k  D e m o n s t r a t in g  U n if o r m i t *  o f  P o s it io n  o f  
C o m b u s t io n  S u r f a c e  w i t h  D i f f e r e n t  S iz e s  o p  G r a i n

grain and then  burn b ack  b u t also w ith  th e  larger Vss 
inch  to  V 32 inch w ith  which i t  required te n  m inutes 
to  draw' the com bustion zone down th rough  th e  
bed  to  its  norm al p la ce  and fuse a lu m p  of granules 
over th e  cross slot.

In  establishing th e  action ju st described th e  use of 
fire b rick  fo r  th e  grain w as m ost sa tisfa cto ry  as each
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test gave a fixed record (in the form  of a fused lum p) of 
w h a t had happened, b u t once it w as clear th a t th e size 
of grain m ade only a startin g  or tem p orary  difference 
in action, then longer runs becam e desirable to bring 
out th e possible heatin g effect on the nozzles; for these 
refra cto ry  grain was used, including m agnesite, chrom e 
ore, both n atural lum ps and broken brick, fused silica, 
lim e and alundum . W ith  these m aterials the long 
runs showed th a t some form s of feed orifices becam e 
heated  so as to ignite the m ixture in th e feed pipe w hile 
w ith  others th is action  did not ta k e  place, perm ittin g 
operation for an indefinite tim e. I t  w as not clear a t 
the tim e ju st w h at caused the trouble since it freq u en tly  
happened th a t the nozzle th a t w orked best was really  
m uch hotter th an  another th a t flashed b ack  alm ost as 
soon as the ste ad y  state  w as established. A t  a n y  tim e 
an increase in the pressure at which the m ixture was 
supplied w ould have so increased the volum e of flow 
as to drive th e  com bustion  surface to a safe distance 
from  th e  nozzle b u t it  w as deem ed unwise to  leave 
th e m atter here because, first, all dom estic apparatu s 
m ust operate on low  pressure, low er than  th a t  of the 
gas in the local m ains, and second, all industrial a p ­
p aratu s for w hich gas pressure boosting w ould not be 
objectionable w ould, a t some tim e, be operated a t part 
ca p a city  or turned down, w hich is eq u iva len t to  low  
pressure operation.

P E R M A N E N C E  O F  F L A M E  S U R F A C E

T h e next question in vestigated , therefore, w as th is 
perm anence of the localization  of th e flam e surface or 
com bustion zone, and the d iscovery  of m eans for 
securing an indefinite tim e of operation  w ith ou t d is­
turban ce from  long-contim ied h eatin g even over 
several d a ys and w ith m ixture pressures so low  as to  
h eat the hearth end of the nozzle above th e ignition  
p oint. I t  is clear a t the sta rt th a t iron, or in fa ct 
a n y  metal, m ust be k ep t aw ay  from  the feed orifice 
proper, w hich in effect m eans th a t in order th a t ap ­
pliances m ay operate on low  pressures it is necessary 
th a t  the m ixture enter th e fire cham ber through a 
refra cto ry  orifice, or when the burner is lined w ith  
refractory, as it  should be, th e m ixture m ust enter 
through a hole in the lining or w hat m ight be properly 
called th e hearth. U sing different m ixture entrances 
a long series of experim ents were m ade th a t were for a 
tim e extrem ely puzzlin g b u t which fin ally  could be 
sum m ed up in a ve ry  few  words. A ll feed holes will 
becom e incandescent a t th e fire end w ith low  gas pres­
sures; heat will flow b ack  through th e bounding 
m aterial of the hole and these hot w alls will heat th e 
m ixture passing through. N o harm  will result, h ow ­
ever, even from  a brigh t red heat on the w alls of the 
hole, provided  the la tter  is of uniform  bore over the 
h eated  part and has no en largem ent of cross section 
w ith  its corresponding low  m ixture flow v e lo city  
excep t at points th a t n ever get hotter th an  the point 
of ignition. T o  put it otherwise, the m ixture passage­
w ay  m ay be a t a n y  tem perature w ith ou t harm  if of 
uniform  bore and if when cold th e flow v e lo city  is 
great enough to p reven t b ack  flash. U nder these con­
ditions localization  of the com bustion w ill be per­
m anent. N a tu ra lly  an yth in g  th a t w ill reduce th e te m ­

p erature of th e sup ply  tube, like radiation  to the air, 
w ill also shorten th e len gth  of the necessary uniform 
bore portion as w ill also the use of more non-conducting 
m aterial. F in a lly  it  was foun d th a t  the length of 
uniform  bore feed pipe th a t would be cool enough at 
its su p p ly  end to  be joined to  a larger m ixture header 
or box, w as greater for large th an  for small holes or 
th a t th e allow able len gth  w as a definite number of 
diam eters. F or exam ple, in an ap p aratu s such as is 
illu strated  in F ig. 9, w ith a single refracto ry  lined tube 
feedin g a cylin drical com ­
bustion  cham ber, all of 
alun dum  cem en t encased in 
m etal, a  hole of V< inch 
diam eter and 6 inches long 
could be operated  indefi­
n ite ly  at 1 inch w ater pres­
sure even after th e cham ber 
had been m ade v e ry  hot b y  
previous operation  a t much 
higher pressures, w hereas a 
7/i6 inch diam eter hole of 
th e sam e length  flashed 
b ack  a t 1.5 inches w ater 
pressure, and continued to 
do so a fter periods ranging 
ab ou t three hours even  after 
its  length  had been in­
creased to  15 inches. Sm all 
diam eter orifices of sa y  ’ /i« 
inch d iam eter h ave, on the 
other hand, been operated 
indefin itely  on pressures as 
low  as 0.2 inch of w ater 
when abou t i 1/» inches 
long. B ack  flash a fter long 
periods of operation b y  
h eatin g up of the su p p ly  
system  m ay, therefore, be 
p reven ted  b y  proper design; 
i. e., b y  selection of su itab le p IG. 9_ a p p a r a t u s  f o r  d b te * -  

proportions in accordan ce m in in g  t h e  r a t i o  o p  l e n g t h  to  

w ith the announced prin- 
ciples and th e established
data, localization  of the com bustion  zone will be cor­
respondin gly insured again st disturbance.

I I .  R A T E  O F  C O M B U S T IO N  P E R  S Q . F T . O F  B E D  O R HEARTH 

P assing now  from  th e discussion of localization of 
th e com bustion  zone or flam e surface and the means 
for keeping it  perm an en tly  localized, the next question 
of im portance is th a t of control of rate  of heat genera­
tion  per sq. ft. of fire bed, which is a problem of dis­
tribu tio n  of th e burning m ixture over surfaces as large 
or sm all as m ay be dem anded and of maintaining high 
or low  degrees of incandescence over these surfaces. 
T h is now  seems a v e ry  sim ple m atter but for a con­
siderable tim e it  seem ed even m ore elusive than the 
p reven tion  of b ack  flash th rough  nozzles, which was 
a n n oyin g enough. T h ere are rea lly  tw o  problems here 
and though related, th e relation  is not as clear as i* 
m ay seem . First, th e problem  of th e high rate—A* 
how  high a rate  m ay gas be burned and how may t ê

^— 24
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structure be form ed so as to perm it of stead y supply 
and com bustion a t this rate over an y given  surface? 
Second, the problem  of the low  rate— C an  such m ixtures 
be burned so slow ly  as to keep a surface ju st hot enough 
for fusing for exam ple; m ay such a burner be turned 
down to a so-called sim m ering point w ithout giving 
trouble and if so, w h at ideas m ust be incorporated in 
the construction?

H IG H  K A T E  O F  C O M B U S T IO N

The problem  of the high rate is the sim pler of the 
two, as this m ay prop erly  be term ed the natural rate, 
assuming, of course, th a t su itab le refractories are o b ­
tainable for the corresponding high tem peratures and 
that the principles of perm anent localization  of the 
combustion zone are understood and incorporated in 
simple constructions of apparatu s. W hen the whole 
cross section of bed is taken  up b y  the burning gas stream  
or when the com bustion  zone occupies the whole of 
the bed cross section, then m ixture is being supplied 
as fast as it can be burned w ithin  the space available 
and any increase in rate of su p p ly  will tend to push 
the com bustion zone a w a y  or result in the phe­
nomenon of blow off. T h is  is the condition at the lim it­
ing high rate of com bustion  and is the natural rate, 
because the ad van cin g stream  of m ixture fills the whole 
available cross section of fire zone and com bustion 
surface coincides w ith bed cross section in area. To 
establish this high rate it  is necessary th a t at first 
when everyth in g  is cold, the m ixture be supplied at a 
lower rate and then  after the bed is heated, its acceler­
ating effect m ay be relied upon to hold localized a very  
much increased rate  of m ixture sup ply up to a 
certain m axim um , which is th e natural or high rate 
of combustion. T h is n atural high rate is in tim ately  
associated w ith the pressure of the m ixture at the 
point of supply, or more properly, the drop in pressure 
through the feed holes or orifices, for holes of any 
given size. For exam ple, in such a sim ple apparatus 
as that of Fig. 9, where a single feed hole supplies a 
combustion cham ber of larger cross section, carrying 
a loose granular bed, it is evid en t th a t at some low 
pressure the com bustion  surface will ju st cap the feed 
hole and the rate of com bustion  will be natural for a 
bed area equal, not, to the actu al bed of 23A  inches 
diameter, but on the con trary, equal to th a t of the feed 
hole, a fraction of an inch in diam eter. Increase of 
mixture supply pressure will push the com bustion 
surface aw ay from  th e hole until finally it will extend 
across the whole bed and h ave a form  approxim ating 
a section of a spherical surface ly in g  w ithin a cylinder, 
the axis of which passes th rough  th e center of the sphere, 
"'hich latter will be located  at the center of the feed 
hole. It is this la tter  'con dition  th a t gives the high 
rate and to secure it  th e su p p ly  pressure m ust be big 
enough to send through a sm all feed hole, say  '/< inch 
m diameter, enough m ixture to  spread out and fill the 
'oids in the bed 23/4 inches in diam eter, which will 
exceed half the free cross section, while at the same 
time the flow v e lo city  through the enlarged cross section 
niust be as great as the rate  of flam e travel backw ard, 
if the ratio of bed area (w ith a given  percentage of 
'oids) to feed hole area is large, then high m ixture

pressures m ust be used to  secure th e natural high rate; 
so if only sm all m ixture pressures are availab le  then 
the free flow area of the bed m ay not exceed the area 
of the feed hole b y  very  m uch. In a n y  case large 
beds m ay be heated b y  th e high rate of com bustion, 
only b y  m ultiplication  of orifices spaced a t distances 
equal to the diam eter of the com bustion surface natural 
to the supply pressure in use. Before such spacing 
of feed holes for high natural rates of com bustion can 
be found, it is first necessary to in vestigate the action  
for a single hole in a given  bed, to find the relation  
betw een feed pressures and the ratio  of a ctiv e  bed 
area to feed hole area th a t will cause the com bustion 
surface to fill the whole bed betw een the enclosing 
walls. As an illustration  of the m ethod of procedure, 
it  being im possible here to record m uch of this sort 
of data, the results of a single series on the apparatu s 
shown in Fig. 9 will serve. In this series the pressures 
were never extended above 12 inches of w ater at the 
point of m ixture sup ply  and began w ith a single hole 
Via inch in diafneter, discharging into a cylinder 
23/i inches in diam eter, area 6 sq. inches, b u t as in ­
crease of pressure to the m axim um  noted failed to 
sup ply as much m ixture as could be consum ed in the 
availab le area, there was added a second, a th ird  and 
finally a fourth hole, even then not reaching the lim it.

F i g . 10— R a t e  o f  F i ,o w  o f  M ix t u r e  t h r o u g h  D i f f e r e n t  N u m b e r s  o p  
5 / 1 6 "  F e e o  H o l e s  a t  V a r io u s  P r e s s u r e s

W ith the four holes and a t a pressure of 16V2 inches of 
w ater, there was attain ed  a rate  of com bustion con ­
sum ption of 2460 cu. ft. of gas per sq. ft. of bed per 
hour, which on a calorific va lu e  of 600 B. T . U. per 
cu. ft. is eq uivalen t to 1,584,000 B. T . U. per hour 
per sq. ft. T here was no indication  th a t the lim it had 
been reached, b u t as the rate w as high enough for p rac­
tical purposes and so high as to  give trouble w ith 
availab le refractory  m aterials, th is series w as not 
carried beyond these lim its, though it  could easily
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h a ve been done w ith  high pressures or w ith a larger 
feed  area than  from  5/ i6 inch hole ( =  0.3 sq. in.). 
T h e conclusion here is, th a t  rates higher th a n  have 
been know n are easily obtain able and rates higher 
th a n  an y refractory  in com m on use can resist; hence, 
if a n y  service arises th a t dem ands such rates, th e  
need can be m et. I t  m ight be n oted here th a t of 
several refractories tried, th e m ost sa tisfa cto ry  found 
w as w hite alundum , w ith  linings of alundum  cem ent, 
preferably m ixed w ith alundum  grain of several sizes, 
properly proportioned d ry  to fill the voids, then 

' m ixed w et, rap id ly  dried and finally b ak ed  a t a brigh t 
red heat. T h e size of grain  in th e loose bed and the 
depth of bed each exert an im p ortan t influence w ithin 
lim its b u t in general for these high rates the larger th e 
grain  th e b etter, though there is little , if an y, a d van tage 
beyond one inch diam eter, th e depth in an y case being 
little  more th a n  sufficient to  preven t th e gases lifting 
the grain  off th e hearth. T h e resistance in the bed is 
a lw ays ap p reciab ly  less for round grain th a n  for flat 
and in  this respect the form  of fractu re of w hite alun ­
dum  is m ost satisfactory . In  th e above m entioned 
series w hite alundum  from  */» inch to  3/ 4 inch diam eter 
w as used and th e depth averaged  2 inches. T h e re­
sults of this series are given  in cu rve form , F ig. 10.

L O W  R A T E  O F  C O M B U S T IO N

P ro b a b ly  th e  m ost difficult of these experim ental 
problem s w as th a t of finding a suitable stru ctu re for 
the perm anent localization  of the com bustion  surface 
for v e ry  low  sup ply pressures, while a t th e sam e tim e 
securing an y desirably low  rate  of com bustion  over 
the bed w ith  a uniform  incandescence a t the surface 
such as would be suitable for cooking, for exam ple. 
I t  is clear th a t th e low er the pressures th e closer to the 
feed hole w ill the com bustion  surface locate, th e sm aller 
the area of bed heated, and th e stronger th e ten den cy 
to  b ack  flash. T h is fa ct led to  early  a ttem p ts to se­
cure low  rate  heat d istribution  b y  other m eans than  
th a t  of feed hole sup ply  w ith  a series of spots, each 
h a vin g  n atural high rates of com bustion, located  
p ra ctica lly  a t th e  m outh of the holes. M ixture 
supplied to  a p assagew ay filled w ith fine granules or a 
porous b rick, w ill flow m uch the sam e as th rough  a 
pipe as th e porosity  supplies a m u ltip lic ity  of sm all 
p ath s more or less m u tu ally  com m unicating, and a 
g iven  q u a n tity  flow ing w ould have a m ean ve lo city  
through such a porous laye r  th e sam e as through a 
pipe of cross section equal to the voids excep t for 
differences in friction . M ixtu re fed  into such a fine 
bed in a n y  conven ien t w a y, ran gin g from  a single 
hole under a th ick  bed to  a great num ber of holes under 
the whole bed obtainable b y  a m etallic screen support 
for loose granules or th e under surface itself of a bonded 
d iaphragm , w ould discharge the m ixture un iform ly 
from  the top  of the bed, how ever the su p p ly  was 
arranged, if th e bed were th ick  enough. T his seem ed 
to  be at first th e  m ost prom ising id ea to follow  for low  
rate heat d istribution  especially  as changes of area of 
flow path  so n ecessary for localization  can be obtained 
b y  tw o  m eans quite con ven ien tly; first, b y  using tw o 
layers w ith the upper coarser and, therefore, w ith  more 
free vo ids th an  th e  low er fine bed; second, b y  changing

th e diam eter of th e  contain ing w alls th a t hold the 
porous bed.

A t  first on ly  loose granules w ere used in apparatus 
such as show n in F ig . 11 , where a perforated metal 
p late  of 306 holes per sq. in., d iam eter 0.033 inch, and 
27.8 per cen t free opening is supplied b y  a 3/4 inch

F i g . 11— M e a n s  o p  C o n t r o l l in g  S u r f a c e  D is t r ib u t io n  o p  H e at  by 
M i x t u r e  S u p p l y  t o  F i n e  G r a n u l a r  B e d  o n  t h e  S c r e e n

pipe, d ischarging into  a conical space under the screen. 
On the top  of th e screen rests a one-inch bed of granules 
Ve-t inch to 6/e4 inch and  over it  another one-inch layer 
of larger grain, 2Ve4 inch to  2V 64 inch diameter. On 
ligh tin g  th e  m ixture supplied a t 2 inches w ater pressure 
the com bustion  zone in sta n tly  locates between the 
layers a t th e  point of change of free flow space, due to 
the difference in voids, b u t as th e  heat penetrates the 
low er or fine bed, th e com bustion  zone works back to 
th e screen, w hich happens w ith  these conditions in 
ab ou t ten  m inutes. A ll sorts of changes in the relative 
sizes of th e  m aterial and th ickness of the two beds or 
num ber of layers yield  no difference in the result 
excep t as to  the tim e it  ta k es  th e  com bustion zone 
u ltim ate ly  to w ork b ack  to  th e  screen, burning it out, 
causin g a flash b ack, or b oth . T h is  is clearly due to 
insufficient v e lo city  of flow a t th e su p p ly  end of the bed 
and suggests a con traction  of th e  w alls tow ard the lower 
end, as in F ig . 12, w here a slot su p p ly  is s u b s t i t u t e d  

for th e screen as it  does not burn ou t so readily if by 
acciden t th e flam e should w ork  dow n th a t far. As 
before, how ever, th e com bustion  zone worked down 
close to  th e nozzle b u t n ot so q u ick ly  as before, sug­
gesting a fu rth er n arrow ing a t th e bottom  to form a 
neck as in  th e form s successively  tried, and shown in 
Figs. 13, 14 and 15. A s th é  n eck  is thus n a r ro w e d  

th e com bustion surface no longer approaches the n ozzle  

so closely, stopping, in F ig. 13, a b ou t 1 inch a b o \ e  

after 3/4 hour a t 3V2 inches pressure, in Fig. 1 4  a b ou t 

1 V i  inches above, while in F ig. 15 it  did not enter the 
low er cylin drical portion  a t all.

B y  ad ju stin g th e space betw een  the walls, the So" 
v e lo city  through th e low er or fine bed can, therefore, 
be k ep t high enough to  control th e  location of t e 
com bustion  zone, regardless of the manner of feeding
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the mixture to its narrow  b otto m  part, b u t the problem  
is by no means solved. A ll these la tte r  form s are bad

Fig s . 12 t o  15— A p p a r a t u s  f o r  C o n t r o l m n c  P o s it io n  o f  C o m b u s ­
t io n  S u r f a c e  i' o r  a  G iv e n  H e a t  D i s t r ib u t io n  o v e r  t h e  

R a d ia t in g  S u r fa c is

in another respect because w ith  th e thickness of bed 
above the com bustion  zone th e top is hot in the center 
and cool at th e edges. T o  get an even top heat, a 
greater thickness of bed above the com bustion zone 
would be required b u t th is is a lready too th ick  to  give 
a quick initial h eatin g, so another change in construc­
tion is suggested, in corporatin g a different relative 
position of the narrow  low er neck of fine m aterial in 
the top surface m ain tainin g abou t the sam e relative 
areas as in the last case, which were found sufficient 
to hold the com bustion zone ab ove th e cylin drical por­
tion. Such an alteration  w as m ade b y  enlarging the 
cylindrical portion and inserting a solid core 31/* 
inches in diam eter so th e m ixture rose in a th in  ring 
l/i inch th ick  around th e core filled w ith  fine m aterial 
and then spread out a t the top , heatin g a bed of 5 
inches diam eter. T h is  g a v e  a b etter top heat d istribu­
tion but took too long to  reach a stead y  state— alm ost 
an hour. A fter m any trials of various proportions it 
became clear th a t if uniform  top tem peratures are to 
be quickly obtained w ith  low  rates of gas consum ption 
over an extended surface th a t single feeds through 
single or double porous beds will not suffice and some 
other plan m ust be em ployed.

U S E  o r  M U L T I P L E  F E E D  O R IF IC E S

The failure of th e single point su p p ly  to distribute 
mixture so as n ot to flash b ack  and y e t  q u ick ly  and 
uniformly heat the top  of a rad iatin g  bed, w ith a low 
rate of com bustion, leads to  th e conclusion th a t m ul­
tiple feed orifices m ust be used, so spaced as to  give the 
heat distribution desired a t th e  availab le  pressure, a 
surface bed or rad iatin g screen of sufficient thickness 
serving to localize the com bustion  and to equalize 
the otherwise sp o tty  appearance. It  m ight appear 
that this could be done b y  drilling holes in a plate and 
dividing the com bustion cham ber from  the m ixture 
supply chamber, b u t from  w h a t has been said about 
the conditions for perm anent localization  of the com- 

ustion zone, it  is clear th a t such an orifice plate will 
sooner or later heat through, becom ing hot enough 
°u the supply side to  ign ite th e m ixture there before 
'ts entrance into th e feed holes. A n y  sort of feed

hole plate is out of the question unless provided w ith 
m eans for rem oving heat received on the com bustion 
cham ber face, fast enough to balance heat conduction 
through it  tow ard the source of sup ply, and effective 
enough to preven t th a t side from  becom ing a point of 
ignition.

Since it has been shown th a t a single long feed hole 
sup plyin g a com bustion zone can be proportioned so as 
to  perm anently  resist b ackw ard  heat flow well enough 
to insure indefinite periods of operation, it n atu ra lly  
follow s th a t several feed holes m ight be grouped so as 
to be fed from  a com m on point, discharging m ixture 
at the other end over as large an area as needed for 
an y desired surface rate of com bustion, and so pro­
portioned as to resist heat flow as effective ly  as with 
one, if the necessity for the la tter  is k ep t clearly  in 
mind. T his conception is the basis of the construction  
shown in Fig. 16 which has 30 holes m olded in alundum  
cem ent b y  wires held in hole plates at th e end and 
radiating from  a I'/a-inch bottom  cham ber in the 
iron container casting, to a 4*/.i-inch diam eter circular 
top bed. To insure the su p p ly  cham ber end of these 
feed holes against a rise of tem perature to the ignition 
point, it is necessary only th a t the distance betw een

F i g . 16— F ir s t  C o o k  S t o v e  T o p  B u r n e r  i n  w h ic h  L o c a l iz a t io n  o f  
C o m b u s t io n  S u r f a c e , B a c k  H e a t in g , D is t r ib u t io n  o f  H e a t  

o v e r  R a d ia t in g  S u r f a c e  A r e  A l l  C o n t r o l l e d

this point and the hearth be long enough. W hen it is, 
the dissipation of heat from  the side w alls w ill be 
large enough to balance the heat carried dow n through 
the solid m aterial surrounding the holes, and the 
dim ensions shown in the sketch h ave proved to  be 
adequate for th is purpose.

F I R S T  P R A C T IC A L  S T O V E  B U R N E R

In Figs. 17 and 18 are shown tw o ph otographic view s 
of the first reasonably practical burner for sto ve  service 
operating on surface com bustion principles— b u t still 
im perfect in some respects. T o  un iform ly heat the 
top bed of loose grain  of w hite alundum  or broken 
fused silica, half an inch th ick , th irty-fo u r holes were 
m olded, as shown, b y  wires Vie inch in diam eter and 
spaced in three rings. T his arrangem ent ga v e  a quite 
uniform  top heat and was op erative at low  gas and 
m ixture pressures for an indefinite tim e, for although 
the holes of the central group were often red hot for
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m ixture pressures of 21 /2 inches w ater the consum ption on th e surface of a cone su p p lyin g a hearth lying be-
w as intended to be abou t 15 cu. ft . of gas per hour, tw een tw o  circles, 4 '^  inches and 23/4 inches in

which is eq u iva len t to abou t 100 cu. ft. of mixture. 
N atu ra lly , variation s in bed thickness, size of grain or 
even  kind  of grain, w ill cause changes of resistance, 
th e la tter  due to  th e variation s in th e  voids, correspond­
ing to  different ch aracteristic  fractu res. The char­
acteristic  consum ption tests a t various low pressures 
are given  in cu rve form , F ig. 19, show ing th a t at 2.5 
inches w ater pressure th is sto ve  burner consumed 
abou t 17 and 1 5V2 cu. ft. of gas w ith the silica and 
w hite alundum  beds, resp ectively , the standard of 15 
cu. ft. per hour being eq u iva len t to 150 cu. ft. per hour 
per sq. ft. B y  va ry in g  the diam eter len gth  and spacing 
of holes, keeping the general arran gem en t here indi­
cated , p ra ctica lly  a n y  desired rate is obtainable 
though the general design is the result of the search 
for a construction  su itab le for a prop erly  distributed 
low  rate  of com bustion.

A D A P T A T IO N S  O F  T Y P E  B U R N E R

T o  illu strate  th e ease of a d a p ta b ility  of this general 
ty p e  construction  of surface com bustion  burner to 
a n y  desired rate  over a n y  surface, three other burners 
are shown, one each designed for a muffle furnace, a 
crucible furnace and a steam  boiler fire, respectively.

T h e first of these, intended for p lacin g below an 
assay muffle, is shown in sketch form  in Fig. 20 and 
p h o tograp h ica lly  in F igs. 21 and 22, on which latter 
th e ch alk  line indicates the b egin nin g of the feed holes. 
T h is burner had a rectan gu lar hearth, 6 inches by 10 
inches, supplied b y  96 holes, m olded in alundum 
cem ent in a cast iron casing and a t 3 inches of water 
m ixture pressure consum ed 120 cu. ft. of gas per 60 
sq. inches, eq u iva len t to  2SS cu. ft. per hour per sq. ft.

A  still higher rate over an annular hearth was ob­
tained in the sm all crucible furnace burner of the 
sam e general ty p e  as shown in F ig. 23, the combustion 
zone ly in g  betw een th e side insulation  and a central 
cylin drical muffle used to  keep th e  crucible chamber 
clear b u t not a t all essential to  th e operation, though 
it  helps to  keep th e crucible b otto m  cooler than it 
would be otherwise. In th is burner 20 holes, each
0.14 inch in  diam eter, were d istributed  so as to be

F i g . 20— F ir s t  F o r m  o f  M u f f l e  F u r n a c e  B u r n e r . S o l id  T y p e

over an inch below the h earth  th e heat dissipation 
from  the sides was a lw ays sufficient to preven t the

F ig s . 17 a n d  18— F ir s t  S u c c e s s f u l  C o o k  S t o v e  T o p  B u r n e r , S o l id  T y p e

low er end of the holes ever reaching the ign ition  te m ­
perature. T h e proportions used were selected to  g ive  
consum ption som ewhere near those of the stan dard  
top burners of ord inary gas cook stoves, th a t is, at

F ig . 19— R a t e  o f  C o m b u s t io n  a t  V a r io u s  P r e s s u r e s  o n  C i r c u l a r  
B e d , 4 ' / i "  in  D i a m e t e r , S u p p l i e d  b y  3 4  H o l e s , e a c h  1 / 1 6 '  i n  D ia m ­
e t e r . U p p e r  C u r v e  f o r  a  B e d  o f  W h i t e  A l u n d u m , 2 0 / 6 4 " - 2 4 / 6 4 "  

G r a i n , 1 / 2 '  T h ic k . L o w e r  C u r v e  f o r  a  B e d  o f  F u s e d  
S il ic a  2 0 / 6 4 '- 2 4 / 6 4 " ’ G r a i n , 1 / 2 '  T h ic k
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ameter, the area of w hich is, therefore, 1 5 .9 —  5.9 = 10 
sq. in. T he com bustion  was 40 and 47 cu. ft. per hour

F ig . 21— T o p  V i e w  o p  S o l id  T y p e  o p  M u f f l e  F u r n a c e  B u r n e r  a n d  
W h i t e  A l u n d u m  L o o s e  G r a n u l a r  B e d

at 2.5 inches and 3.0 inches, resp ectively , which are 
equivalent to 576 and  677 cu. ft. per hour per sq. ft. 
of hearth.

An exam ple of how this ty p e  construction  m ay be

tried out in the fire box of . the B aldw in  locom otive 
in the M echanical Engineering L ab o rato ry  at C olum bia 
U n iversity  as to its  ca p a city  , and the proper design

F ig . 24— V ie w  o f  T h r e e  L a r g e  S o l id  T y p e  B u r n e r s , F o r m in g  a n  A c t ­
iv e  B e d , 3  F t . S q ., C a p a b l e  o f  B u r n in g  2 0 ,0 0 0  C u . F t ., o f  

G a s  P e r  H o u r

of fan b last and pipe connection. M ixtures were 
supplied through a tw elve-inch header to three five-inch 
branches, one to each burner, and gas supplied through 
a six-inch main from  the street w as m easured in a 
W ylie proportional m eter, loaned for the purpose 
b y  the E qu itable  M eter Co. A t  10 inches w ater 
pressure the rate would be 20,000 cu. ft. of gas per 
hour.

P R O B L E M  O F  F E E D  H O L E S

W hile the m olding of groups of feed holes in tapered 
banks, long enough to keep the m ixture cham ber from  
reaching the ignition tem perature, is a p erfectly  feasible 
m echanical construction and capable of insuring in ­
defin itely long operation at an y desired rate of com bus­
tion per sq. ft. of hearth, it  has certain  d isadvan tages 
th at w arrant a search for an im provem en t th a t will 
rem ove them . In the first place it  is som ew hat troub le­
some to  m old the plastic m aterial betw een casing and 
wires so as to  secure a solid m ass th a t w ill not crack  
on subsequent unequal heating, and when large these 
sections are v e ry  h ea v y  and easily  broken b y  shocks 
th at m ay com e when settin g them  in place. T h ey  
are, m oreover, necessarily high, too high for m any 
locations, such as a cook stove or boiler furnace if 
present proportions of fram es and settings are to be 
m aintained. These w ith some others of minor value 
are sufficient objections to  w arran t a search for a b etter 
form  though not serious enough to  cause abandon­
m ent of this form  if no better were available.

F ortu n ate ly  a b etter form , and one th a t is com pletely  
satisfactory  in all respects, has been found and it 
n aturally  follows from  a little  an alytica l reasoning. 
The holes through which the m ixture is to  be supplied 
m ust be cooled, and the cooling m ust be effective 
enough to  keep the su p p ly  en d above the tem perature 
of ignition, b u t no more cooling than  will do th is is 
necessary or of value. In  addition, th e holes m ust ' 
be spaced a t the hearth for proper distribution  of heat

l*ic. 22— S id e  V ib w  o f  S o l id  T y p e  M u f f l e  F u r n a c e  B u r n e r ; B e d  in  
P l a c e

adapted to extension of h o t surface or hearth over 
large areas w ith ou t excessive length  of holes in the 
solid group is shown in the photograph, Fig. 24, where

^ K ' C o n s t r u c t i o n  o f  S m a l l ,  S o l i d  T y p e  M u f f l e  F u r n a c e

‘hree sections of w edge form , each 1 x 3  ft., m ake 
together a hearth of nine sq. ft. T his burner was
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and the desired rate of com bustion  per sq. ft. of hearth. 
B an kin g them  in  groups, as has been shown, will 
accom plish this, b u t it  is clear th a t com plete or partial 
stru ctu ral independence of the holes b y  form ing them  
in tubes so each m ay be cooled independent of the 
other or even  form ing them  in ribs w ith independent 
cooling in at least tw o directions, is b etter and more 
effective th an  a form  in which th e heat to  be dissipated 
from  an inner hole m ust be conducted  past an outer 
one also developing heat of its own.

P R A C T IC A L  B U R N E R S

A ccordin gly , th is principle has been incorporated, 
and burners constructed  th a t seem, in ev e ry  w ay, to

4 l ------------------^

F i g . 2 5 — S e c o n d  T y p ic a l  F o r m  o p  C o n s t r u c t io n  o p  A c t i v e  C o o k  
S t o v e  B u r n e r  ( T o p ) .  H e a t  D is t r ib u t io n  C o n t r o l l e d  b y  

S p a c in g  F e e d  H o l e s . R a t e  o f  C o m b u s t io n  b y  N u m b e r  a n d  
S iz e  o f  H o l e s . L o c a l iz a t io n  b y  V e l o c it y  R e d u c t io n  a t  

O u t l e t  f r o m  H o l e s  a n d  B a c k  H e a t in g  b y  S e p a r a t e  
C o o l in g  o f  t h e  W a l l s  o f  e a c h  H o l e

be sa tisfa cto ry  com m ercial form s for the essential 
elem ent of all sorts of surface com bustion  apparatu s. 
T h e construction  of the first of these designed as a 
top burner for a dom estic cook sto ve is shown in the

F i g . 26— T o p  V i e w  o f  S e c o n d  F o r m  o f  C o o k  S t o v e  B u r n e r ; C a s t in g  
b e f o r e  D r il l in g  a n d  F i r e  B r ic k  L in in g

sketch, F ig . 25, and ph otograp h ica lly  in Figs. 26 and 27, 
the casting and fire brick  lining separate, and F ig. 28, 
th e lining secured in place a fter drilling th e feed holes

F i g . 2 7 — S s c o .n i> F o r m  o f  C o o k  S t o v e  B u r n e r ; C a s t in g  b e f o r e  D i u u .- 
in g  a n d  F ir e  B r ic k  L in in g

in each of th e  sep arately  form ed cast posts. T o  
insert th e lining, wires are inserted in th e  drilled holes

while pressing the lining in place, the cem ent forming 
a perfect hole in  the hearth, ex a ctly  registering with

F ig . 2 8 — S e c o n d  F o r m  o f  C o o k  S t o v e  B u r n e r ; F i r e  B r ic k  L in in g  is

P l a c e  a n d  L o o s e  R e f r a c t o r y  F il l in g

th e drilled hole in th e  casting. F ig . 29 shows the com­
pleted  burner w ith  the granular bed in place, in this

F i g . 2 9 — S e c o n d  F o r m  o f  C o o k  S t o v e  B u r n e r  C o m p l e t e  and  R eady

f o r  O p e r a t io n

case crushed and sized fused silica. T his burner has 
35 holes each Vie inch in d iam eter b u t other diameters

F i g .  3 0 — R a t e  o f  C o m b u s t i o n  a t  V a r i o u s  P r e s s u r e s  o n  C ircc la  
H e a r t h  o f  C o o k  S t o v e  T o p  B u r n e r ,  4 * /s # i n  D i a m r t b r  w ith  

35  H o l e s ,  e a c h  7 /6 4 *  i n  D i a m e t e r  f o r  L o w e r  
C u r v e ,  3 / 3 2 * f o r  U p p e r  C u r v e

h ave been used, as w ell as other m aterial for the bed 
of a ll sorts of thicknesses and while the c o n s u m p t i° n
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and top tem perature v a r y  w ith  each, p ractica lly  ev e ry ­
thing works well and a n y  result desired b y  the designer 
is obtainable m erely b y  selection  of suitable dimensions. 
In Fig. 30 are show n a pair of characteristic  consump-

Fio. 31— R a d ia n t  R o o m  H e a t e r  E q u i p p e d  w i t h  S e c o n d  F o r m  o f  T u b u ­
lar  T y p e  B u r n e r , S e t  i n  O r ig in a l  S h e l l  o f  S t a n d a r d  V u l c a n  

H e a t e r . L o o s e  B e d  H e l d  in  P l a c e  b y  W ir e  
M e s h  N ic i i r o m e  S c r e e n

tion curves. B urners of this class have been thoroughly 
tested under both  lab o rato ry  and kitch en  service 
conditions, sep arately  and as incorporated  in com plete 
cook stoves, havin g in addition  in verted  broiler burners 
with 60 holes, Vie inch d iam eter in tw o rows and a 
long narrow rectan gular hearth  w ith  loose granulated 
material held in place b y  wire mesh screens. Three 
of these placed in th e top  of th e  V ulcan  hotel broiler 
shell gave consum ptions of 38, 43 and 50 cu. ft. of gas 
per hour at pressures of 1 inch, 1V2 inches and 2 inches, 
respectively, all m akin g a b righ t broiling heat th a t 
gives excellent service.

32 R a d ia n t  R o o m  H e a t e r  B u r n e r  o n  B a s e  w it h o u t  B e d  o r  S h e l l

This screen construction  is well shown b y  the illus­
trations of a curved  face room -heater burner, designed

to fit in a V ulcan  heater shell in th e photographs, 
Figs- 3i> 32 and 33. T h e first shows the new heater 
com plete w ith  an au tom atic  proportioning m ixing 
va lve , to be described later, while th e  la tter  tw o  show 
th e burner w ith ou t its bed, as set on the base and a 
separate side view . T h is burner has a rate of 14, 
i 6'/2 and 17V2 cu. ft. per hour a t 1 inch, i 1/* inches 
and 1V2 inches pressure, resp ectively , on a hearth 
8lA  x 5 inches =  42V2 sq .'in . supplied w ith 72 holes, 
Vi6 inch diam eter, and in operation gives as stron g 
a radiation  of heat as is consistent w ith  n on-blistering 
of varnish on chair legs or ignition  of carpet. While- 
the refractory  m aterial is b rig h tly  hot, the N o. iS  
B. & S, four per inch wire of the screen does n ot seem  
to be above a fa in t dull red, and a t th is tem perature 
all the alloys used in electric heater elem ents intended 
for operation a t bright red heats up to 20000 F., w ithout 
serious oxidation, w ill g ive good service in this location  
as will also com m on cast iron grids. B urners of any 
shape or size suitable for all sorts of household and 
hotel cooking and heatin g service can be produced 
along these lines to w ork in a n y  position b y  th e ordi­
n ary processes of design, in volvin g no more com plex 
m ental processes th an  arc required to  select su itab le  
m aterials and dim ensions w ith the aid of established 
data or obtainable b y  sim ple experim ent in a n y  lab ora­
tory.

T h is sam e principle of sup plyin g m ixture th rough

F i g . 3 3 — S id e  V ie w  o f  T u b u l a r  B u r n e r  o f  R a d ia n t  R o o m  H e a t e r

more or less indepen den tly  cooled feed holes form ed 
in m etal w alls and discharging into  registering holes 
in .refractory hearths, has been applied to  higher rate 
appliances than  those for dom estic service such as 
the muffle and crucible service, and one each of these 
is shown b y  th e photographs Figs. 34 to  36 both 
w ith feed holes drilled in ribs, which allows th e sam e 
casting to  be used for a wide range of capacities b y  
changing drill sizes and center distances. T h e assay 
muffle is illustrated  in F ig. 34, showing the tw o  ribs 
carryin g the feed holes w ith a few  separate tubes 
placed a t th e side and fron t to develop -enough extra 
heat to  counteract the open fron t end muffle cooling, 
and equalize the tem perature throughout the muffle. 
A t  the left-hand side is shown a single orifice sam pling 
burner w ith  open bed, consum ing tw o feet of gas per 
hour and used to ad ju st th e m ixture proportions, 
slight changes in which are readily  recognizable b y  
the appearance of th is sm all open fire. T h e m ain 
burner is operated n orm ally  at 116 cu. ft . per hour 
and with the above arrangem ent a lw ays gives a v e ry
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F i g . 34— F r o n t  V i e w  o f  M u f f l e  F u r n a c e , S h o w in g  R ib s , C a r r y in g  
t h e  M ix t u r e  F e e d  H o l e s

ent points, en tirely  independent of flue location. 
T h e crucible furnace, shown in F igs. 35 and 36 is fed 
w ith tw o rows of holes drilled in a series of radial ribs 
and  discharging in th e annular space betw een insula­
tion  and muffle as can be seen in the first illustration  
w ith  th e top rem oved, which view  also shows a sam pling 
burner. The first view  shows th e side appearance 
and b ottom  m ixture cham ber from  which the feed ribs 
run upw ard to the base, all cast in one piece. T he 
m ixture holes discharge into a hearth of alundum  ce­
m ent on which rests the cylin drical alundum  muffle 
and after one run a t about 10 inches w ater pressure, 
both muffle and hearth softened as show n b y  Fig. 
37 on which the perm anent shrinkage cracks clearly  
show  as do also som e pieces of w hite alundum  th a t

T h e rea lly  significant thing here, how ever, is the ease 
w ith  which an y gradient desired can be obtained b y  
ch an gin g the q u an tity  of m ixture supplied a t difTer-

F i o .  36— T o p  V i e w  o p  C r u c i b l e  F u r n a c e  w i t h  C o v e r  R bmo' e“

bustion  burner for a n y  desired rate of c o m b u s t i o n  P Lr 

sq. ft. of hearth th a t w i l l  operate for indefinite p e rio d s  

of tim e w ithout d isturbance or adjustm ent, b u t  f°r

good therm al gradient, as shown b y  th e follow ing 
figures:

T h e r m a l  G r a d ie n t  in  M u f f l e  w it h  F l u e  a t  F r o n t

D o o r closed D o o r o pen
T o p  d is ta n c e  from N o d ra f t G ood  d ra f t

fro n t o f m uffle T e m p . 0 F . T e m p . 0 F .
2* 1760 1600
4* 1870 1742
(>* 1900 1820
8" 1910 1852

10" 1900 1840
B a c k  12* 1900 1820

F i g . 3 5 — S t d e  V i e w  o f  C r u c ib l e  F u r n a c e  S u p p l i e d  b y  H o l e s  D rilled 
i n  R a d ia l  R ib s  b e t w e e n  M ix t u r e  C h a m b e r  a n d  F u r n a c e  B ox . 

M i x t u r e  S a m p l in g  B u r n e r  i s  S h o w n  a t  t h e  L e f t

q u a n tity  of v e ry  hjgh tem perature w ork. It is not 
d ifficult, h o w ever,'to  consum e, in such a f u r n a c e ,  enough 
gas to produce tem peratures th a t w ill soften any avail­
able refractory, b u t b y  sim ply chan gin g mixture pres­
sures it  is easy  to m aintain  p ra ctica lly  any tempera­
ture desired. If for a n y  special purpose it should be 
necessary to m aintain  a secon dary hot zone at any 
p articu lar point, then sep arate m ixture supplies can 
be led to th a t point and burn w ithout interference 
w ith the products of com bustion  passing from another 
com bustion  zone, a condition  peculiar to surface com­
bustion, to which the well know n “ sm othering” of com­
mon burner flam es is unknow n.

I I I .  C O N T R O L  A N D  A D J U S T M E N T  O F  R ADIA TING 

S U R F A C E

B y  the application  of the principles of c o n s t r u c t i o n  

so far developed, it i s  possible to m ake a surface corn-

adhered to both  muffle and hearth. B y  a change of 
alundum  bonding m ixture b oth  of these parts may be 
m ade m ore refractory, sufficiently so for a considerable
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commercial ap p aratu s even  more th an  th is is needed. 
One additional p rop erty  th a t m ust be present is a 
suitable range of control of the rate, as few , if any, 
burners are operated  in p ractice a t a constant rate of 
combustion w hether used for dom estic or industrial 
purposes. It  m ust be possible, therefore, to  adjust 
the consum ption of a n y  burner from  a m inim um  low, 
to a m axim um  high rate  and to operate safely  and surely 
at any one, no m atter w h at the previous adjustm ent 
or the tim e of operation. Furtherm ore, some classes 
of service require a ve ry  prom p t change in the radiating 
bed tem perature a fter ad ju stm en t, which includes 
a very quick in itia l heatin g a fter lightin g cold, while 
other classes of service require a slow change after 
adjustment or a sluggish response to  changes. W ith 
any given range of a d ju stm en t of rates for safe w'orking,

F ig . 37 S i d e  V ie w  o f  C r u c i b l e  F u r n a c e  M u f f l e  a n d  H e a r t h ,  S h o w -  
i n o  t h e  E f f e c t  o f  S o f t e n i n g  o f  M u f f l e  b y  H e a t .  M a t e r i a l  

o f  B o t h ,  A l u n d u m  M i x t u r e

there m ay be associated the requirem ent of a prom pt 
or a sluggish response a fter a change, b u t fortu n ately  
in no one burner is it ever necessary or even desirable 
to provide for more than  a lim ited  range of adjustm ent 
associated with either prom p t heatin g or sluggish, 
never both. These conditions can be m et in the sort 
of burners described sufficien tly  well to m eet practically  
a!l service requirem ents consistent w ith m aintaining 
the advantages of surface com bustion  as a process.

R a n g e  o f  c o n t r o l  o f  r a t e  o f  c o m b u s t i o n

The range of control of rate of com bustion depends 
primarily on th e size of the feed holes and on the 
effectiveness of their cooling, and it is easily possible 
to make holes sm all enough in separate tubes or ribs 
to absolutely preven t b ack  flash even when the m ix­
ture is turned off and th e v e lo city  of flow' reduced to 
7er°. By im posing sufficient m ixture pressure on

enough of these holes per square inch of hearth , an y 
m axim um  rate of com bustion m ay easily  be associated 
w ith this m inim um  rate of zero. C ertain  practical 
considerations such as the extra cost of form ing sm all 
over large feed holes and the increased possibilities 
of stoppages in them  m ake it desirable to use larger 
holes than correspond to  a m inim um  rate of zero 
when th a t is not necessary, and it has been found th a t 
holes Vio inch in diam eter are sm all enough for safe 
operation a t rates as low  as m ost service requires. 
Holes of this size in  cook sto ve top burners, broilers 
and room  heaters, can be safely  operated  a t tw o- or 
three-tenths of an inch pressure, g iv in g  th ereby at 
least as great a range of ad justm en t as is possible 
w ith Bunsen burners of the ordinary form  w ithout 
b ack  flash. Such holes seem to keep free of stoppages 
and are cheap to  form  if not much over one inch in 
length. A p paratus intended n orm ally  for m uch higher 
rates th an  the dom estic class would n atu ra lly  be given  
larger holes, and, therefore, have a higher m inim um  
operating pressure, b u t the range desired even w ith 
this higher m inim um  is easily  obtained b y  using a 
correspondingly higher m axim um . T hus while the 
m axim um  pressure availab le for operatin g dom estic 
apparatus w ithout gas boosting, which is out of the 
question here, is a little  less th an  th a t of the street 
main, say 3 inches of w ater, th a t for an industrial fu r­
nace for w'hich gas boosting is not objectionable m ay 
be made even w ith sm all fans as high as 12 inches 
and w ith positive blowers several pounds. A ssum ing 
the holes in the la tter  case to be such th a t the m ini­
mum safe pressure is 1 inch, there is a pressure range 
of 12 : 1 for ad justm ent of rate. C orrespondingly, 
if the dom estic apparatu s has a m inim um  safe pres­
sure of 0.2 inch, then it  has an adjustin g pressure range 
of 15 : i- I t  m ust not be understood th a t these are 
lim iting figures, for th ey  are not, being offered m erely 
as exam ples, since the real range m ay be m ade w h atever 
is desired, a th in g th ought to  be im possible in the early  
days of surface com bustion developm ent.

t i m e  o f  h e a t i n g

T h e tim e of heating is likew ise w ithin control 
though not through so wide a range; i. c., b y  adopting 
suitable constructions the burner m ay be m ade to  heat 
up from  the initial cold to  the norm al w orking state 
in a short or long tim e, and will be correspondingly 
quick or sluggish in response to pressure rate a d ju st­
m ents while in operation. Sluggishness is obtained 
b y  using a th ick  bed of great mass and, therefore, 
large heat storage cap acity , while sensitiveness follow s 
the use of beds or rad iating surfaces as light as possible. 
It is clear th a t, ta k in g  for exam ple the cook sto ve top 
burner, a bed only */■< inch th ick  will heat quicker and 
respond more positively  to va lve  ad justm en ts than  a 
bed 1 inch thick, other things being equal, and the tim e 
of heating the la tter  w ould approxim ate four tim es 
th a t of the form er if there were no interfering influences. 
These influences are, how ever, present and are som ew hat 
difficult to  understand at first, b u t clear enough after 
study.

In the first place, a reduction  in the th ickness of 
bed m ay leave it  so th in  th a t it  is no longer effective



8 i 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  V o l .  s, No. 10

in reducing m ixture v e lo city  at th e h earth  orifices, 
so th a t m ixture w ill blow off a t various points where 
th e grain  does not properly baffle a jet. T h e escape 
of th is m ixture actu ally  reduces the heat developed 
in th e bed, delays its heatin g and so counteracts the 
exp ected  gain  from  bed mass reduction; a t th e  sam e 
tim e it  causes a sm ell from  th e escape of th e  unburned 
gas w hich, of course, ceases once th e  bed is h eated  even 
when th e baffling is v e ry  poor. T h is is one of th e diffi­
culties encountered in th e effort to  reduce the in itial 
heatin g tim e b y  reduction  of bed thickness. I t  would 
seem th a t if, s tartin g w ith  grain  1/i inch in diam eter 
a reduction  of bed thickness w as carried so fa r as to 
cause p artial blow  off b y  insufficient baffling, this 
could be corrected  b y  a reduction  of size of grain  and 
th is is so, b u t here again lim its are m et. In  no case 
m ay the grain  be so sm all as to  fa ll into  th e end of the 
tub e, b u t w ith  sm all holes used, even before th is occurs 
tw o other th in gs are noted: ( i)  A  th in  layer of fine
grain on th e fiat hearth w ill not heat un iform ly w ith 
the hole spacing satisfactory  for larger grain; a series 
of brigh t spots above each hole w ith  dark  areas sepa­
ratin g them  w ill replace th e  uniform  color of a th icker 
and, therefore, m ore sluggish bed. (2) T h e fine grain 
bed w ill n ot heat in itia lly  in the sam e w a y  th a t  the 
coarse one will, for below a certain  grain  size th e  com ­
bustion  locates in itia lly  on the outside surface, w hich 
heats first, th e com bustion  zone gra d u ally  w orking 
b ack  tow ard  the orifices, while w ith  a larger grain, 
offering few er and wider m ixture passages in the voids, 
th e  com bustion  zone locates in sta n tly  abou t the holes, 
flashing d irectly  through the bed. In  other words, 
the fine grain  bed heats from  th e surface inward 
while the coarse h eats from  the inside outward, and 
though for tw o  such beds of equal w eights of m aterial 
it  w ould seem th a t equal tim es m ust elapse before 
each had reached a ste ad y  state , as a m atter of fa ct 
th e one th a t heats first from  the outside w ill be quicker 
because of the non-escape of unburned m ixture while 
heating.

Q U IC K  H E A T IN G  T O P  B U R N E R S

T h is reasoning leads n atu ra lly  to  one of the success­
fu l form s of quick  heatin g top  burners which becom es 
incandescent and uniform  a t th e norm al rate  of com ­
bustion in abou t half a m inute, th e ordinary h a lf­
inch thickness of large grain  bed requiring three to  
four m inutes, depending on th e m aterial. T h is  one is 
form ed b y counter-sinking the outlet side of the 
V i e  inch feed holes to  V s  inch, filling the tape holes 
w ith  silica of size inch, and also covering the
hearth to  a depth of V j inch, as in dicated  in the sketch, 
F ig. 38.

R edu ction  of mass to  be heated  w ith ou t in ter­
ference w ith  th e effectiveness of the baffles and b y  using 
m aterials th a t are perm anent is a definite problem  for 
w hich there are m any solutions .and no doubt others 
w ill appear as long as specific atten tion , is given  to  
it, b u t it is a serious question w hether reduction  of 
tim e below  one m inute, or even to  th is tim e, is rea lly  
advisable. T here is availab le  one ty p e  group of con­
stru ctio n  alread y explained under localization , and th a t 
is th e form ed baffle, of w hich the flat p late m ushroom

plug and ball in  ta p e  hole are exam ples, and over which 
m a y be p laced th e rad ian t screen, of m etal, perforated 
or w oven, a th in  la y e r  of loose grain, or a diaphragm 
of refra cto ry  p erforated  or otherw ise form ed, to be 
porous enough to  allow  th e  free passage of gases; 
all these h a ve  been used as well as som e others that 
p roved  u n satisfactory. In  the la tte r  class fall a layer 
of p icked  asbestos fiber w hich h eats as quickly  as an 
illu m in atin g m antle b u t w hich has no life; a inch 
laye r of hollow' cylin ders or short th in  silica  tubes like 
stra ig h t beads, V s - 'A in c h  diam eter and V s inch l°ng> 
which heats in less th a n  one m inute and is permanent 
b u t too expensive; and a th in  p la te  of alundum  cement 
perforated  freely  w ith  x/s inch holes, w hich becomes 
incandescent in one m inute b u t is too  fragile. In the 
form er class fa ll th e perforated  m etal non-oxidizing 
a lloy  p late  over some- form  of d irect baffle, and the 
m olded porous d iaphragm  d ire ctly  over the holes 
servin g as both  baffle and radiator, th e  form er giving 
a v e ry  q u ick  heatin g b u t n ot so perm anent as the latter

F 10 . 3 8 — M o d i f i c a t i o n  o f  T u b u l a r  T y p e  C o o k  S t o v e  T o p  B i 'b n e r  
f o r  Q u i c k  I n i t i a l  H e a t i n g

w hich, how ever, heats m ore slow ly. F or the metal 
p late, tw o  m aterials h ave been used, N ichrom e II and 
E xcello, the analyses of w hich are g iven  below, as de­
term ined  b y  W h ita k er and M etzger:

A n a l y s is  o f  N o n -O x i d i z i n g  A l l o y s  ( P e r c e n t a g e s )

N ich ro m e  I I  Excello

S a m p le  N o . 1 S am p le  N o . 2
N ic k e l.............. ..........  5 6 .4 5 9 .9 N ic k e l............ . 83.45
C h ro m iu m ___ ........... 10.6 10.8 C h ro m iu m ..., 14.72

..........  3 0 .6 2 6 .2 1.30
M a n g a n e s e . . . ..........  2 .1 2 .3 S ilic a ............... Traec

9 9 .7 9 9 .2 99.45

T h e form er has been m ost used and  as applied to 
th e problem  of q u ick  heatin g  w as in sheet form, 0 .0 3 2  

inch th ick , p erforated  w ith  holes 0.073 in c  ̂ d i a m e t e r  

and abou t one diam eter ap art. T h is  w as cut circular 
to fit th e  top  burn er hearth  43/s inches diameter and 
heats to norm al in abou t half a m inute when set o v e r  

baffles of th e  m ushroom  or p late  ty p e , and in about 
ten  seconds w ith  b all baffles. Such p lates have a fair 
life if n ot op erated  a t too  high a tem perature; a b o u t  

one cu. ft . of gas per hour for each tw o sq. in. of radia­
tion  is a sa tisfa cto ry  rate and gives a good red he&t 
T h is construction  m ay, therefore, be adapted as a 
direct com petitor of the electric heater, using the same 
rad ian t m aterial a t th e sam e tem perature, but with 
gas as the source of heat in stead  of electric c u r r e n t .  

A series of consum ption  curves of one of these quic' 
heatin g nichrom e rad ia tin g  p lates, 4 3/s inches di-
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ameter, set over 35 holes, Vio inch in diam eter, in*the 
cook stove top  burner h earth  w ith  m ushroom  baffles 
plugs is given  in F ig. 39.

F ig . 39— R a t e  o f  C o m b u s t io n  o p  T u b u l a r  T y p e  C o o k  S t o v e  T o p  
B u r n e r  H a v in g  3 5  H o l e s , E a c h  1 /1 6 *  i n  D i a m e t e r , D is c h a r g in g  

u n d e r  S q u a r e  S t e m m e d  M u s h r o o m  P l u g s , S h o w n  i n  F i g . 3  a n d  
P r o v id e d  w it h  P e r f o r a t e d  N ic h r o m e  R a d ia t in g  P l a t e

R E D U C T IO N  O F  H E A T IN G  T IM E

It is a serious question  w hether the reduction of 
heating time should be carried so far, even in dom estic 
apparatus in spite of a dem and on the part of users 
for it, because of the corresponding sm all heat storage. 
The top burner carry in g  a half-inch loose bed has so 
much heat storage th a t  it  will resist interference from  
the spilling on it  of large q u an tities of w ater or grease, 
amounts of w hich sufficient to  be serious w ith Bunsen 
burners have no effect here w h atever, b u t the more 
this heat storage is reduced b y  constructin g for quick 
heating the less th is resistance. A nother advantage 
of heat storage in th e incandescent bed is inherent 
in all interm itten t heatin g such as the heatin g of 
laundry irons, which m ay th ereb y  absorb heat for 
a time faster than  it is being generated b y  drawing 
on the bed storage; these a lw ays heat faster on the 
surface com bustion burner th an  on a com m on burner 
of equal gas consum ption. One tria l show'ed th a t 
Mth two irons on a surface com bustion  burner a laun ­
dress could do as m uch w ork as w'ith three irons on the 
Bunsen, the form er consum ing abou t half the gas 
that the latter used and h eatin g the iron in less tim e.

IN F L U E N C E  O F  S E R V I C E  C O N D IT IO N S  

In applying these surface com bustion burners a new 
study of service conditions is necessary as th e y  have 
some characteristics, n ot possessed b y  th e old burners, 
that permit and even  dem and ad ap tation  of burner 

esign to service. T h ere will a lw ays be some cases where 
quick heating is im portan t, e. g., in toasters; others 
"here heat storage is im p o rtan t; to p  burners for inter­
mittent service and those th a t are m uch used and likely  
to receive spillings; also others th a t w ill dem and the 
smooth self-supporting surface of th e bonded dia- 
P ragm, which is op erative in all positions and which 
has Properties all its  own.

U S E  O F  D IA P H R A G M S

T h e application  of the bonded diaphragm  to general 
service conditions is a problem  in itself, as th e lo caliza ­
tion  of com bustion is not so readily  controlled under 
wide ranges of m ixture pressures w ith in  th e lim its 
im posed b y  th e ordinary dom estic gas service. A ll 
such diaphragm s except those of v e ry  great porosity  
and, therefore, necessarily th ick , will heat from  the 
outside inw ard and in all, th e heat will %vork back, th e 
com bustion zone follow ing until b ack  flash takes 
place under some su p p ly  pressures and tim es of h ea t­
ing. A ssum ing th a t general service apparatu s will be 
operated at a variab le rate and a t such variab le pres­
sures, th e localization  com bustion b y  diaphragm s 
is not to  be depended upon; b u t th e y  will still be use­
fu l as baffles and radiators when placed over a hearth, 
such as described, and w'hich latter  insure localization .

P lacing a bonded diaphragm  over such a hearth 
as th a t of the cook sto ve  top burner, it w ill, on ignition, 
h eat from  the outside first; th e com bustion zone will 
then w ork dow n and through it  until a  b ack  flash 
occurs and the com bustion zone locates betw een the 
hearth and bottom  face, extendin g from  each hole 
into the diaphragm  a little  w'ay if it  lies d irectly  on 
the hearth. A s the heat w orks b ack  un even ly, due 
to non-hom ogeneity of voids and size of grain, there 
will be a t the m om ent of ign ition  below  it  only one 
hot spot, all the rest of th e b otto m  and the hearth  being 
cold. U p to  this m om ent the outer surface has been 
hot and radiating, b u t now the heat will be p ra ctica lly  
all absorbed b y  the hearth and low er space until th e y  
becom e incandescent, and in th is period the top 
radiating surface w ill cool and then slow ly recover 
its tem perature, after which it  will operate indefinitely 
w ithout change. T h e tim e it  tak es for the outer sur­
face to  begin to  radiate, and for the b ack  flash to  occur 
are both dependent on th e relation  of po rosity  to 
pressure or rate of sup ply, b u t the tim e of recovery  
after b ack  flash is largely  controlled b y  diaphragm  
uniform ity. If the com bustion zone w orks b ack  eq ually  
fast all over the diaphragm  the b otto m  face w ill be 
hot all over when bottom  ignition  takes place, instead 
of only one spot, and thus the top tem perature will 
be recovered most rapidly.

A  great m any sm all diaphragm s of a ll sorts of grain 
m aterials and bonds have been tried  and all abandoned 
in favor of alundum ; these have been prepared b y  th e 
N orton C o., to whom  considerable credit is due for the 
spirit of cooperation displayed in opening up a new 
field, absolutely  w ithout data. W ith o u t reciting the 
details, it m ay be noted th a t sa tisfa cto ry  results are 
obtained w ith N orton alundum  diaphragm s fed through 
the self-cooling m ixture holes and set over th e dis­
charge hearths. These are stru ctu ra lly  quite strong 
if the bond used is not intended for v e ry  high tem pera­
tures, in which case th e y  are delicate b u t still useful 
for some purposes. T w o  consum ption tests of such 
diaphragm s set in the hearth over 35 holes, V is inch 
diam eter, th e porous p a rt being 4 inches diam eter 
and V j inch th ick , are g iven  in Fig. 40, com paring a 
N orton alundum  diaphragm  of No. 4 grain w ith  an 
English fire c lay  diaphragm , which la tter  fused in



8 i8  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  V o l .  5, No. 10

A U T O M A T I C  M I X T U R E  P R O P O R T I O N I N G  

A u to m atic  m ixture proportionin g has been accom­
plished b y tw o  devices w hich w orkin g together carry 
out th e fun dam en tal m ethod; i. c., proportioning by 
equal pressure drop on an air and a gas orifice, having 
areas in the desired proportion. R egulation  of air 
pressure to  an e q u a lity  w ith  th a t of the gas supply 
availab le  a t the appliance w ill bring them  to a control

F t p .  4 1 — R a t e  o f  C o m b u s t i o n  o f  C o o k  S t o v e  T o p  B u r n e r  H a v i n g  
35  H o l e s ,  e a c h  1/16** i n  D i a m e t e r ,  D i s c h a r g i n g  t h r o u g h  N o r t o n  

A l u n d u m  D i a p h r a g m s  o k  D i f f e r e n t  C o n s t r u c t i o n .  E a c h  D i a ­
p h r a g m  5V «* D i a m e t e r  a n d  I f  16* T h i c k .  V a r i a t i o n  i n  

C u r v a t u r e  S h o w s  T r a n s k e r  o f  M a i n  R e s i s t a n c e  
k r o m  F e e d  H o l e s  t o  D i a p h r a g m

of cu rvatu re  indicates th a t the m ain flow resistance 
has been transferred from  feed holes to d iaphragm .

The tim e of b ack  flash and recovery  of surface tem per­
ature varies considerably b u t in the best th e  whole 
tim e is abou t five m inutes; in some cases i t  has reached 
15 and even 20 m inutes. T he tim e of recovery  varies 
from  3 to 12 m inutes, the b etter diaphragm s requiring 
the lesser tim e, all at pressures of 1V2 inches of w ater.

F i g .  4 2 — S e c t i o n a l  V ie w  o f  D o u b l e - P o r t e d  M i x i n g  V A tv B , w i th  •'iD'
JU ST M B N T  KOR R A T IO  OK A lR  TO G A S

cock  h a vin g  tw o ports w ith areas in the desired pro­
portion  and b y  su ita b ly  large pipes or small port 
openings; these ports determ ine the flow to a  c o m m o n  

m ixture ou tlet, and the proportions w ill rem ain c o n s t a n t  

so long as the principal resistance to  the flow of both

I V .  A U X IL IA R Y  A P P A R A T U S

A n y  burner or furnace inten ded  for laboratory 
use w here operators h ave sufficient skill and under­
stan din g of cause and effect, need n o t be supplied 
w ith  a n y  special appliances for proportioning air to 
gas in th e m ixture, or for chan gin g th e m ixture pres­
sure as service conditions require it  and, therefore, 
an y of the m any stan dard  fans and blowers may be 
used for com pressing air alone or air and gas separately 
w ith  a hand-adjusted  cock in tlie air and  the gas pipes 
su p p lyin g each appliance. T h is is b y  no means the 
case, how ever, w ith som e industria l and w ith all do­
m estic appliances. W here an industria l furnace oper­
ator is m ore or less co n stan tly  engaged in managing 
one furnace, he can be ta u gh t to m ake adjustm ents of 
hand values if provided  w ith the ord in ary  w ater column 
w ater gauge and a sm all sam pling burner, but this is 
en tirely  ou t of th e question for th e ordinary woman in 
the hom e or chef in a hotel, as th e y  either cannot or 
w ill not ad ju st an yth in g  beyond tu rn in g the cock that 
regulates th e heat and it  m ust be confessed, sometimes 
not even this. F or dom estic service, including that 
of hotels and restauran ts, it  m ay  reasonably be ex­
pected  th a t th e y  operate a single cock for each burner 
to regu late  th e heat, b u t m aintenance of mixture 
proportions essential to  surface com bustion  processes 
m ust be au to m a tic  and fool-proof. T his at first, 
like som e of the other questions ta k en  up, looked like 
a difficult problem  y e t  it seem s to be working out in 
a th o ro u g h ly  sa tisfa cto ry  w ay.

tim e on the hearth side, the form er rem aining unchanged. 
In  F ig. 41 are given  sim ilar results for a series of alun-

F i g . 40— R a t e  ok  C o m b u s t io n  o k  C o o k  S t o v e  T o p  B u r n e r  H a v in g  
35  H o l e s , e a c h  1 /1 6 "  D ia m e t e r , D is c h a r g in g  t o  B o n d e d  D i a ­

p h r a g m s . T o p  C u r v e  D ia p h r a g m  o k  N o r t o n  A l u n d u m  M i x ­
t u r e . B o t t o m  C u r v e  E n g l is h  F i r e  B r ic k  M ix t u r e

dum  diaphragm s 51/ 8 inches diam eter, 7/i6 inch th ic k , 
set over the sam e hearth a fter enlarging. T hese 
were of four sizes of grain No. 8, N o. 6, No. 4 and N o. 2, 
and three different processes of w orking. C h an ge



is in the cock ports. T h is  is accom plished, first, by 
sufficiently large su p p ly  pipes b u t it  is necessary also 
that the ports bear a su itab le  relation  to  the burner 
opening so th a t w hile the pressure drop through the 
burner is large enough to  establish the desired veloci-
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tion  at the left. T his has tw o plugs, keyed  together 
so as to  rotate together, b u t otherw ise free; one, carry­
ing th e small- gas port, is tapered and spring seated 
for tightness, while the other, carryin g the air port, 
is cylindrical, and has an axial ad justm en t for length
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P io . 4 3 — D o u b l e  P o r t e d  A d j u s t a b l e  M i x in g  V a l v e ; C o m p l e t e  a t  t h e  R ig h t  a n d  i n  V a r io u s  S t a t e s  o f  A s s e m b l y  a t  O t h e r  P o in t s

F i g . 4 5 — V i e w  o f  R e g u l a t o r  C o m p l e t e ; C o n t r o l  D a m p e r  H e l d  O p e n  
b y  a  K n i f e

so th a t the drop in pressure to the com m on m ixture 
pressure be equal; th is m ay be accom plished b y  regu­
latin g  the air pressure to th a t of the gas, or conversely. 
The form er has been used as m ost satisfactory, and 
in accordance w ith it, the air delivered b y  the fan is 
passed through a diaphragm  regulator carryin g a 
dam per va lve  in the m ain air passage. T his dam per 
is rotated b y  a crank and connecting rod, fixed to  the 
m eter leather diaphragm , the w eight of which is b al­
anced b y a spring or dead w eight, if horizontal, b u t is

ties for localizing the com bustion  zone, there is also 
some drop of pressure through the ports them selves. 
In other words, the com bined area, of th e ports in the 
wide open position m ust never be so large as to build 
up in the m ixture cham ber a pressure equal to th at 
in the air and gas su p p ly  pipes. T h is does not in volve 
any serious drop through the ports; tw o- or three-tenths 
of an inch of w ater is am ple, and less will do if neces­
sary, but the more there is th e  more definite the pro­
portioning and in cid en ta lly  the sm aller the va lve  
needed. To perm it of an ad ju stm en t to  changes 
of gas quality one port m ay be m ade of fixed size with 
the other adjustable, b u t in opening and closing both 
must vary in constan t ratio . I t  is n ot expected th a t 
users will m ake th is q u a lity  ad justm en t, b u t rather 
the gas men who m ake in stallation s and, of course, 
in any one district a settin g  will be found good for the 
average air requirem ent of th e sort of gas supplied, 
the variation in w hich is never large enough to seriously 
interfere with th e operation  on th is mean setting. 
Wherever the gas is uniform  or su b stan tia lly  so, 
■n air requirem ents, th is gas q u a lity  ad ju stm en t can

of effective opening to ad ju st for gas q u ality . B oth  
plug ports are aligned w ith the casing ports so as to 
absolutely  open and close together. W ith  this cock, 
the user regulates th e burner e x a ctly  as has been the 
case w ith com m on burners, controlled b y  single ported 
cocks.

C O N T R O L  O F  P R E S S U R E S

It  is necessary, how ever, for the satisfa cto ry  w orking 
of an y form  of double ported cock, intended to m ain­
tain constant proportions of air and gas while con­
trolling the to ta l q u an tity  of flow from  zero to a m axi­
mum, th a t the air and gas approach at equal pressures

44 Se c t io n a l  V i e w  o f  A i r  P r e s s u r e  R e g u l a t o r  f o r  M a in t a in in g  
A ir  P r e s s u r e  E q u a l  t o  t h a t  o f  G a s

^  el'minated and th e ports fixed a t the proper value, 

inCp '° r *̂ne success ûl cock of this sort is sketched 
co 42 3nc* s^own p h o tograp h ica lly  in Fig. 43, 

mP ete on the right and in various stages of dissec-
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tion  of these surface com bustion  appliances but the pres­
sure need be no more th a n  is n ecessary for good regu­
lator action, for w hich ab ou t 1 inch w ater drop is de­
sirable. A ir pressures of th is order of magnitude are 
easily  o b ta in ab le  b y  fans and are preferably, though 
not necessarily, e lectrica lly  driven. If the full avail­
able gas pressure is used, and th is be three inches, 
th en  the fa n  should deliver a t four inches of water, 
b u t v e ry  sa tisfa cto ry  operation  can be secured at mix­
ture pressures as low  as 1.5 inches, for full capacity, 
w hich w ould  require less than  tw o inches of gas pres­
sure and less than  three inches fan  delivery. At 
such pressures th e pow er requirem ents of the fans for 
ord in ary  appliances are v e ry  sm all, as m ay be easily 
calcu lated . F or q u ick  reference, th e  results of such 
a calcu lation  are g iven  in  ch art in F ig . 47 for a wide 
range of cap acities and pressures, to  which is added 
a scale for reading m otor horse pow er for any fan effi­
cien cy and electrical in p u t horse pow er for any electric 
m otor efficiency. F or sm all sets th e fan efficiency 
w ill p ro b ab ly  be betw een 30 and 50 per cent, while

to  be n eglected  if operated  in  a v ertica l plane. T h e 
d elivered  air pressure is caused to  a ct on th e b otto m  
of th e diaphragm  while the local g a s .p re ssu re  acts 
ab o v e; b oth  sides, being dead ends, th a t is, not sw ep t 
b y  a n y  curren t, there is little  ten d en cy to  dry the leather. 
A ll changes of gas pressure v a r y  th e  d iaphragm  load 
and m ove the dam per to  th e position for re-equaliza-

F io .  46 A i r  P r e s s u r e  R e g u l a t o r  P a r t l y  A s s e m b l e d . S h o w in g  a t  t h e  
C e n t e r  C o n n e c t in g  R o d  a n d  C r a n k  f o r  A c t u a t in g  t h e  

D a m p e r  b y  t h e  D ia p h r a g m  M o v e m e n t

tion  p rom p tly  and p o sitive ly  so th a t no m atter how 
local gas pressures m ay v a ry , th e  air a u to m a tica lly  
follow s and the m ixture q u a lity  rem ains w hat it  should 
be. T h e construction  of th is regulator is shown b y

the sketch , Fig. 44, and th e tw o ph otographs, F ig. 45 
show ing one size of regulator com plete, and F ig. 46 
show ing it  p a rtly  dissected.

A IR  P R E S S U R E  N E C E S S A R Y  

Air under pressure is a lw ays necessary for th e opera-

F io .  4 7 — C h a r t  S h o w in g  t u b  H o r s e  P o w e r  a n d  C uhkGkt

C o n s u m p t i o n  f o r  M o t o r - D r i v e n  F a n s  w i t h  V a r io u s  4
■S \  D e l i v e r y  P r e s s u r e s ,  Q u a n t i t i e s  o f  A i r  P b r
,  ' t i  M in u t e , F a n  a n d  M o t o r  E f f ic ie n c y

6
. 7  UJ

5  the m otor efficiency w ill perhaps average
8 o- 5°  Per cent. T h e pow er and current re-
9 ^  of quirem ents are so low  th a t  an y lamp so c k e t

K  w ill h ave electrical c a p a c ity  enough to run
"  _j a n y  dom estic appliance, even  a  l a r g e  range,
iz 5  and in som e cases several appliances oper-
15 ^  ated  as a gro u p 'fro m  one fan.
14 uj W ith  these au xilia ry  appliances, it !S
15 Cj preferable to  set up a com plete surface

g  com bustion  system  for practical service in
eith er one of three w ays: (1) Each 3PP‘!

ance w ith  its  ow n fan  and regulator and so coffl̂  
p le te ly  indepen den t e x c e p tjfo r  connection to gas an 
electric service m ains. (2) A  cen tral fan with di» 
trib u tin g  air pipes to  each appliance w ith  its own regu 
lator. (3) C om b in ation s of appliances in group-
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It is com paratively easy  to see how  cen tral or group 
systems would w ork ou t for large in stallations suitable, 
for example, for hotel kitch ens, b u t it  is a m atter of 
some interest to exam ine th e independent dom estic 
unit.

F IR S T  S U R F A C E  C O M B U S T IO N  R A N C E

The first of these ever con structed  was m ade by 
converting one of th e stan dard  side cabinet ranges 
now on the m arket, using m ixing va lves th a t had been 
used elsewhere and a fan  ta k en  from  a vacu u m  cleaner, 
in the absence of one of su itab le  c a p a city  as to volum e 
and pressure. T h e fan  used w as th a t of the R egina 
cleaner in one casing w ith  a G. E . m otor and had an 
air volume c a p acity  ab ou t four tim es w hat was needed, 
delivering at abou t n  inches of w ater where four or 
five would have been sufficient; it  consum ed 90 w atts 
with all burners in op eration. T hese th in gs are stated  
to explain the som ew hat crude appearance of some 
parts of this, the first self-con tain ed surface com bustion 
range ever constructed  and p u t into  service in a home 
kitchen. In Figs. 48 and 49 all parts are clearly shown,

ic  48 D ia g o n a l  T o p  V i e w  o p  F i r s t  D o m e s t ic  R a n g b ; S o l id  C a s t  
I ro n  T o p , w it h  F o u r  T o p  B u r n e r s ; R e f r a c t o r y  in  P l a c e  

b u t  B u r n e r  G r id  R e m o v e d

except the check v a lv e  betw een  fan  d elivery  and regu­
lator to prevent gas escape from  ,th e fan, should a 
burner be turned on w hen th e fan  is n ot in operation; 
this was not at first provided. I t  w ill be noted th at 
the mixing valves or double ported cocks are fitted 
with graduates to  gu ide th e operator in adjustm ent, 
as the absence of visib le flam e, th e ord inary guide, 
here demands a su b stitu te. A ll a u xiliary  or secondary 
air openings into th e  oven  are closed as now unneces- 
sary and if left ten d in g to  reduce efficiency b y  the air 
so r̂awn in and discharged h ot to  the flue. F or the 
same reason the chim ney ve n t is m ade sm aller. The 
°'en flue linings were n ot changed b u t should have been

to  p rovide for the flow of a sm aller volum e of gases 
a t higher tem peratures w ith  th e surface com bustion 
burners th a n  w ith th e original B unsen burners.

F i g . 49— F r o n t  V i e w  o p  F ir s t  C o m p l e t e  D o m e s t ic  R a n g e , w it h  
O v e n  D o o r s  O p e n . B r o i l e r  a n d  O v e n  B u r n e r s  a r e  V i s i b l e , E a c h  b e i n g  
R e c t a n g u l a r , M ix t u r e  S u p p l ie d  t o  H o l e s  D r il l e d  i n  R i b s  b e t w e e n  
M i x t u r e  C h a m b e r  a n d  H e a r t h . B u r n e r s  a r e  S u s p e n d e d  p r o m  F r o n t  
a n d  B a c k  W a l l s . T h e  C l o s in g  o p  t h e  O p e n i n g s  f o r  S e c o n d a r y  A i r  is  
a l s o  V i s i b l e  o n  t h e  L o w e r  D o o r , n o  S e c o n d a r y  A i r  B e in o  N e e d e d  f o r  

t h e  S u r f a c e  C o m b u s t io n  P r o c e s s

V . E F F I C I E N C Y  O F  S U R F A C E  C O M B U S T IO N  A P P L IA N C E S  

C O M P A R E D  W IT H  B U N S E N

A s in other cases, it is here found th a t the absolute 
and relative efficiency of surface com bustion  and 
Bunsen burner appliances is n ot a con stan t th in g 
b u t varies w ith conditions and, therefore, a n y  dis­
cussion m ust be more or less lim ited in scope to  g ive 
a correct im pression. For th is reason the figures 
obtained from  tests will be confined to  dom estic 
appliances operating on c ity  gas, such as cook stove 
top burners, broilers, oven, room  and w ater heaters, 
all m ade b y  rem oving Bunsen burners from  stan dard  
appliances and sub stitu tin g th e new ones. T o p  b u r­
ners were tested  b y  ta k in g  th e consum ption and tim e 
to raise a weighed body of w ater to  2000 F ., from  an 
initial low  tem perature; th e sam e or iden tical vessels 
a lw ays open were used in all com p arative tests.

From  a large mass of tests conducted w ith various 
bed m aterials and thicknesses, different sizes, shapes 
and m aterials of vessels, different distances betw een 
bed or flam e and the vessel, a t all sorts of gas or m ix­
ture pressures a t various positions of th e cocks and 
w ith various stove, top or burner ring construction, 
the figures them selves v a ry  so m uch as to be a t first 
perplexing to  one seeking some definite, general conclu­
sion on the relative  value of the tw o  system s. C arefu l 
analysis, how ever, reveals some order from  which con­
clusions follow  relating results to conditions. T h e
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first of these is th a t w ith iden tical conditions or as 
n early  so as the differences in the system s perm it, the 
surface com bustion  burners a lw ays do an equal am ount 
of heating of the w ater w ith less gas than the B unsen 
but how  m uch less seems to be dependent on the con­
struction  of burner, sto ve  fram e and w ater vessel. 
Perhaps the m ost im portant of these external condi­
tions is the vessel itself, and how ever queer this m ay 
a t first seem, an explanation  is availab le. If the 
vessel be large, of good conductin g m aterial, like copper 
or alum inum , and containing a large am ount of cold 
w ater, it  w ould approxim ate th e heat absorber of a 
gas calorim eter and could take up a ve ry  large am ount 
of the heat being generated  a t a given  rate. On the 
other hand, if th e vessel has a sm all heat-absorbing 
surface in proportion to the rate of com bustion  and be 
made of poor conductin g m aterial then there is less 
chance of heat being ta k en  up b y the w a ter, other 
things being equal. Size and m aterial of vessel placed 
over a burner developing heat a t a given  rate do, 
therefore, determ ine, to som e extent, the rate  of heat 
absorption, b u t also th e rate  of heat dissipation from  
its sides, both the subm erged and exposed part, and 
the w ater surface. T h is last factor is also more or 
less influenced b y  the exten t to which th e vessel is 
filled and the air drafts b low in g on it. I t  thus appears 
th a t a great deal depends on the vessel and its filling, 
but as m any detailed figures are a lw ays confusing the 
results of tw o  vessels only are given  in th is connection.

One of these is a cylin drical tinned iron sauce pan, 
abou t 8 inches in diam eter and of equal height and the 
other a sm aller tapered pressed steel enam eled sauce 
pan, abou t 6 1 2 inches in d iam eter, b oth  tested  on N ew 
Y o rk  C ity  gas, over burners consum ing 15 cu. ft. per 
hour, the Bunsen burner being of the C ran e construction  
and the surface com bustion h avin g a 43/s inch hearth 
w ith  !% t o  2</6< inch m aterial, ‘/2 inch deep and covered 
a t the edges b y  a cast iron ring w ith  ven ts betw een it 
and the vessel l/s inch wide. F or equal am ounts of 
heat tak en  up b y  the w ater th e relative  consum ption 
was as follow s:

Bunsen burner consum ption =  1.44 X  surface com ­
bustion  burner consum ption with large iron pot; 
1.66 X  surface com bustion  burner consum ption w ith 
sm aller enam eled pot. These tw o burners turned 
dow n to a sim m er, using the enam eled pot and keeping 
the w ater ju st below  the boiling point as n early  as 
could be judged  b y  the eye, th e consum ptions were: 
Bunsen 5.2 cu. ft. per hour and surface 2.42 cu. ft., 
g iv in g th e  ratio  of 2.15.

The average of th e tw o  other series w ith enam eled 
vessels on W estchester, N . Y . gas, a th ick  silica bed 
surface com bustion stove, grid  top , 15 cu. ft. per hour, 
w ith a G. G. A . Co. Bunsen burner, g a v e  consum ption 
ratios of 1.71 and 1.75. A  different surface com bus­
tion burner, th a t designed for q u ick  m etal heatin g 
becom ing norm al in less th an  one m inute, as com pared 
w ith three or four m inutes for the above burners, and 
illu strated  in F ig . 38, ga v e  a ratio  on N . Y . C . gas of
1.80. T his last was also fitted w ith a grid top, the 
enam eled vessel being held about 1 /* inch ab ove the 
bed.

These are high values and indicate a large fuel 
consum ption as m ay be seen from  th e following figures: 
A ssum ing a B unsen burner to  be consum ing 15 cu. ft. 
per hour, then  to g ive  th e sam e heatin g effect in a 
cooking vessel, th e surface com bustion  burner for con­
sum ption ratios of 1.8, 1.7, 1.6, 1.5, 1.4, and 1.3 would 
require 8.3, 8.8, 9.4, ro.o, 10.7 and 11.5  cu. ft. per 
hour, savin g 6.7, 6.2, 5.6, 5.0, 4.3 and 3.5 cu. ft. 
gas per hour w hile doing th e sam e work. The high 
ratio ab ove reported  as a ctu a lly  a tta in ed  may not be 
under fa vo ra b le  conditions and low  values have fre­
q u en tly  been foun d; in one case low er efficiency with 
a certain  surface com bustion  burner and top construc­
tion  than  w ith the B unsen; b u t th is fa ct pointed out 
the m istake in construction  w hich, when corrected, 
resulted in high ratios. A s has a lread y been pointed 
out, th e size of vessel is im p ortan t b u t so also is the 
heat dissipation from  th e top. In  one case a solid 
sto ve  top w as used w ith  circu lar openings to take the 
burners and quite low  efficiencies were obtained, as 
low  as 1.2, b u t it sh o rtly  appeared th a t most of the 
hot gases were escaping along th e underside of the 
cold top  instead of rising around the vessel, due to bad 
construction . A  sim ple su b stitu tio n  of a grid that 
allow ed th e gases to rise w ith  no other change raised 
the ratio  from  1.2 to  1.68.

G A S  S A V E D  B Y  N E W  P R O C E S S

It  m ay easily  happen th a t service conditions will 
arise th a t will dem and' construction s that are not 
h igh ly  efficient as, for exam ple, cold cast iron tops 
for in term itten t service, in th e interest of cleanliness, 
so th a t a com m ercial sto ve  construction  will probably 
be a com prom ise. T h e best ju d gm en t that can now 
be m ade is th a t, ta k in g  into  consideration all these 
conditions, there m a y be exp ected  a consumption ratio 
of a b ou t 1.55 B unsen to flam eless, or 0.65 flameless 
to Bunsen, w hich indicates a savin g of about 35 per 
cent of w hat is now  being used though it is possible 
accordin g to actu al tests th a t it  m ay  be as high as 45 
per cent.

E F F E C T  O F  E X C E S S  A IR

It  has p reviou sly  been sta te d  th a t the expected sav­
ings from  th e surface com bustion  process were to be 
derived  first from  th e elim ination  of the excess air 
now  required of all B unsen burners, and second bv 
th e superior pen etratin g pow er of radian t heat in warm­
ing bodies from  th e fire. T h e influence of these two 
together is well show n in all th e preceding relative 
consum ptions b u t perhaps nowhere quite so well as 
in the case of the sim m ering test where two fifteen- 
foot burners were turn ed  dow n to  keep the water 
ju st a t the boil for abou t one hour, which raised the 
consum ption ratio  from  1.66 to  2.15. This i s  asplendid 
dem onstration  because in the turn ed  down condition 

ve ry  m uch m ore cold air rises w ith  th e hot flame gases 
to the pot b otto m  in Bunsen burners than when the) 
are on fu ll while there is no change, whatever, in 
respect w ith the surface com bustion  burner. The 
difference ab ove is, m oreover, large ly  due to excess 
air because a t th e turned dow n condition the surface 

com bustion  burner bed was on ly  fa in tly  radiant.



The m in im u m  e f f e c t  o f  t h is  e x c e s s  a ir  in flu e n c e  

is perhaps b e s t  o b t a in a b le  f r o m  a  c o m p a r is o n  o f tw o  

water h e a te r  t e s t s  m a d e  o n  id e n t ic a l  c o ils  o f  th e  V u l ­

can heater, o n e  a s  c o n s t r u c t e d  w it h  s t a n d a r d  B u n s e n  

burners a n d  th e  o t h e r  w it h  a  s u r fa c e  c o m b u s tio n  

burner s u b s t it u te d ,  b u t  w i t h o u t  o t h e r  c h a n g e . B o th  

were o p e ra te d  to  h e a t  th e  w a t e r  in  a  s t a n d a r d  f o r t y -  

gallon co p p e r t a n k ,  e q u ip p e d  w it h  t h e r m o m e t r y  a n d  

the results a re  u n c o r r e c t e d  fo r  r a d ia t io n  fr o m  i t  o r 

pipes. On a n  a s s u m e d  c a lo r if ic  v a lu e  fo r  t h e  g a s , 

the B unsen b u r n e r  g a v e  a n  e f f ic ie n c y  o f  70 .4  p e r  c e n t, 

while th e  s u r fa c e  c o m b u s t io n  b u r n e r  g a v e  82.3 p e r  

cent, a r a tio  o f  1 . 1 7 ,  th e  f lu e  g a s  t e m p e r a t u r e  o f  th e  

Bunsen b e in g  2 4 8 ° F .  a g a in s t  3 0 9 0 F .  o r  6 1 0 h ig h e r , 
for the su rfa c e  w it h  i t s  e x c e s s  o f  12 .3  p e r  c e n t  e ff ic ie n c y .

Of course, a  p r o p e r ly  c o n s t r u c t e d  s u r fa c e  c o m b u s tio n  

heater can  e a s i ly  b e  m a d e  t o  y ie ld  a s  c lo s e  t o  100 p e r  

cent e ffic ie n cy  a s  m a y  b e  d e s ir e d ;  th e s e  f ig u r e s  a re  

given n o t to  s h o w  w h a t  m a y  b e  e x p e c t e d  o f s u c h , b u t  

purely as a  m e a s u r e .o f  t h e  e x c e s s  a ir  in flu e n c e  w h e n  

it is re d u ced  to  i t s  lo w e s t  v a lu e  in  t h e  B u n s e n  e q u ip ­

ment; th is  c o n d it io n  is  e n t ir e ly  e l im in a t e d  b y  s u r fa c e  

com bustion.
A n oth er m e a s u re  o f  e x c e s s  a ir  in flu e n c e  is  g iv e n  

by th e fig u res fo r  a  c o m p a r a t iv e  to p  o v e n  t e s t  in  w h ic h  
an u p per o v e n  w a s  h e a t e d  b y  b u r n e r s  b e lo w , in te n d e d  

prim arily fo r  a  b r o ile r  o v e n  b e lo w , F ig s .  48 a n d  49. 

As o r ig in a lly  e q u ip p e d  w it h  B u n s e n  b u r n e r s  th is  

top oven  r e q u ir e d  19  c u . f t .  o f  g a s  p e r  h o u r  t o  m a in ­

tain a t i ts  c e n te r  a  t e m p e r a t u r e  o f  4 8 0 °  F . ,  a s  a g a in s t

13.5 cu. f t . ,  a  r a t io  o f  1 .4 , w h e n  s u r fa c e  c o m b u s tio n  

burners w e re  s u b s t i t u t e d ,  w i t h  n o  o t h e r  c h a n g e  th a n  
the closin g o f  th e  s e c o n d a r y  a ir  o p e n in g s , l in in g s  w h ich  

should h a v e  b e e n  c h a n g e d  b e in g  le f t  in  p la c e .

V A L U E  O F  R A D IA N T  H E A T  

T he d ir e c t  v a lu e  o f  th e  r a d ia n t  h e a t  d e v e lo p e d  b y  

surface c o m b u s tio n  b u r n e r s  is  s h o w n  m o s t  c le a r ly  in  

test of su c h  a p p a r a t u s  a s  a  b r o ile r ,  o r  a  r a d ia n t  ro o m  
heater, F ig . 3 1 . T e s t s  h a v e  b e e n  m a d e  in  su c h  b r o ile rs  

by ta k in g  t h e  c o n s u m p t io n  fo r  th e  p r o p e r  c o o k in g  o f 

steak a n d  c h o p s , b o th  t h i c k  a n d  th in ,  c h ic k e n , s q u a b , 

fish, lo b ster , a n d  t o a s t ,  u n d e r  t h e  d ir e c t io n  o f  c o m p e te n t  

chefs, a n d  c o m p a r in g  w ith  t h a t  r e q u ir e d  fo r  t h e  sa m e  
carefully m e a s u re d  a n d  w e ig h e d  in  B u n s e n  b u r n e r  

broilers. F o r  t h is  p u r p o s e  w a s  s e le c t e d  t h e  C r a n e  
Bunsen b u rn e r  b r o ile r  w ith  c a s t  ir o n  f in g e r s  h e a te d  

to a dull re d  b y  t h e  f la m e , t h u s  g iv in g  m o re  r a d ia n t  

heat th a n  o th e r  t y p e s  n o t  so  p r o v id e d  th o u g h  m o re  

com m only u se d . T h is  w a s  d o n e  t o  p r o v id e  th e  m o s t 
vigorous B u n s e n  b u r n e r  c o m p e t it io n  a v a i la b le  a s  a 

basis of c o m p a r is o n  fo r  t h e  s u r fa c e  c o m b u s t io n  b u r n e r  

and th e  re s u lts  v a r ie d  in  s p e c if ic  in s ta n c e s ,  th e  g e n e r a l 
average b e in g  v e r y  c lo s e  t o  a  c o n s u m p tio n  r a t io  o f  2. 

This m ean s t h a t  s u r fa c e  c o m b u s t io n  b r o ilin g  c a n  b e  

, done w ith  a b o u t  h a lf  th e  g a s  n o w  r e q u ir e d  o n  th e  B u n ­
sen b u rn er t y p e  w it h  f e e b le  r a d ia t io n  a n d  le ss  th a n  

half on o th e rs . T h e  q u a l i t y  o f  t h e  w o r k  d o n e  is  u n i­

form ly b e tte r  th o u g h  i t  m u s t  b e  c o n fe s s e d  t h a t  o p in io n  

• differs s o m e w h a t  h e r e , n e v e r  g o in g  so  fa r ,  h o w e v e r ,  

as to  c h a rg e  t h e  s u r fa c e  c o m b u s t io n  b r o ile r  w ith  in ­

ferior w o rk . T h e  in te n s e  r a d ia n t  h e a t  w h ic h , o f  c o u rse , 

is under c o n tr o l,  p e r m it s  t h e  t h in g  b e in g  c o o k e d  to
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b e  p la c e d  fr o m  6 in c h e s  to  10  in c h e s  a w a y  f r o m  t h e  

b u r n e r , p r o m p t ly  se a rs  t h e  o u ts id e ,  p r e v e n ts  t h e  e s ­

c a p e  o f  f la v o r in g  ju ic e s  a n d  m a k e s  t h e  s id e  t h a t  is  
c o o k in g  n o t  o n ly  c le a r ly  v is ib le  b u t  i l lu m in a t e s  i t  so  

w e ll t h a t  th e  o p e r a t io n  c a n  b e  p e r f e c t ly  c a r r ie d  o n  in  

a  d a r k  ro o m .
T h is  g a s  s a v in g  o f  50 p e r  c e n t  o r  b e t t e r  fo r  r a d ia n t  

o p e r a t io n s  l ik e  th e  b r o ilin g  r e p o r te d  a b o v e ,  is  c o n ­

f ir m e d  a lm o s t  id e n t ic a l ly  b y  t h e  t e s t s  o n  t h e  r a d ia n t  
ro o m  h e a te r , a lso  c o m p a r e d  w ith  t h e  V u lc a n  w h ic h  

c a r r ie s  a  p e r fo r a te d  c a s t  iro n  p la te  a t t a in i n g  a  d u ll 

t o  b r ig h t  r e d  b y  th e  h e a t  o f  a  B u n s e n  b a r  b u r n e r  b e lo w . 
H e a t  w a s  h e r e  m e a s u re d  b y  t h e  te m p e r a t u r e  r ise  o f 

a  m e a s u re d  b o d y  o f  w a t e r  in  a  f la t  s h e e t  m e ta l b o x  

p la c e d  in  f r o n t ,  fa r  e n o u g h  a w a y  t o  e s c a p e  c o n t a c t  
w ith  a n y  h o t  g a se s . T h e  c o n s u m p tio n  fo r  e q u a l  

a m o u n ts  o f  h e a t  t h u s  t h r o w n  o u t  is a lm o s t  e x a c t l y  

tw ic e  fo r  th e  B u n s e n  c o m p a r e d  w ith  th e  s u r fa c e  c o m ­

b u s t io n .
I t  m a y  b e  s a id , th e r e fo r e ,  t h a t  s u r fa c e  c o m b u s t io n  

d o m e s t ic  a p p lia n c e s  c a n  s a v e  in  a ll d ir e c t ly  r a d ia n t  

o p e r a t io n s  a b o u t  h a lf  th e  g a s  r e q u ir e d  b y  B u n s e n  
a p p lia n c e s  a n d  in  o t h e r  c a s e s  l ik e  t o p  b u r n e r s  a n d  o v e n s  

a n  a v e r a g e  o f  a b o u t  35 p e r  c e n t  in  r o u n d  n u m b e r s  d e ­

r iv e d  fr o m  a c tu a l  te s t s  in  l a b o r a t o r y  a n d  k itc h e n .  

T h e s e  f ig u r e s  a re  fo r  c o n t in u o u s  o p e r a t io n  a n d  a re  
r e d u c e d  in  so m e  c a s e s  b y  in t e r m it t e n t  w o r k  s u c h  a s  

in v o lv e s  th e  l ig h t in g  o f  a  b u r n e r  fo r  a  fe w  m in u te s  a n d  

th e n  tu r n in g  i t  o u t  a lm o s t  a s  so o n  a s  i t  g e ts  w a r m . 
F o r  su c h  s e r v ic e  a s  th is ,  e f f ic ie n c y  is  n o t  so  im p o r t a n t  

a s  a  q u ic k  h e a t  a n d  if  le ss  t im e  t h a n  o n e  m in u te  b e  
a v a i la b le  o n e  p r e s e n t  t y p e  b u r n e r  c a n  b e  r e ta in e d  in  

e a c h  s t o v e  fo r  i t ,  r e s e r v in g  fo r  th e  s u r fa c e  c o m b u s t io n  
b u r n e r s  th e  la r g e  g a s  c o n s u m p tio n  w o r k  w h e r e  g a s  

s a v in g s  a re  e q u iv a le n t  t o  a p p r e c ia b le  s u m s  o f  m o n e y .

IN S T A L L A T IO N  O F  N E W  A P P A R A T U S

A t  th is  p o in t  t h e  q u e s t io n  n a t u r a l l y  a r ise s  a s  t o  

w h e n  t h e  s a v in g  o f  g a s  b e c o m e s  la r g e  e n o u g h  t o  p a y  

fo r  th e  e le c tr ic  c u r r e n t  c o n s u m e d  b y  t h e  fa n  a n d  in  
w h a t  t im e  t h e  n e t  s a v in g  w il l  p a y  fo r  t h e  in c r e a s e d  

c o s t  o f s u r fa c e  c o m b u s t io n  a p p lia n c e s  o v e r  B u n s e n . 

T h e  a n s w e r  t o  t h e  la s t  q u e s t io n  is  t o  b e  fo u n d  o n ly  
w h e n  i t  is  k n o w n  h o w  m u c h  t h e  a p p lia n c e  w ill  b e  u s e d  

as  th e  f ix e d  c h a r g e s  p e r  h o u r  o f  u se  d e p e n d  o n  t h e  n u m ­
b e r  o f  s e r v ic e  h o u r s  p e r  y e a r ;  in  t h is  r e s p e c t  t h e  c a s e  

is  s im ila r  t o  p la n t  o p e r a t io n . I f  a  d o m e s t ic  r a n g e  

is  t o  b e  u s e d  o n e  w e e k  p e r  y e a r  i t  m a t t e r s  l i t t le  h o w  

e ff ic ie n t  i t  m a y  b e  a n d  t h e  c h e a p e s t  t h in g  a v a i la b le  

in  f ir s t  c o s t  is  t h e  th in g  to  b u y .  O n  th e  o t h e r  h a n d  

i t  w ill  t a k e  a  v e r y  s h o r t  t im e  t o  p a y  fo r  th e  e x t r a  c o s t  
o f  a n  a p p lia n c e  t h a t  is  u s e d  e v e r y  d a y  a n d  d o u b ly  s o  
if  o p e r a te d  m a n y  h o u r s  p e r  d a y ,  e s p e c ia l ly  if  t h e  s e r v ic e  
r e q u ir e s  c o n s id e r a b le  g a s . C a lc u la t io n s  c o u ld  b e  

g iv e n  fo r  a ll  s o r ts  o f  h y p o t h e t ic a l  c a s e s  b u t  a s  a n y  o n e  
c a n  m a k e  th e m  fo r  c o n d it io n s  t h a t  a re  im p o r t a n t  

to  h im  t h e y  a re  h e r e  o m it t e d ;  h o w e v e r ,  o n e  c a s e  is

in c lu d e d  fo r  i l lu s t r a t io n .
S u p p o s e  a  d o m e s t ic  r a n g e  w ith  a  f u l l  c a p a c i t y  c o n ­

s u m p t io n  o f 100 c u . f t .  p e r  h o u r  w e re  o p e r a te d  th r e e  

h o u r s  p e r  d a y  a n d  th r e e  h u n d r e d  d a y s  o r  900 o p e r a t in g  

h o u r s  p e r  y e a r  a t  a n  a v e r a g e  r a t e  o f  5 °  c u - f t - P e r  h o u r  
w ith  su c h  d is t r ib u t io n  o f v a r io u s  b u r n e r  s e r v ic e  a s
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corresponds to  an average savin g of 40 per cent of 
w h at a corresponding Bunsen range w ould require. 
I t  m ay also be assum ed th a t the la tter  would cost 
th e  consum er $35 and the form er $50 and th a t  gas 
costs S i .00 per 1000 cu. ft. and electric current 10 
cen ts per K . W . hour. The surface com bustion  range 
would consum e per year 50 X  3 X  300 =  45,000 cu. ft. 
of gas, while the corresponding B unsen w ould consum e 
45,000 -r (1.0 —  0.4) = 75,000 cu. ft. so th a t th e savin g 
o f th e form er over the la tter  is 30,000 cu. ft ., w orth 
$30 per year. From  th is is to be su b tracted  the 
cost of 900 hours of electrical sup ply, w hich m ust 
be estim ated. T his can be calcu lated  from  the pow er 
ch arts given , and it will be found th a t for even low  effi­
ciencies of fan  and m otor n ot over 0.5 am pere a t 110 
vo lts or 55 w a tts  should be am ple. In  fa ct actu al 
m easurem ent of th e  R egin a vacu u m  cleaner set, 
illu strated  on th e first range, F igs. 48 and 49, which 
had a d elivery  pressure tw ice and an air vo lu m e abou t 
four tim es w hat w as required, required 92 w a tts  w ith  
all burners in operation and 90 w ith  none, proving 
th e  excess c a p a city  and th e p ro b ab ility  of operating 
w ith fans and m otors designed for the service on less 
th a n  half an am pere.

A ssum ing th a t at the sta rt no efficient fan and m otor 
be a vailab le  and th a t the absurdly  high consum ption 
of 90 w atts w ould be required for the necessary 10 
cu. ft . of air per m inute at 4—5 inches w ater pressure, 
the electrical cost of operation  would be 10 X  90/1000 
=  0.1 cent per hour, in round num bers, or $9.00 per 

year. T his m akes the net savin g in operation $30,000 
S9.00 = $21.00 per year, and as the excess of first 

cost was assum ed to be S i 5.00 it  w ould be paid off 
com pletely  in 600 hours of operation, or if un iform ly 
distributed  in 8V2 months.

One short w a y  of disposing of the electrical cost is 
to  consider th a t the gas saved  b y  a single top  burner

G a s  S a v in g  N e c e s s a r y  t o  J u s t  P a y  C o s t  o f  E l e c t r ic  C u r r e n t  E x ­
p e n d e d  f o r  F a n  O p e r a t in g  S u r f a c e  C o m b u s t io n  A p p l ia n c e s

C u. f t. gas 
p e r  h r . co s t­
ing  sam e as

. e lec tric  cu r-
w e c t r ic  H .P .  E q u iv a le n t A m peres  a t  C u r re n t a t  r e n t  a t  $ 1 .0 0

re q u ire d  E q u iv a le n ts        10 c. p e r  p e r  1000
b y  fan  w a tts  110 v o lts  220 v o lts  K . W . h o u r  cu . f t. gas 

0 0 1  7 .4 6  0 .0 6 7 8 2  0 .03391  0 .0 7 4 6  0 .7 5
0 .0 2  14 .9 2  0 .1 3 5 6 4  0 .0 6 7 8 2  0 .1 4 9 2  K 49
0 .0 3  2 2 .3 8  0 .2 0 3 4 6  0 .1 0 1 7 3  0 .2 2 3 8  2^24
0 -0 4  2 9 .8 4  0 .2 7 1 2 8  0 .1 3 5 6 4  0 .2 9 8 4  •> 98
0 .0 5  3 7 .3 0  0 .3 3 9 1 0  0 .1 6 9 5 5  0 .3 7 3 0  3 .7 3
0 .0 6  4 4 .7 6  0 .4 0 6 9 2  0 .2 0 3 4 6  0 .4 4 7 6  4 .4 8
0 .0 7  5 2 .2 2  0 .4 7 4 7 4  0 .2 3 7 3 7  0 .5 2 2 2  5^22
0 .0 8  5 9 .6 8  0 .5 4 2 5 6  0 .2 7 1 2 8  0 .5 9 6 8  5^97
0 .0 9  6 7 .1 4  0 .6 1 0 3 8  0 .3 0 5 1 9  0 .6 7 1 4  6^71
0 .1 0  7 4 .6 0  0 .6 7 8 2 0  0 .3 3 9 1 0  0 .7 4 6 0  7*46
O .l I 8 2 .0 6  0 .7 4 6 0 2  0 .37301  0 .8 2 0 6  8^21
° 1 2  S 9 .5 2  0 .8 1 3 8 4  0 .4 0 6 9 2  0 .8 9 5 2  8^95
0 .1 3  9 6 .9 8  0 .8 8 1 6 6  0 .4 4 0 8 3  0 .9 6 9 8  9 .7 0
0 .1 4  104 .44  0 .9 4 9 4 8  0 .4 7 4 7 4  1 .0 4 4  10 .44

will more than  p a y  for the electric current to operate 
th e entire range so th a t for all burners in operation 
in excess of one the electrical current costs nothing. 
T h a t this statem en t is justified  is in d icated  b y the 
follow ing, assum ing the inefficient fan and m otor to 
be used th a t costs o .i  cent per hour to operate. If 
th e  service of a stan dard  1 5 cu. ft. Bunsen top burner

is preferred b y  a 10 ft. surface com bustion burner 
(ratio 1.5) the gas sa vin g  is 5 cu. ft. per hour, which 
is w orth  5 X  1000/100 =  0.5 cen t per hour, a net 
savin g of 0.4 cen t per hour. T h is shows how conserva­
tiv e  is th e  general estim ate ab ove, th a t  other gas saving 
a t one burner w ill m ore th a n  d efray  the expense for 
curren t for th e en tire range, for under th e conditions 
nam ed th e  gas savin g a t one burn er is five times the 
cost of curren t for all of them .

In  th e preceding ta b le  there is g iven  a series of equiva­
lents in gas savin g, cu. ft. per hour, th e value of which 
ju st balances various values of electrical horse power 
requirem ents of fan.

C O N C L U S IO N

It  is hoped th a t th is review  of th e development of 
surface com bustion  w ill show  th a t it is now possible 
to design rath er th a n  m erely in v en t apparatus, and 
th a t such ap p aratu s as com m ercial conditions may 
require m a y now  be produced in no m ore tim e than is 
n ecessary to  decide on th e m odels to be manufactured 
and th e  production  of an in itia l stock. However, 
there is no inten tion  of leavin g th e  im pression that the 
w ork of d evelopm en t is finished for it  is only just 
fa ir ly  started , and should be continued  with corre­
sponding im p rovem en t in appliances for the next half 
cen tu ry.

C o l u m b ia  U n i v e r s it v ,
N e w  Y o r k

M ETH ODS F O R  T H E  EXAM IN ATION O F N ATU RAL GAS FOR
TH E PR O D U CTIO N  OF GASOLINE

B y  E .  S . M e r r ia m  a n d  J .  A. B ir c h b y  

R ec e iv ed  J u l y  18, 1913

T h e production  of n atural gas gasoline from the 
casing head gas of th e oil fields, b y  compression and 
cooling, has, w ithin  th e last five years, grown to be a 
v e ry  im p ortan t in d u stry . T h rough  the failure of 
m an y plan ts to  obtain  gasoline in p ayin g quantities, 
it  w as ea rly  recogn ized th a t a prelim inary examina­
tion  of a n y  proposed gas should a lw ays be made, and 
n a tu ra lly  th e problem  was p u t up to the analytical 
chem ist. A n y  one a t all fam iliar w ith  the literature 
on n atu ra l gas w ill realize th a t p ositive statements 
in regard  to  the presence and q u an tities of the higher 
paraffines occurring in  n atu ra l gas are not numerous. 
E th an e, propane, and b utane were early  found in 
n atural gas, b u t no reliable figures could be given as 
to their am ounts. In  fa c t from  com bustion data 
alone on ly the to ta l q u a n tity  of paraffin vapors present 
can be determ ined, and n ot w hich ones.1 G en era lly  

th e results are recorded on th e assum ption th at methane 
and ethan e alone are present.

T h e exa ct an alysis of a m ixture of five h y d r o c a r b o n  

gases does not seem  possible, w ith  the means available 
in an ord in ary  lab o rato ry . F ra ctio n al distillation at 
— 190° C . and — 120 0 C . seem s to h ave given Lebeau 
and D am iens2 good results. T h e  use of high pr«s' 
sures in  connection  w ith  th e critical temperature 
of the vapors b elieved  to be present m ight lead to a 
more or less correct result, though the solubility of a 
gas in a  liquid  h yd ro carb on  .m ust be ta k en  into a c co u n t.

1 G . A . B u rre ll, B u r. of M in es , B u ll. 15, 67.
5 C om pt. rend., 156, 1 4 4 -7  a n d  3 2 5 - 7 ;  Chem . Abstracts, 7, 1338.
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Even if we had m ethods w h ereb y the percentage 
of butanes and pentanes could be determ ined in a given 
gas, it would still be a difficult m atter to  calculate how 
much of each could be condensed to liquid at any given 
temperature and pressure, and when it  is found th a t the 
various makes of com pressors and condensers are not 
equally efficient, it can readily  be seen th a t the chem ist 
should be extrem ely con servative  and ca u tio u s 'in  his 
reports.

In view of these fa cts  it  is ev id en t th a t the most 
logical method to  pursue is to  obtain  gases from  plants 
where the production is know n , and to  exam ine these 
gases by m ethods w hich w ill respond to the presence 
of the more readily  condensible hydrocarbons. In 
this way em pirical relations betw een  certain  physical 
and chemical properties of th e gases and th e yields in 
actual practice can be established, and a probable yield  
for any unknown gas can be predicted.

A second m ethod is to  con stru ct a sm all com pressor 
so that any gas m ay be su b jected  to  an y desired 
pressure or any degree of cooling. W e have proceeded 
along both these lines, and th e o b ject of this article 
is to describe the m ethods w hich we h ave found most 
suitable.

It may be of interest to  describe first some m ethods 
which we tried and discarded.

First.— B y  passing th e gas th rough  absolute alcohol 
it was believed th a t th e heavier hydrocarbons would 
be partially dissolved. If th is alcohol be then diluted 
with water, the hydrocarbon s, being insoluble in and 
lighter, than w ater, w ould  sep arate and their volum e 
could be determ ined. T h is  m ethod was used b y  Bun-

the m ethod did not seem to respond w ith sufficient 
delicacy to the presence of the heavier hydrocarbons.

The first m ethod which showed prom ise w as to 
determ ine th e solu b ility  of the gas in absolute alcohol.1 
T he follow ing solubilities are g iven  in W a tts ’ 
d ictionary:

1 v o lum e of a lcoho l d isso lves 0 .5 2 3  vo l. CH< a t  0 °  C.
1 v o lum e of a lcoho l d isso lves 1 .5  vols. CiH«.
1 vo lum e of a lcoho l d isso lves 6 .0  vols. C jH s.
I v o lum e of a lcohol d isso lves 1 8 .0  vols. C4H 1».

T h e process used was sim ply th a t of Hem pel for de­
term ining benzene vapors in illum in ating gas: 1 cc. of
absolute alcohol was placed in a H em pel explosion 
pip ette over m ercury, 100 cc. of gas introduced and 
the decrease in volum e noted after three m inutes sh a k ­
ing. T his decrease w ill be due to  a slight exten t to 
m ethane, and in an increasingly greater m easure to 
ethane, propane, etc. T h e i cc. of alcohol w ill be 
com pletely saturated  w ith C H 4, p rob ab ly  nearly 
saturated  w ith C2H6, b u t will in general n ot be satu rated  
w ith the heavier constituents w hich are present in 
sm aller am ounts and which h ave a far higher so lu b ility. 
If, then, a second q u an tity  of 100 cc. of fresh gas is 
shaken w ith th is sam e 1 cc. of alcohol, th e decrease 
in volum e this tim e will be due m ain ly to  the heavier 
vapors present. Since alcohol has an appreciable 
vapor tension, is also an oxygen-contain ing b ody, 
and should therefore be a poorer solven t for h y d ro ­
carbons than  another h ydrocarbon , we soon discarded 
its use and used 1 cc. of kerosene instead. T h e results 
obtained b y the use of kerosene have proven of great 

value.

No. D
P er  ce n t 

a ir D ' A B A /B
O live oil

ab so rp tio n

T a b l e  I  

M

26 1.305 2 5 .0 1 .4 0 6 1 3 .6 6 .0 2 .2 7 1 5 .8 67
27 1.276 3 8 .5 1 .383 1 1 .1 5 .4 2 .0 6 13 .2 66

30 1.41 0.0 1 9 .0 6.8 2 .7 9 2 6 .2 65
33a 1.24 4 4 .0 1 .4 2 9 1 1 .2 5 .7 1 .97 14.5 60
336 1.12 6 .6 1 .9 3 .4 8 9 .2 58
77 1.244 0.0 1 2 .9 4 .3 3 .0 1 9 .0 58
80 1.202 6 1 .0 1 .515 6 .8 3 .2 2 .12 8.8 69
84 • 1.004 3 4 .0 1 .005 2 .4 1 .1 2 .1 8 5 .2 73
85 0.931 2 7 .5 0 .9 0 5 3 .7 0 .4 9 .2 4 .7 48
96 0.799 0.0 4 .0 1 .1 3 .6 3 5 .8 58
99 0.795 0.0 3 .4 1 .1 3 .1 4 .7 69

117 1.087 0.0 6 .9 1 .4 4 .9 2 10.6 52
125 1.398 2 6 .5 1 .542 1 6 .0 7 .1 2 .2 5 2 1 .4 60
135 1.31 0.0 1 4 .0 4 .4 3 .1 8 16 .8 5 7 .5

136 1.142 1 7 .0 1.171 8 .8 2 .9 3 .0 4 9 .0 61

Y ie l d

5 .0
5 .0
8.0
5 .0

4 .0

0 .7 5
0 .0
0 .5 0
0 .25
0. 0
5 .0
4 .0  
2 .5

P r e s s u r e

80
90
80
80

100 
250 
250 
200 
180 
110 

n o t  know n

R e m a r k s  

“ G as p u m p  g as”
“ G as p u m p  gas”
“ G as p u m p  g as"
“ G as p u m p  g as”
33a a f te r  com pression
T a k e n  from  w ell u n d e r  50 lbs. p ressu re
Y ield  6 to  7 a f te r  e lim in a tin g  a ir  a t  225 lbs.

T h is  gas h a d  been  th ro u g h  a  p la n t  a t  250 lb s .
U nsuccessfu l p la n t
U nsuccessfu l p la n t
G as h a d  been  th ro u g h  a t  180 lbs.

sen in showing the presence of benzene in illum inating 
gas (Hempel-Dennis, "G a s  A n a ly sis” ). In the case 
of natural gas, how ever, ow ing to  th e rapid escape of 
the lighter constituen ts, such brisk effervescence 
occurred on diluting th a t  th e heavier hydrocarbons 
"ere carried off. E v e n  w ith  ice w ater and in a closed 
v’essel no reliable results could be obtained.

Second.— B y  treatin g  th e gas w ith  a suitable high 
boiling oil, such as lu b ricatin g  oil, to  absorb the vapors, 
and then distilling th e m ixture, it w as sought to regain 
lhe vapors. The h yd rocarb on s th u s obtained could 
not be condensed satisfactorily .

Third.— B y com bustion. T h is  m ethod as men­
tioned above gives the to ta l paraffins only, and while 
a rich gas can easily be distinguished from  a poor one,

In T able I, the figures under A  denote the num ber 
of cc. of gas absorbed b y  i cc. of kerosene, under B 
the absorption when a second 100 cc. of gas is shaken 
w ith the same i cc. of kerosene. B is, of course, m 
every  case, sm aller than  A, and is proportional to  the 
heavier constituents present. W e have found th a t the 
value of B approxim ately represents the yield  of 
gasoline in gallons per 1000 cu. ft. of gas. _ W hen B 
is sm all it will exceed the yield ; when high it  will fall 
below the yield. T h e ratio  of A  to B is also of signifi­
cance, as can be expected  from  general principles. 
If the hydrocarbons causing B are of high m olecular 
w eight th ey  should be more readily  condensible and 
show a higher solub ility. T he first 100 cc. of gas

1 G. A. B u rre ll, loc. cit.
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therefore w ill n ot com e so near to satu ratin g  the x cc. 
of kerosene, and B will be greater th an  w ould be the 
case if more vo latile  con stituen ts were present. T h e 
ratio  of A  to  B should show som ething ab ou t the 
condensibility  of the vapors and the pressure needed 
to liq u efy  them . T h e determ ination  of A  and B should, 
of course, be m ade a t a fixed tem peratu re; the figures 
g iven  refer to 20° C.

F u rth er inform ation  in regard  to the nature of th e 
hydrocarbon s can be gained v e ry  sim ply. I t  is easy 
to  determ ine the mean m olecular w eight of the vapors 
w hich h ave dissolved in a n y  solven t. A ll we need to 
know  is their volum e and w eight under the tem p era ­
ture and pressure prevailing. F or this determ ination  
we have used a sm all vessel of th e shape show n in Fig.
1. I his contains some glass beads to increase the

- surface, and is charged w ith
$ c c - ° f  olive oil. W e h ave 

^  used olive oil rath er than
J T  ' a m ineral oil since it has 

(  'v (  \  p ra ctica lly  an u n va ryin g
I __J  \ / con stitution , is non-volatile

j j  and does not foam . T he
olive oil is first satu rated  

Fl0 w ith our c ity  gas, which,
from  com bustion  d ata, a p ­

pears to consist of abou t 75 per cent m ethane and 
25 per cent ethan e; the gas in the upper part of the 
bulbs is driven out b y  aspiratin g through a sm all 
am ount of air, and the whole is weighed. T h e bulbs 
are then connected betw een a gas b urette and H em pel 
p ip ette  filled w ith  w ater, and 100 cc. of gas are slow ly  
passed b ack  and forth a dozen tim es or more, or until 
no further gas is absorbed. T h e decrease in volum e 
is noted and the increase in w eight of th e absorption 
bulbs. R eadin gs of the tem perature (which we have 
a lw a ys k ep t as near 200 C . as possible) and pressure 
then  give all the n ecessary d ata  for com putin g the 
m olecular w eight of th a t part of th e vapor which has 
dissolved in th e oil.

A n  exam ple will m ake the m ethod of calculation  
clear. In gas No. 26 of T ab le  I, 15.8 cc. of gas were 
dissolved b y  the olive oil, and the oil th ereb y  gained 
in w eight 42.9 m g. T h e tem perature was 20° C ., 
and the b arom etric pressure (corrected for the vapor 
tension  of w ater) w as 740 mm. A t  o °  and 760 mm. the
15.S cc. reduces to  14.32 cc. T he w eight in m illi­
gram s of 22.4 cc. of a n y  gas m easured a t o° and 760 
mm. is equal to th e m olecular w eight M . Therefore, 
I 4-32 : 42.9 = 22.4 : M . M  is 67 in th is case. T h e 
m olecular w eight of butane C.1H10 is 5S, and of pentane 
C 5H,2 is 72. It  seem s certain , therefore, th a t this 
gas contains at least 15.8 per cent of condensible 
hydrocarbon s corresponding to butane and pentane. 
I h e  absorption  is, of course, b y  no m eans q u an tita tive . 
I t  will v a ry  for one th in g w ith  the am ount of olive 
oil used. U sing m ixtures of air and gasoline vapors 
of  ̂ know n com position w e h ave foun d it  possible, 
using 5 cc. of oil, to recover from  40 to 60 per cent 
of the vapo r present, according to the v o la tility  of the 
gasoline used in preparing the m ixture.

In a n y  case th e figure thus obtained for the m olecular

w eigh t of th e condensible vap o r is of value. From it 
we can d raw  conclusions as to  th e pressure needed 
and as to th e q u a lity  of the gasoline obtainable. A 
low  m olecular w eight w ould m ean a v e ry  lively con­
densate; a h igh figure w ould in d icate  a less volatile 
gasoline. A s a rule th e ratio  of A  to  B is also con­
sisten t w ith  th e m olecular-w eigh t determination, a 
high M  going w ith a low  ratio . T h e determination 
of M  also enables one to te ll w hether a gas has been 
su b jected  to pressure.

T h ese few  sim ple determ inations together with the 
d en sity  of the gas and determ in ation  of th e air present, 
when checked  upon gases where th e production is 
know n , enable one to  draw  a fa ir conclusion as to the 
probable y ield  of a n y  gas.

In T ab le  I are g iv en  the results of examination of 
gases from  a num ber of plants. D  gives the density 
of th e gas, ta k in g  air as u n ity . W hen air is present, 
the d en sity  of the gas itself, D ',  can be calculated from 
th e form ula:

D ,_  100D —  %  air 
100 — %  air 

U nder y ield  is g iven  the num ber of gallons of gasoline 
w hich the operators claim  to be m akin g per 1000 cu. 
ft. of gas. Nos. 26, 27, 30 and 330 are all “ gas pump

F ig . 2

g a s ,”  i. c., are ob tain ed  from  the wells b y  use of a 
vacu u m . T h is process fa vo rs  th e evaporation of the 
lighter con stitu en ts from  the oil, and usually gives a 
rich gas requiring on ly  m oderate pressures: 33  ̂ lS
th e sam e gas as 33a a fter it  has been through the plant  ̂
a t So lbs. pressure. T h e change in the figures for A 
and B and their ratio  is quite m arked. No. S4 lS 
from  a p lan t w hich is b arely  m akin g expenses. ^°- 
S3 is gas w hich has been through a p lant at 25° ^ s'
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pressure. M  is ex trem ely  low  and A /B  v e ry  high. 
No. 117 is gas which has been through at 180 lbs. 
Nos. 96 and 99 are from  unsuccessful plants. N o. 80 
was examined b y  us and we reported  a probable yield  
of 21/; gals., b u t stated  th a t if th e entrance of air 
could be avoided a y ield  of 6 gals, m ight be expected. 
The operator w ent over his lines finding num erous 
leaks which he repaired, and is now m aking 6 to  7 
gals, per 1000 cu. ft.

For further tests we h ave constructed  a smaLl com ­
pressor by which the exa ct y ield  under an y working 
conditions can be obtained. T h e results obtained in 
this way are free from  a n y  u n certa in ty, and the ap­
proximations of the a n a lytica l m ethods and personal 
equation of the a n a lyst are done a w a y  with.

In the accom p an yin g F ig. 2, A and A ' are 2 cylinders 
of polished brass tu b in g  4" X 10", each fitted  w ith a 
bronze cap B, B ', screw ed and soldered on. E ach 
cylinder is provided  w ith  a piston C, C ',  w ith close 
fitting leather cups above and below , and a piston rod, 
D, D ', provided w ith  a stuffing box, E , E '. Each 
cylinder is provided w ith a w ater ja c k e t which can be

into the cylinders on top of the pistons; the pistons 
are then forced up to the top of the cylinders. T he 
excess w ater is thus forced out, and on ly  enough re­
mains to fill the space betw een th e pistons and caps 
of the cylinders. Connection is now m ade w ith the gas 
to be tested. B y  opening the va lves G, G ' and press­
ing on the stirrups the pistons are draw n down, and the 
cylinders filled w ith a m easured volum e of gas. T h e 
graduated  glass tube J is now attach ed  and it and the 
condenser I are surrounded b y  the cooling w ater. 
B oiling w ater is placed in the jack ets , the va lves 
G, G ' closed, and hot w ater is pum ped into cylin der 
A ' through F ',  forcing th e piston up and driving the 
gas over into A . The rise of the w ater into the tube 
H ' shows when the gas is all out. The v a lv e  
F ' is now closed. All the gas is now in A . T h e 
v a lve  G is closed and hot w ater is pum ped into A , 
com pressing the gas. T he gauge shows the pressure. 
W hen the desired pressure is obtained, the v a lv e  
G ' is opened v e ry  carefu lly, allow ing the right-hand 
piston to descend. T he pum p is now operated and the. 
pressure kept constan t. The gas thus passes slow ly

T a b l e  I I

tfo.

145
D

0 .9 4

P e r  ce n t 
air 

0.0

D ' A

7 .3

B

2 .5

A /B
2 .9 2

O live oil 
ab so rp tio n  

8.8

M

6 9 .0

144 1.062 7 .0 1 .0 6 8 8 .5 3 .2 2.66 10 .4 6 3 .5

147 0.957 0.0 6 .6 2 .3 2 :8 7 7 .9 68.0

148 0 .802 0 .0 3 .6 0 .7 5 .1 5 4 .2 105?

149 0 .9 5 8 0.0 5 .9 2 .2 2.68 6 .5 7 6 .0

161 0.886 0.0 5 .8 1 .6 3 .6 2 6 .9 6 9 .0

E m p irica l fo rm u la  C a lcu la ted  
from  com b u stio n  d a ta  D

0 . 8

1.045

0 .8 0 3

P ressu re C ooling
Y ield Lbs. te m p e ra tu re

1.35 100 7 °  C .
2 .2 6 200
2 .9 4 250
1 .49 100

Ü0CO

2 .7 6 200
3 .5 8 300
1.33 100 7° C .
2 .3 4 200
3 .0 0 300
0 .3 6 100 15° C .
0 .6 4 200
0 .91 300
1 .43 100 8 ° C .
2 .4 5 250
3 .1 2 350
0 .7 9 100

cj010

0 .9 9 150
1.26 200
1.52 300

filled with hot w ater. In the base of the cylinders 
are two openings, F , F ' and G, G ', which serve for the 
entrance and exit of the hot w ater used for exerting 
the pressure. B y  the use of a sm all boiler testing 
pump any pressure up to 500 lbs. can be exerted on the 
gas, and the pressure can be controlled accurately  b y  
the gauge which is p laced  betw een the pum p and 
cylinders. A  nut and sleeve press the sm all glass tube 

H into a gas-tigh t connection on the cap of each 
cylinder. The sleeve is p a rtia lly  cut a w ay  so th a t the 
glass tube can be observed. From  cylin der A leads a 
small capillary copper tube, the lower part of which 
>s wound spirally and serves as th e condenser I. This 
Passes through a sm all brass disk against which is 
pressed a graduated glass tu b e, J, which serves to collect 
t e condensed liquid. T h is glass tube is seated tig h tly  
^tth a rubber washer, as are also the tubes H and H '.

hrough this brass disk passes another tube, K , which 
conducts the spent gas to the other cylinder. The 
u e J and condenser I are set in a ja r  of w ater of any 

'red tem perature.
The method of operation  is as follow s: the graduated 

S uSS tube J is rem oved and a little  w ater is drawn

at the desired pressure through the condenser a t the 
desired tem perature, and a n y  liquid form ing in the 
condenser is carried down and collects in the glass 
tube, which is graduated  so as to read d irectly  in gallons 
per 1000 cu. ft. of gas.

The spent gas passes over into cylin der A '.  A fter 
the gas has passed through at an y pressure it  can be 
transferred back b y opening G  and pum ping in at F ',  
and put through again at a higher pressure. A s 
m any readings can be m ade as desired. T h e use of 
hot w ater in the jack ets  and pum p preven ts th e con­
densation of gasoline in the cylinders, though it is 
a lw ays advisable, especially in the case of rich gases, 
to increase the pressure b y  easy stages. If the pressure 
were raised to 200 lbs. a t the start some liquid m ight 
condense in the cylinders and not get over into the 
m easuring tube.

W e have found th a t all the gasoline obtainable a t 
any pressure is throw n down b y  one operation, a second 
trip through a t the same pressure not yield in g an y 
more liquid.

W e have found this apparatu s to  w ork ve ry  well, 
and have exam ined a good m any sam ples of gas b y  th e
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absorption  m ethods and the com pression m ethod.
T h e results of a few  of these tests are g iven  in T ab le

II . U nder y ield  is g iven  the q u a n tity  of liquid  con­
densed b y  use of the com pressor described above. 
T h is figure is to  be looked upon as an upper lim it. 
T h e  yield  on the large scale w ill be less th an  the figure 
g iven , ow ing to leakage, evap oratio n  losses, im perfect 
cooling, etc. T h e com bustions were m ade over m ercury, 
using oxygen and a heated  p latin um  spiral. In  a l­
m ost every  case th e figure for hydrogen  is s ligh tly  
greater th an  th a t corresponding to  a paraffin of the 
form ula C ,H 2,, + 2- T h is is u n doubtedly  due to 
experim ental error, as it  is well established th a t n atural 
gas does not contain  free h ydrogen . T h e d en sity  
of the gas calcu lated  from  the em pirical form ula agrees 
fa irly  well w ith  the observed D.

S U M M A R Y

I. A  few  sim ple em pirical tests are given  w hereby 
th e approxim ate q u a n tity  of gasoline o b tain able  from  
n atural gas can be determ ined.

II . A  sm all testin g com pressor is described.
II I .  Som e ty p ic a l analyses and tests are given.

M a r ie t t a  C o l l e g e  
M a r i r t t a , O .

T H E  CH EM ISTRY OF AN AESTH ETICS, V .: E T H Y L  C H L O R ID E 1

B y  C h a r l e s  B a s k e r v i l l e  a n d  W . A . H a m o r  

C H E M I C A L  H I S T O R Y

E th y l chloride (“ sw eet sp irit of s a lt ; ”  aethylum  
chloratum; aethylis cliloridum; aclher chloratus; aether 
hydrochloricus sen muriaticus; “ hydrochloric e th e r;”  
ch lorhydric ether; chloro-ethane; m ono-chlorethane; 
ch loreth yl; chlordthyl; chlorwasserslofather; leichter 
salzather; chlorure d’ ethyl e; ether chlorhydrique; 
“ c h e len ”  or “ ch elen e;”  “ k e le n ”  or “ k e le n e ;”  “ anody- 
n o n e ;”  “ a n tid o lo rin ;”  “ e th y lo l;”  “ loco-dolor;”  etc.) 
was first obtained in alcoholic solution  b y  B asil V alen ­
tine (pseudo-).2 “ Sw eet Sp irit of S a lt ”  was well 
know n to  the later chem ists. G lauber, for exam ple, 
referred to  it  in 1648.

Ludolff sta ted , in 1749,3 th a t on heatin g alcohol w ith 
sulfuric acid  and sodium  chloride, a d istillate w as o b ­
ta in ed  w hich, when treated  w ith  lim e, yielded an 
“ e th e r ;”  but he en deavored in vain  to  obtain  a sim ilar 
com pound b y  the action  of hydrogen  chloride (“ muri-

‘ R e a d  a t  th e  re g u la r  J u n e  m e e tin g  of th e  N ew  Y o rk  S ec tio n  o f th e  
A m erican  C h em ica l S o c ie ty , 1913.

5 H e  desc rib ed  its  p re p a ra tio n  th u s  ("  W iederholung dcs grossen S te in s  
dcr uralten W eise n ,"  ed. P etraeus, p . 72 ): " T h is  I  a lso  s a y  th a t ,  w h en  th e
s p ir i t  of co m m o n  s a l t  u n ite s  w ith  s p ir i t  of w ine, a n d  is d is tilled  th re e  tim es , 
it  b ecom es sw eet a n d  loses i t s  sh a rp n e s s ."  In  h is  L ast T estam ent ("B a s i liu s  
V a le n tin u s ,"  ed. P elraeus, p . 786) he a lso  say s : " T a k e  o f good sp ir i t  of s a l t
w h ich  h as  been  w ell d e p h leg m a tcd  a n d  c o n ta in s  n o  w a te ry  p a r tic le s , one  
p a r t ,  p o u r  to  th is , h a lf a  p a r t  of th e  b e s t a n d  m o s t c o n c e n tra te d  sp ir itu s  v in i 
w h ich  a lso  co n ta in s  n o  p h le g m a  o r  v e g e tab le  m e rc u ry ."  V a le n tin u s  goes 
on  to  s ta te  t h a t  th is  m ix tu re  m u s t be  re p e a te d ly  d is tille d , a n d  th e n  "p la c e d  
in  a  w ell-closed  b o tt le  a n d  a llow ed to  s ta n d  fo r a  m o n th  o r  u n ti l i t  h a s  a ll 
beco m e q u ite  sw eet a n d  h as  lo s t i t s  a c id  ta s te . T h u s  is th e  sp ir itu s  sa lts  
et v in i  p re p a re d  a n d  m a y  b e  re a d i ly  e x t ra c te d ."

In  1739, J o h a n n  P o t t  d e m o n s tra te d  t h a t  " s w e e t s p ir i t  of s a l t "  cou ld  
b e  o b ta in e d  b y  th e  ac tio n  o f " b u t t e r  of arsenicV  o r  " b u t t e r  of a n t im o n y ”  
(a rsen ic  o r  a n t im o n y  tr ich lo rid e ) on  s p ir i t  of w ine , a n d  o th e r  ch e m is ts  
fo u n d  th a t  o th e r  m e ta llic  ch lo rides  m ig h t b e  em p lo y ed  fo r th e  sam e p u rp o se . 
R ouelle , in  1759, fo u n d  th a t  e th y l ch lo rid e  re s u lte d  from  th e  ac tio n  of su lfu r 
ch lo rid e , p h o sp h o ru s  p en tac h lo r id e , a lu m in u m  ch lo rid e , fe rric  ch lo ride , 
s ta n n ic  ch lo rid e , e tc ., on  alcohol.

3 D ie in  der X led ic in  siegende C hem ie ....................  E r fu r t .  1746-9.

atic g a s ” ) on alcohol. Baum d w as also unsuccessful 
in th is direction, b u t W o u lfe1 ob tain ed  the prepara­
tion  in th is w a y, and it  was afterw ard s prepared and 
sold b y  an a p o th ecary  in G erm an y under the name 
of “ B asse ’s hyd roch loric  e th e r ”  (1801).

H IS T O R Y  O F  IT S  U S E  A S  A N  A N A E S T H E T IC

F lou ren s! drew  atten tion  to  the anaesthetic proper­
ties of e th yl chloride in 1S47, and H eyfelder, in the fol­
low ing year, first adm in istered  th e  va p o r for surgical 
purposfes. U n satis facto ry  sym pto m s often accom­
panied  its adm in istration  at th a t tim e, these effects 
being a ttr ib u te d  to  im perfections in the manufacture 
and th e c.onsequent presence of im purities. The use 
of the agen t as a general an aesth etic  was abandoned 
un til 1895, since w hich tim e it  has rap id ly  gained in 
fa vo r. T h is is p rin cip ally  a ttr ib u ta b le  to the im­
proved  m ethods of adm in istration, and to  an increase 
in th e know ledge of its  properties and physiological 
action; and last, b u t n ot least, to  im provem ents in its 
m a n u fa ctu re .3

E th y l chloride m a y be regarded as eth yl alcohol 
(CH3CH 2OH), in w hich th e O H  has been replaced 
b y  C l, hence th e form ula C H 3C H 2C 1, which was es­
tab lish ed  b y  C olin  and R o b iq u e t.4

“ A lcoh olic  (or ‘ a lco h o lize d ’) m uriatic eth er” is a 
solution  of e th yl chloride in an equal am ount of alco­
hol b y  volum e. I t  has been used as an internal stimu­
lan t in doses of o. 6 to  1 . 8 cc.

U S E S

So fa r e th yl chloride has n ot been used technically, 
a lthough P alm er5 called  atten tio n  to  its a d v a n t a g e s  

(and d isadvan tages) as an industria l refrigerating agent. 
In  m edicine it  is used for (a) general anaesthesia (by 
in h ala tio n ); (b) local anaesthesia (b y  external applica­
tion, in effect re frig e ra tio n ); and (c) diagnostic and 
th erap eu tic  purposes.

P R E P A R A T I O N

A s n oted, e th yl chloride m ay be regarded as ethyl 
alcohol (C2H5OH), in w hich th e h y d ro xy l has been re­
p laced  b y  chlorine. E th y l alcohol is the raw product 
from  w hich it  is u su ally  m ade, a lthough ethyl chloride 

results in th e regu lated  ch lorin ation  of ethane,6 on 
trea tin g  acetic  and other ethers w ith  hydrogen chlor­
ide, b y  th e action  of hyd roch loric  acid  on ether m 
sealed tu b e s ,7 and b y  th e action  of chlorine on ethyl 
iodide. In a ctu al p ractice, e th y l alcohol is mixed

1 P h il. T ra n s  , 1767 , 52 0 .
2 H e w itt ,  " A n a e s t h e t i c s 1 9 0 7 ,1 1 .
* I n  1880, a  c o m m itte e  of th e  B r it is h  M ed ic a l S ocie ty  reported that 

e th y l ch lo rid e  w as n o t  safe  to  em p lo y  as a  g en e ra l a n a esth e tic , owing to lts 
lia b il i ty  to  p ro d u c e  re s p ira to ry  fa ilu re  a n d  convu lsions. In  1898, it was 
s ta te d  in  Sajous* A n n u a l:  " W e  w ould  a lso  w arn  a g a in s t i ts  (ethyl chlori ej 
use fo r th e  p u rp o se  of in d u c in g  g en e ra l a n a e s th e s ia , as  th e  dangers incurr 
th e re fro m  a re  to o  g re a t .”  I n te r e s t  in  i t s  u se  w as rev iv e d  in  th e  same >c * 
h ow ever, b y  th e  re p o r ts  o f L o th e isen , a n d  in  1901 b y  M cC ard ie, who cit
a  la rg e  n u m b e r  o f successfu l ca ses  in  g en e ra l a n a e s th e s ia . T o  quote D S 
[Boston M ed . Surg . J . ,  1909, 234 (F e b ru a ry  2 5 )] : " I t  is believed that tw
b a d  re su lts  o b ta in e d  e a rlie r  w ere  d u e  p a r t ly  to  im p u re  p repara tion  of t 
d ru g , a s  w ell a s  im p ro p e r  m e th o d s  of a d m in is tra tio n .

W a re  (J . A m . M ed . A s s n .,  N o v e m b e r  8, 1902) d irec ted  a t te n t io n ^  
th e  f a c t  t h a t  p re p a ra tio n s  m a rk e te d  in  th is  c o u n try  in  1902 c o n ta .n e  

m e th y l ch lo rid e  to  f a c i li ta te  e v a p o ra tio n .
* A n n . ch im . p h ys .,  [2], 1 , 343.
5 E n g . D igest, 5 , 262.
6 D a rlin g , A n n .,  150 , 216 ; S ch o rle m m e r, C om pt. rend., 58, /03.
7 B e r th e lo t.
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■with hydrogen chloride, w hich acts as a desiccating 
agent itself,1 or d eh yd ratin g  agents, as zinc chloride2 
■or phosphorus p en toxid e,3 are added to  rem ove the 
■water produced. If these agents were n ot added, 
the reversible reaction  w ould reach an equilibrium . 
This equilibrium  m a y be avoid ed  b y  increase of pres­
sure.1 It is also m an u factu red  b y  m ixing concentra­
ted sulfuric acid (2  parts) w ith  96 per cent, alcohol , 
{1 part), and, a fter stan din g, d iluting w ith w ater (V2 
part), adding potassium  chloride, and distilling.

IM P U R I T I E S  F R O M  M A T E R IA L S  U S E D

If pure hydrogen chloride is used, there is little  dan­
ger of im purities being in troduced  from  th a t source. 
The quality of the alcohol used, how ever, is ve ry  im ­
portant. If  den atured alcohol, esp ecially  if wood alco­
hol be the d en atu ran t or one of the denaturing sub­
stances,5 then m eth yl chloride w ill like ly  be produced. 
This gas (b. p. — 23. 7 0 C .), w hile v e ry  soluble in eth yl 
chloride, m ay easily  be rem oved  b y  rectification. 
Aldehydes form  com pounds w ith  hydrogen chloride. 
Any acetic acid present is liab le to  form  a cety l chloride, 
and the higher alcohols, as p rop yl, b u ty l and am yl, 
produce their corresponding halogen derivatives. I t  is 
desirable, therefore, to  use on ly  absolute alcohol of the 
highest degree of rectification .

An exam ination of seven  different m akes of ethyl 
chloride obtainable in L ondon  in 1905 showed th a t all 
the branded sam ples were pure, as w as also one un­
branded sam ple. T h e report of this investigation 5 
states th at eth yl chloride should be free from  w ater, 
foreign chlorides, acids, aldehydes, ether, alcohol, 
and organo-m etallic substances.

1 E th y l ch loride m a y  b e  p re p a re d  b y  d is ti llin g  e th y l a lcoho l (5 parts)»  
sulfuric acid (2 p a r ts )  a n d  so d iu m  ch lo rid e  (12 p a r ts )  to g e th e r , o r  b y  p ass ing  
dry hydrogen ch lo ride in to  ab s o lu te  a lco h o l; b u t  i t  is sa id  t h a t  th e  ac tion  
of hydrochloric ac id  upo n  a lco h o l g ives  a  po o r y ie ld  of ch lo rid e  unless 
zinc chloride is a d d e d  to  th e  a lcoho l b e fo re  pass in g  in  hyd ro ch lo ric  ac id  
iGroyes, J . Chem. Soc., 2 7 , 637 (1874)1. G ro v es  found  th a t  w hen h y d ro ­
chloric acid gas w as p assed  in to  a  b o ilin g  so lu tio n  of zinc ch lo ride  (2 p a r ts )  
m 95 per cen t e th y l a lcoho l (3 p a r t s ) ,  th e  y ie ld  w as n ea rly  th e o re tica l.
He purified the  p ro d u c t b y  w ash in g  w ith  w ate r.

•K ruger ( / .  prakt. C hem . ,  (21, 14, 193) reco m m en d e d  th a t  a  m ix tu re  
of one part of zinc ch lo ride  in  82 p a r t s  o f e th y l a lcoho l shou ld  b e  s a tu ra te d  
*ith hydrochloric ac id  gas in  th e  co ld  a n d  th e n  h e a te d  to  th e  boiling  p o in t.

Jdrochloric acid gas bein g  c o n d u c te d  in to  th e  m ix tu re  d u rin g  d is tilla tio n , 
as the process is ca rried  o u t, a  reflux  co n d e n se r p re v e n ts  th e  a lcohol v a p o r  
roni coming over a n d  th e  z in c  ch lo rid e  is sa id  to  a c t b y  a b s tra c tin g  w a te r 
rom the alcohol, th e  n a s c e n t e th y le n e  co m b in in g  w ith  hyd ro g en  ch lo ride 

30Ri°rm ch1°r ide , ac co rd in g  to  S ch o rle m m e r {J . C hem . Soc., 1875,
)■ On the  ac tio n  of h y d ro ch lo r ic  ac id  on  a lcoho l, a lone  a n d  in  th e  

presence of zinc ch lo ride , see a lso  R o b iq u e t a n d  C olin , A n n . chim . phys.. 
W .l .  343; R egnau lt, Ib id .,  [21, 71 , 35 5 ; K u h lm a n n , A n n .,  33, 108; an d  
O'"!,. Pogg. A n n .,  45 , 346 . O n  v e lo c ity  of th e  reac tio n , see K a iian , M on-  

•* 28, 559 ( 1907) T h e  fo rm a tio n  of e th y l ch lo rid e  in  th is  process is 
Part > due to  the  ac tio n  o f h y d ro g en  ch lo rid e  u p o n  a lcohol a n d  p a r t ly  to  

6 ^n*on °f th is  n a scen t e th y le n e  w ith  h y d ro g en  ch lo ride
he p ractice of som e A m erican  m a n u fa c tu re rs  is to  use ph o sp h o ru s  

pratos.de as th e  d e h y d ra t in g  a g e n t.
2, R Process of M e n n e t a n d  C a r t ie r  (F re n c h  P a te n t  206,574, Ju n e  

1 90) relates to  th e  p ro d u c tio n  o f e th y l ch lo ride . A n au to c la v e  of 150
, « « y  *s used, in to  w h ich  a  m ix tu re  of 95 kg . of h y d ro ch lo ric  ac id  

e.) and 34 kg . of 9 3 -9 5  p e r  c e n t, e th y l a lcoho l is m a in ta in ed  a t  50 
Biospheres p ressure a n d  a t  130° C . fo r a b o u t  28 h o u rs . T h e  p ressu re  is 
ra diminished to  42 a tm o sp h e re s  a n d  fina lly  th e  au to c la v e  is cooled, 
t  also H ager’s "H andbuch  d. P h a rm . P r a x is ,"  1, 189 (1910). 

of I- t, Co,nm issioncr o f In te r n a l  R e v e n u e  ru le d  in  1907 th a t  th e  use 
C0 G‘ "o u ld  be allow ed ta x  free  in  th e  m a n u fa c tu re  of e th y l ch lo ride 

s a“ ordanc'  wit!i S ection  40 , P a r t  V I, o f th e  rev ised  reg u la tio n s , a f te r  
Th V'm t r . '  ’ ' '  ■ P rov ided  th e  fin ished  p ro d u c t co n ta in e d  n o  alcohol, 
chlor'd ° W*n^ ô rm ul* w as a u th o r iz e d  fo r use in  th e  m a n u fa c tu re  of e th y l 
tlcohol* 100 Sallons of e th y l a lcoho l a d d  5 gallons  of a p p ro v ed  wood

' lancet, 1905. ii

P U R IF I C A T I O N

E th y l chloride is purified1 b y  passing the vapor 
through w ater, dilute caustic solution and then con ­
cen trated  sulfuric acid. T h e treatm en t is intended 
to free it from  alcohol,2 hydrogen chloride,3 and w ater. 
R e-distillation  is som etim es practised. T h is rectifica­
tion serves to  rem ove other a lk y l chlorides, the m ethyl 
going off in the first fractions of the d istillate and the 
higher com pounds rem aining in the residue.

P R O P E R T I E S

E th y l chloride is a colorless m obile liquid at low  te m ­
peratures and is extrem ely vo latile . I t  possesses a 
s lig h tly  saccharine taste and a p en etratin g  and pungent, 
y e t fragran t, “ ethereal”  odor. It is inflam m able, b u rn ­
ing, when ignited, with a sm oky green-edged flame, 
producing fum es of hydrogen chloride; hence, care 
m ust be exercised in using it  near an open flam e or a 
hot cau tery. I t  decom poses even when v e ry  close 
to a hot bulb or an incandescent electric light.

E th y l chloride has a m elting point of — 142. 5 0 C .; 
it possesses a boiling point of + 1 2 .  5 0 C.;'* and its 
specific g ra v ity  is 0 .92138 a t o 0,6 0 .9 17 6  a t + 8 ° , '
0 .8510 at + 1 2 ° ,7 and a t +25°® th e vap o r has a specific 
g ra v ity  of 0 .91708. Its  vapor d en sity  is 2.22.

W ater dissolves abou t one-fiftieth of its  w eight of 
ethyl chloride and acquires a sw eetish, ethereal taste. 
E th y l chloride is readily  soluble in eth yl alcohol and 
eth yl ether, and neither solution should g iv e  a rea c­
tion w ith silver n itrate a t ord inary tem peratures. 
E th y l chloride dissolves phosphorus, sulfur, fa ts , oils, 
and m any resins. I t  com bines w ith  m any m etallic 
chlorides— for exam ple, an tim on y pentachloride and 
ferric chloride— to  form  crysta llin e  com pounds. I t  is 
decom posed at a red heat into eth ylen e and hydrogen 
chloride.

S T O R A G E  A N D  C O N T A IN E R S

Owing to its extrem e v o la tility , e th yl chloride can ­
not be kept in ordinary b ottles, excep t a t a tem pera­
ture below  + i o °  C ., and even  then th e  stopper m ust 
be tig h t-fittin g  and ve ry  well secured, and the bottles 
should preferably be stored in an in verted  position. 
E th y l chloride is now  supplied on th e m arket in sealed 
or m echanically capped glass or m etal tubes o f co n ­
venient form s, wherein the e th yl chloride is held u n ­
der pressure. A u to m atic  closing tu b es are p refera­
ble for local anaesthesia, and there are a t  least five 
different typ es of these on th e A m erican m arket, each 
m anufacturer using his special form  of container. 
E th y l chloride is also furnished b y  certain  m an ufac­
turers in plain  capped tubes.

C ontainers of eth yl chloride should be k ep t in a dark, 
cool place, rem ote from  lights or fire; and no em p ty  
tubes should be refilled w ith  a  Tresh lo t of th e  c o m - . 
pound, since such an econom y m ay result in spread­
ing infection.

* P harm . J [4],  15, <594.
* A cety l ch lo rid e  decom poses in to  ac e tic  a n d  h y d ro c h lo r ic  a c id s  w ith  

w ate r.
* A nd  o th e r  bod ies fo rm in g  ac id s  w ith  w a te r.
‘ R eg n a u lt, J a h ra b e r ., 1863, 67.
* P ie rre , C om pl. rend.. 27 , 213 . D a rlin g  (Jakresber., 21 , 328) fo u n d  a  

d e n s ity  o f 0 .9252 a t  th is  te m p e ra tu re .
* L in n em a n n , A n n .,  100, 195.
* R a m sa y , J .  C krm . Soc.. 35. 4 ,0 .
* P e rk in , J .  prakt. C hem ., [2]. 31, 481.
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G L A S S  V S. M E T A L  C O N T A IN E R S  D E T E C T IO N  O F  I M P U R I T I E S  I N  E T H Y L  C H L O R ID E

It  is m ain tained b y  som e th a t e th yl chloride decom - T h e im purities lik e ly  to occur in  e th yl chloride are
poses when exposed to  air and sun light, hence th a t th e (a) those w hich it brings w ith  it  from  the manufac-
drug should be kept in m etal containers. It  is fu rth er turcr, and (b) those resu ltin g th rough  careless storage,
claim ed th a t inasm uch as e th yl chloride is inflam m able, W hile th e exa ct n ature of all these is unknown, yet
there is less danger of b reakin g in accid en tally  drop- e th yl chloride com p lyin g w ith  the requirements of
ping the m etal container. In opposition to  this, it  the pharm acopoeias, as g iven  below , is entirely suit-
m ay be said th a t in filling a n y  container, no air re- able for th e purposes for w hich it  is intended. On
m ains in it on accoun t of th e great v o la tility  of e th yl accoun t of its  v o la tility , the exam ination  of ethyl
chloride. Furtherm ore, in draw ing off a portion  of chloride presents m ore difficulties th a n  are encoun-
the conten ts of a tube, pressure is produced w ith in  tered  in th e cases of e th yl eth er and chloroform; and
the tu b e w hich is constan t for each tem peratu re, it  it is indeed fo rtu n ate  th a t it  m ay be easily prepared
m atters not how much liq u id  e th yl chloride is present, in a state  of com p a ra tiv e  chem ical p u rity ,
so long as there is som e liquid  there; hence no b ack- T h e Pharmacopoeia of the United States1 prescribes
w ard pressure is created, w hereb y air m ay be draw n th e fo llow ing tests for p u rity :
in t o  t h e  t u b e .  U n d o u b t e d ly  l i g h t  f a c i l i t a t e s  t h e  d e -  1. “ I f  10  c c .  o f  e t h y l  c h lo r id e ,  w h i le  c o ld , be dis-

c o m p o s it io n  o f  e t h y l  c h lo r id e  b y  o x y g e n ,  b u t  t h e  s o lv e d  in  a lc o h o l,  a n d  a  fe w  d r o p s  o f  s i lv e r  nitrate

a u t h o r s  h a v e  fo u n d  t h a t  l i g h t  p r o d u c e s  n o  a p p a r e n t  T .  S . b e  a d d e d ,  n o  t u r b i d i t y  s h o u ld  b e  p ro d u ce d  (ab-
c h a n g e  in  p u r e  e t h y l 'c h l o r i d e  w h e n  o x y g e n  is  a b s e n t .1 sence of hydrochloric acid).”
A ssum in g th a t the e th yl chloride is pure, there is an- 2. “ If 10 cc. o f  e th yl chloride be agitated  with 10
other ob jection  to the use of a  m etal container, n am ely, cc. of cold w ater and th e su p ern atan t stratum of

T a b u s  I — T u b '  R e s u l t s  o f  a n  E x a m in a t io n  o f  A m e r ic a n  E t h y l  C h l o r id e s

O dor (U . R e a c tio n  w ith  H y d ro -
S . P . te s t ) :  s u lfu r  R es id u e  li tm u s  (B . P . ch lo ric  ac id  M e ta llic  Alcohol

S am p le  D e sc rip tio n  co m p o u n d s, e tc . (B . P . te s t)  a n d  P . H . te s ts)  (U . S . P . te s t)  ch lo rid es  (U . S. P. test)
 1................“ A n tid o lo rin ,”  co n ta in e d  in  a  n ickel- N o  foreign  o r  un-

p la te d  tu b e  p le a s a n t od o r N o n e  N e g a tiv e  A b se n t A b se n t Absent
 2...............  " G e b a u e r ’s  E th y l C h lo rid  C . P . ”

c o n ta in ed  in  n ic k e l-p la ted  tu b e  ** “  “  **
 3...............  " K e ie n e ,”  co n ta in e d  in  a  co lo r­

less g lass tu b e  “  "  "  “  14
 4...............  “ E th y l  C h lo rid e  S q u ib b ,”  c o n ta in ed

in  colorless g lass tu b e  "  "  "  “  “

in a b ility  to tell how much of the preparation  is w ith in  e th yl chloride be evap o rated  spontaneously, and if a
the tu b e and how  m uch has been or is being used in few  drops of potassium  dich rom ate T . S. be added to
the anaesthesia. T h is has been m et b y  h a vin g  a the rem aining aqueous liquid , follow ed b y  some di­
graduated  (3 cc. ca p acity) dropper m ade of glass lu ted  sulfuric acid , and th e m ixture be boiled, no odor
which m ay be atta ch ed  to  the m etal container. of ald eh yde should be developed, and a greenish or
i m p u r i t i e s  W H IC H  m a y  d e v e l o p  i n  e t h y l  c h l o r i d e  purplish color should n ot be produced in the liquid

U n certain  results h ave been encountered  b y  several {absence of alcohol).
who h a ve  used e th yl chloride for general anaesthesia  3- “ On allow in g e th y l chloride to evaporate from
and these h ave been a ttr ib u te d  in som e cases to clean, odorless b lo ttin g  paper, w hich has been satura-
im p u rities th a t were present and have been detected  ted  w ith  it, no u n pleasan t odor should remain upon
c h em ically .2 th e paper (absence of sulfur compounds, etc .).”

T h e original product m ust not h ave been p rop erly  T h e British Pharmacopoeia  requires th a t it sh ou ld

purified, for the conditions essential for the decom posi- leave  no residue on evap oratio n  and th a t an a q u e o u s

tion  of e th yl chloride itse lf in v o lve  oxygen, and, as or alcohol ex tra ct should h ave no acid  reaction with
an im adverted , oxygen  has no op p o rtu n ity  to  enter blue litm u s paper. T h e Deutsches Arzneibucli! re-
the receptacles in w hich eth yl chloride is dispensed, quires also th a t “ during evap oratio n , and t h e r e a fte r ,

T h e presence of sm all am ounts of w ater m ay bring no garlic odor should be ap p aren t (phosphorus coffl-
abou t a reverse change in e th yl chloride, w ith th e p o u n d s).”  T h e  French Codex,3 w hile giving the in­
form ation  of e th yl alcohol and hydrogen  chloride. T h e correct specific g ra v ity , states th a t  it should be free
la tter  m ay readily  be detected  b y  sp rayin g some of from  e th yl brom ide and iodide. The Phartnacopoeit

• th e drug into a clear silver n itrate solution. Helvetica4 requires th a t when its  va p o rs are led through
1 F iv e  sam p le s  of " K e ie n e "  a n d  " E th y l  C h lo rid e  S q u ib b ,”  b o th  o f w a t e r ,  t h e  w a t e r  m u s t  n o t  g i v e  a n  a c id  re a ctio n  with

w hich  w ere  c o n ta in e d  in  co lo rless g lass tu b e s , s ecu re ly  ca p p e d , a s  d e liv e red  i - i  „  . • •, i •, ,
to  th e  tr a d e ,  w ere su sp e n d ed , a t  ro o m  te m p e ra tu re ,  in s id e  of a  w indow  U t m U S  n 0 r  a  r e a c t io n  W ith  S ilv e r  n it r a t e ,
h a v in g  d ire c t s o u th e rn  ex p o su re  fo r a  p e rio d  of 21 m o n th s , a t  th e  e n d  of A l l  t h e  p h a r m a c o p o e i a !  t e s t s  S6 e k  tO  c l i f f H ^
w h ich  tim e  110 a p p a re n t  d ec o m p o s itio n  h a d  o cc u rre d . T h e  exposed  sam p le s  - j
co m p lied  in  fu ll w ith  th e  v a r io u s  p h a rm aco p o e ia l r e q u ire m e n ts  (see in fra ) . " ,

F iv e  sam p le s  of " K e ie n e "  a n d  " E th y l  C h lo rid e  S q u ib b ”  w ere a lso  I n  t h e  o p in io n  o f  t h e  a u t h o r s ,  e t h y l  c h lo r id e  intend^
exposed , u n d e r  ex a c tly  th e  sam e c o n d itio n s , fo r a  p e rio d  of 8 m o n th s , a n d
th e  re s u lts  w ere th e  sam e as  ab o v e . In  sam p le s  from  w h ich  v a ry in g  a m o u n ts  1 Sth D ecennia l R evision , p . 32.
o f  e th y l  ch lo rid e  h a d  been  w ith d ra w n , n o  d ec o m p o s itio n  o cc u rre d  fo r th e  5 1910, p . 37.
sa m e  p erio d s. j  1908 , p . 249.

! H a w le y . J .  A m . M ed. A ssn ..  47 , 502 (1906). < 1907, p . 27.
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for anaesthetic purposes should com ply with the fol­
lowing requirem ents:

1. Boiling P oin t .— E th y l chloride should possess a 
boiling point of + 1 2 .  5 0 C.

2. Odor.— On allow in g 30 cc. of e th yl chloride to 
evaporate from  a filter paper 12V2 cm. in diam eter, 
no foreign or unpleasant odor, esp ecially  a garlic odor 
(indicating phosphorus com pounds), should be ap­
parent either during or subsequen t to evaporation.

3. Residue.— W hen 60 cc. of e th yl chloride are a l­
lowed to evap orate in a p latin u m  dish at room  tem ­
perature, there should be le ft no w eighable residue.

4. Alcohol.— W hen 10 cc. of e th yl chloride are agi­
tated with 10 cc. of d istilled  w ater, both of which are 
at about io °  C ., in a glass stoppered tube, and the 
supernatant layer of eth yl chloride is allowed to 
evaporate spontaneously from  th e opened tub e at 
room tem perature, and then  3 drops of potassium  
dichromate T. S. are added to  th e rem aining w ater, 
followed b y 5 drops of d ilute su lfuric acid, and the m ix­
ture is then boiled, no odor of acetaldeh yde should be 
apparent and no greenish or bluish color should be 
produced in the liquid.

J .  Hydrochloric A cid  and M etallic Chlorides.— On 
dissolving 10 cc. of e th y l chloride in 10 cc. of 95 per 
cent alcohol U. S. P ., and th en  adding 3 drops of silver 
nitrate T. S., no tu rb id ity , even fa in t, should result, 
and no precipitate should form .

A simple com bination  te st for the p u rity  of ethyl 
chloride consists in a tta ch in g  a 30 cc. e th yl chloride 
container to a glass tu b e v ia l contain ing 35 cc. of w ater 
kept at 40° C . A  slow  stream  of eth yl chloride is 
passed through the w ater until the container is 
emptied, and then 10 cc. of the w ater are tested  with 
litmus paper, to. which it should im part no acid reac­
tion; 10 cc. with silver n itra te  T . S., as in test 5 above; 
and 10 cc. are finally  tested  for alcohol as in test 4 
above.

THE P U R IT Y  O F  -T H E  E T H Y L  C H L O R ID E S  O N  T H E  A M E R IC A N  

M A R K E T

Recently the authors exam ined the products of four 
• merican m anufacturers, in order to ascertain  whether 
the grades in use com plied w ith  the requirem ents of the 
'arious pharm acopoeias above cited. T he results are 
Presented in T ab le  I. I t  w ill be seen th a t all the 
samples examined were of official grade. Am erican 
manufacturers appear to  ta k e  the necessary simple 
precautions to guard again st the presence of organic 
im p u r itie s .

COU.EGB OP THE ClTY OF N E W  YORK

A RAPID V O L U M E T R IC  M E T H O D  F O R  D E T E R M IN IN G  
»- m- AND ¿ -C R E S O L S , T H Y M O L  A N D  P H E N O L

fiy  L. V. R e d m a n , A. J .  W e i t h  a n d  F . P . B r o c k  

R ec e iv ed  J u ly  14. 1913Tv, j
■ is method determ ines b y  one titration  rapidly

a"d accurately:

B ? rth° ' ’ me â '  an d para-cresols or phenol.
C p me*-a-cresol in the presence of o- and £-cresol. 

henol in the presence of o- and /»-cresol.

D. T h e m eta-cresol, the phenol and the sum  of the 
o- and ¿-cresols in an y m ixture of these com pounds.

Three m ethods have been proposed for determ ining 
the cresols separately: ( i)  g ra vim etric ,1 w eighing the 
ortho- and para-cresol as the dibrom -cresol-brom ide, 
the m eta-cresol as tribrom -cresol-brom ide; (2) vo lu ­
m etric,1 b y  K op peschaar’s solution, titra tin g  back the 
unabsorbed brom ine; (3) volum etric, b y  using a solu­
tion of iodine2 in sodium  acetate and titra tin g  b ack  the 
unabsorbed iodine with thiosulfate. T h is la tter  
method does not serve for the q u an tita tive  determ in a­
tion of m-cresol.

A  special m ethod has been devised for determ ining 
w-cresol3’4 in the presence of ortho- and para-cresol, 
by w eighing the w-cresol as trinitro-;;i-cresol. T he 
0- and ¿-cresol are oxidized a w ay by strong nitric 
acid and trinitro-phenol is soluble if present in sm all 
am ounts, i. e., up to 10 per cent. The m ethod, there­
fore, is reliable in the presence of 0- and ¿-cresol and 
less than  10 per cent of phenol. Ii. D itz5 has given 
the follow ing equations w hereby the ro-cresol present 
in a m ixture consisting only of the three o-cresols m ay 
be determ ined

x  +  y =  a (1)

•3Br.* +  2Br-:)’ t ,--------- -------= 0 (2)
108.064

* = meta-cresol. 
y =  0- and ¿-cresol. 
a =  W t. of m ixture of cresols taken. 
b =  W t. of Br disappearing.
B r =  79.97 grams.

The same equations will a p p ly  to  a m ixture of the
0- or ¿-cresols and phenol. T h e equation  (2) is 
modified for the form ula w eight of th e phenol6 as fo l­
lows:

3 B r.s  +  2Br.y  = (3)

94.048 108.064

x  =  the am ount of phenol in the m ixture taken.
Siegfried and Zim m erm ann7 have criticized H. D itz  

and C ed ivo da ’s m ethod and have shown th a t variable 
results from  2-20 per cent are obtained b y  brom inating 
the cresols in an acid brom ine solution. Their m ethod 
varies from  th a t of K op p esch aar’s for determ ining 
phenol, only in th e fa ct th a t one hour’s tim e is allowed 
after the K I  is added before the th iosulfate is run 
into the solution. F. R ussig and G. F ortm an n 4 have 
also criticized D itz  and C ed ivo d a ’s m ethod adversely. 
D itz replied8 to their objections and H. D itz  and F. 
B ardach8 have published results a t varian ce w ith 
Russig and Fortm an n ’s conclusions.

R ecen tly  Pence10 has shown th a t K op p esch aar’s 
solution in an acid m enstruum  will determ ine quanti-

'  D itz  a n d  C ed ivoda, Z . angew. Chem ., 12, 1873 (1899). D itz  an d  
B ard ach , Biochem . Z .,  37, 272 (1911). S iegfried  a n d  Z im m erm an n . 
Biochem . Z .,  29, 368 (1910).

* P ence , T h i s  J o u r n a l ,  4, 518 (1912).
* F . R asch ig , Z . angrui. C hem ., 13, 759 (1900).
« F . R ussig  a n d  G. F o r tm a n n , Ib id .,  14, 157 (1901).
* H . D itz , Ib id ., 13, 1050 (1900). H . D itz  a n d  F . B a rd a ch , Biochem . 

Z .. 37, 272 (1911).
Siegfried a n d  Z im m erm ann , Biochem . Z .,  29 , 368 (1910).

7 Biochem . Z 37, 272 (1911).
R Z . angew. Chem ., 13, 1050 (1900).
9 Biochem . Z .,  37, 272 (1911).

10 T h i s  J o u r n a l ,  4, 518 (1912).
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ta tiv e ly  the m eta-cresol as tribrom -m eta-cresol. B u t 
the ortho- and para-cresols could  n ot be determ ined 
either as the dibrom -cresols or the dibrom -cresol bro­
mide, since the am ount of brom ine absorbed varied  
betw een the am ounts required to form  the dibrom - 
cresol and the dibrom -cresol brom ide. Phenol, 0-, m- 
and ¿-cresols all form  the brom ides in the presence 
of excess brom ine, and if th e  p recip itates are filtered' 
off before the K I  is added the reaction  is nearly 
q u a n tita tiv e ,1 according to  th e follow ing equations:

C 6H 5O H  +  .j-Br =  C 6H 2B r3O B r, 
2-C H 3.C 6H 4O H  +  4 B r =  2-C H 3.C 6H .B r3.O B r 
a n d  1 - o r 3 -C H 3.C 6H 4O H  +  3 B r =  1 - o r 3 -C H 3C 6H 2- 

B r2O B r

T h e m ethyl group of the cresols will be slow ly replaced 
b y B r if le ft in contact w ith excess Br for several days. 
T his has been shown b y  A u ten rieth  and B e u tte l.2 
H ow ever, if the K I  be added while the precip itate is 
present in the acid  solution the free hydriodic acid 
reduces th e brom ide as follow s:

C 8H 2B r3O B r ~f- H I — CeH2B r3O H  -{- B r "I- I 

T h is reduction is com plete for phenol3 and m eta- 
cresol;4 consequently  th ey  m ay be determ ined accu ­
rate ly  b y  adding brom ide bróm ate to th eir acid 
solution, later adding K I  and titra tin g  b ack  w ith 
thiosulfate. F or th e 0- and ¿-cresol th e  case is som e­
w hat different. T h e hydriodic acid  does not reduce 
th e brom ide com pletely  in a reasonable length  of tim e, 
and as a consequence, all the results of the different 
in vestigators show th a t b y  this m ethod more th a n  2 
m ols of brom ine are absorbed for each mol of 0- or 
¿-cresol present. T h e authors of th is paper have 
brom inated the 0- and ¿-cresols b y  the sam e m ethod 
as described b y  K op peschaar and m odified5 later for 
determ ining phenol, and th e results have shown in 
every  experim ent th a t the brom ine in the h yd ro xyl 
is grad u ally  replaced b y  the hydrogen of the hydriodic 
acid, b u t the reaction  is so slow  th a t after an h our’s 
tim e 6 to  40 per cent of the brom ine still rem ains in 
the h yd ro xyl. F or rapid and accurate w ork then, the 
acid  brom ine m enstruum  is not satisfa cto ry  in determ in ­
ing 0- and ¿-cresols.

R e ce n tly  a m ethod was devised b y  W ilkie,6 using 
a sodium  b icarbon ate and iodine solution for determ in ­
ing phenol. T h e authors of th is paper h ave found the 
m ethod quite accurate and when m odified b y  d ilu tin g 
and continuous sh akin g1 the phenol m ay be determ ined 
to an accu racy of tw o parts in a thousand w ith a reaction 
period of on ly  one m inute. No subsequent filtering 
off of th e p recip itate is needed as in W ilk ie ’s m ethod. 
T h e short reaction  period does n ot redden th e pre­
cip itate enough to obscure th e end point. W ilk ie ’s 
m ethod is a m odification of M essenger and V o rtm an n ’s ,7 
who used caustic soda in place o f sodium  bicarbon ate.

1 D itz  a n d  C ed iv o d a , Z . angtm . Chem .. 12, 1873 (1899). A u te n r ie th  
an d  B e u tte l , A rch . P harm .. 348, 112 (1910). A. Seidell, A m . Chem . J„  
47, 523 (1912).

! W . A u te n rie th  a n d  F . B eu tte l, A rch iv. der P h a rm .. 248 , 112 (1910).
> R h o d es  a n d  R e d m a n , T in s  J o u r n a l ,  4, 655 (1912).
* P cnce , T u t s  J o u r n a l ,  4, 518 (1912).
* Ib id ..  4, 655 (1912); S, 389 (1913).
8 W ilk ie . J .  S . C . I . .  30, 398 (1911).
7 M essenger a n d  V o r tm a n n , Ber. d. chem. Ccs., 23, 2753.

M essenger and V o rtm a n n ’s results are not very satis­
fa cto ry . G ard n er1 and H odgson h ave modified Mes­
senger and V o rtm an n ’s m ethod so th a t only one iodine 
is absorbed b y  each mol of phenol.

Pence2 has used an iodine solution  for determining 
o- and ¿-cresol in the presence of sodium  acetate. 
H e found th a t th is m ethod w ould w ork satisfactorily 
for o- and ¿-cresol b u t not for the meta-cresol. The 
present authors h ave found iodine in sodium acetatc 
too slow for a reaction  period of one m inute. (Pcncc 
recom m ends one hour.)

T h e authors of th is paper h ave not tested the grav­
im etric m ethod for determ ining the cresols as dibrom-
0- and ¿-cresol brom ides and tri-brom -w -cresol bromide 
as th e gra vim etric  is tedious and slow in the drying of 
th e precip itates; the p recip itate  gives off the odor of 
brom ine during dryin g and is a t best not accurate within
1-2  per cen t.3

Problem .— T h ere rem ains then  to  discover a rapid 
and accu rate  vo lu m etric  m ethod, which will serve 
eq u a lly  well for the determ in ation  of each of the three 
cresols and phenol. If  such a m ethod can be found, it 
will be possible to  determ ine b y  a single titration (i) 
the am ount of w-cresol in  a m ixture of the three 
cresols, (2) th e am ount of phenol in a mixture of 0 
¿-cresol and phenol, (3) th e  am ount of phenol and 
m eta-cresol and th e sum  of the 0- and ¿-cresols in a 
m ixture of all four.

The M ethod.— Such a m ethod has been found by 
determ ining th e cresols in ve ry  d ilu te4 solution, N/100, 
using an iV/30 solution of iodine5 dissolved in KI, 
adding the sodium  bicarb on ate6 until the mixture is 
ab ou t V s norm al, sh akin g con tin uously the rcactmg 
m ixture for one m inute, a cid ify in g  and titrating back 
the excess iodine w ith  th iosulfate.

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

A pparatus.— T h e on ly  appliances needed are (1) 
stan dardized  bu rettes, (2) ground stoppered '/» Mer 
b ottles, (3) 25 and 50 cc. p ip ettes and a shaking 
m achine. T h e authors foun d th a t continuous shaking 
b y  hand of the bottles w as as conven ien t as using the 
sh akin g m achine when the “ reaction  period” was 0 
on ly one m in ute’s duration.

Solutions.— T h e solutions consisted of N/30 iodine, 
solutions contain ing l/ 60 form u la  w eight of each 0̂ 
th e three cresols and phenol, N / 10 thiosulfate, ‘ 
sodium  b icarb on ate, 2 N  su lfuric acid. The N/3° 
iodine w as m ade up b y  dissolvin g 4.2 grams of re- 
sublim ed iodine in a  sa tu rated  solution  of 1 5  grams & > 
and  m aking up to  1 l i t e r .  T h e s t a n d a r d i z a t i o n  0 

the iodine solution w as b y  arsenious acid. The th10 
su lfate solution  w as prepared b y  dissolving 125 grsm| 
of sodium  th iosu lfate  (N a 2S20 3.5 H 20) in 5 liters 0̂ 
w ater, a llow in g th e solution  to stan d  for- one -

each
a n d  th e n  s t a n d a r d iz in g  i t  a g a in s t  th e  io d in e.

T h e  t h r e e  c r e s o l s o lu t io n s  w e r e  m a d e  up w  
c a s e  b y  t a k i n g  r .8 0 1  g r a m s  o f  r e d is t i l le d  cresol »n

1 W .  M . G a rd n e r  a n d  H . H . H o d g so n , J .  Chem . Soc.. 95, 1819
2 P en ce , T h is  J o u r n a l , 4, 518 (1912).
* S iegfried  a n d  Z im m e rm a n n , Biochem . Z ..  29, 368 (1910).
* R e d m a n  a n d  R h o d es , T h i s  J o u r n a l ,  i ,  6 5 5 .(1912) . . . .
8 M essenger a n d  V o rtm a n n , Ber., 23, 2753. .
» W ilk ie , J .  C .*/-, 3 0 /3 9 8  (1911). *
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making it up to i  liter. T h e cresols were from  “ M erck ’s 
highest p u rity”  and were weighed out very  carefully 
after redistilling.

Care was taken  to exclude m oisture and the samples 
were weighed out and m ade up accu rate ly  to volum e.
The N  sodium bicarb on ate solution was made by 
dissolving 84.1 gram s of N aH CO a in 1 liter of w ater, 
the 2 N sulfuric acid b y  adding 56 cc. of concentrated 
bottle acid (sp. gr. 1.84) to abou t 'A  liter distilled 
water, and m aking the to ta l volum e up to one liter.
The two latter solutions need be only approxim ate.

Brominating the Cresols.— A t the beginning of the 
research a brom ide-brom ate solution was used and acid 
added as in determ ining phenol. T h e brom ination 
method was found to  w ork q uite satisfactorily  for 
phenol and m eta-cresol, b u t the am ount of bromine 
absorbed by the 0- and /»-cresol a t th e end of the thio- 
sulfate titration depends upon three factors:

(1) The excess of free brom ine present.
(2) The length of tim e the brom ine has acted upon 

the cresol solution.
(3) The tim e allow ed for the hydriodic acid to act 

upon the brom inated prod u ct, reducing the dibrom- 
cresol bromide to the dibrom -cresol.

If enough brom ine be added the reaction is com plete 
and dibrom-cresol brom ide is form ed and m ay be 
weighed as such.1 B u t if th e reaction  in the presence 
of excess brom ine proceeds for on ly  one m inute, the 
reaction is not com plete. A fter allow ing the hydriodic 
add to reduce it for one m inute and titratin g  back the ex­
cess iodine, 6 to 10 per cen t of the hyd ro xyl still re­
mains filled by brom ine, g iv in g  an error in the determ i­
nation of 3 to 5 per cent. T h e  longer the hydriodic 
acid acts upon th e product, the less brom ine is left 
in the hydroxyl until a fter one h ou r’s tim e the reduction 
has proceeded w ithin 4 per ccn t of com pletion. The 
difficulty seems to be one of delayed diffusion. The 
precipitate, which is a t first flocculent and fills the 
whole solution, condenses into  a few  sm all, solid w ax­
like particles which do n ot allow  th e hydriodic acid 
free access to the unreduced brom ide. T h e precipitate 
which originally occupied a space of 1/t liter shrinks *
(with partial solution) to a volum e of less than 1 cubic 6
millimeter, and when the colorless point is reached with 
the thiosulfate, one can see a continuous colum n of blue 
rising from the little  granules a t th e bottom  of the liquid, 
showing that the h ydriodic acid  is reducing (but v e iy  
slowly) the dibrom -cresol brom ide. Siegfried and 
Zimmermann2 tried to hasten  the reduction by w arm ­
ing the solution, but their a ttem p ts were unsuccessful.
They recommend diluting th e solution to 0.025 N  and 
allowing 15 m inutes for th e “ reaction  p erio d ”  w ithout 
continuous shaking, then adding the K I , thoroughly 
shaking and titratin g w ith  th iosulfate. T heir results 
show that the cresols m ay be determ ined b y this 
method within 1 to 3 per cent. Our experim ents 
confirmed their results. One difference was observed,

the shaking w as continuous, the precipitate de­
creased in volume as described above and the deter­
mination was not accurate.

^Ditz and C cdivoda. Z . a n sn v . C hem ., 12, 1873 (1899).
Siegfried and  Z im m e rm an n , B icckcm . Z .,  29 , 368 (1910).

T h e brom ine-acid m ethod was abandoned in favor 
of the alkaline iodine m ethod as the results are too 
dependent upon the d exterity  and paticnce of the 
individual experim enters. T im e was also a factor. 
The brom ine m ethod could not be hastened b y shaking 
as in the case of phenol and m eta-cresol, for the precipi­
tates of dibrom  o- and /»-cresol brom ide coagulated into 
such sm all dimensions th a t rapid diffusion through 
it of the hydriodic acid was quite im possible. A llow ­
ing a reaction period of fifteen m inutes and a reduction 
period for the brom ide of one hour after the K I is 
added, the m ethod requires abou t one and one-half 
hours for determ inations which arc accurate only to 
i to 3 per cent. W hen this m ethod is applied to a 
m ixture of phenol and o- or /’-cresol the error is ag­
gravated  and am ounts to 3 to 21 per ccnt, according 
to Siegfried and Zim m erm ann.1

D E T E R M IN A T IO N  O F  0 - ,  1)1- A N D  p -C R E S O L S  S E P A R A T E L Y

Each of the cresols was determ ined separately, 
according to the following m ethod: A b ou t 50 cc. N
sodium  bicarbonate were poured into a */s liter ground 
stoppered bottle, 100 cc. of w ater added, 15 or 20 cc. of 
the N /10  cresol were then run in from  a standardized 
burette, and the volum e was very  carefu lly  read. 
Enough /V/30 iodine (4°~7° cc.) to color the solution 
a perm anent alkaline iodine color was then added. A 
reaction period of 1 m inute w as allowed, during which 
tim e the solution was shaken continuously, b y  hand or 
in the machine. Then 50 cc. 2 N  sulfuric acid were 
added and after shaking thoroughly the excess iodine 
was titrated  back w ith thiosulfate.

T ables I, II  and II I  show the results for the three 

cresols.
T a b l e  I — D e t e r m in a t io n  ok  M b t a - C r k s o l

Ü
O 15I/! V v  c*

•o

§ 1

o

6
V UV

5

a

I
f t Sco

rt
rs"C

Ü
U

a

1  su uV © 0 o  Ü u "§ ü o
15

o ^
04 a ^  v S - c £  u o °
z £ £ * CN H a*

20 100 20.00 70 10 25 4 .2 0 100.0

20 100 20.00 70 10 25 4 .2 0 100.0

20 100 15 .00 50 10 25 2 .2 6 100.0

30 100 14.97 50 5 20 2 .2 6 9 9 .9

50 50 15 .02 50 5 30 2.20 100.0

100 15.00 50 5 30 2 .2 5 9 9 .8

(fl) 15 .00 50 5 15 3 .2 0 9 3 .4

(o)
50

15.00 50 5 55 3 .3 0 9 2 .7

100 15.00 50 1 30 2.20 100.2

(a) 100 cc. N  sodium  ac c ta te  w ere ad d e d  in p lace of th e  b ic a rb o n a te .

F o r so lu tions, e tc .. sec T a b le  I I I .

E x p e r im e n ts  1 a n d  2 s h o w  t h a t  20 p e r  c e n t  e x c e s s  

io d in e  a n d  10 m in u te s ’ “ r e a c t io n  p e r io d ”  d o  n o t  in ­

c re a s e  th e  a b s o r p t io n  o f io d in e  o v e r  th e  1 m in u te  s r e a c ­

t io n  a n d  14 p e r  c e n t  e x c e s s  fre e  io d in e  in  E x p e r im e n t  9.
E x p e r im e n ts  3 a n d  6 s h o w  t h a t  a n  in c r e a s e  o f so d iu m  

b ic a r b o n a te  fro m  7 c N  to  n o r m a l d o e s  n o t  in c r e a s e

the iodine absorption.
S o d iu m  a c e t a t c  w a s  s u b s t i t u t e d  fo r  s o d iu m  b ic a r b o n ­

a te  in  E x p e r im e n ts  7 a n d  8 w h ic h  c o n fir m  P e n c e  s- 

r e s u lts  t h a t  th e  w -c r e s o l d o e s  n o t  g o  o v e r  c o m p le t e ly  
t o  tr ib ro m -m -c re s o l in  a  s h o r t  t im e  in  th e  p r e s e n c e  o f  

s o d iu m  a c e ta te .
■ S ie g fr ie d  a n d  Z im m e rm a n n ,  Biochem . Z .,  29 , 3 8 7  (1 9 1 0 ). 

t  P e n c e , T h i s  J o u r n a l ,  * . 5 1 8  (1 9 1 2 ).
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T a b u s  I I — D e t e r m i n a t i o n  ok  O r t i io -C r ESOL
— is *dO O . . 4) c  _

u  «J I  S 1  . I !
a O  V -n ^  ^ u

¿ O  E .2 o S  O g V
 ̂ a  S 0 o û u ’S « ü o

% I  S  Ç . U  g -C U  I  S C
W £ £ ^ r-i H ^

10. . . .  100 . .  15.00 3 5 .0  5 55 1.70 100.0
1 1 ... .  50 50 15.00 39 .9  5 30 3 .37  99.96
1 2 ... .  50 50 20.03 50 .0  1 30 3 .33  99.60
1 3 ... .  50 50 20 .00  50 .0  1 30 3.41 99.90
1 4 ... .  50 50 15.00 40 .0  1 30 3 .1 4  100.30

F o r  s o lu t io n s ,  e tc . ,  se e  T a b le  I I I .

E x p e r i m e n t s  1 0  a n d  n  s h o w  t h a t  t h e  r e s u l t s , a r e  

n o t  a f f e c t e d  b y  i n c r e a s i n g  t h e  e x c e s s  o f  f r e e  i o d i n e  

f r o m  i i  t o  22 p e r  c e n t  a n d  E x p e r i m e n t s  1 2 , 1 3  a n d  14  

s h o w  t h e  a b s o r p t i o n  t o  b e  c o m p l e t e  i n  1 m i n u t e ’s  t i m e .

T a b l e  I I I — D e t e r m i n a t i o n  o k  P a r a - C r e s o l  
«u *3 . o a _

u j s  i  S i s
o b  I  ^2 « o -s;

0 o è s I .■» o
2 B 5  0 û o <J '% ■§ § Ô 0 s *

*  2  5 . 0  g-c >,o  -I S -S

1 5 ... .  50 50 20.00 50 .3  1 30. 3 .55  99 .7
1 6 ... .  50 50 15.00 50 .0  1 30 6 .8 0  100.0
1 7 ... .  50 50 15.00 40 .0  1 30 3 .2 9  100.0
1 8 ... .  50 50 15.00 40 .0  1 30 3 .22  100.0

Thiosulphate -  0.0982 N.  Sulfuric acid =  2 N. N aH C O j =  N.
Iodine *> 0.0340 .Y. Teniperature=»23° C.

E xperim ents 15, 16, 17 and 18 show th a t uniform  
results are obtained b y m aking th e solution l/t N  
w ith sodium  bicarbon ate, allow ing on ly  1 m inute for 
the “ reaction  period.”  E xcess of iodine (50 per cent 
in E xperim ent 16) did not increase the iodine absorp­
tion. I t  w as consequently considered unnecessary to 
determ ine the effects of increased “ reaction  period .”

It  m ay be m entioned th a t the tri-iodo-m eta- and 
di-iodo-para-cresols are precip itated  as w hite floc- 
culent masses before the solution is acidified. T h e 
di-iodo-ortho-cresols is precip itated  as a red, more or 
less granular substance. On the other hand, 
iodo-phenol is n ot precip itated  in N/2  sodium  b icarbon ­
ate and the p recip itate form s only on the addition 
of the acid. In N /10  sodium  b icarbon ate the p re­
cip ita te  form s and is not so red as the p recip itate from  
the stronger carbonate solution.

T ablk IV— D btbrmination op P henol by Iodiniv-Sodium -B icarbonatb 
Solution

o o ’S -o0 . 0  . . •£ 5• £ B TJ B
o  o x  a s  « j  s. .

6 o  “  ü  g  2  2  o t i ô
*  g  2 g S 3  i  s ,  „ I  8
£ g % ë  jT " * â  g**  ̂ « rm H C U
1 9 ...................  >0 90 15 50 I 20 5 .0 0  85.5
2 0 ...................  10 90 15 50 1 25 3 .7 0  94 .9
2 1 ...................  >0 90 15 50 15 25 3 .2 0  98 .6
2 2 ...................  25 75 15 50 1 25 3 .0 0  100.0
2 3 ...................  50 50 15 50 1 30 3 .0 0  100.0
2 4 ...................  50 50 15 50 1 30 3 .0 0  100.0
2 5 ...................  50 50 15 50 25 25 3 .05  99.7
26 - .................  50 50 10 50 25

Iodine sol. -  0 .03306 N.  O thers as in Table  I I I .

T able IV  gives the determ ination  of phenol b y  the 
sam e m ethod as used for determ ining the cresols. 
T h e m ethod does not v a ry  from  W ilk ie ’s, excep t th a t 
the concentrations of the reagents are so chosen th a t 
w ith continuous shaking for one m inute th e reaction  
is com plete. T his rapid reaction leaves the pre­
cip itate  a flocculent, w hite or pinkish m ass and does

not obscure the iodine-starch color, requiring thereby 
no filtering off of the p recip itate  as in W ilkie ’s method, 
w hich allow s ten m inutes for the "reaction  period" 
and as a consequence a filtering off of the dark red 
precip itate is required. In E xp erim ent 26, the 35 
m inutes’ shaking had m ade the precipitate so dark 
th a t the determ ination  could not be made without 
filtering.

E xp erim ents 1 9  and 2 0  show  th a t N/10  sodium 
bicarb on ate is not sufficient to  com plete the reaction 
in 1 m inute. F ifteen  m inutes are required for its 
com pletion under these conditions (Expt. 21). 
Sodium  b icarbon ate N / 4 w as used in Expt. 22 
and w as found to be sufficient w ith  one minute’s re­
action  period. One m inute is sufficient time to com­
plete the reaction  w ith  N /2  b icarbon ate and when 
2 5  m inutes w as allow ed for the reaction no further 
absorption  of iodine too k  place. T h e precipitate was 
a lilac-pink. W ith  less phenol and the same amount 
of iodine (E xp erim en t 2 6 ) ; the precip itate was a dark 
wine color and obscured the end point in titrating back 
with th iosu lfate  for excess iodine. A  precipitate 
appeared in E xp erim ents 1 9  to 2 1 ,  bu t no precipitates 
form ed in E xp erim ents 2 3  to 26 un til the acid was 
added.

D E T E R M I N A T I O N  O F  A  M I X T U R E  O F  0 - ,  in- A N D  /l-CRF.SOL

A solution w as m ade up b y ta k in g  one-third by 
w eight of each of the cresols and diluting until the

T a b l e  V — D e t e r m i n a t i o n  oi-* M i x t u r e s  o f  o-, m - a n d  ¿ -C reso ls
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27.. . . . 25 75 15 40 1 25 1.5
28.. . . 25 75 15 40 1 25 1.5
2 9 . . . . . 25 75 14 40 I 25 2 .3

O
¡¡S
. I f
2 2 v. a 
Ï5

11.75
11.75 
10.97

o a— U
■s £ 0a a
a v a 
3 .2 5 o -3 '5
*3O
11.73
11.73 
10.95

F o r solutions, etc ., sec T ab le  VI.

stren gth  of th e  solution contain ed ( 1 0 8 . 0 6 4 / 6 0 )  gram* 
cresols per liter. T h e results are given  in Table V. 
In th e second last colum n is given  the amount of iodine 
absorbed b y  th e  cresols and th e last column r e p r e s e n t s  

the am ount of iodine w hich should have been a b s o r b e d , 

calcu lated  for th e am ount of cresols in the s o lu tio n  

(reckoning the ortho- and para-cresols as di-iodo- 
cresols and th e m eta-cresol as th e tri-iodo-cresol)- 
T h e error in each case is 0 . 2  per cent and re c k o n e d  

as an error for a n y  one. of the three cresols r e p r e s e n ts  

a loss of 0 . 6  per cen t, since th e y  are each p r e s e n t  in 

equal am ounts, or if th e error be distributed over each 

of the three ingredients, it  is an error in each o f  0.. 
per cent.

A M IX T U R E  O F P H E N O L , 0-, m -  AND ¿-C RES01

T h e eq uation  of D itz  to  determ ine the a m o u n t s  of 

w-cresol in th e presence of o- or /»-cresol, and modi»6 
later b y  Siegfried and Zim m erm ann for determines 
phenol in the presence of ^»-cresol m ay be e x t e n d e d  to 

include the determ in ation  of phenol, 0-, m- and p-cres0 
in th e presence of all four com pounds and w i t h  t i e *  

equations, if there be know n (1) the weight of t h e  0 1* 

ture present; ( 2 )  • the to ta l am ount of iodine a
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sorbed; the follow ing determ in ations m ay be made from 
a single titration.

(1) The m eta-cresol present.
(2) The phenol present.
(3) The sum of th e 0- and /»-cresols present.

I f*  = weight of (phenol +  w-cresol). 
y =  w eight of (0- and ¿-cresol). 
m =  T otal w eight ta k en  of th e m ixture. 
e —  effective form ula w eight of phenol and m -  

cresol.

a = weight of phenol present.
b = amount of /«-cresol.
n = number of mols of iodine disappearing.

Then x  +  y =  m (1)

3* , 2y a , .
-)--------  =  (2)

e 108.064 2

a +  b = x (3)

94.048 108.064 «

108.064 —  e _ 108.064 a ^

e —  94.048 94.048 b

Of the above quan tities, n is know n and is the 
amount of iodine disappearing or absorbed: 

m is known and is the am ount of the m ixture of 
cresols and phenol w eighed out into  the solution.

x> 3’> e, a, b are five unknow ns, and w ith the five 
independent equations g iven , th e y  m ay be obtained.

This method is lim ited  since the am ount of the m ix­
ture m is obtained b y  w eighing, and no im purity  can 
be present w ithout a ffectin g th e results. Further, it 
can be seen from  th e n ature of the equations containing 
( that small variation s in th e  determ ination of e 
affect the value of a and b considerably. H owever, 
if the dried precipitate of th e iodo com pounds were 
weighed after th e titra tio n  w ith  th e thiosulfate a 
different value for m w ould be ob tained; m would then 
represent the w eight of the halogenated  m ixture, not 
the mixture itself. E q u ation  (1) w ill becom e

* +  y +  (127.96) N /2  —  (1.008) N / 2 =  vi. 

he equation is useful for a n alyzin g m ixtures contain­
ing water and other com pounds w hich do not halogen- 
Jte and which preven t th e w eighing of the m ixture 
before precipitation w ith the iodine. T h e determ ina­
tion by the iodine and sodium  bicarbon ate is  as ac­
curate as the operator chooses to m ake it. Using

' VI D e t e r m i n a t i o n  o k  M i x t u r e s  01» P h e n o l ,  O r t h o - ,  M e t a -  
AND PARA-CRESOL

••• 25 75 20 6 0 .0  1 25 4 .0 2  15 .8 8  15 .99
25 75 20 6 0 .0  1 25 3 .8 3  16 .08  15.99
25 75 20 6 0 .0  1 25 3 .9 5  15 .9 6  15 .99

Thiosulfate -  0 .0 9 8 2  N .  S u lfu ric  a c i d - 2  A’ . T e m p e ra tu re  =  23° C . 
0 iJ;t' *  0 .03306  -V. S o d iu m  b ic a rb o n a te  “  A .

arge volumes of solutions (50 cc.) and allow ing at 
east ® minutes for the solution to  run out of the 50 
CC’ burettes, very  accu rate  results can be obtained.

T able V I  gives the results of three successive t itr a ­
tions of a m ixture com posed of equal volum es of solu­
tions of phenol, 0-, m- and /»-cresol havin g the follow ing 
strengths:

Phenol = 0.09060 N.
o-Cresol = 0.06800 N.
p-Cresol = 0.06800 N.
»¡-Cresol = 0.09850 N .

T h e second last colum n gives the am ount of iodine 
absorbed b y the m ixture. The last colum n gives the 
am ount which should have been absorbed calculated 
from  the am ount of m aterials added to the m ixture. 
T he error varies from  2 parts to 5 parts per thousand. 
If the discrepancy be calculated  over the four in gre­
dients the error is 0.2 to 0.5 per cent. If the error be 
calculated as due to one single substance present the 
determ inations va ry  b y  0.8 to  2.0 per cent, since the 
substances are present in equal am ounts b y  w eight.

D E T E R M I N A T I O N  OF T H Y M O L

The assum ption is v e ry  general in the literature 
th a t tim e is an im portant factor in the halogenation 
of arom atic com pounds. This is especially  true for 
the more h igh ly substituted  phenolic bodies. F ifteen  
m inutes to one hour is recom m ended as th e tim e for 
com plete halogenation. T h e assum ption th a t this 
rate of reaction is com p aratively  slow seem ed un ­
tenable. If com plete diffusion be effected b y  con tin ­
uous shaking the reaction should be com plete in a 
very  short tim e. T o  test this, the determ ination  of 
thym ol (3-m ethyl-6-isopropyl phenol) w as undertaken.

The iodine-sodium  bicarbonate m ethod was applied 
to the determ ination of thym ol and the results are 
given in T able V II . T he calculations are m ade for 
the thym ol strength, assum ing th a t tw o iodines enter 
the ring giving di-iodo-thym ol.

T a b l s  V II— D b t k k m in a t io n  o f  T h y m o l
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3 3 . . . . 100 25 15 2 7 .4 2 25 1 .72 100.0
3 4 .. .  . 100 25 10 1 8 .0 1 25 1.07 100.0

3 5 .. .  . 100 25 5 3 2 .2 5 1 25 7 .7 9 122.6
3 6 .. .  . 100 25 15 3 2 .0 1 25 3 .2 0

3 .3 0 (a )
100.8
9 9 .6

3 7 . . . . 100 25 15 3 0 .0 1 25 5 2 .5 8 100.2

Iod ine -  0 .,03306 N . S u lfu ric  ac id =» 2 ÎV
T h io  *=» 0 .0 9 8 2  N .  S od ium  b ic a rb o n a te  =  N .
T h y m o l -  0 .0491 N .  T e m p e ra tu re  — 2 3° C .

(a) T h is  re su lt w as o b ta in ed  by  ti t r a t in g  th e  b lue  co lo r, w hich  re tu rn e d  
a f te r  th e  first ti tra t io n . T h e  tim e  a llow ed fo r th e  b lu e  to  r e tu rn  w as 10 
m inu tes . T h e  b lue d id  n o t re tu rn  in  one-half h o u r a f te r  th e  second  t i tra t io n .

E xperim ents 33 and 34 show th a t the iodination is 
com plete in one m inute. Seidell1 states th a t one-half 
hour m ust be allowed for th ym ol to be brom inated. 
T his is true only in case the diffusion is incom plete. 
If the free iodine is in excess (300 per cent), as in 
E xperim ent 35, the h yd ro xyl is p artly  filled w ith iodine 
and gives a determ ination 22 per cent too high, ca l­
culated as the di-iodo-thym ol. E xperim ent 36 indicates 
th a t the iodine which is absorbed in the h yd ro xyl will 
be freed in a few m inutes if the precipitate is left in

1 A m  Chem  J „  47, 519 (1912).
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con tact w ith  the sm all am ount of hydriodic acid, which 
has been form ed in the solution. T h e reduction  can 
be seen in the rapid return of the blue color. T his 
return of the blue continues only until th e iodine în 
the h yd ro xyl has been com pletely  liberated . An 
addition of 5 cc. of 20 per cent K I  reduced the di-iodo- 
thym ol brom ide in one m inute to the di-iodo-thym ol 
and the blue color does not return rap id ly  (i . e., w ithin 
one hour).

In w orking w ith the cresols and phenol the blue 
did not return except in th e case of th e ortho-cresol. 
The reading was taken  after th e blue ceased to return 
(5 to 10 m inutes). No K I  was added. H ow ever, it  is 
advisable to use K I  if th e experim ents show  a 
tenden cy for the blue color to return w ithin  five 
or ten m inutes. T h e free hydriodic acid  produced 
in the acid solution b y  this addition  reduces' the thym ol 
iodide com pletely, w ith one m in ute’s shakin g. W ilkie 
states th a t his determ inations were all high ( i '/ i 
per cent). T he explanation  lies p rob ab ly  in the fa ct 
th a t the iodine is p a rtly  absorbed into the h yd ro xyl 
and as the iodo p recip itate is filtered off in his m ethod, 
there is no possibility  of its reduction.

D I R E C T I O N S  F O R  D E T E R M I N I N G  P H E N O L I C  C O M P O U N D S

First. Solutions required: 0.1 N  sodium  th iosulfate,
24.S gram s per liter; 0.03 N iodine solution, 12.7 gram s 
per l i t e i , A sodium  b icarbon ate; 2 N  sulfuric acid ; 
0.5 per cen t starch solution.

Second. In to  a 500 cc. ground stoppered bottle, put 
50 cc. w ater and 50 cc. of approxim ate N  sodium  
bicarbon ate, add 15 cc. of the unknow n solution of the 
phenolic com pound which has been previously  d iluted  
to ap p roxim ately  o. 1 N .

Run in the iodine solution until the m ixture in the 
b ottle  rem ains a perm anent brow n iodine color; 20 
per cent excess is recom m ended. Stopper the bottle  
firm ly and shake it  well for one m inute.

Third. A dd  carefu lly, a t first, to  preven t excessive 
bubbling, 50 cc. of 2 N  sulfuric acid. Shake well and 
titra te  the excess iodine w ith the th iosulfate, using 
starch  as indicator. O ccasion ally  blue color returns 
rap id ly a fter th e end point has been first reached. 
For such determ inations it is best to  add 5 cc. of 20 
per cent K I to  hasten the freeing of the iodine which is 
held in the h yd ro xyl. T h e final end point a fter the 
blue ceases to  return is the correct reading for the 
th iosulfate. A ll the solutions should be a t 2o°-2  5° C .

S U M M A R Y

I. R apid  and accurate determ inations of 0-, m-, 
and £-cresol, phenol and thym ol h ave been effected 
b y  the use of iodine solutions in the presence of sodium  
bicarbonate.

II. T h e m ethod is eq u ally  rapid and accu rate  for 
all five com pounds, the error for each com pound being 
w ith in  0.2 per cent.

III. ! he reaction period” for these determ inations 
is one m inute, when the shakin g is continuous.

I\ . 1 he sum  of the cresols present in a m ixture m ay 
be determ ined w ithin a total error of 0.2 per cent.";

‘ W m , t r  Jo h r 'sb er..  633 (1886). I .loyd . J .  ,4m . C h 'm . Sac., 27 , 16

the w-cresol m ay be determ ined in th e presence of 
o- and /i-cresol b y  th is m ethod.

V . A  series of sim ple equations are given which will 
perm it the determ in ation  of phenol, meta-cresol and 
the sum  of the ortho- and para-cresols in the presence 
of each other in an y com bin ation  or proportion if two 
q uan tities be know n.

(a) T h e w eight of the m ixtures taken.
(b) T h e am ount of iodine absorbed.

V I. R esu lts of experim ents are g iven  which show 
th a t these fou r com pounds can be determined in the 
presence of each other b y  th is m ethod within an error of 
0.2 to 0.62 per cent, calcu lated  on- the sum of the 
m aterials present.

D e p a r t m e n t  o p  I n d u s t r ia l  R e s e a r c h  
U n iv e r s it y  o f  K a n s a s  

L a w r e n c e

A N  A P P A R A T U S  A N D  M E T H O D  F O R  D ETER M IN IN G  HY­
D R O G E N  S U L F ID E  IN  IL L U M IN A T IN G  G AS1

B y  E . P .  H a r d in g  a n d  E i n e r  J o h n s o n  

R ec e iv ed  J u ly  28 , 1913

T h e apparatu s herein described w as designed as a 
m eans of testin g  the efficiency of a set of gas purifiers 
such as are used in th e m anufacture of coal gas or car- 
b uretted  w ater gas for illu m in atin g purposes. It 
com bines the a ccu racy  of the gravim etric cadmium 
chloride m ethod and the ra p id ity  of the Tutwiler 
m ethod.2

T h e a p p a ratu s con­
sists of a bulb , A , 
of 300 cc. c a p a c ity  
abou t 18 cm . long 
and 5 cm . in d ia m ­
eter, sealed a t the 
low er end and co n ­
tracted  a t th e top to 
13 mm . T o  the con­
tracted  end is fused 
the tu b e G , term i­
n atin g in a Greiner 
and Friedrichs sto p ­
cock, D , to w hich  is 
fused b urettes B and 
C , each h a vin g  a 
ca p a city  of 10 cc.
B u rette  B is 20 cm. 
long and 13 mm. in 
d iam eter calibrated  
in the m iddle por­
tion. C  is 34 cm. 
long and 10 mm. in 
d iam eter graduated  
into 10 cc. and read ­
ing to ten th s of one 
cc. B oth B and C 
are fitted  w ith  s to p ­
pers. T o  one side of 
bulb  A  at L, 14 cm. 
from  the base of A, is attach ed  tube T  7 mn!'

1 P u b lish ed  ¡11 a b s tr a c t  iu  P ro ceed in g s  o f th e  8th  I n t e r n a t i o n a l  C 
gress.

2 J .  A m . C hem . Hoc., 23 , 173.
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in diameter and term in atin g a t M bearing a stop­
cock, F, 25 mm. from  L , a U tube, J, a bulb, 0 , 
of 10 cc. cap acity  and a bulb, P, 2 cc. in capacity.
To the opposite side of bulb  A  at H, 12 cm. from  the 
base of A, is fused tu b e K  7 mm. in diam eter beginning 
at I and extending into the bulb  and term inating at 
N, 20 mm. from  its base. K  bears the stopcock E,
30 mm. from H. S is a clam p which supports the 
apparatus. W hen passing gas through the apparatus 
it is supported b y  placin g it  in a hole in a b lock of 
wood.

In making a determ in ation, from  100 to 150 cc. of a 
strong solution of cadm ium  chloride are run into bulb A, 
stopcock F being open and E  closed. T he apparatus 
is then tilted in such a position th a t 5 or 6 cc. of the 
solution pass into bulb  0  w hich acts as a seal and indi­
cator preventing traces of hydrogen sulfide from es­
caping unabsorbed and indicatin g when the cadm ium  
chloride solution in A  is n early  spent. B ulb  P prevents 
traces of solution in 0  from  being carried from  the 
apparatus.

Burette C is filled w ith a stan dard  solution of iodine, 
two solutions of different iodine strengths being used, 
one containing 4.828 gram s of iodine per liter and 
another one-tenth as strong. T h e strong solution 
is of such a strength  th a t  1 cc. is eq uivalen t to 10 
grains of hydrogen sulfide per 100 cubic feet when one- 
tenth of a cubic foot of gas is used in the determ ination 
and is used in testin g th e crude gas while th e weaker 
solution is used in testin g p a rtia lly  purified gas. S top­
cock D is closed and A  is connected a t M w ith the 
meter and at I w ith  th e  gas sup ply  cock b y  means of 
rubber tubing. T h e m eter is read, E  is opened and 
the flow of gas so regu lated  th a t from  1 to 1.5 cubic 
feet pass through th e ap p aratu s per hour. W hen a 
color appears in bulb  0 , th e  gas is shut off b y  closing 
stopcock E and the m eter reading taken . In testing 
partially purified gas when no color has appeared in 
0 after one-tenth cubic fo o t of gas has passed but 
when a perceptible p recip itate  has form ed in A , the 
gas supply is cut off. If  a  perceptible precipitate 
has not appeared in A  a fter one-tenth cubic foot has 
passed, the flow is continued  until one does appear.

The apparatus is disconnected from  th e m eter and 
gas supply, rem oved from  its  support, D  opened and 
then so tilted  th a t th e solution  in 0  runs back into A. 
Wash water is draw n in through M b y  applying suction 
at top of B and through K  b y  opening E , closing I- 
and applying suction a t top of B. T h e gas above the 
solution in A is rem oved  b y  opening F  and applj'ing 
suction at top of B . D  is closed and fresh starch 
solution run into B, then  D is opened and the starch 
solution run into A . E  and F  are closed and the air 
in A placed under dim inished pressure b y  applying 
suction at top of B. D  is then closed and B is filled 
with concentrated hydrochloric acid  which is allowed 
to pass slowly into A until th e p recip itate of cadm ium  
sulfide is com pletely  dissolved. A  little  excess of 
hydrochloric acid is then run in and D  closed. The 
hydrogen sulfide thus liberated  in A  under dim inished 
pressure and ou t of co n tact w ith air is titrated  with the 
iodine solution. B u rette  C  is read and the iodine

solution introduced in term itten tly  b y  carefu lly  opening 
D, the apparatus being shaken after each addition. 
W hen the starch-iodo blue color persists for one-half 
m inute, the end point in the titration  has been reached. 
(The pink or vio let color which first appears in the 
solution m ust be distinguished from  the starch-iodo 
blue which is the correct end point.) C  is then read. 
T he apparatus is then em ptied, rinsed w ith w ater and 
a blank test run to determ ine th e am ount of iodine 
solution necessary to produce the perm anent starch- 
iodo blue color. In m aking th is test the sam e am ount 
of starch solution and th e sam e volum e of w ater as is 
used in the determ ination is used and the whole 
acidified w ith hydrochloric acid. From  th e am ount 
of gas and the volum e of iodine solution used in the 
determ ination and in the b lan k, the num ber of grains 
of hydrogen sulfide per 100 cubic feet of gas is ca l­
culated. For control w ork the volum e of gas used need 
not be reduced to its corresponding volum e a t standard 
conditions of tem perature and pressure.

C om parative determ inations of hydrogen sulfide 
were made b y  th e gravim etric cadm ium  chloride, the 
T u tw iler and the vo lu m etric cadm ium  chloride m eth­
ods. In these determ inations th e m eters used were 
dry m eters checked against each other, the sam ples 
were taken  sim ultaneously and the volum e of gas 
used reduced to corresponding volum e a t standard 
conditions of tem perature and pressure b y  m eans of 
the follow ing form ulae:

17.64 (A—  a).
V  =  v   — —  «

460 ~r t

17 .64 (h— a) . 

460 +  t

V = v ii where
V  = volum e of gas a t 60 0 F. and 3 0 ' pressure. 
v =  observed volum e.
t =  observed tem perature in Fahrenheit degrees. 
h =  observed barom etric pressure. 
a =  tension of aqueous vapor a t /. 
n =  correction factor for I and h.

The follow ing results in grains, cadm ium  chloride, 
C d C lj, per 100 cubic feet were ob tained:

G rav ,

2 .7 2
0 .5 3
0 .8 9
1 .58
1.00
2.68
1.31
2 .3 5

VoL T u tw ile r  G rav . 
C oal gas.

31 1.81
22 
27 
38 
24 
30 
23 
29

2 .9 3
0 .4 6
0 .7 9
1 .54
0 .9 2
2 .6 5
1 .25
2 .2 6

0 .S 8  
4 .8 6  
2 .7 3  
1.22 
2 .7 2  
1 .65  
1 .3 0  
1 .0 9

Vol.

1 .7 2
0 .8 4
4 .7 6
2 .6 9
1 .1 8
2 .61
1 .5 9
1 .2 6
1 .0 4

T u tw ile r  G ra v . Vol. T u tw ile r  

W a te r  gas

27 
18

110
65
25
28 
30
26 
24

0 .5 9  0 .5 5  16
0 .2 6  0 .2 3  8
0 .4 0  0 .3 6 -  11
0 .1 5  0 .1 3  5
0 .3 4  0 .3 1  12

C ru d e  coal g as
2 2 5 .0  2 2 0 ,0  3 6 0 .0
1 9 0 .0  1 8 8 .0  310

T h e uniform ly higher results obtained b y  the 
gravim etric m ethod m ay be due to  th e absorption of 
other sulfur com pounds than hydrogen sulfide, a m uch 
larger volum e of gas and cadm ium  chloride solution 
being used in the gravim etric  m ethod th an  in th e 

volum etric m ethod.
T h e principal a d van tage o f T u tw iler s m ethod is 

its  rap id ity . A  test can be m ade in abou t th ree 
m inutes. Its  chief d isadvan tage is its  in accu racy. 
T h e results obtained are on ly approxim ate especially
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on th e  p a rtia lly  purified gas, the error va ry in g  from  
1000 to 4000 per cent as shown b y  th e com p arative  
tests above. T his error is due to the titra tio n  of the 
gas w ith the iodine solution, th e un satu rated  h y d ro ­
carbons, cyclop en tad ien e1 and p ro b ab ly  sulfur com ­
pounds other th an  hydrogen sulfide reactin g w ith the 
iodine. R esults on th e crude gas are less inaccurate, 
the error am ounting to  abou t. 15 per cent. T his is of 
course due to  th e m uch greater ratio  b etw een  the 
am ount of hydrogen sulfide present and th e other 
com pounds w ith which th e iodine reacts. M cM illar  
states in the original pub lication  of T u tw ile r ’s m ethod 
th a t 15 grains of hydrogen  sulfide per xoo cubic feet 
of gas could escape detection. In  th e w riters’ experi­
m ents, in no case did th e T u tw iler  show  less th an  10 
grains per 100 cubic feet on clean coal gas nor less than 
4 grains per xoo cubic feet on clean w ater gas.

The gravim etric  cadm ium  chloride m ethod is the 
most accurate in use a t th e present tim e. T h e great 
objection  to this m ethod, how ever, in control work 
is th e length of tim e required to m ake a determ ination. 
T h e purifying boxes foul quite rap id ly  and in determ in ­
ing their efficiency tests should be m ade rap id ly  and 
as n early  sim ultaneously a t in let and ou tlet of purifier 
as possible. A  m ethod w hich requires hours for a test 
becom es im practicable. T h e large b u lk  of cadm ium  
chloride solution used allow s absorption  of other 
sulfur com pounds th an  hydrogen sulfide, which when 
oxidized w ith the brom ine give  too high results. 
A n other objection  is the large am ount of cadm ium  
sulfide p recip itate required to  produce an am ount of 
barium  sulfate which can be readily  and accu rately  
weighed. W hen a sam ple of 0.1 cubic fo o t of gas is 
taken, each m illigram  of BaSCU is eq u iva len t to  2.252 
grains of sulfur per 100 cubic feet. T hus for p a rtia lly  
purified gas contain ing b u t a fraction  of one grain of 
hydrogen sulfide per 100 cubic feet, a num ber of cubic 
feet of gas m ust be used in order to  obtain  a weigh able 
precipitate.

The vo lu m etric cadm ium  chloride m ethod has several 
ad van tages over th e gra vim etric  m ethod. A ccu rate  
results are obtained on a much sm aller volum e of gas; 
a sm aller volum e of cadm ium  chloride solution causes 
less absorption of sulfur com pounds other th a n  h y d ro ­
gen sulfide; the m ethod is m uch m ore rapid, requiring 
for a determ ination instead of hours, from  seven 
to ten m inutes, depending upon the p u rity  of 
the gas.

T h e ad van tages of the vo lu m etric cadm ium  chloride 
m ethod over the T u tw iler are several. T w en ty- 
eight tim es as much gas is used in th e average de­
term ination  as is used in the T u tw iler; th e burette 
readings are one-tenth those of th e T u tw iler  and much 
more accurate results on gas of low  hydrogen  sulfide 
conten t are obtained. A  test can be m ade in from 
seven to  ten m inutes.

In stead  of a m eter, a graduated  cubic foot bottle  m ay 
be em ployed for m easuring the volum e of gas used.

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

1 L ondon  J o u rn a l o f Gas L ish lin g , 4 /5 /1 0 .  p . 41 ; 4 /1 2 /1 0 . p . 18.

A M E T H O D  F O R  T H E  D E T E R M IN A T IO N  O F PHOS­
P H O R U S  IN  V A N A D IU M  S T E E L  A N D  F E R R O - 

V A N A D IU M
B y  C . F . SlDEN ER AND P . M . S k a r t v e d t  

R ece iv ed  J u ly  21, 1913

T h is paper em bodies the ad ap tation  of some well- 
know n reactions to  the determ ination  of phosphorus 
in van ad iu m  steel and ferro-vanadium , together with 
results ob tain ed  b y  the m ethod, w hich is as follows: 
T h e sam ple is dissolved in d ilute n itric  acid. If an 
insoluble m etallic  residue rem ains, a little  hydro­
chloric acid  is also added. T h e solution  thus obtained 
is evap o rated  to dryness and baked until the nitrate 
of iron is decom posed. T h e residue is dissolved in 
concen trated  hydrochloric acid  and a b ou t 0.02 gram 
of alum inium  in the form  of alum inium  chloride is 
added. T h e solution is n early  neutralized with 
am m onia, heated  alm ost to boiling, and the iron 
reduced b y  the gradual addition  of a concentrated 
am m onium  bisulfite solution  w ith stirring. The re­
duction  is best accom plished b y  keeping the solution 
s ligh tly  acid until n early  reduced, and then adding 
am m onia un til a sligh t perm anent precipitate of iron 
h ydroxide rem ains a fter vigorous stirrin g, finally dis­
solvin g th e p recip itate  w ith  a few  drops of ammonium 
bisulfite. T o  th e solution, now sm elling quite strongly 
of sulfur dioxide, one or tw o  cc. of phenylhydrazine1 
are added drop b y  drop w ith  stirring. If no precipitate 
appears, a few  drops of am m onia are added until a 
slight perm anent p recip itate  is form ed. Then a few 
drops m ore of p h en ylh yd razin e are added to complete 
th e precip itation . T h e solution  is boiled about two 
m inutes, allow ed to settle  and filtered.

T h is  p recip itate  consists of alum inium  phosphate, 
alum inium  hyd ro xid e and m ore or less of th e vanadium. 
A fter  w ashing w ith  h o t w ater u n til th e washings show 
no cloudiness when tested  w ith  m ercuric chloride, the 
p recip itate  is dissolved  off the filter into  the original 
beaker w ith  d ilute n itric  acid.

In  th e  n itric  acid  solution contain ing th e phosphorus 
and van adium , th e la tte r  is oxidized  b y  the addition 
of a little  h yd rogen  peroxide, and  then a slight excess 
of sodium  carbon ate is added. T h e  solution is boiled 
for a b ou t five m inutes and th e phosphorus precipitated 
as alum inium  ph osphate b y  g ra d u a lly  adding dilute 
n itric  acid  until the solution  no longer gives an im­
m ediate brow n tin ge to tu rm eric paper.* It  is im­
portan t th a t  th is p o in t be v e ry  carefu lly  noted. The 
p recip itate  is filtered  off and w ashed w ith  a 1 per cent 
solution of am m onium  n itra te . I t  is then dissolved 
off the filter into  an E rlen m eyer flask w ith  dilute nitric 
acid  and a little  h yd rogen  peroxide added, which will 
produce a deep red color if m uch van adium  is present 
and a pinkish yellow  if b u t a tra ce  is present. If 
th is te st shows th e presence of even  a trace of vanadium, 
another precip itation  w ith  sodium  carbonate and nitric 
acid  is necessary. T h e  n um ber of precipitations 
required to  sep arate the phosphorus from  the vanadium 
depends upon th e am ount o f van ad iu m  in the sample- 
For those contain ing up to  1 per cent, a single pre­
cip itation  is sufficient; 1 to  5 per cent, tw o precipita-

1 H ess  a n d  C am p b e ll, J .  A m . Chem . Soc.. 21, 776.
8 C . M . J o h n so n , “ C h em ica l A n a ly s is  of S pecia l S tee ls ,” p. 26.
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tiôns; and from  5 to 30 per cent, tw o  and often three.

To the nitric acid solution is now  added am m onium  
molybdate to p recip itate  the phosphorus which is 
determined b y the perm an gan ate oxidation  m ethod 
in the usual m anner. If  th e van ad iu m  has not been 
completely separated from  th e phosphorus it  will be 
indicated by the orange color of th e am m onium  
phosphomolybdate p recip itate  w hich is quite charac­
teristic; also b y  th e ten d en cy  of th e precip itate to form  
quickly and adhere to  the glass.

Results obtained b y  tTiis m ethod are given  in the 
following tables: T a b le  I shows the results obtained
from a m ixture of stan dard  solutions containing iron, 
phosphorus and van ad iu m  in|proportions approxim ately 
those found in van adium  steels.

T a b l e  I

Iron taken, 1 g ram ; v an a d iu m , 6 .7 5  m g. in  firs t 11 a n d  27 m g. in  la s t four 
experiments; p h o sp h o ru s, 2  m g. T h e  a c tu a l w eigh t of phospho rus  
varied from 1 .38  m g. to  2 .4 0  m g., b u t  fo r conven ience  of com parison  
all were ca lcu la ted  to  a  2 rag. basis .

M illig ram s of p h o sp h o ru s  found  

2.01 1 .98  2 .0 1  2 .0 7  1.97
2.03  2 .1 3  2 .0 0  2 .01  1 .99
2.03  1.95  1 .97  2 .0 8  1 .98

Tablb I I — R e s u l t s  o n  a  B u r e a u  ok  S t a n d a r d s  V a n a d iu m  S t e e l  C o n ­
ta in in g  0 .1 5  P e r  C e n t  V a n a d iu m  a n d  0 .0 3 5  P e r  C e n t  P h o s ­
pho rus

P ercen tag e  phos- 
No. G ram s  s tee l ta k e n  p h o ru s  found

 1.....................................................  1 .2377  0 .0 3 5 3
 2.....................................................  0 .8 3 2 9  0 .0 3 5 2
 3.....................................................  2 .9 1 1 4  0 .0 3 4 0
 4.....................................................  2 .5 5 3 8  0 .0 3 5 0
 5.....................................................  3 .5 4 3 0  0 .0347
 6.....................................................  3 .9 6 3 5  0 .0 3 5 6

Table I I I  R e s u l t s  o n  T w o  B u r e a u  o p  S t a n d a r d  S t e e l s  t o  w h ic h  w a s  
Added  V a n a d iu m  i n  V a r i e d  A m o u n t s  f r o m  0 .5  P e r  C e n t  u p  t o  30 
Pbr  C e n t  o p  t h e  W h o l e  W e i g h t  T a k e n

Steel P e rc e n ta g e  P e rcen tag e  P ercen tag e
ta k en  v an a d iu m  p h o sp h o ru s  phospho rus

ad d e d  in  th e  stee l found

0 .5  0 .0 9 3  0 .0 9 6
0 .5  0 .0 9 3  0 .0 9 2
0 .5  0 .0 9 3  0 .0917
0 .5  0 .0 9 3  0 .094
0 .5  0 .0 9 3  0 .101
0 .5  0 .0 9 3  0 .1 0 8
0 .5  0 .0 9 3  0 .097
0 .5  0 .0 9 3  0 .0 8 9

1 0 . 1 1 2  0 . 1 1 0
I 0 .1 1 2  0 .1 1 3
I 0 .1 1 2  0 .111
1 0 .1 1 2  0 .1 0 9
5 0 .1 1 2  O.107
5 0 .1 1 2  0 .1 1 9
5 0 .1 1 2  0 .1 1 3

20 0 .1 12  0 .1 1 6
20  0 .1 1 2  0.111
2 0  0 . 1 1 2  0 . 1 1 1

30 0 .1 1 2  0 .1 0 2
30 0 .1 1 2  0 .1 0 3
30  0 .1 1 2  0 .1 0 6
30  0 .1 1 2  0 .1 1 4

¿uwough some of the results in th e above tables are 
uot as concordant as m ight be desired, y e t it  is believed 

at they may be taken  as satisfa cto ry  for so trouble-
SOme a determination.

Un iv e r sit y  o p  M in n e s o t a  
M i n n e a p o l i s
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A  F U SIO N  M E T H O D  F O R  T H E  ^ D E T E R M IN A T IO N  O F 
SU LFU R  IN  IR O N  A N D  S T E E L

B y  F r e d e r i c k  H .  F r a n k l i n 1 

R eceived  J u n e  6 , 1913

T h e accurate determ ination of sulfur in iron and 
steel presents m any difficulties, ow ing to the extrem ely 
variable and com plex n ature of the iron-carbon alloys. 
I t  has been shown th a t sulfur com bines w ith m anganese 
in preference to iron.2 Therefore, in m ost com m ercial 
iron and steel alloys we have to  deal w ith  the form er 
sulfide. I t  has been found th a t the insoluble residue 
left on dissolving iron for the sulfur determ ination 
usually contains some sulfur and this m ust be de­
term ined in accurate work. I t  is also well know n th a t 
when much cem entite is present volatile com pounds 
of sulfur and carbon are form ed which are difficult 
to oxidize and so escape estim ation. I t  m ay readily 
be seen therefore th a t the m ethod em ployed should 
be capable of giv ing a correct measure of th e total 
sulfur no m atter w hether it exists in one or all of the 
above com binations.

For th e purposes of this paper it will be sufficient 
to describe briefly one representative from  each of the 
tw o principal classes into which th e sulfur m ethods 
m ay be divided.

T h e volum etric or evolution  m ethod is in v e ry  general 
use and is usually  m odified b y  its  ad vocates to  m eet 
the existing conditions. T h e gravim etric  or oxidation 
m ethod possesses some ad van tages over the form er 
and is believed to be the m ost accurate m ethod now 
in use. B oth  of these m ethods h ave a m ultitude of 
m odifications and the mere statem en t th a t sulfur was 
determ ined b y  the volum etric or b y  the gravim etric  
m ethod is no proof th a t th e figures reported are the 
most accurate obtainable b y  the class chosen.

The Volumetric or Evolution Method.— In its sim plest 
form  this m ethod consists of dissolving th e m etal in
1.1 sp. gr. hydrochloric acid and passing the evolved  
gases through an am m oniacal solution of cadm ium  
chloride. T h e m ixture of cadm ium  sulfide and dilute 
am m onia is acidified w ith hydrochloric acid and 
titrated  w ith a solution of iodine th a t has been stan d ­
ardized either against sodium  thiosulfate or iron of 
known sulfur content. T he chief ad van tages of this 
m ethod lie in its rap id ity  and the index of the am ount 
of sulfur afforded b y  the precipitated  sulfide. For 
most irons and steels this m ethod when properly 
carried out gives results th a t agree fa irly  well w ith 
those obtained b y the gravim etric  m ethod.

T o  overcom e the shortcom ings of the m ethod some 
authors propose annealing the drillings which by 
changing cem entite, m artensite, etc., into  pearlite, 
prevents loss of sulfur as vo latile  com pounds. It  is 
also claim ed b y  other writers th a t b y  passing the 
evolved  gases through a red hot tub e, the carbon- 
sulfur com pounds are broken down to hydrogen sulfide.

A  G erm an C om m ission,3 appointed  b y  the Verein 
D eutscher E isenhuttenleute to in vestigate  th e de-

i C f. S au n d e rs  a n d  F ra n k lin , Official ch e m is ts  fo r th e  N ew  E n g la n d  
K oundrym en 's  A ssociation.

> C a rn o t a n d  G o u ta l, Com pt. rend ., 1897, 125; J . C . S . ,  1897, 72.
* S chw efelbestim m ung  in  E isen  u . S ta h l. S ta h l, u . E i s m ,  28 J a h r . ,  

N r. 8.
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term ination  of sulfur in iron and steel, considered the 
use of hydrochloric acid  of 1.19  sp. gr. abso lutely  
necessary and th a t when used, th e passage of the 
evo lved  gases through a red hot tu b e can be dispensed 
w ith.

T . G ifford E llio t,1 in the Journal of the Iron and 
Steel Institute, com bines th e annealing and strong 
hydrochloric acid m odifications and  when titra tin g  
runs in an excess of stan dard  iodine solution and 
titra tes b ack  w ith sodium  thiosulfate.

The. Gravimetric or Oxidation Method.— T h is is 
usually  executed b y  dissolving th e iron or steel in 
stron g nitric acid. T h e solution is evap orated  to 
dryness, b aked, redissolved in strong hydrochloric 
acid , diluted, filtered and the sulfur precip itated  as 
b arium  sulfate. T h is m ethod is also m odified a t 
several stages,2 the m ost im p ortan t of which are 
solution  in n itric acid  and rem oval of excess acid  before 
precipitation  of barium  sulfate.

Potassium  brom ide and chlorate are used b y  N oyes 
to preven t loss of sulfur during solution  and th e sam e 
author separates the iron b y  am m onia before precip­
ita tin g  the barium  sulfate. In n early  all m ethods, 
how ever, the barium  sulfate is form ed in the presence 
of a large am ount of ferric chloride and no atten tion  
is paid to the iron retained b y  the barium  sulfate.

T h a t the oxidation  m ethod has m any failings is indi­
cated  b y  the num erous attem p ts to  overcom e them  b y  
m odifications. T h is is one of the principal reasons th a t 
led to the developm ent of th e new m ethod which is 
called  the Fusion M ethod  and is th e result of a search 
for a m ethod capable of g iv in g  accu rate  results w ith 
a n y  kind of iron. It  was desired th a t solution  of the 
iron be effected  w ith ou t th e use of acids and th a t the 
sulfur be precipitated  as barium  sulfate w ith ou t the 
presence of iron salts.

H avin g observed th a t the carbonaceous residue ob­
tained b y the solution of iron in copper-potassium  
chloride solution  contained sulfur, an experim ent 
was carried ou t to learn how m uch of the total sulfur 
it  contained.

A  few  gram s of cupola iron (pig iron rcm elted in 
the cupola) were dissolved in a solution of copper- 
potassium  chloride and filtered through asbestos. 
T h e carbonaceous residue was m ixed w ith sodium  
carbonate, sodium  peroxide and a little  sugar, then 
ign ited  b y  a hot wire. T h e aqueous solution of the 
fusion was acidified w ith hydrochloric acid  heated 
to boiling and the sulfur precip itated  b y  barium  
chloride. T h e results were surprising, g iv in g  a greater 
percentage of sulfur th an  w as obtained  b y  the v o lu ­
m etric m ethod.

A  large num ber of experim ents were carried out and 
all results agreed closely w ith  th e gravim etric  figures. 
A search through th e literatu re on sulfur w as m ade 
and th e nearest approach to th is m ethod was found 
in an article b y  C . M eineke in Zeitschrift fu r  angc- 
wandte Chernie.3 T h e  author dissolves the iron b y  
boiling w ith  a solution of copper-am m onium  chloride,

1 “ T h e  V o lu m e tric  E s tim a tio n  of S uK ur in  I ro n  a n d  S te e l,”  J .  I .  S . I . ,  
1911, N o . I.

2 B a in b e r, J .  I .  S . 1, 319 (1894).
1 A b s tra c t in C hem . N ew s, M a rc h  1, 1889.

acidified w ith  hydrochloric acid, and then after filtering 
off the insoluble, dissolves it  in an oxidizing acid 
and, a fter evap oratin g  to d eh yd rate  silica, filters and 
p recip itates sulfur as barium  sulfate.

T H E  F U S I O N  M E T H O D

T h is m ethod is g iven  w ith  considerable detail, not 
because this is necessary for accu rate  results but 
because of a desire to assist those who are not familiar 
w ith the techn ique of the operations involved.

T h e sam ple should be prepared w ith  care and should 
be m oderately  fine; drillings m ade slow ly  with a rather 
dull drill are best.

S O L U T I O N S ,  E T C . ,  R E Q U I R E D  F O R  T H E  F U S I O N  METHOD

Copper-Potassium -Barium  Chloride Solution. —  Dis­
solve 600 gram s of copper-potassium  chloride in warm 
w ater, add 30 cc. of hydrochloric acid, 30 cc. of barium 
chloride solution, and d ilute to  1600 cc. A fter standing 
24 hours, filter through asbestos.

Sodium  Peroxide is p ra ctica lly  free from  sulfur.
Anhydrous Sodium  Carbonate is free from  sulfur.
Barium  Chloride Solution  of 20 per cent strength.
Hydrochloric A cid , C. P ., has a den sity  of about 1.19-
Dilute Hydrochloric A cid.— A d d  100 cc. of hydro­

chloric acid to  900 cc. of distilled w ater.
Asbestos Suspension.— T h e acid-w ashed fiber is 

ign ited  and again  w ashed w ith  dilute hydrochloric 
acid  and k ep t suspended in w ater.

D issolve 3 gram s of sam ple in abou t 120 cc. of 
copper-potassium  chloride solution containing barium 
chloride, b y  m eans of a su itab le stirring device. A 
Juno m otor in series w ith  an incandescent lamp gave 
excellent service. A llow  th e solution  to stand about 
th ir ty  m inutes, then  decant upon an asbestos pad 
form ed in a porcelain  G ooch crucible, using suction 
to hasten  filtration . W ash the residue into the cr u cib le  

b y  m eans of a fine stream  of dilute hydrochloric acid, 
using as little  as possible. A fter  acid has run through, 
add ju st enough fine asbestos suspension to cover the 
carbonaceous residue. F inish  w ashing with 15 to so 
cc. of w arm  w ater.

A fter  all has passed through, wash down the sides 
of th e crucible w ith  a few  drops of alcohol. R e m o v e  

the pad and residue w ith  tw eezers, an operation easil) 
accom plished if th e  crucible has a rem ovable bottom- 
Separate the asbestos as com pletely  as possible and 
d ry  th e b la ck  residue a t a tem perature slightly under 

io o °  C . for ab ou t 15 m inutes.
W eigh 3 gram s of anhydrous sodium  carbonate and 

m ix w ith  it  the dried residue b y  m eans of a small 
glass m ortar and pestle.

T ran sfer to  a n ickel crucible of 20 cc. capacity »n 
incorporate 3 gram s of sodium  peroxide. Place the 
covered crucible over a sm all flam e and heat till the 
gentle oxidation  is com pleted  and th e melt is 
and hom ogeneous. T h is operation  requires only abou 
2 or 3 m inutes and should not be continued longer or 
m uch nickel will be dissolved.

W hile th e  m elt is so lid ify in g, cause it to cover tie
sides of th e crucible. R inse off the outside of t «
crucible a n d  place in a sm all beaker con tainin g 5°

•- de-cc. of hot w ater and w arm  until th e fused mass is
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tached. A fter rem ovin g and rinsing the crucible, add 
15 cc. of hydrochloric acid, using precautions to pre­
vent loss.

After boiling th is solution until clear, evap orate to 
dryness in platin um  and heat in oven at i3 o ° - i3 5 °  C. 
to dehydrate silicic acid. D issolve the residue in 
50 cc. of distilled w ater contain ing 1 cc. of hydrochloric 
acid, filter and wash until a  filtrate  of abou t 90 cc. is 
obtained. H eat to near th e boiling point and add 7 
cc. of hot 20 per cent barium  chloride solution, drop 
by drop, keeping th e tem perature near the boiling 
point. A  Schuster dropping flask (shaped like a tin y  
retort) is conven ien t for this purpose. K eep  the 
beaker with the p recip itate  w arm  for some tim e and 
allow to stand over n ight or abou t 15 hours. C ollect 
the barium sulfate on an asbestos pad in a platinum  
Gooch crucible, w ash, ign ite  and weigh.

With steels and low  silicon irons the m ethod m ay be 
shortened b y  om ittin g th e evap oration  to rem ove 
silica, if the am ount of asbestos fused with the residue 
is not large. Should a sligh t p recip itate of m anganese 
dioxide appear it m a y  be dissolved b y  the addition of 
a minute crysta l of ta rta ric  acid, which usually  pro­
duces a sparkling ligh t green solution.

In the follow ing ta b le  of results, those obtained b y  
the volum etric m ethod are m arked v, and those b y  
the gravim etric, g-'

T a b l b  o f  R e s u l t s
P e rce n ta g e s  su lfu r

S am ple P e rc e n ta g e F u sion O th er

Bureau o f S ta n d a rd s S u lfu r m ethod m eth od s

C  rfenewal................................ 0 .0 35 0 .0 39 0 .0 3 2  g
B .............. 0 .0 39 0 .0 38 0 .0 4 2  g
B ................. 0 .0 39 0 .0 44 0 .0 36  v
B .............. 0 .0 39 0 .0 4 1
C  2n d .................... 0 .0 34 0 .0 3 2
C  2 n d .................. 0 .0 34 0 .0 36
C  2 n d ................................ 0 .0 34 0 .0 43
D  3 rd .............................. 0 .0 35 0 .0 3 6 0 .0 4 1 g
D 3 rd ......................... 0 .0 35 0 .0 4 1 0 .0 36  v

0.4 Bes. s te e l............... 0.1  18 0 . 124 0 .1 1 5  g

Am er. F d y . A ssn ., A . . . . 0 .0 5 7

C upola iro n .............
N u m b e r

38676 0 .1 7 7 0 .1 5 5  r
21678 0 .1 2 3 0 .1 1 3  p

37485 0 .10 8 0 .10 5  v

39991 0.102 0 .0 9 7 :•
39345 0 . 160 0 .1 3 0  v

34345 0 .1 1 6 0.101  v

40103 0 . 165 0 .1 4 7  v

16519 0 .12 8 0 .10 5  v

16450 0 .1 2 4 0 .1 0 7  v

16419 0 .1 2 6 0 .1 1 9  g

30253 0 .0 95 0 .0 92 V

16 519 0 .12 8 0 .1 1 6  g

4 11 7 3 0 .1 3 1 0 .0 9 6  v

39345 0 .1 7 0 0 .1 3 0  v

P ig  iro n s .............. . . (C u  «  0 .7 6 % ) 0 .0 54 0 .0 54  g

30402 0 .0 53 0 .0 4 0  v

29765 0 .0 75 0 .0 7 4  g

29949 0 .0 4 7 0 .0 4 7 v

29949 0 .0 51
2789 0 .0 9 5 0 .0 84 g

18169 0 .0 49 0 .0 44 g

W h ite  irons
Chilled r o l l . . 0 .1 7 0 0 .1 6 0  g
M alleable, a s  c a s t . . . . 416 52 0 .1 4 8 0 .0 95 v
M alleable, a s  c a s t . . .  . 41780 0 .16 8 0 .1 2 8  v
I*ow sulfur s te e l. 0 .0 1 4 0.010  g

N um erous b la n k  te sts  w ere  ru n , u sin g  re g u la r  a m o u n ts  o f rea gen ts  
n cr the sam e co n d itio n s  a s  th e  a n a ly s e s  th em selv es  an d  th e  av era g e  

6*aouijt of su lfu r fo u n d  w a s  0.0013 p er cen t.

E X P E R IM E N T A L

I t  was th ought a t first th a t all the sulfur w ould not 
be obtained in the carbonaceous residue but m y earliest 
experim ents a lw ays gave results th a t agreed well 
w ith th e  analyses of the B ureau of Standard  sam ples. 
C arn o t and G o u tal1 have shown th a t “ W hen iron or 
steel is heated w ith dilute acids, alm ost all the sulfur 
is converted  into hydrogen sulfide b u t when the solven t 
is a neutral or4fa in tly  acid solution of copper-potassium  
chloride all of the sulfur rem ains in the residue, p artly  
as ferrous sulfide, but often m ainly as cupric sulfide. 
D irect exam ination shows th a t the copper solution 
has no effect on ferrous sulfide and it  follows th a t the 
sulfur is p artly  present in the m etal as some other 
sulfide. D irect exam ination also shows th a t the sulfur 
in com bination with copper in the residue is equivalen t 
to  the m anganese in the iron or steel. Hence part 
of the sulfur is in com bination w ith m anganese as 
m anganous sulfide.”

Should a n y  sulfur pass into  solution it  will im ­
m ediately form  barium  sulfate w ith the excess of 
barium  chloride present in the solvent. M oreover, the 
solven t is saturated  w ith barium  sulfate so th a t pre­
cipitation  is im m ediate.

A  few  experim ents in support of these view s and 
some others which show the effect of free hydrochloric 
acid on the solubility  of barium  sulfate are given  below :

Barium  Sulphate is Carried Down by Carbon
I — 4 cc. of B a C lj solution were added to  a  i gram  sample 

of shot iron while dissolving in copper-potassium  chloride solu­
tion. A fter filtering as usual, 2 gram s of granular zinc were 
added and the solution rotated rapidly till clear. N o precipitate 
was found in hours.

I I — Sam ple treated as in preceding experim ent bu t 2 cc. 
of N/20 H 2SO j were added before filtering. Copper was rem oved 
b y  granular zinc bu t no precipitate found.

I I I — T o  the last test (II), 2 cc. N/20 H .SO j were added 
and a precipitate formed im m ediately.

Barium Sulfate is Insoluble in the Ferrous-Cuprous Solution
IV — 2 gram s of p ig iron dissolved in C u K B a C l solution 

gave 0.096 per cent S  or 0.0140 gram  B aS O t.
V — 2 grains of pig iron dissolved as before and 2 cc. 

of N/20 H 2SO j added, stirred 5 m inutes longer and allowed to 
settle forty-five minutes on oven. BaSO< precipitate could be 
distinctly seen. T h e iron contained the equivalent o f 0.0140 
gram of BaSOt and 0.0116 gram  was added giv in g a to ta l of
0.0256 gram  and 0.0245 gram was found. R esults b u t o.oor 
gram low, showing practically  no loss of BaSC>4.

Barium Sulfate is Precipitated Immediately and Completely
V I — 2 gram s of high sulfur iron (S =  0.27 per cent) were 

dissolved in C u K B a C l solution. Rem ained on oven one hour 
and filtered. T he filtrate divided into tw o portions.

A — Placed in long Nessler tube and kept on oven 24 
hours. N o precipitate visible. A fter filtering through 
Gooch, 110 gain in weight. Absence of B aS O (.

B — Placed in long Nessler tube and 1 cc. of H 2SQ| 
( =  0.006 gram  of B aS O () added. A fter standing on oven 2 
hours, precipitate of BaSO< w as distin ctly  visible. A fter 24 
hours, filtered on Gooch and weighed 0.007 gram . T h e residue 
was tinged w ith iron oxide.

To Learn i f  BaSOt Separates from High Sulfur Samples on Long 
Standing

V I I — 3 samples of cast iron, 47006-47007-47008, were carried
1 L o c. c it.



through for sulfur, using C u K B a C l solution and gave: t i t r a t e d  w it h  s t a n d a r d  p e r m a n g a n a t e  so lu tio n  a c

Percentages sulfur c o rd in g  to  th e  r e a c t io n :

No- Fusion method Vol. method 5Sb:>(SO.|)3 +  ^ .K M nO j +  24H2O =  Io H 3SbO( +

47007 0 ¡21 0 m  . f  4 M nSO „ +  2 K 2S 0 4 +  9 H2S0,
47008 ]ost 0 ' 10a A fte r  th e  a n t im o n y  is t i t r a t e d ,  th e  t in  is reduced

,r . , W ltb lro n  in  th e  p re se n c e  of p r e c ip i ta te d  antimony
r u  !  ̂ ° nl a, ove stood 011 the oven for 4  days, then a n d  th e  s ta n n o u s  iro n  is t i t r a t e d  b y  s ta n d a rd  iodine

uere filtered through paper and carefully washed with dilute so lu tio n .
HC1 and water. r ., ,

They weighed as follows: I n  a n o th e r  s a m p le  th e  le a d  is s e p a ra te d  as above,
a n d  fro m  th e  f i l t r a te  fro m  th e  le a d  s u lfa te  th e  copper 

w o r n . . . . . . . . . . 0! 0050 gram *S Pre c ‘P l ta te d  a s  C u C N S  e i th e r  w ith  o r w ithout a
47008..........................  0.0025 gram p re v io u s  t i t r a t i o n  of th e  a n t im o n y  as  th e  chemist

t J L   ̂ , m ay Prefer- T h e C u C N S  is then  titra ted  with IiMnO,
ests deposited basic salts while standing on oven, to dis- or the copper is determ ined b y  the ve ry  accurate

solve which they were treated twice with 2 cc. of HC 1, but this io d id e  m e th o d .
did not prevent appearance of basic salts. On filtering 110 indi- Tho . , ,
cation of B aS O < w as noted and only an iron stain  rem ained on t h e  t i t r a t i o n  o f  K °  ^  ^
paper. T h e 3 filter papers w ere ignited and weighed separately, ! J f J i ? ' ° f  # * ?  a n tj m o * y  p e r m a n g a n a te  in a
then com bined and fused w ith  N a 2C 0 3, the solution m ade . s o lu t io n  fr e e  f r o m  H C 1; second, the
faintly  acid w ith  H C 1 and evaporated to crystals. T h e residue c o m b in a t io n  o f  th e s e  f o u r  m e th o d s  f o r  le a d ,  antim ony,

was dissolved in 10 cc. of w ater and on ly  a slight fiocculent ’̂ n ’ a n d  C0P P e r ; a n d  third, t h e  m a n ip u la t io n  necessary
precipitate w as visible (Si0 2?). f o r  t h e  c o m b in a t io n .  A  g r e a t  m a n y  d eterm in atio n s

Effect of Hydrochloric Acid on the Solubility of Barium Sulfate w e r e  m a d e  b e fo r e  t h e  m a n ip u la t io n  n e c e s s a r y  to  obtain

V I I I  F our solutions w ere prepared, each containing 3 gram s a c c u r a t e  r e s u lts  w a s  w o r k e d  o u t .  I t  is  n e c e ss a r y  that
of sodium carbonate and sodium peroxide, m ade ju s t acid to d e t a i ls  a s  h e r e  g iv e n  b e  s t r i c t l y  a d h e r e d  to , b u t this
m ethyl orange w ith  H C 1. S cc. N /20 H2SO , were added to each is  e a s i ly  d o n e -

TTp,294 grT  K a S 0 ,)- Procedure.— P la c e  i  g r a m  o f  f in e  s h a v in g s  o r drillings
w as added m increasing am ounts to each test as follow s: in  a  K j e l d a h l  f la s k  w it h  a  s h o r t  n e c k ,  a n d  ad d  20 cc%

1 2 3 4 c o n c e n t r a t e d  s u l f u r i c  a c id . H e a t  n e a r ly  to  boiling
H a ..............  0 .25  cc . 0 .5 0  cc . 1.00 cc. 2 .oo c c . a n d  c o n tin u e  th e  h e a t in g  u n ti l  th e  sa m p le  is nearly

Tests were heated to boilin ir 1 . ., , . d e c o m p o se d  a n d  th e  le a d  s u lfa te  is w h ite . T his may

hot BaCl2 solution, using a Schuster bottle™''Volume cc h ° Ur' F h la l ly  b o il fo r sev e ra l minutes-
All precipitates were granular and settled rapidly. A llu re -  t ,h 6  .s o lu tio n  a n d  th e n  a d d  5 °  cc. o f w ate r while
cipitates were collected on a carefully prepared asbestos pad 1116 8011111011 m  th e  fla sk  is k e p t  a g i ta te d .  H eat the
and the following results were obtained: l iq u id  to  b o ilin g  a n d  k e e p  b o ilin g  fo r  se v e ra l minutes.

1 2 3 4  T h is  is  n e c e ss a ry  to  g e t th e  a n t im o n y  su lfa te  com-
Gram Baso................ 0.0303 u .0304 0.0290 00312 p le te ly  in to  so lu tio n , a s  i t  c ry s ta ll iz e s  o u t  from  a cold
184 W hittier ave ' c o n c e n t r a te d  su lfu ric  a c id  so lu tio n . A llow  th e  lead

oviDBNcB, r .  x. __  __  s u lfa te  to  s e t t le  o u t  fo r a b o u t  five  m in u te s  or until

THE ANALYSIS OF a t t o v c  tl le  so lu tlo n  ls c le a r, b u t  do  n o t  a llo w  th e  tem perature
ALYSIS OF ALLOYS^OFLEAD, TIN, ANTIMONY of th e  l iq u id  to  fa ll b e low  a b o u t  60» C . T he liquid

By d  j  dbmorkst ab o v e  th e  PbSC>4 s h o u ld  b eco m e  c le a r  qu ick ly . If it
Received June 2 1913 d o es n o t, i t  s h o u ld  be  h e a te d  lo n g er . A fte r  th e  liquid

T h e  fo llo w in g  m e th o d  nf Qn o ’ • 1 t b a s  b e c o m e c le a r , p o u r  i t  th r o u g h  a  w eighed  Gooch

after m .k in g  L n d r e d ,  o f d e te T “  ?  ”  'leVi!ei1 Cr“ d b le  w i,h  a"  “ b e s l“  * > u,  the sdutio» 0«
a n d  m ix tu re s  of m e ta ls  T h e  m ilj f  IOnS 011 a ^ ° y s as c o m p le te ly  a s  p o ss ib le  w ith o u t  a llo w in g  m ore than

in a c c u ra te  b u t  th e y  sh o w ed  th e  so u rce s  o f e m  " ^ d  a  ^  SmaU a m o u n t  of th e  P b S 0 < to  8°  o v e r in to  the

m e th o d  as  h e re  p re s e n te d  is in al)̂ u â ?'10n) u n ti l  th e  N o w  in t ro d u c e  10 cc. m o re  of c o n c e n tra te d  sulfuric
th e  b e s t  m e th o d  fo r  o b ta in in g  nnrV-t C S o p in io n > a c id  ln to  th e  K je ld a h l a n d  h e a t  to  b o ilin g  and keep 
re s u lts  in  th e  a n a ly s is  of th e  a l b  v s o f ̂  k aCCUrate b o il in S se v e ra l m in u te s , coo l, a d d  30  cc. of water,
m e ta ls . y  a b o v e  n a m e d  h e a t  to  b o ilin g  fo r a  few  m in u te s , a llow  th e  solution

T h e results obtained are relishl • t,- t0 ° 001 t0 abou t 5° °  C - and Pour and the precipitate
cen t for lead, tin  and l i t im o n v  d ° ' 2 per ° f  lead su lfate  into the G ooch crucible. Wash the
copper. an 0-1 Pei cent for crucible and p recip itate  six or eight tim es with distilled

W hen fine shavin gs of 'in -ill • • w ater, ta k in g  care to keep the volum e of the filtrate
all of the m etals lead tin  a n t i™  C? n t“ m ng an  ̂ or dow n to  12 5 -15 0  cc. Ign ite  th e P b S O , at a dull red
digested a t a  boiling hont wrj*t R y' an C0PPe r  are h e a t, preferably  in a muffle furnace, for fifteen minutes

acid, the lead is le ft insoluble a s ^ h S ?  Kl,lIfuric 0r “ ore- c° o1 and w eiSh - ^  contain s 68.3 per cent
goes into solution as S n fS O Y  tllC tin  lea d '
antim on y as Sbo(S0 4)3 T i i f ^ A ^ ^ i f 8 anc* Pour the filtrate  from  the P b S 0 4 into a 45° cc>
off and weighed" and the .n t in  * f - W  *S filtered E rlen ™ eyer flask, heat to  6 o °-8 o ° C . and titrate the

th e  a n t im o n y  in  th e  f i l t r a te  is a n t im o n y  w ith  s t a n d a r d  p e rm a n g a n a te  of about
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N/io strength. A fter som e perm anganate has been 
run in, the solution ta k es  on a pink tinge but the ad­
dition of the perm anganate is continued until the color 
becomes a deep perm anganate; then tw o or three cc. 
more of perm anganate are added. Stir the solution 
for a minute then titra te  th e  excess perm anganate with 
a standard ferrous su lfate  solution until the pink 
just disappears. T his is th e end point and it is quite 
sharp.

The perm anganate should be standardized by dis­
solving 0.2 gram  of pure an tim on y in 30 cc. of boiling 
concentrated sulfuric acid  and, after diluting to 150 
cc., titrating w ith perm anganate a t 700 C. F airly  
close results m ay be obtained by calculatin g the 
antimony strength of perm anganate from  its iron value 
by m ultiplying the iron valu e b y  1.076, but it is much 
better to standardize again st pure antim ony.

After the antim on y is titra ted , the tin is determ ined 
according to the m ethod of L ow  im proved b y P atrick  
and W ilsnack.1 A d d  to  the solution 50 cc. of h yd ro­
chloric acid and abou t 0.15 gram  of antim on y dissolved 
in 5 cc. of concen trated  sulfuric acid unless there is 
already th at am ount of an tim on y present, in which 
case no antim ony need be added. Insert into the 
neck of the flask a three-hole rubber stopper. Through 
one hole pass a glass tu b e which reaches to the bottom  
of the flask. B etw een  the stopper and the flask and 
opposite the other holes, pass a platinum  wire on the 
end of which is a sheet of pure iron (such as ingot iron) 
about tw o inches long and one-half inch wide, which 
rests on the bottom  of th e  flask. Pass C 0 2 or hydrogen 
or natural gas (w hich has bubbled  through N aO H  
solution to rem ove H2S) through the glass tube, and 
heat the solution to  slow  boiling; continue the boiling 
and the stream  of gas for th ir ty  m inutes after the 
solution has becom e colorless. T he antim on y pre­
cipitates out and w ith  th e iron reduces the tin  to the 
divalent condition. C ool th e solution while a rapid 
stream of the gas is k ep t passing through the flask 
to keep out air. W hen cold add through a funnel in 
one of the holes in the stopper 100 cc. of cold, recently 
boiled, distilled w ater contain ing several cc. of starch 
solution. Pull the iron sheet up out of the solution 
by means of the p latin um  wire. R em ove the funnel 
and while a slow current of gas is passing, insert the 
tip of a burette through one of th e holes and titrate  
the tin with a N /10  iodine solution until a blue color 
is obtained. T h e end poin t is v e ry  sharp but will 
fade after several m inutes. T h e results are quite 
accurate.

At the same tim e th a t the above sam ple is being 
analyzed, another sam ple should be sim ilarly treated 
UP to or through the an tim on y titration , if the chem ist 
desires duplicate results on th e lead and antim ony. 
To the sulfuric acid  solution  add three gram s of tar- 
iaric acid, next am m onia until the solution is slightly  
alkaline, and then tw o  cc. of sulfuric acid; heat nearly 
10 boiling. A dd  tw o gram s of sodium  sulfite and when

is all dissolved add a gram  of K C N S  dissolved in 
10 cc. of water. Shake the flask well and allow the 
CuCNS to settle for fifteen m inutes while the solution

1 T h is  J o u r n a l ,  4 , 59 7 .

is k ep t hot. F ilter through an asbestos m at, wash 
well w ith w ater, and determ ine the copper in the 
precipitate b y  either the sulfocyan ate-perm angan ate 
m ethod or b y  the iodide m ethod after ign iting the 
precipitate and dissolving the copper oxide in nitric 
acid.

N O T E S  O N  T H E  P R O C E S S

r. W hen an alloy containing lead or tin is dissolved 
in hot sulfuric acid, there is considerable free sulfur 
liberated. This does no harm.

2. T he alloy m ust be digested w ith the sulfuric acid 
a t a boiling heat for several m inutes in order to dissolve 
it com pletely and to oxidize all the tin to the “ ic ”  
form . There is no tendency for the antim on y to be 
oxidized further than to the triva len t state.

3. It is necessary th a t the lead su lfate be ignited a t 
a dull red heat for some tim e since it seem s to  hold 
excess sulfuric acid very  tenaciously. E ven  then the 
results tend to run a little  high.

4. In the antim ony titration  it is necessary to em ploy 
a large excess of perm anganate in order to  com plete 
the oxidation. Often the solution will becom e turbid  
during the titration, but this does not affect the re­
sults. W hen the titration  is m ade thus, in a solution 
free from  H C 1, the end point is not evanescent.

The follow ing are some results obtained by the above 
method:

G ra m s L e a d G ra m s A n tim o n y G ra m s  T in G ra m s C o p p er

T a k e n F o u n d T a k e n F o u n d T a k e n Fo u n d T a k e n F o u n d

0.60 0 0 .6 0 2 0.200 0.200 0.200 0.201 0 .0 460 0 .0 450
0.60 0 0 .5 9 9 0.200 0.201 0.200 0.201 0 .0 440 0 .0 440
0.60 0 0 .60 2 0.200 0 .1 9 9 0 .13 5 0 0 .13 4 0
1.000 1.001 0.200 0.200 0.200 0.200 0.0 430 0 .0 425
0 .50 0 0 .50 2 0 .2 50 0 .2 50 0 .2 5 0 0 .2 5 2 0.0 890 0 .0 89 4

0.200 0.200 0.200 0 .9 1 7 0 .0 500 0 .0 500
0 .70 0 0 .70 3 0.300 0 .3 0 1 0 .1 5 0 0 .1 4 9 0 .2 50 0 0 .2 5 10
0 .50 0 0 .50 0 0 .2 50 0 .2 4 9 0 .2 5 0 0 .2 50 0 .0 500 0 .0 500
0 .70 0 0 .70 1 0 .1 5 0 0 .14 8 0 .0 500 0 .0 490
0.60 0 0 .60 1 0.200 0.200 0.200 0.200 0 .0 2 55 0 .0 250

0.60 0 0.600 0.200 0.200 0.200 0.200 0 .0 255 0 .0 254
0 .0 2 55
0 .0 2 55

0.0 240
0 .0 2 5 6

The copper in the above experim ents was determ ined 
b y the sulfocyanate-perm anganate m ethod.1

The p u rity  of the m etals used was ascertained by 
determ ining the m ost lik e ly  im purities in them . The 
weights taken  in the above experim ents were such as 
to give the am ounts recorded.

D e p a r t m e n t  o e  M e t a l l u r g y  
O h io  S t a t e  U n iv e r s it y  

C o l u m b u s

A R A P ID  AN D  A C C U R A T E  G R A V IM E T R IC  M E T H O D  F O R  
D E T E R M IN IN G  F A T  IN  IC E  C R E A M S , C E R E A L S  

A N D  C H O C O L A T E
B y  E . P . H a r d i n g  a n d  G u y  P a r k i n  

R e ce iv e d  J u ly  14 , 19 13

In T h i s  J o u r n a l ,  5 . 1 3 1 , the authors of this paper 
described a m ethod for determ ining m ilk-fat in evap ora­
ted m ilk and m ilk pow ders a t th e conclusion of which 
th ey stated th a t the m ethod w as at th a t tim e being 
tried out on various ice cream s, on cheese, cereals, 
flours and various other products.

T he present paper is a continuation  of th a t work
1 T h i s  J o u r n a l ,  5, 2 15 .



and as Ih c am ount of the substance used in an analysis, 
its n ature and fa t conten t differ from  those of th e m ilk 
products, the m ethod will be given  again  som ew hat 
in detail.

A .  T H E  D E T E R M I N A T I O N  O F  F A T  I N  IC E  C R E A M

T h e reagents used arc acetic  acid, 25 per cent b y  
volu m e; carbon tetrachloride, redistilled; 95 per cent 
e th yl alcohol, redistilled; and redistilled petroleum  
ether w ith boiling point 500 C. to 70° C.

T h e apparatu s used is a 100 cc. N essler ja r  or a n y  
convenient 100 cc. extraction  tub e w ith  tw o rubber 
stoppers, one un perforated and used while shaking, the 
other doub ly perforated carryin g blow -off tubes, 
sim ilar to th e W erner-Schm idt blow-off tubes b u t w ith 
a double bulbed rubber air-pressure pum p for forcing 
the ether layer out of th e extractio n  jar. A  11 cm. 
filter paper, funnel and stan d, w ide-m outhed flasks 
of 50 to 7s cc. c a p acity  for w eighing the fat, a sm all 
evap oratin g  dish for holding w ash petroleum  ether, 
a petroleum  ether wash b ottle, a condenser, and a 
dryin g oven.

T h e process in detail is as follow s: T h e ice cream
is m elted b y  w arm ing to 50° C . and well m ixed, w ith ­
out churning, to form  a uniform  sam ple. F ive  gram s 
of this m ixture are weighed into  the 100 cc. extraction  
jar, s cc. of 25 per cent acetic  acid added, and the 
contents warm ed to abou t 500 C . b y  cau tio u sly  ro­
ta tin g  the ja r  over a low  flam e or b y  placin g it  in a w ater 
bath  at th a t tem perature. W hen th e protein has dis­
solved, 12 cc. of carbon tetrachloride arc added and the 
jar  vigorously  shaken for tw o m inutes. T en  cc. of 
alcohol are added, th e jar  again vigorou sly  shaken, 
then 35 cc. of petroleum  ether are added and the 
vigorous shaking continued one m inute. T he jar  is 
then allow ed to  stan d from  one to tw o m inutes when 
the separation  will be com plete. (If an em ulsion form s 
it can be broken up w ith  a few  drops of alcohol.) 
T h e blow-off tub e is then inserted and the ether layer 
cau tio u sly  blow n onto the filter w hich filters through 
onto the tared  flask. (In blow in g off the ether layer, 
care m ust be tak en  th a t none of the carbon tetrachloride 
layer is blow n off w hich m ay happen if a too close 
separation  of th e tw o layers is a ttem p ted . T h is m ay 
be avoided  w ith reasonable care in the m anipulation.) 
F ive cc. of carbon tetrachloride are then added to the 
conten ts of the ja r  which is th o rou gh ly  shaken, then 
30 cc. of petroleum  ether are added, the jar  again 
th o rou gh ly  shaken, one m inute allow ed for separation 
and the ether layer blow n off w ith the necessary 
precautions as ab ove stated. A n other addition  of 
S cc. of carbon tetrachloride and 30 cc. of petroleum  
ether is m ade w ith thorough sh akin g after each addition, 
and the separation of the ether laye r  a fter one m inute 
stan din g is repeated  as in th e first b low  off. F iv e  cc. 
of petroleum  ether are then placed in th e sm all ev a p o ­
ratin g  dish and gen tly  draw n into  th e jar  b y  sucking 
on the blow-off tu b e; after a few  seconds th is ether 
which has m ixed w ith  th e thin  ether laye r  in the jar  
is blow n off through th e filter. T h e filter paper is then 
well washed w ith sm all portions of petroleum  ether, 
ab ou t 15 cc. in all, th e flask connected w ith the con­
denser, the ether distilled off, and the flask heated for
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one hour (to con stan t w eight) a t io o °  C . in the drying 
oven, then weighed.

D uring the process while th e ja r  is being prepared 
foi the second and third  blow  offs, the weighing 
flask is connected w ith  the condenser and most of the 
ether distilled off, T h is  shortens the process to about 
one and one-half hours and perm its the use of a 50 
to 75 cc. flask for w eighing the fat.

T a b l e  I — R e s u l t s  S h o w i n g  t h a t  a  F o u r t h  B l o w  Opt> is  N o r 
N e c e s s a r y  

1st, 2d a n d  .Id B lo w  offs  4th B lo w  oil

A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  5, No. 10

S a m p le G ra m s P er c e n t G ra m s P er ccnt
N o . w e ig h t fa t w eigh t fat

I ........ 13 .0 3 0.0003 0.01
I I ............... . . . .  0 .3 30 3 1 1.02 0.0012 0.04

I l l ................. 1 1 .2 9 0 .0009 0.03
I V ................. 12.00 0.0003 0.01

V ................. 9 .1 4 0 .0006 0.02

T a b l e  I I — R e s u l t s  O b t a i n e d  o n  V a n i l l a  I c e  C r e a m s . 1 

T h e  R o e se-C .o ttlieb  M e th o d  a s  g iv e n  in  C irc u la r  66 and  the Babcock 
M e th o d  as g iv en  in  I.ca ch  w ere  used  a s  co m p ariso n  m ethod s.

H a rd in g -P a rk in  R o ese-G o ttlieb
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389 3 .0 0 0 .3 3 7 5 11.25 3 .0 0 0 .3 3 8 7 11.29 10.00
389 3 .0 0 0 .3 3 6 3 11.21 3 .0 0 0 .3 3 1 2 11 .0 4 10.00
389 3 .0 0 0 .3 3 7 8 1 1 .2 9
395 3 .0 0 0 .3 3 0 7 11.02 3 .0 0 0 .3 30 3 11.01 10.00
218 3 .0 0 0 .3601 12.00 3 .0 0 0 .3 5 4 0 11 .8 0 11.00
218 3 .0 0 0 .3 6 1 2 12 .04 3 .0 0 0 .3 5 8 0 11 .9 3 11.00
219 3 .0 0 0 .2741 9 .1 4 3 .0 0 0 ,2 7 5 5 9 .1 8 8.00
233 3 .0 0 0 .2 8 0 4 9 .3 4 3 .0 0 0 .2 7 8 7 9 .2 9
2 3 l(« ) 3 .0 0 0 .2 8 9 7 9 .6 5 3 .00 0 .2 8 50 9 .5 0 7.00

X 3 .0 0 0 .2 2 5 1 7 .5 0 3 .0 0 0 .2 2 5 0 7.5 0 6.00
Y 3 .0 0 0 .2 3 3 8 7 .7 9 3 .0 0 0 .2 2 6 1 7 .5 3
Z 3 .0 0 0 .2 40 4 8.01 3 .0 0 0 .2 3 5 0 7.8 3
I 3 .0 0 0 .2 4 3 8 8 .12 3 .0 0 0 .2 4 1 5 8 .0 5

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

v®) D e te rm in a tio n  w a s  m a d e  on a  so u red  sam ple.

T a b l e  I I I .— R e s u l t s  I l l u s t r a t i n g  C h a n g e  i n  B u t t e r - F a t  C o n te x ts  
o f  V a r i o u s  P a r t s  o f  a n  I c e - C r e a m  P a c k e r  a f t e r  S ta n d in g  

T h e  sa m p les  w ere  tw o  g allo n  p a c k e rs  w h ich  w ere w ell filled and in a fresh 
fro zen  co n d itio n  w hen first sa m p led . T h e  secon d  sa m p lin g  w as made after 
th e  p a c k e r  h ad  sto o d  tw e n ty - fo u r  h o u rs  w ith o u t d istu rb in g  at rooa 
te m p e ra tu re .

F re s h  frozen  co n d itio n A fte r  s ta n d in g  24 hours
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I 1 2 .1 7 1 2 .1 9 12 .0 5 12 .3 8 12.21 12. 12
I I ____ 12.66 12 .3 4 12 .6 3  ' 12 .6 1 12 .5 7 12.41

C O N C L U S IO N

The m ethod is recom m ended for determining fat 
in ice cream  because:

I. I t  is a short, p ractical gravim etric method 
readily  ad ap ted  to com m ercial control work, r e q u ir in g  

from  one to  one and one-half hours for a c o m p le te  

determ ination.
II. I t  g ives a pure fat.

II I . I t  g ives a larger per cen t of fa t  when c o m p a r e d  

with stan dard  m ethods.
1 S ee  a lso  resu lts  o b ta in ed  on  c h o c o la te  ice cre a m s, T h i s  J o u r n a l

134.
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IV. It will give accu rate  results w ithout a closc 
adherence to the am ounts of reagents used.

B. THE D E T E R M IN A T IO N  O F  F A T  I N  C E R E A L S , C O M ­

PO U N D  C E R E A L S , F E R T I L I Z E R S  A N D  C H O C O L A T E S

The method used in the determ ination  of oil in 
ccreals, compound cereals and fertilizers with one ex­
ception was the sam e as th a t applied to ice creams. 
It was found th a t acetic acid  would not cut the fiber 
and liberate the oil q u a n tita tiv e ly . T h e sam e volum e 
of hydrochloric acid w ith a specific g ra v ity  of 1.12 was 
substituted for the acetic  acid  w ith q u an titative  
results.

The method as applied to  chocolate was the same 
as that applied to cereals w ith th e exception th a t it 
was necessary to cen trifuge tw o m inutes in obtaining 
the first separation. T h e follow ing d ata  will show that 
the Bigelow and A lbrcch  m ethod gives higher results 
but the extract upon evap oration  contained fibrous 
material which it was im possible to filter off and therefore 
weighed as oil.
Tabliî I— R e s u l t s  O b t a in e d  o n  G r a h a m  F l o u r , B u c k w h e a t  F l o u r , 

C o m p o u n d  C e r e a l s  a n d  F e r t i l i z e r s  

The sixteen-hour e th e r  e x tra c tio n  m e th o d  a s  g iven  in  F o o d  In sp ec tio n  and  
Analysis b y  L each  w as u sed  a s  a  co m p ariso n  m e thod .

H a rd in g -P a rk in 16-hour e th e r  e x tra c t

6«w
O

O

s«u
o

0 .0 4 1 0
0 .0 3 0 0

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

2 .0 5
1 .50

2.41
2 .3 7

o o
0518 2 .5 9
0521 2 .6 0
0529 2 .6 4
0535 2 .6 7
0422 2 .11
0311 1 .5 6
0310 1 .55
0492 2 .4 6
0476 2 .3 8
0505 2 .5 2
0493 2 .4 6
0494 2 .4 7
0490 2 .4 5
0477 2 .3 8
0498 2 .4 9
0510 2 .5 5
0497 2 .4 8
0490 2 .4 5
0492 2 .4 6
0372 1 .86
0361 1 .80
0630 3 .1 5
0504 2 .5 2

.0516  2 .5 8

.0540  2 .7 0
0760 3 .8 0
0744 3 .7 2
0740 3 .7 0
2128 10 .6 4
2371 11 .85

1 b u c k w h e a t flour.
1 c o m p o u n d ed  cereals .
1 fe rtilizers .

T a b l e  I I
The following d a ta  w ere o b ta in e d  show ing  a  fo u r th  blow  o il to  be unnecessary .

w
I ..........
I ..........
I ..........
I ..........

I I ..........
I l l ......
I I  I ..........
I  V ..........
IV ..........
IV ..........
IV ..........
IV ..........
IV ..........
IV ..........
IV ..........
IV ..........
IV ..........
 V..........
 V..........

V I ..........
V I ..........

V I l ( o ) . . .  
V I H (o ) . . .  
.VIII (®). 

IX (® ). . .  
X (6) . . .  
X (6) . . .  
X < * )... 

X l ( c ) . lf 
X l( c ) . . .

0 .0 4 7 8

0 .0 3 8 5

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

0 .0 ^ 3 3
0 .0 7 7 4

2 .3 9

1 .92

2 .9 5
2 .5 0

2.66
3 .8 7

^  D ete rm ination  on 
'  '  D ete rm ination  

D ete rm ination

0 .2 1 2 7  10.63
0 .3 3 6 0  11 .80

1st, 2d , 3d  B low  offs 4 th  Blow  off

0
£

c
3

HCl
JJ u

0
C— v 0

_  V— u
5 3  s

O u

'Jî 0 0
207 0 .0 4 2 2 2 .1 1 0.0012 0 .0 6
203 0 .0 6 3 0 3 .1 5 0 .0 0 0 8 0 .0 4
211 0 :0516 2 .5 8 0 .0 0 0 6 0 .0 3

T a b l e  I I I
T h e  follow ing resu lts  w ere o b ta in ed  on choco la te . T h e  Bigelow  a n d  Al- 

brech  M e th o d  as g iven  in th e  P roceed ings of A. C . A. C . B u ll. N o . 137, 
pp . 102-3, w as used  as  a  com parison  m e thod .

H a rd in g -P a rk in  B igeJow -A lbrcch

f/i
173
173

J2 B o «
J Ö
U 
2.00 , 

2 .0 0

U 
1.0393 
1.0341

¿2 5O rf
J o
Ü
2.00

uV u0
2
ffl 2 c ö  g
0 * rt u

0 ft, O **
U U
.0720 5 3 .60(a)
.0680 5 3 .40(*>

51 .96
5 1 .7 0 (6 )  2 .0 0

(a )  T h is  cocoa b u tte r  h ad  a  d ir ty  a p p e a ra n c e  an d  co n ta in e d  ch o co la te  
fiber.

(b) T h e  re frac tiv e  index  of th is  fa t  w as found  to  be 1 .4575 a s  4 0 °  C.

C O N C L U S IO N

I. T he method extracts all the oil from 
and fertilizers and requires b u t tw o hours for 
plete determ ination. O ther reliable m ethods 
sixteen hours of extraction.

II. It extracts from  chocolate all the oil in 
fibrous-free condition.

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

cereals 
a com- 
require

[ P O U T E C H N I

t s r â
P R O P O S E D  M E T H O D  F O R  D E T E C T IN G  A D U L T E R A T I 

O F C ID E R  V IN E G A R  W IT H  D IS T IL L E D  V IN E G A R
B y S. L . C r a w f o r d  

R eceived  J u ly  28, 1913

A t the present tim e it is only possible to determ ine 
whether a cider vinegar has been adulterated  with 
an appreciable am ount of distilled vin egar, providing 
the different constituents have not bcen*raised to cover 
up the addition of the distilled vinegar. T he glycerine 
determ ination, for exam ple, is on ly  valuable providing 
a sufficient am ount of glycerine has not been added 
to the vinegar to m ake up for the low ering of the 
glycerine content caused b y the addition  of distilled 
vinegar. Therefore, in looking for a w a y  o'f determ in­
ing w hether cider vinegar contains added distilled 
vinegar, our principal aim has been to find some differ­
ence between cider vinegar and distilled vinegar, 
which could not be affected b y  additions m ade to the 
vinegar.

It  has been known for some tim e th a t there was in 
cider vinegar a vo latile  constituen t which had a re­
ducing effect on F ehlin g’s solution, and in order to get 
the true am ount of reducing sugars in vin egar, it  is 
necessary to evap orate several tim es after the ad ­
dition of w ater. W hat this substance is, has not yet 
been determ ined, b u t w hat we found wa ; th a t while 
distilled vinegar or pyroligneous acid does not contain 
an y appreciable am ount of this vo latile  substance, all 
cider vinegar shows its presence in sufficient am ount 
to m ake it  a valuable constan t in determ ining the 
p u rity  of a vinegar.

The proposed m ethod is to take 50 cc. of sam ple, 
dilute to 250 cc. and distil over 200 cc. into a 250 cc. 
flask. • N eutralize and m ake up to the m ark. T ake 
50 cc. of this distillate and determ ine sugars b y  the 
m ethod given  in Bureau of C hem istry , Bulletin  1 0 7 . 

T he result is given  as invert sugar according to M unson 
and W alker’s tables.

In T able I are shown results determ ined on seven
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different sam ples of distilled vin egar obtained from 
different sources, and of v a ry in g  age running from 
one m onth to one year. It w ill be seen from  the figures 
g iven  in T a b le  I th a t distilled vin egar when reduced 
to 4 per cent acid strength contains from  a trace to 
0.0026 gram  per 100 cc. of th is vo latile  substance, 
which is p ra ctica lly  negligible.

In T ab le  II is g iven  the am ount found in a fu lly  
ferm ented d ry  refined cider six m onths old, and a 
com pletely  ferm ented first pressing ju ice, which has 
not been refined, also six m onths old. A s only traces 
were found in these sam ples, it  goes to  show th a t the 
vo latile  substance is produced during the acetification 
of th e  apple juice.

T a b le  I I I  shows th e  am ount found in four sam ples 
of cider v in egar m ade from  first pressings, h a vin g  an 
average of 0.162 gram  on a 4 per cen t basis.

T a b l e  I
Vol. red . R ed . to  A

A cid s u b stan ce p e r  ce n t
S am ple C om position G ram s  100 cc. G ram s  100 cc. basis

1 D istilled  v in e g a r . . . .  10.0 0 .0 0 6 5 0 .0 0 2 6
2 D is tilled  v in e g a r. 9 .4 4 T ra ce T ra c e
3 D is tilled  v in e g a r. . .  10 .67 T ra ce T ra ce
4 D istilled  v in e g a r . 9 .01 0 .0 0 0 5 0.0002
5 D is tilled  v in e g ar. . . .  10 .46 0 .0 0 4 5 0 .0 0 1 7
6 D istilled  v in e g a r. 9 .61 0.0010 0 .0 0 0 4
7 D is tilled  v in e g a r. . . .  10 .38  

T a b l e  I I

T ra c e T  race  

Vol. red.
S am p le  C om p o sitio n  A cid su b s ta n c e

G ram s  100 cc. G ram s  100 cc
R D ry  refined  c id er. ................  0 .3 6 T ra ce
9 1s t p re s s in g ........... .................  0 .7 5 T ra ce

T a b l e  I I I
V ol. red. R ed . to  4

A cid su b s ta n c e p e r  ce n t
S am ple C om position  G ram s  100 cc. G ram s  100 cc. ac id  basis

10 1s t  p r e s s . . . . .................  4 .7 0 0 .2 2 3 2 0 . 190
11 1 s t p re s s . . . . .................  4 .7 0 0 ,2051 0 .1 7 4
12 1s t  p r e s s . . . . .................  4 .5 0 0 .1 6 6 4 0 . 148
13 1s t  p r e s s . . . . .................  4 .2 0 0 .1 4 2 4 0 .1 3 6

T a b l e  IV
R ed . to  4

Vol. red . p e r ce n t
A cid su b s ta n c e ac id  basis

S am ple C om position G ram s 100 cc. G ra m s  100 cc.
14 2nd  p re s s ----- ............  5 .5 3 0 .2 2 4 4 0 .1 6 2
15- 2n d  p re s s . . . ...........  4 .6 2 0 .2 0 9 2 0 . 181
16 2n d  p r e s s . . . . ............ 4 .2 0 0 .1 7 8 4 0 .1 7 0

T a b l e  V

P erc e n ta g e  com posi- V ol. red . R ed . to  4
tion s u b stan ce p e r  ce n t

------------ * A cid  G ram s  G ram s acid
am p le 1 s t  p ress 2d press 100 cc. 100 cc. basis

17 . 75 25 4 .9 8 0 .1 8 2 4 0 .1 4 7
18 ......... , 6 6 .7 3 3 .3  4 .4 8 0 .1 4 0 5 0 .1 2 5
19......... . 75 25 4 .7 2 0 .1 7 5 2 0 .1 4 9
20 ......... . 75 25 4 .8 6 0 .1621 0 .1 3 3
2 1 , , . . 85 15 4 .9 6 0 .1 3 8 4 0 .111
2 2 , 6 6 .7 3 3 .3  4 .7 2 0 .1 5 6 2 0 .1 3 3
2 3 ......... . 75 25 4 .8 2 0 .1 5 2 0 0 .1 2 6
24 . 50 50 5 .5 2 0 .1 7 0 0 0 .1 2 3
2 5 .......... . 50 50 5 .6 9 0 .1 8 4 0 0 .1 2 9

In T ab le  IV  are the am ounts foun d in three sam ples 
of cider vin egar m ade from  second pressings, all kept 
different len gth s of tim e before repressing. Sam ple 
N o. 14 w as repressed th e second tim e one hour after 
the first pressing; N o. 15 nineteen hours after the first 
pressing; and N o. 16 w as repressed five d ays after the 
first pressing.

A s these figures are fa irly  con stan t, it  does not 
appear to m ake a n y  appreciable difference in the 
am oun t of vo latile  reducin g substance present, how 
long the pom ace is k ep t before repressing.

T ab le  V shows nine sam ples of cider vinegar com­
posed of v a ry in g  am ounts of first and second pressings, 
and it will be seen th a t  th e am ount of volatile sub­
stan ce found is fa irly  constan t when reduced to a 
4 per cen t basis, running from  o . m  to 0.149.

All of the ab ove sam ples are of know n purity and all 
c o m p a ra tiv ely  new vin egars, none of them being 
more th an  one year old.

W hile the above figures are not sufficient evidence 
upon w hich to  determ ine th e p u rity  of a cider vinegar, 
it  w ould seem from  th e w ork done, th a t if a large 
num ber of vin egars of v a ry in g  com position and age 
were exam ined, a m axim um  or m inim um  content for 
cider v in egar could be found, w hich w ould, in addition 
to the know n glycerin e con ten t and other constants, 
be of considerable aid in determ ining whether a cider 
vinegar has been adulterated  w ith  distilled vinegar 
or pyrolign eous acid.

If desired, it  can be readily  determ ined whether 
the adulteration  is due to the presence of distilled 
vin egar or pyrolign eous acid, ow ing to the fact that 
if pyrolign eous acid has been used, the vinegar will 
contain  more than 0.007 gram  per 100 cc. of formic 
acid, while if distilled vin egar has been used, the amount 
of form ic acid  present will be below  0.007 gram per 
100 cc., depending upon the am ount of cider vinegar 
present in the m ixture. A  pure cider vinegar when 
sub jected  to the form ic acid test w ill show from a 
trace to 0.007 gram  per 100 cc. of a substance which is 
calcu lated  in th is determ in ation  as form ic acid.

W e give  below  the analysis of a vinegar actually 
m ade from  distillery  slop and distilled vinegar. It 
will be seen th a t  if th is vin egar w as branded “ r e d u c e d  

w ith w a te r”  to ta k e  care of the low  non-sugars and 
ash, it  w ould be im possible for a n y  chem ist to prove
th a t it was not a pure cider vinegar.

S pecific g ra v i ty  a t  2 0 °  C ......................................  1 .0145
A cetic  ac id , g ram s p e r  100 c c ............................. 4 .8 6
S olids, g ram s  p e r  100 c c ........................................ 1 .'97
R ed u c in g  su g a rs  be fo re  in v e rsio n , g ram s  per

100 c c .......................................................................... 0 .7 0
A sh, g ram s  p e r  100 c c ............................................  0 .2 0 9
A lk a lin ity  o f a sh , cc. N / 10 a c id ........................ 29 .60
P h o sp h o ric  ac id  so lub le , m gm s. p e r  100 cc .. 6 .9 8
P h o sp h o ric  a c id  in so lub le , m gm s. p e r  100 cc. 17 .38
P o la r iz a tio n  deg rees V e n tz k c .............................. — 1 .6
F o rm ic  ac id , g ram s  p e r  100 c c ...........................  A bsen t
G ly ce rin e , g ram s p e r  100 c c ..................................  0 .2 9 2
V o la tile  re d u c in g  s u b s ta n c e , g ram s  p e r  100 \

c c .....................................................................................  A bsent
L e ad  p r e c ip i ta te ........................................................  G ood
A rtific ia l c o lo r .............................................................  N one detected
N o n -su g a rs , g ram s  p e r  100 c c ..........................  1.27
P e r  c e n t of so lids re d u c in g  s u g a rs .................  3 5 .5 0
R a t io  of a s h  to  n o n -s u g a rs ...................................  1-6

One form  of adu lteration  w hich the above metho 
would be useful in d etectin g is when the slop or residue 

from  an apple b ran d y still is m ixed w ith a weak s o lu t i o n  

of alcohol and run over the generators, or distill* 
vin egar is added direct, a rtific ia lly  colored a n d  so. 
as cider vinegar.

As p ra ctica lly  ev e ry  con stitu en t of the apple is left 
unchanged in the still a fter d istillation, it is almost
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impossible to detect th is form  of adulteration  b y  any 
of the regular m ethods of analysis, for nothing has been 
taken aw ay from  th e original apple ju ice except the 
alcohol, and th a t is replaced either w ith other alcohol 
or its equivalent of acetic  acid. A  vinegar of this kind, 
however, contains either no vo latile  reducing substance 
or only a trace, due to  the sm all am ount present in the 
distilled vinegar, as the original apple ju ice has never 
undergone the acetic ferm en tation, at which stage 
the volatile reducing substance is -formed. For this 
reason the adulteration  can be readily  detected.

N a t io n a l  F o o d  M a n u f a c t u r e r s '  L a b o r a t o r y  
R o c h e s t e r , N e w  Y o r k

CHEMICAL S T U D IE S  O N  T H E  L IM E  SU LFU R -LEA D  
A R S E N A T E  S P R A Y  M IX T U R E

B y  W . E . R u t h  

R ece iv ed  J u ly  14, 1913 

P R E V I O U S  W O R K

Much experim ental w ork has been done with arsen- 
icals of various kinds in th e w a y  of sp rayin g tests and 
methods of preparation; m ost of this, how ever, has 
been carried on b y horticu ltu ra lists and entom ologists. 
Some work has been done w ith lim e sulfur, w ith a view  
to methods of preparation  and th e form s of com bina­
tion in which th e sulfur is present in solution. M ore 
of the latter work has been perform ed b y  chemists.

As far as know n at present, B ra d le y 1 and T a rta r2 
have made the only studies of lim e sulfur and lead 
arsenate m ixtures from  a chem ical standpoint. Their 
work consisted of com paring the neutral w ith the acid 
lead arsenate when m ixed w ith  lim e sulfur. T h ey  com ­
pared the total sulfur and calcium  conten t of the lime 
sulfur but made no stu d y  of th e various form s of 
sulfur in solution before and after m ixing.

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

c o l o r  c h a n g e s .— T o ev ery  one who has handled 
lime sulfur and lead arsenate in a m ixture for one 
spraying, it is a well know n fa c t th a t a change occurs 
in the appearance of lead arsenate. The w hite lead 
arsenate very  soon becom es b la ck  in presence of lime 
sulfur solution. If a solution  of lead acetate be added 
to a solution of sodium  th ioarsen ate a precipitate when 
first formed has a reddish yellow  color which ve ry  soon 
gives way to a darker brow n and this in turn to a very  
dark gray— alm ost b lack.

Several d ro p s  of c o n c e n t r a te d  lim e  su lfu r  so lu tio n  
added to  a  sm a ll q u a n t i ty  of fine p a r tic le s  of lead  
arsenate su sp e n d e d  in  w a te r  w ill r e s u lt  in  th e  lead  
arsenate u n d e rg o in g  th e  sa m e  co lo r ch an g es  d esc rib ed  
above in  th e  p re c ip i ta t io n  of th e  le a d  th io a rse n a te . 
^ ' t h  th e  a d d it io n  of th e  f irs t lim e  su lfu r  so lu tio n  th e  
Particles of le ad  a r s e n a te  tu r n  to  th e  re d d ish  yellow  
color and in  th e  p re sen ce  of m o re  lim e  su lfu r  i t  tu r n s  
darker and  fina lly  b la c k  in  th e  excess of lim e  su lfu r.

Again if the lime sulfur be added to the lead arsenate 
ln water in sm all d iluted  portions, up to a certain 
Point the sulfur will be precip itated  so as to decolorize 
completely the solution and beyond th a t point the color 
0 further additions of lim e sulfur apparen tly  is not
affected.

‘ T h is  J o u r n a l ,  1 , 6 0 6 .

2 71 , 3 28 .

E F F E C T  O N  L E A D  A R S E N A T E  O F  M IX IN G  W IT H  L IM E  

S U L F U R  S O L U T IO N

A t first it was attem p ted  to mix small definite q u an ti­
ties of lead arsenate w ith accu rate ly  m easured portions 
of lim e ¿ulfur solution so th a t definite quan tities of lead 
and arsenate could be accounted for after m ixing with 
lime sulfur. This, how'ever, was abandoned, because 
it was found im practical to separate the b lack lead- 
arsenate-sulfur residue q u an tita tive ly  from  the filter 
upon which it was separated and washed from  the lim e 
sulfur.

To avoid  this difficulty, quan tities of approxim ately  
one hundred gram s of lead arsenate were m ixed w ith 
lime sulfur. (Lim e sulfur concentrate 32 .5 0 B ., di­
luted 1 to 40, about the concentration recom m ended 
for sum m er spray.) T h e m ixture was prepared from  
Grasselli com m ercial lime sulfur and Sherwin W illiam s 
“ N ew  Process”  lead arsenate which was sligh tly  acid 
to litm us. The latter showed the follow ing analysis, 
dry basis:

T o ta l a rsen ic  ox ide W a te r-so lu b le
T o ta l lead  (P b ) oxide (AsiOi) As20j

P e r  ce n t P e r  ce n t P e r  ce n t

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

T h e lime sulfur wras used in large excess in an a t­
tem pt to sim ulate conditions th a t obtain  in spraying. 
The m ixture was very  frequ en tly  stirred to preven t 
the caking th a t is so com m on w ith lead arsenate in 
lime sulfur. A fter standing several hours the lead- 
arsenic-sulfur residue was filtered w ith suction and 
washed with previously boiled and cooled w ater to  the 
com plete disappearance of color of lim e sulfur solution, 
and then w ith several hundred cc. more of w ater to 
insure com plete rem oval of lim e sulfur. The residue 
was dried in an oven not over 4 o ° C . and kept in a 
vacuum  desiccator until ready for analysis.

One-gram  sam ples were digested w ith 100 cc. of 
approxim ately 10 per cent n itric acid solution on the 
steam  bath  for several hours; filtered, washed and the 
digestion repeated. T he solution contained the lead 
arsenic and calcium . It was transferred to a 300 cc. 
volum etric fiask, diluted to  the m ark and aliquots used 
for determ ining the lead and arsenic. T h e lead was 
determ ined from  the solution b y the chrom ate m ethod 
and the arsenic b y  the m odified Gooch and B row ning 
method.

One preparation of the m ixture gave the follow ing 
results for lead and arsenic oxide:

A rsenic
L ead (P b ) ox ide (AssOi)

P e r  c e n t P e r  c e n t

 1..........................................................  42 .61  8 .8 7
 2..........................................................  4 2 .1 7  9 .0 6
 3..........................................................  4 2 .2 4  8.86
 4..........................................................  4 2 .2 8  8 .8 9

A  second preparation gave the follow ing b y  the same 
method:

A rsenic
L ead  (P b ) oxide (AsiOs)
P e r  c e n t P er ce n t

] ........................................................  4 5 .5 2  9 .0 9
................................................ 4 5 .7 2  9 .0 9

The to ta l sulfur, free sulfur and calcium  were also
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•determ ined in the second preparation, show ing the 
follow ing:

T o ta l su lfu r F re e  s u lfu r  T o ta l ca lc iu m
P e r  c e n t P e r  c e n t P e r  ce n t

 1.............. •............... 22.51  19.32 5 .1 4
 2.............................. 22.52  19.56  5 .02

T o ta l sulfur w as determ ined b y  th e F resen iu s1 
m ethod, th e arsenic being rem oved from  the h y d ro ­
chloric acid solution w ith  H 2S. T h e  calcium  was 
determ ined b y  the R o se2 m ethod of decom position 
w ith  chlorine and separation  of lead and arsenic by 
hydrogen  sulfide. Free sulfur w as determ ined b y  
carbon disulfide extraction.

T h e decrease in percen tages of lead  and arsenic 
from  those of the original lead  arsenate to  th e per­
cen tages in the m ixture is v e ry  m arked. T h e de­
crease is ap p aren tly  due to the addition  of sulfur and 
calcium  to th e m ixture. B u t th e results of analyses 
do not to ta l a hundred per cent, as shown below:

P b ........................................   4 5 .6 2
T o t a l s .................................................................... 22 .51
C a   .............................................................  5 .0 8
A siO s.....................................................  9 .0 9

8 2 .3 0

T his evid en t loss caused the w riter to  tr y  som e m ethod 
of exam ining the m ixture for the presence of oxygen 
com pounds of sulfur such as sulfates, sulfites or thio- 
sulfates. A ccordin gly , one-gram  sam ples were placed 
in th e shaker bottles w ith abou t 800 cc. of previously  
boiled and cooled distilled  w ater, shaken for four 
hours and filtered. These solutions were m ade up in 
liter flasks and aliquots used in analyses. Solutions 
gave strong tests for calcium  w ith am m onium  oxalate, 
as well as a test for th iosulfate, b u t no evidence of 
sulfide, sulfites or sulfates.

The solutions decolorized iodine solution b u t when 
bleached again w ith stannous chloride gave no p re­
cip itates w ith barium  chloride in hydrochloric acid 
solution (even after long stan din g), thus elim inating 
presence of sulfites or sulfates. A  portion of the 
solution boiled w ith hydrochloric acid becam e cloudy 
in appearance, due to free sulfur p recip itatin g from  the 
decom position of th iosulfate. O ther portions of the 
solutions m ixed w ith chlorine w ater and allow ed to 
stan d over n ight, then boiled and acidified with h yd ro ­
chloric acid, ga v e  liberal precip itates of barium  sulfate 
indicatin g the th iosulfate.

Q u a n titative  determ inations of sulfur b y  th e la tter  
described m ethod and calcu lated  for th e whole solutions 
ga v e  the follow ing results:

C a lc u la te d  eq u iv a - 
F re e  su lfu r le n t of C aS tO j

N o- G ra m  G ram

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

The am ounts of calcium  th iosu lfate  shown here
1 T re ad w e ll a n d  H a ll, p. 357. V ol. XI. 3 rd  ed .
1 Ib id ., p . 359.

calcu lated  to  th e original w eight of th e  sample show 
from  three and three-ten ths to  four and four-tenths per 
cen t th iosu lfate  present. T h e solutions showed only 
traces of arsenic, so th a t v e ry  sm all quantities of 
calcium  arsenate could p ossibly  be present.

T h e C ornell S ta tio n 1 has shown th a t mixing lead 
arsenate w ith  lim e sulfur increases the fungicidal value 
of lim e sulfur. H a y w o o d 2 in his w ork on lime sulfur 
says: “ It  is a well know n fa c t th a t sulfites act as anti­
sep tic agents. T h ere is reason to believe that they 
would also a ct as insecticides. From  th e decomposi­
tion  of th e w ash there are ob tain ed  sulfur in a very 
finely  d ivided form , th iosulfate for a tim e, and sulfite 
w hich is gra d u ally  set free. T h e w riter (Haywood) 
is of th e opinion th a t these are th e active  agents in 
killin g in sects.”  H ayw ood  shows b y  reaction how 
the th iosu lfates are form ed from  the polysulfides. 
If it  is true, as he supposes, th a t th e fungicidal proper­
ties of lim e sulfur are large ly  due to th e formation of 
th iosu lfates and sulfites w ith liberation  of free sulfur, 
here then  is an exp lanation , p a rtia lly  at least, for the 
increase of the fu n gicid al properties of the lime sulfur 
solution  when m ixed w ith lead arsenate.

B ra d le y  and T a r ta r 3 state  th a t no sulfides of arsenic 
are form ed since th e y  w ould  be soluble in the alkaline 
lim e sulfur solution, b u t none were found in the solu­
tion. The w riter also failed  to  find any sulfide of 
arsenic in th e lim e-sulfur solution.

If a portion  of the lead arsenate-sulfur residue be 
covered  w ith  a xo per cen t sodium  hydroxide solution, 
then w arm ed on th e  steam  b ath  for a short time and 
allow ed to settle, som e of the sup ern atan t liquid when 
acidified w ith  hydrochloric acid  w ill be shown to con­
tain  arsenic sulfide. A  sm all q u a n tity  will be thrown 
out of solution. A  p a rt of the residue remaining after 
extractio n  for free sulfur w as treated  w ith the alkali, 
b u t the solution  ga v e  no p recip itate  of arsenic sulfide 
when acidified.

A  second portion  of th e residue which had been 
extracted  until free from  sulfur was w arm ed with sodium 
polysulfide. A fter stan din g several hours on the steam 
b ath  the liquid  ga v e  quite a h e a v y  precipitate ot 
arsenic sulfide w hen acidified w ith  hydrochloric acid. 
A rsen ic in th e arsenic sulfide p recip itates was verified 
b y  boiling w ith  hyd roch loric  acid  and potassium 
chlorate and p recip itatin g as m agnesium  ammonium 
arsenate.

E F F E C T  O F  M I X I N G  O N  L I M E  S U L F U R

T o observe th e  effect of m ixing on the lime sulfur 
solution  ap p roxim ately  one-gram  sam ples of the lead 
arsenate dried free from  m oisture were mixed with 
accu rate ly  m easured q u an tities of the lime sulfur 
solution (con cen trate  32.5° B. used in different dilu­
tions). T h e m ixtures were m ade in small grou n d  

glass stoppered flasks th a t  were filled b y  the q u a n t i t i e s  

of lim e sulfur used so as to  exclude all air p o s s ib le . 

T h e lim e sulfur wras sep arated  from  the lead a r s e n a t e  

residues b y  m eans of G ooch filters. A l i q u o t  p a r ts 

of 10 cc. were im m ed iately  draw n off, and the do
1 W a llace , B lo d g e tt  a n d  H esle r, C o rn e ll S ta . ,  B u ll.  290.
2 H ayw ood» B u re a u  o f C h em ., U . S . D . A .. B u ll. 101.
* Loc. cit.
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termination of to ta l sulfur m ade from  one, and total 
sulfides, thiosulfate, sulfite and su lfate all m ade from  a 
second part.

The monosulfide sulfur w as not determ ined but total 
sulfide sulfur w as precip itated  b y  iodine solution, 
determined as barium  su lfate  and the iodine titration  
continued for th iosulfate as described b y H arris.1

As com parative results were sought in the lime 
sulfur before and a fter m ixing w ith lead arsenate the 
above method was found v e ry  satisfactory  and quick 
for precipitating the sulfide sulfur.

After the th iosulfate titra tio n  the sulfide sulfur was 
filtered off, and sulfites, now  oxidized to sulfates, along 
with any sulfates origin ally  present, were precipitated  
as barium sulfate in the cold hydrochloric acid solution 
by standing a t least tw e lv e  hours.

The results of analyses of lim e sulfur m ixed with 
lead arsenate as described ab ove are shown below in 
Tables I and I I I . T hose shown in T able I are for 
mixtures standing one hour and T ab le  III  shows 
results for m ixtures stan din g overnigh t. Tables II 
and IV  show the differences in th e various form s of 
sulfur, being more or less, as the case m ay be, than in 
the original lim e sulfur solution  before m ixing with 
lead arsenate.

Tables II and IV  show losses of sulfide sulfur and 
calcium from solutions arid increases of thiosulfate 
and sulfate (including sulfites) in  every  case. M ixtures 
Xos. 1, 2, 3, in both T a b les I and II I  were made at 
the same tim e from  th e sam e d iluted  lim e sulfur solu­
tion with approxim ately  th e sam e w eights of lead 
arsenate as shown in th e tables. T h e results in the 
first three m ixtures, T a b le  I, show th a t the thiosulfate 
in solution is increased in the lim e sulfur b y  mixing 
as well as the su lfate (including sulfites), b u t upon 
further exam ination of 1, 2, 3, T a b le  II I , it  w ill be 
seen that the oxidation  has continued— the thiosulfates 
having decreased and su lfates increased. It  m ust be 
borne in mind th a t th e flasks were fu ll to  exclusion 
of air, and any oxidation  could  com e on ly  from  the lead 
arsenate, also th a t the w ater used in dilution of lime 
sulfur concentrate had been p reviou sly  boiled to free 
it from air and carbon dioxide.

Nos. 5 to 14, T a b le  II I , are m ixtures m ade with 
smaller quantities of a more d iluted  lim e sulfur to 
observe, if possible, th e effect of lesser concentration 
on the mixture. In T a b le  IV  it  will be noticed th at 
the amount of sulfide sulfur lost from  the w eaker 
solution approaches v e ry  closely the am ount lost from  
solution in the more con cen trated  form . The sulfide 
sulfur loss is due to precip itation  in some form  b y  the 
lead arsenate as well as th e  form ation  of thiosulfates 
and sulfates from  the sulfides.

The loss of calcium  from  the solution apparently  
■s due to only partial so lu b ility  of the calcium  th io ­
sulfate in the lim e sulfur, as well as due to  a n y  sm all 
Quantities of calcium  arsenate th a t m ay be form ed, the 
'atter being m ostly insoluble in th e excess of lim e sulfur

. solution.
In columns 4 and 5, T ables I and II I , are given  the 

total sulfurs in the lim e sulfur solutions. T h e total

1 Mich. S ta „  T ech .. B ull. 6 .

T a b l e  I — A n a l y s e s  o f  L im e  S u l f u r  S o l u t io n  w it h  L e a d  A r s e n a t e  
S t a n d in g  O n e  H o u r . W e ig h t s  o f  V a r io u s  F o r m s  o f  S u l f u r  in  
G r a m s
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1 .. . 0 .31200 0.00281 0 .03477 0 .3 4 9 5 8 0 .3 2 9 6 4 1 .0006 0 .0 9 5 3 9

2 .. . 0 .3 0 0 6 6 0 .0 0 3 0 9 0 .03635 0 .3 4 0 1 0 0 .32031 0 .9 9 9 7 0 .0 9 3 3 3

3 .. . 0 .29922  
B lank  (0)

0 .00295 0.03635 0 .33852 0 .32243 1.0013 L ost

4 .. . 0 .42132 0 .00116 0 .01738 0 .4 3 9 8 6 0 .43735 N one 0 .1 2 1 1 6

5 .. . 0 .23245 0 .00178 0 .0 3 9 8 4 0 .27407 0 .24525 0 .0 1 2 8 0 .0 7 8 1 7

6.. . 0 .2 0 8 3 4 0 .00178 0 .0 3 8 2 4 0 .2 4 8 3 6 0 .2 2 1 0 5 1.0015 0 .08141

7 .. . 0 .2 1 0 2 0 0 .00178 0 .0 3 9 8 4 0 .25182 0 .22222 1.0013 0 .0 7 4 3 4

8.. . 0 .20607 0 .00175 0 .03984 0 .2 4 7 6 6 0 .2 2 0 0 2 0 .9 9 9 6 0 .0 7 6 4 0

9 .. . 0 .21844 0 .00179 0 .03984 0 .25907 0 .2 3 4 7 8 1 .0203 0 .0 7 5 3 7

10.. . 0 .2 1 2 4 6 0 .00178 0 .03824 0 .25248 0 .2 2 8 4 6 1.0088 0.07611

B lank  (°)
0.1179111« 0 .38680 0 .00104 0.02231 0 .41015 0 .3 8 8 5 9 N one

( ° )  T h e  “ b la n k ”  d e te rm in a tio n  befo re  m ix ing  is for th e  sam e q u a n t i ty  
of th e  sam e lim e su lfu r so lu tion  used  in th e  m ix tu re s  g iven  im m ed ia te ly  
above.

T a b l e  I I — D i f f e r e n c e s  in  G r a m s  i n  T a b l e  I  f o r  W h o l e  A m o u n t  o f  
L im e  S u l f u r  U s e d  b e f o r e  a n d  a f t e r  M ix in g  (1 H o u r )

o*
£
1.

'a
O

D ifference 
^  b e tw een  to -
v  ta l  S  d e te r-
c m in ed  an d

3  .5 to ta l  S  ca l- £  
.2 q  cu la ted
u  G ain

0 .0 1 7 3 9  0 .0 1 9 9
0 .01897  0 .0 1 9 72 .............  0 .1 2 0 6 6  0 .00193

3 0 .1 2 2 1 0  0 .0 0 1 7 9  0 .0 1 8 9 7  0 .0 1 6 0 9
 5........... 0 .15435  0 .0 0 0 7 4  0 .0 1 7 5 3  0 .0 2 8 8 2
6 0 .1 7 8 4 6  0 .0 0 0 7 4  0 .0 1 5 9 3  0 .02731  1 .0015
 7.............  o  17660 0 .00074  0 .0 1 7 5 3  0 .0 2 9 6 0  1 .0013

10................  0 .17434

T a b l e  I I I — A n a l y s e s  o f  L im e  S u l f u r  S o l u t io n  w it h  L e a d  A r s e n a t e  
S t a n d in g  O v e r n ig h t . W e ic h t s  o f  V a r io u s  F o r m s  o f  S u l f u r  in  

G r a m s
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1 .0 0 0 6 * 0 .02577
0 .9 9 9 7 0 .0 2 7 8 3
1 .0013 L ost
1 .0128 0 .0 3 9 7 4
1 .0015 0 .0 3 6 5 0
1.0013 0 .0 4 3 5 7
0 .9 9 9 6 0 .04151
1.0203 0 .0 4 2 5 4
1.0088 0 .0 4 1 8 0

it h  H e a d A r s e n a t e
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0 .02687 0 .2 4 8 1 9 0 .2 5 0 5 2 1 .0024
0 .0 2 5 2 9 0 .2 4 3 3 9 0 .23925 1 .0017
■0.02055 0 .2 5 8 3 6 0 .2 6 1 9 8 1.0021

0 .0 1 7 3 8 0 .4 3 9 8 6 0 .4 3 7 3 5 N o n e

0 .0231 0 .0 6 1 9 0 .0 7 9 7 1.0125

0 .0231 0 .0 6 1 3 0 .0 7 7 0 1 .0194

0 .0 2 4 5 0 .0 6 1 9 0 .0 7 8 2 1 .0122

0 .0191 0 .0 5 6 4 0 .0 6 6 9 1 .0065

0 .0 1 2 7 0 .2 2 9 9 0 .2 2 6 9 N one
0 .0 1 6 7 0 .0 8 0 5 0 .0 8 6 0 1 .0007

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

0 .0 1 5 9 0 .0 9 2 9 0 .0 9 6 9 1 .0072
0 .0 1 5 9 0 .0 8 3 9 0 .0 9 1 7 1 .0289

0 .0 1 5 5 0 .2 6 1 3 0 .2 6 8 0 N one

B la n k < “ >

B lank  
1 4 .. .  0 .2 4 4 8  0.0<

to ) T h e  " b la n k "  d e te rm in a tio n  befo re  m ixing  is  fo r th e  sam e q u a n t i ty  
of th e  sam e lim e su lfu r so lu tion  used  in  th e  m ix tu re s  g iven  im m ed u ite ly

above.

sulfur as calculated  (shown in colum n 4) is found b y  
sum m ing up th e three form s of sulfur in solution.

T h e to ta l sulfur shown in colum n 5 is th a t determ ined 
d irectly  on a separate portion of the solutions. Colum ns
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4, T ab les II and IV , show  the differen ces'b etw een  th e 
tw o results for to ta l sulfur.

T h e difference shown in T ab le  II  is in d icated  as a 
gain , th a t is, th e calcu lated  to ta l shows a gain when 
com pared w ith to ta l sulfur b y  determ in ation. T his 
difference was at first th o u gh t to  be due to  an a lytica l 
error b u t when the sam e com parisons were m ade for 
the m ixtures stan din g overn igh t, w ith only one ex ­
ception  as in d icated , the calcu lated  to ta ls  show  a loss 
as com pared w ith the total sulfur as determ ined direct.

T a b l e  I V — D i f f e r e n c e s  i n  G r a m s  in  T a b l e  I I I  f o r  t h e  W h o l e  A m o u n t , 
o f  L im e  S u l f u r  U s e d  b e f o r e  a n d  a f t e r  M i x in g  (12  H o u r s  o r  
M o r e )

1 2  3  4  5 6
D ifference

1  ' I  tr. b e tw e en  to -  |  |
m • Q 0 ta l  S  d e te r-  — £

4 j „
02 cG *2 m ined  a n d  o £  w §
J2 w *| .5 to ta l  S  ca l- ti  p JS g
£  1= .2 n  c u la te d  ^ "oo *3 3 js U _ £ * X *

f c  CO C/J i-  L ° S S  >  U
1 . . .  0 .2 0 3 5 0  0 .0 0 2 3 4  0 .0 0 9 4 9  0 .0 0 3 3  1 .0 0 2 4  0 .0 4 5 7 9
2 . . .  0 .2 0 7 4 1  0 .0 0 3 0 3  0 .0 0 7 9 1  0 .00414(< *) 1 .0 0 1 7  0 .0 4 6 2 3
3 . . .  0 .1 8 7 4 2  0 .0 0 2 7 5  0 .0 0 3 1 7  0 .0 0 3 6 2  1 .0 0 2 1  0 .0 4 0 4 9
5 . . .  0 .1 7 9 8  0 .0 0 1 4  0 .0 1 0 4  0 .0 1 7 8 —  1 .0 1 2 5  .......................
6 . . .  0 . 1 8 0 0  0 .0 0 1 0  0 .0 1 0 4  0 .0 1 5 7  1 .0 1 9 4  ........................
7 . . .  0 . 1 8 1 0  0 .0 0 1 2  0 .0 1 1 8  0 .0 1 6 3  1 .0 1 2 2  ........................
8 . . .  0 . 1 8 1 0  0 .0 0 1 1  0 .0 0 6 4  0 .0 1 0 5  1 .0 0 6 5  ........................

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

(fl).N o . 2 is th e  on ly  ex cep tion  in  th e  ta b le  w here  th e  to ta l  su lfu r a s  c a l­
c u la te d  b y  su m m in g  up  th e  th re e  fo rm s of s u lfu r  show ed  a gain  o v e r  th e  
to ta l  su lfu r as  d e te rm in ed .

W hether th e gain as shown b y  th e calcu lated  total 
at the end of an hour is due to  a n a lytica l error and the 
loss shown b y  the calcu lated  to ta l of m ixtures after 
long stan din g is due to form ation  of a form  of sulfur 
not included b y  th e present an a lytica l m ethods, or 
w hether th e y  are both due to  a n a lytica l error, is not 
understood and no exp lanation  is offered for it a t th is 
tim e.

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

As stated  before, the w riter failed to  find an y arsenic 
sulfide in the lim e sulfur. B u t the evidence presented 
leads the w riter to  believe th a t a sm all am ount of the 
arsenic oxide is converted  into the sulfide or th a t it 
form s a thioarsen ate possibly w ith  lead which w ould 
hold it insoluble in the w eaker alkalin e lim e sulfur 
solution. T h e close an alogy of the color changes 
undergone b y  p recip itatin g lead th ioarsen ate and th a t 
of m ixing lead arsenate and lim e sulfur led the w riter 
to look for the form ation  of arsenic sulfide.

T h e results show th a t the m ixing of lead arsenate and 
lim e sulfur increases the th iosu lfates and sulfites in 
the residue. If H a yw o o d 1 is correct in his view  th at 
the fungicidal value of lim e sulfur is due to  the presence

of th iosu lfate  and sulfites, th is increase of thiosulfate 
in lim e sulfur upon m ixing it w ith lead  arsenate probably 
explains th e increased fun gicidal valu e of the lime sulfur 
and lead arsenate m ixture.

In conclusion, the w riter wishes to  acknowledge his 
indebtedness to  D r. A . W . D ox, of th is Station, at 
w hose instigation  the above w ork was undertaken.

A g r ic u l t u r a l  E x p e r i m e n t  S t a t io n  
I o w a  S t a t e  C o l l e g e  

A m e s

S P O N G E S  A S  A  F E R T IL IZ E R
B y  J o s e p h  G .  S m it h  

R e c e iv e d  A u g . 13, 1913

L oggerhead sponge is used w ith “ wonderful results” 
b y  the farm ers of th e F lorida K e y s  who “ hardly ever 
use chem ical fertilizers”  and it  “ grow s in countless 
thousands in shallow  w ater where it is easy to procure" 
as well as to “ an enorm ous s ize ,”  according to Mr. 
Thom as E . R e ed y  of K e y  W est. Its  use for the same 
purpose b y  the citrus fru it grow ers of the mainland 
is a ttested  b y  Dr. H. F. M oore, of the U. S. Bureau of 
F isheries, and has been seen b y  him  growing in such 
quan tities in the salt w aters of southern Florida that 
he has “ long th o u gh t it  should be exp lo ited .”

T he claim s for it as a fertilizer are verified by analy­
ses of sam ples from  K e y  W est subm itted by Mr. 
R eed y, the approxim ate results on air-dry material 
b eing 4 per cen t of n itrogen, V i  of i per cent each of 
potash ( K 20 ) and phosphoric acid (P2O5), 5 per cent 
of lim e (C a O M g O , m ain ly C aO ) and 40 per cent 
organic m atter. M r. T . C . T rescott, Chief of the 
N itrogen  D ivision  of th e B ureau  of Chem istry, very 
k in d ly  m ade th e nitrogen determ inations. Mr. C. F. 
M iller, of th is B ureau, m ade the others, duplicating 
them  b y  repetition , and th e y  were verified in part 
b y  the w riter.

A n alyses of other non-com m ercial species and of 
other sam ples of the L oggerhead  are desirable although 
it is not lik e ly  th a t th e y  differ m aterially  from one 
another in com position since th e y  all have the same 
general ch aracteristics and are developed under prac­
tic a lly  iden tical conditions.

It  is ev id en t from  the com position  of this material 
and from  its dem on strated  efficien cy as a fertilizer 
th a t it  has considerable valu e to coast and island 
farm ers and fru it grow ers h a vin g  easy access to it 
w herever it  is found.

W ith  a v iew  to determ ining the feasibility of ex­
ten d in g its  use, fu rth er in vestigation s are in p r o g r e s s  and 
contem plated.

B u r e a u  o f  S o il 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 in g t o n , D . C .

LABORATORY AND PLANT
T H E  C H E M IC A L  L A B O R A T O R Y  O F  T H E  P IC H E R  L E A D  C O .

B y  J o h n  A. S c h a e f f e r  

R ece ived  A u g u s t 18, 1913

T h e com pletion  of the new chem ical lab o rato ry  of
1 Loc. cit.

the Picher L ead  C o m p a n y, located  at Joplin, M isso u ri, 

m arks another ad van ce in the construction  of industria 
laboratories, again  show ing the valu e of the highest
ty p e  of equipm en t for scientific investigation which

is so essential in the control of m anufacturing opera
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tions, in the stu d y  of new processes and in the research 
work which m ust n ecessarily  be conducted  along all 
lines in which th e m an ufactured  products are utilized. 
The many new features incorporated  in this lab oratory  
will be of undoubted valu e to chem ists and chem ical 
engineers and a description  of the lab oratory  is given 
with the hope th a t som e points in it m ay be of ultim ate 
value in the construction  and equipm ent of other in­
dustrial laboratories.

The laboratory w as so designed and equipped as to 
fully take care of th e varied  w ork which arises in the 
manufacture of lead and its  products. T his work 
embraces constant a n a lytica l atten tion  from  the ore, 
Galena, through th e sm eltin g processes, the refining 
processes and thence th rough  the various operations 
which lead to the finished products. It  dem ands 
accurate data re lative  to  the form ulation  of charges 
based upon analysis, correct furnace tem peratures, 
close study of b y-p rod u cts and continual supervision of 
furnace practice. C oupled  w ith th is is the extensive

E x t e r io r  V i e w  o p  C h e m ic a l , L a b o r a t o r y

research work which m ust be carried out on storage 
batteries, glass, ceram ics, enam els, varnishes, rubber 
and paints, together w ith th e in vestigation  of m anu­
facturing problem s w hich con tin u ally  arise. The 
scope of the work along these lines is wide and every 
effort was made to  m eet these conditions in the con­
struction and equipm ent of the chem ical laboratory.

The building is a tw o-story  b rick  and concrete stru c­
ture fireproof in every  detail, the upper floor being 
devoted exclusively to research w ork. The general 
plan of the lab oratory  can be well understood b y  an 
examination of the accom p an yin g sketches.

1 he general lab oratory , w hich is devoted to routine 
"ork, is located on th e ground floor w ith an eastern 
and southern exposure so th a t  the best light for vo lu ­
metric analysis m ay be obtained. T his room, 30 by 
32 feet in size, is sufficien tly  large to  accom m odate 
a full corps of chem ists. T h e lab oratory  tables are
0 the highest typ e of construction , consisting of a steel 
S)ell resting upon a wood understructure. Into this
1 ee' shell a table of vitrified  tile was built upon cem ent, 

c'lng painted w ith w hite cem ent. T h e result is a
 ̂ lte, durable, u n attack ab le, easily  cleaned labora- 
0r> table showing a n y  trace of dust, which, in a labora- 
ori dealing with lead products, freq u en tly  contains

fine particles of lead com pounds. T he usual lab oratory  
equipm ent is found here— such as apparatu s for elec­
trochem ical work, electric hot plates, electric furnaces, 
drying ovens, cupellation muffles and hoods. A ll

V i e w  o f  R e s e a r c h  L a b o r a t o r y  S h o w in g  L ib r a r y  a n d  P h o t o m ic r o ­
g r a p h ic  R o o m

the tables, not only in th is room b u t throughout the 
building, are equipped w ith electricity , gas, air, w ater 
and drains.

A djoining the general lab oratory  is the balance room. 
Here are found the an alytica l balances, assay balances 
and W estphal balance. C on crete piers sunk into the 
ground, and en tirely separate from  the building, form  
the base for the balances and tables. B y  th is means 
no vibration  from  th e  building affects the 'tables, and 
this arrangem ent has resulted in showing on ly  the ve ry  
slightest vibration s in the balances them selves.

T h e supply room also connects d irectly  w ith the 
general laboratory. This room is so arranged th a t 
all h ea v y  reagents are m ade to  syphon d irectly  into 
closed containers placed upon the table in the general 
laboratory, thus affording a continual sup ply of chem ­
icals in the general lab oratory  itself from  the sup ply 
room, w ithout the presence of carboys, and w ith  no 
further atten tion  or entrance into the sup ply room,

A  P o r t io n  o f  t h e  A n a l y t ic a l  L a b o r a t o r y

than th a t which is required for the startin g  of th e s y ­
phons when the supply in the carboys is exhausted 
and new ones are set in place. A n unusual savin g 
of tim e, space and labor has been effected b y  th is 
arrangem ent.

The paint room  occupies the center of the ground 
floor. A ll w ork on the stu d y  of paints, varnishes, 
enam els and paint com pounds is carried ou t here.
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T h e room  is equipped w ith a lab o rato ry  p ain t mill 
and m ixers, e lectrica lly  operated. A ll facilities for 
th e strik in g of color batches, the grinding of exp eri­
m ental m ixes of paints and the m anufacture of varnishes 
h ave been m ade.

A m ple op p o rtu n ity  for the stu d y  of storage b atteries 
and their oxides has been given  b y  the construction  
of a room  d evoted  solely to th is w ork. T h is has been 
so designed th a t constan t tem peratures w ithin  ve ry

basis, both as regards m oisture and m etallic content, 
it  is a d van tageou s th a t th is dep artm en t be separate 
from  the rest of the build ing. In consequence, the 
room  is n ot in d irect com m unication  w ith the labora­
tory  and care is exercised th a t n othin g excep t ore samples 
reaches th is portion  of the build ing. The room is 
e lectrica lly  equipp ed  for th e grinding and preparation 
of sam ples for analysis and contain s a large hot plate 
so designed as to  p erm it of con stan t temperatures

narrow  lim its can be m aintained th rough out the entire 
year. T h is is of essential im portance in th e m aking 
of life tests on storage batteries. Here all storage 
b a tte ry  pastes can be m ade, grids form ed, b atteries 
set up and life tests conducted under ideal conditions.

T h e ore sam pling room , w hich p la ys a m ost im portan t 
p art not only in the purchasing of ores b u t also in the 
form ulation  of charges, occupies one corner of th e rear 
of the build ing. A s all ore is purchased upon an assay

of

being m aintained for the d ry in g of sam ples preparator) 
to  grinding.

A n  oxide room  is foun d in th e central portion 
the rear of the build ing. T h is departm en t is a uniqu0 
feature in the lab o rato ry  conn ected  w ith  a plant man11 
factu rin g  lead  p roducts as here each barrel of 0x1 e> 
either red lead or lith arge, is an a lyzed  and its history 
recorded for future reference. A t th e same time eaĉ  
sam ple is m atch ed for color and strength, owing
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the many varyin g degrees of shade which are dem anded 
by the trade in these products. Here are found elec­
tric stirring devices, balances, facilities for volum etric 
analysis and the m atch in g of colors. Adjoining the 
oxide room is the sam ple room  where sam ples of raw 
material, fuel and fluxes used in the form ulation of 
charges, b y-products and the finished products are 
carefully tabulated.

The assay room , equipp ed  w ith  muffle furnaces for 
the determination of gold and silver values in ores and

essential requirem ents for the developm ent of nega­
tives.

T h e walls throughout all the building h ave been 
plastered and painted w ith w hite lab oratory  enam el 
unaffected b y gases, giv ing a surface easily washed and 
of m axim um  light.

The lightin g system  has been specially  designed 
b y  the General E lectric C om pany, the tun gsten  m ethod 
of lightin g being adopted. T h e heating of the b uild­
ing is effected b y  the hot w ater system .

finished products, com pletes th e plan of the ground 
floor. It will be seen th a t ev e ry  fa c ility  for general 
routine work in th e exam ination  of lead  and its com ­
pounds has been given  b y  th e ab ove plan.

On the second floor, d evoted  exclu sively  to research 
work, are found the research lab oratory , the office, 
library and photom icrographic room.

The research lab o rato ry  is fu lly  equipped for inves­
tigation work on glass, rubber, paints, varnishes, and 
the study of new processes together w ith  m anufactur­
ing problems. S tan dard  equipm en t of modern typ es 

available for the in vestig a tio n  of a n y  new practice 
on a scale which will p erm it of th e establishm ent of 
data capable of being used d irectly  on a com m ercial 
>asis. Ample facilities are p rovided  for the stu d y  of 
O'ls by the use of th e viscosi m eter and refractom eter, 
together with the exam ination  of the m any different 
impounds through th e  spectroscope. T he most 
unproved m ethods for th e testin g of w hite paints for 
color and strength have also been installed.

The photom icrographic and m icroscopic stu d y  of 
Paint films and dry pigm ents, w hich has of late  years 

ccome of such im portance, is fu lly  provided for in 
e dark room equipped w ith  low  and high power 

horoscopes, photom icrographic ap p aratu s and a ll

T he erection and equipm ent of th is lab oratory, 
com plete in every  detail, is only another instance of 
the stress which is laid upon research w ork and routine 
w ork, leading to the accurate control of m anufacturing 
processes b y  the present-day m anufacturer.

J o p l i n , M o . _____________________

A  S IM P L E  G A S O L IN E  G A S  G E N E R A T O R  F O R  SU L F U R  
D E T E R M IN A T IO N S ’

B y C . E . W a t e r s  

R eceived  A u g u st 7, 1913

One of the recognized sources of error in the determ i­
nation of sulfur as barium  sulfate is the ta k in g  up of 
sulfur dioxide and trioxide from  the products of com ­
bustion of the gas flame. The w riter has repeatedly  
noticed drops of fa irly  strong sulfuric acid on the 
underside of platinum  dishes in which solutions have 
been heated for a few  hours b y  a gas flam e an inch or 
so in height. On one occasion a w atch glass filled w ith 
w ater was placed over the m outh of a 2-liter flask 
containing w ater. A fter heating over a gas flam e for 
a com paratively  short tim e, the w ater in the w atch - 
glass gave a tu rb id ity  w ith  barium  chloride. I t  has 
also been found th a t the d ark  deposit, com m only 
regarded as soot, which is found on th e b otto m  of a 
flask heated on iron gauze, contains a sulfide which

1 P ub lished  b y  perm ission  of th e  D ire c to r  of th e  B u rea u  of S ta n d a rd s .
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a t once dissolves in dilute hydrochloric acid w ith 
evolution  of hydrogen  sulfide.

The am ount of sulfur th a t w ould be absorbed b y  a 
solution in a covered beaker during the precipitation  
of barium  sulfate cannot be ve ry  large and m ay be

negligible, b u t this possible source of error should be 
elim inated in careful w ork. O rdin arily  solutions to 
which barium  chloride is to be added can be heated 
m ost rap id ly  and con ven ien tly  on the steam  bath , 
and only a few  m in utes’ heatin g over th e flam e is neces­
sary  to  bring them  to the boiling point. If, how ever, 
a fusion is required to transform  th e sulfur, into a sol­
uble su lfate, and esp ecially  if th e m elt m ust be stirred, 
the danger of contam in ation  becom es serious. P lacing 
the crucible in a hole in an inclined p late of asbestos 
board m ay preven t access of gases from  the flam e, but 
there is a lw ays danger th a t particles o f gyp sum  from  
the board m ay get into the m elt.

An ordinary alcohol lam p gives a flam e which is too 
easily  disturbed b y  drafts and which is not easily 
regulated . B arth el and other lam ps depending on 
the Bunsen principle are also not sa tisfa cto ry  when a

sm all flam e is needed a t the ea rly  stages of the fusion. 
To avoid  these difficulties in determ ining sulfur in 

rubber, the w riter some three, or four years ago devised 
a sim ple and safe generator for gasoline gas, which is 
shown in the accom p an yin g sketch.

I he large glass tube, 4.5 to  5.0 cm. in diameter, and 
25 cm. high, has fused into it  th e tu b e I for the ad­
mission of com pressed air, which is carried down nearly 
to the bottom  through T . It  then bubbles up through 
the laye r  of beads B, and passes out at 0 , surcharged 
w ith the vapors of petroleum  ether or of gasoline, with, 
which the large tub e is filled up to the level G. From
0  the m ixture of air and vapor passes through a black 
rubb er tube to  th e burner. T h e compressed air, at a 
pressure of a b ou t one m eter of W'ater, is also led through 
b lack  rubber tu b in g, w hich can not cause contamination 
w ith sulfur. The o b ject of the b eads-is to break the 
stream  of air up into  innum erable sm all bubbles, with­
out which it would be im possible to have a steady 
flame. In cid en ta lly  th is causes more complete satu­
ration w ith  the gasoline vapor.

T h e sup port S consists of a loosely fitting piece 
of brass tub in g, soldered to  a brass plate, which is 
screw ed dow n upon a b lock of wood. A couple of 
disks of thin  sheet cork are placed a t the bottom of the 
brass tub e to  lessen the danger of breaking the glass.

A T irrill burner, intended for ord inary gas, is used.
1 0 p reven t strik in g b ack  it  is capped with a loosely 

fittin g piece of brass tubing, abou t one centimeter 
long, across one end of which a piece of brass gauze 
is fastened w ith hard solder. T h e gauze should not be 
coarser than  14-m esh, b u t if too fine some of the holes 
should be enlarged b y  forcing through them  the sharp­
ened ta n g  of a file. A  less sa tisfa cto ry  cap may be 
m ade b y  folding a piece of gauze over the end of the 
burner.

T he com pressed air is turned on full and the burner 
is so regulated  as to g iv e  a non-lum inous flame of the 
proper size. If the petroleum  ether is too volatile, 
it m ay be m ixed w ith  gasoline. If  the latter alone is 
used, the m ixture soon becom es too poor and it is 
necessary to  set the tub e in a large beaker filled with 
m od erately  w arm  w ater. One filling of the tube 
furnishes gas for several hours.

A fter  three or four yea rs of alm ost constant use in 
th is lab o rato ry , th e gen erator has proved entirely 
sa tisfa cto ry  and no acciden ts h ave occurred. The 
only precaution  th a t m ay be m entioned, and even this 
is hard ly  necessary, is to extinguish .the flame before 
tu rn in g off the su p p ly  of com pressed air.

B u r e a u  op  S t a n d a r d s
W a s h in g t o n

L ADDRESSES
TH E PATEN T E X P E R T  AND TH E CH EM ICAL 

M AN U FACTU RER!
B y  B ern -h a r d  C . H e s s e  

B y  “ Patent E xp ert”  I do not m ean th at professional man 
w ho is called in b y  a litigan t only a t the critical or crucial stage

s  ■ ' P a £ er r r r  ° t t h e 4 8 t h  A n o u a > of th e  A m erican  C hem ica l
S o c ic ty , R o ch e ste r , S e p te m b e r  8 -1 2 , 1913.

of a  con troversy long under w a y  and m ost usually then in *ts 
final stages. On the contrary, I m ean th at professional in211 
w ho is not on ly a  highly trained and well equipped chem ist, 

b u t who has also a natural or an acquired bent of mind which 
enables him  to collect and assim ilate the chemical and other 
facts relevan t to  the m atter in issue, arrange them in lo§i
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order, survey them critica lly  and prepare them for submission 
to legal analysis and exam ination b y  p atent counsel and who 
makes that particular occupation his vocation in life.

There can be 110 question th at actual patent litigation be­
tween inventors or their principals is an unhealthy and an ab­
normal condition and is thoroughly disadvantageous to the com ­
mercial and industrial developm ent of chem ical inventions. 
The energy and ingenuity consum ed in litigation could be ap­
plied much more profitably to  the developm ent of the enterprise 
itself than to a controversy over where the rights of the one 
begin and the rights of the other end.

It is perfectly safe to  say th at the great m ajority  of inventors 
and their principals are anxious and willing to  respect the rights 
of competitors. T h e y  are, however, ham pered in the practical 
expression of this willingness b y  am biguity, uncertainty and 
error in the statem ent of supposed rights as expressed in patents.
It is to the elimination of these defects th at the patent expert 
must chiefly address his efforts and thus ultim ately justify  and 
vindicate his activities and his position in this w ork-a-day world.

There can be 110 question th a t the m ost economical and profit­
able employment of a p atent expert is a t  and during the develop­
ment of a chemical invention itself— not after the patent has 
been issued and is in litigation. H is chief and most useful 
function is to reduce the likelihood and cost of litigation to a 
minimum; this he can do on ly b y  a  careful and patient exam ina­
tion and arrangem ent of all the relevant facts and by their 
proper submission to  law yers for final judgm ent, before the 
application is filed in the P a ten t Office.

This "s merely a specific application of the old adage An 
ounce of prevention is w orth a  pound of cure.”  W hile this m ay 
seem to many an obvious and self-evident course of procedure, 
yet only a minority of the chem ical m anufacturers and inventors 
in this country have regarded th a t course as being, in the long 
run, the advantageous and proper one for them  to follow.

Any one who has a ctiv e ly  participated in strenuous patent 
litigation and has had his share of responsibilities to sustain 
knows the feverish excitem ent and dissatisfying conditions due 
to hard work under extrem e pressure, the extraordinary and 
unusual demands made upon the w orking staff of the litigants 
from the highest official down and the consequent unavoidable 
interference w ith the regular occupation and operation of staff 
and works in m any, if not all, their divisions. He is also thor­
oughly convinced th at any and all steps taken a t the inception 
of the cause of trouble, nam ely, the invention and the patents 
based thereon to prevent such congestion and such high-pressure 
'fork must be, in the great m ajority  of cases, far more profitable, 
economical and efficient than an y  attem p t a t  correction or 
avoidance after the trouble has begun.

It would be idle to expect or to  hope th a t all controversies as 
to the beginning and ending of rights could be elim inated by 
such careful preparation of a patent. T h a t the points in issue 
"ould be reduced to a m inim um  is certain and it is equally certain 
that the meritorious issues in a case would not be smothered in 
a mass of minor, technical or irrelevant disputes, all, or at least 
the great m ajority of them , avoidable b y  care, caution and 
Patience in the draft of the specification. T h e smaller the num ­
ber of such minor points in a p aten t suit, the shorter the suit 
and the less expensive to the litigan ts while the C ourt and all 
others concerned are given an opportun ity to  concentrate a t­
tention and effort upon the points th at really  are meritorious 
and which alone should count.

It is safe to say th at in the average chemical patent suit 
anywhere from 25 per cent to  50 per cent of the total litigation 
eost could have been avoided a t the outset b y  proper, complete 
and non-ambiguous drafting of the specification and its claims 
and careful scrutiny thereof after allow ance and prior to issue 
of the patent. A  patent con servatively  drawn, com plete, clear 
and full jn ¡ts disclosure as well as clear in its claim s is far more

efficient as a protector against infringem ent of the invention 
involved and more certain of favorable adjudication than one 
not so drawn.

Chem ical cases have been litigated in which a  misplaced 
decimal point caused 8 per cent, a superfluous adverb consumed 
12 per cent, an incorrect and superfluous theory used up 20 per 
cent of the total cost of litigation and finally, had a certain dis­
closure been ju st a little b it more explicit the litigation  would 
not have been started a t all. In still other cases had the relevant 
art been searched w ith an open and critical mind prior to p aten t­
ing there never would have been any litigation. Further, the 
number of patents th at have been rendered ineffective because 
of improper statem ent of invention, insufficient or incomplete 
disclosure is very great and most of these defects would or should 
have been avoided in the issued patent had there been suitable 
technical supervision and criticism  such as by  a patent expert. 
I t  is certainly easier and far less harrowing to exam ine and crit­
icize an application even if it be your own work than to  have to 
sustain an issued and fau ltily  drawn patent when you have no 
chance for correction or alteration but m ust stand or fall b y  the 

document, "a s  is.”

T h e pitfalls are m any; there is no really dependable chart; 
each case m ust be treated on its own footing. T he more careful 
the search, the more cautious the judgm ent and the fuller the 
knowledge of the relevant facts, the greater the fulness of dis­
closure, the more circum spect the phraseology and the greater 
the clarity  of expression, the greater are the chances of success 
in avoiding useless points of attack, in minim izing effort and 
expense during litigation and the greater the p rotective value 
of the so-resulting patent to a meritorious invention. N o am ount 
of bolstering or shoring up w ill or should perm anently help a 
non-meritorious invention.

TH E PATENT CHEM IST— WHAT H E IS

T he man whose business it  is to  attend to these m atters I 
have referred to as a patent expert. T his appellation is in 
itself something of a handicap to him in his work. There is no 
real reason w h y his expertness, real or assumed, in his special 
field should ordinarily be emphasized any more than in every-d ay 
life a skilled chemist is burdened w ith  the designation of “ ex­
pert.”  T his m an’s real business is to  be part and parcel of 
creative organization and m achinery, not a m an apart. W h y 
not call him "p aten t chem ist?" W e have leather chemists, 
paper chemists, sugar chem ists and the like. T he p atent 
chemist is one who specializes in the chem istry of patents, and 
patents in chemistry. Calling him "p ate n t chem ist”  m akes 
him on the surface a t least more nearly part and parcel o f the 
working staff than does the designation "p a te n t expert;”  the 
former name invites fam iliarity and cooperation, and suggests 
u tility  and work all of which is only helpful to  those concerned, 
whereas there is a  certain am ount of aloofness or apartness, a 
suggestion of extraordinary and formal occasion and surround­
in g s , of so-called "ornam ent,”  unconsciously, bu t none the less 
surely, associated w ith any term involving the word "e x p e rt.” 

TH E PATENT CHEM IST— WHAT H E  DOES

N ow, this patent chemist, as I have called him, w hat does 
he do and how does he set about to  accomplish it?

His usefulness begins w ith the inception o f an invention 
and continues until the last b it of litigation is put ou t of the 
w ay successfully or otherwise. He begins b y  getting a  close 
understanding of the invention b y  careful, exhaustive and 
analytical study of the relevant prior art; he determ ines in his 
own w ay the presence of invention, defines the scope and nature 
of the invention, directs or requires confirm atory or exploratory 
work in determining and settling its scope; in other words, 
he formulates and “ proves up”  the statem ent of invention. 
Then he must see to a full and com plete disclosure and finally a
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proper wording, classification and subdivision of the claim s. 
H is n ext m ove is to  tak e  his ten tative  handiw ork to  p atent 
counsel to  see how well or how poorly he has constructed his 
w ork; often w orking together th ey  ascertain  and locate w eak 
spots and determ ine w h at shall be done to  clear up, define and 
crystallize  the situation.

TH E  PATEN T CHEM IST, TH E  M ANUFACTURER, TH E IN VENTOR AND 

TH E  LAW YER

So far, the p atent chem ist has acted largely as an avenue 
of com m unication between the inventor on the one hand who 
is a  chem ist and patent counsel on the other hand who is gener­
ally  not a chem ist. H e must, in m any cases, exercise great 
patience and ingenuity in getting the chem ists' story into shape 
to  lend itself to  legal treatm ent, and on the other hand he m ust 
reduce the law yer’s story to such term s th at the chem ist under­
stands and appreciates the situation.

M ore frequently th an  not, the p atent chem ist m ust hold the 
balance true as against the "fond-parent”  enthusiasm , the dis­
dain for real proofs and the a iry  generalizing tendencies of the 
inventor, the aggressiveness of the principal and the pessimism 
or cynicism  of p atent counsel, keeping his judgm en t calm , his 
reasoning sound and his facts straigh t throughout all this, not 
infrequently, v ery  turbulent and trying period of patent-develop­
ment.

T h e  am ount of labor, effort, stud y, investigation, reexam ina­
tion, collecting of new facts or proofs and restating of positions 
and view  points required of a p atent chem ist to reconcile these 
three dem en ts is a t tim es v ery  great and difficult and alw ays 
v ery  trying, absorbing and engrossing.

T o  establish the usage of a  certain  expression in chem ical 
publications m ay seem, a t first blush, to  be a  perfectly simple 
m atter b u t before the attem p t to  establish a n y  particular usage 
has gone v ery  far one is overwhelm ed, more often than not, 
w ith  a m ultip licity  of usages and choice becom es difficult if not 
impossible.

T h e question of w h at a publication, say, 40 years old m eant 
in whole or in part to the man then w riting it, to a  man reading 
it  30 or 40 years later w ith all the intervening inform ation a t 
his disposal, is one whose correct answering m ay or m ay not 
interest the inventor or the principal, b u t p atent counsel m ust 
know  and the patent chem ist m ust not on ly get th a t answer, 
b u t he m ust prove every  part of it. T h e questions of analogy, 
hom ology and the like and their influence upon predication of 
invention are questions not a lw ays easy to  answer, b u t whose 
answers patent counsel needs and the p atent chem ist again m ust 
supply and prove in their every  part.

P ractically  all of the great v arie ty  o f puzzling technical ques­
tions which conscientious, capable and com petent p atent counsel 
w ill propound in the course of developing a  p atent for a chem ical 
invention resolve them selves into one or the other of the three 
above given and the road to the answer is not unusually long, 
hard and rocky.

T hen  comes the question of the accuracy, completeness, 
fullness, conciseness and clearness of one’s ow n disclosure, the 
arguing back and forth over this expression and th at expression, 
this or th at sequence of ideas and so forth; the same is repeated 
on the statem ent of invention and finally it all has to  be gone 
over again when the claim s arc taken up.

T h is kind of w ork is no occupation for a  real chem ist nor an 
inventor nor a principal. I t  is too slow for a n y  of them ; their 
entire m ental attitude and habit of th ough t w ould have to  be 
changed from  an enthusiastic, creative state  of mind based upon 
an abundance of relevan t inform ation to a cold, impersonal, 
an alytic  m ental a ttitude based upon inform ation, m uch of it not 
w holly  relevant, b u t seem ingly w h olly  foreign to  the case; from 
the joyo u s and im petuous contem plation of his ow n creation the 
inventor w ould have to drop down to  a  v ery  chill criticism  of 
his ow n w ork as if it were the w ork of a total stranger. T h a t

is for m ost inventors a practical im possibility, and it is only 
natural th at it  should be so.

E ssen tia lly  the inventor in the usual course of his occupation 
m ust take chances— otherwise he would n ot be an inventor; 
essentially, those concerned in securing b y  p atent what the in­
ven tor has achieved m ust take no chances and must be sure 
th a t no chances are being taken. I t  would certainly be extraor­
dinary if both  functions were to  be successfully united in one 
and the sam e individual. M oreover, it as frequently as not 
takes more labor and effort to  get a  satisfactory  specification 
together, than  it takes to m ake and operate the invention. 
V e ry  often, things on paper look v ery  different from the real 
thing, b u t it  is a  m ost difficult operation to  reduce those dif­
ferences to  com prehensible and concise w ritten  language. The 
average inventor w ould rather follow up the practical realization 
of his invention, or start som ething new and fresh than be 
obliged to  go over and over the sam e old trail straining his 
eyes for som ething he does n ot care to  see, and which does not 
hold nor grip his interest. H is particular work is done; it is up 
to  others now — the p atent chem ist and the patent counsel. 
T h e y  m ust dig into the relevan t chem istry and the relevant 
court decisions, w rite and rew rite the specification and claims 
until, in their judgm ent, all foreseeable contingencies are provided 
for and taken  care of.

TH E  PA T EN T CH EM IST AND TH E  PA T EN T OFFICE

A t  last, the specification is filed in the P a ten t Office and quite 
as often  as not, the first Office L e tte r w ill show  the patent chem­
ist th a t he did n ot provide for all chem ical contingencies and the 
patent law yer th at he did not provide for a ll law contingencies, 
or in the even t th ey  have done both th ey  evidently did not 
succeed in saying so in a  m anner th a t could, not and would not 
be misunderstood. T hen  the w ork m ust be taken up anew; 
exp lan atory letters m ust be w ritten  and m any times these are 
not sufficient and personal interview s are needed to uncover 
the cause o f the m isunderstanding. H ere again the patent 
chcm ist m ust tak e  up the technical side of the case, which, as 
a rule, he can present conclusively far better than the patent 
law yer ju s t as the p atent law yer is far better able to present 
conclusively the law involved. Experience has shown, however, 
th a t law  points are then far less frequen tly involved than are 
technical points.

I f  now the application, when in allow able shape, is put into 
interference it  is the p atent chem ist who m ust in the last resort 
decide if the proposed interfering claim s are, or are not such 
th at his case can properly m ake; then the details of tlie inter­
ference proceeding and the preparation of the technical testi­
m ony direct and cross, for and against, should all pass the patent 
chem ist’s scrutiny. T h e  q u ality  and am ount of work required 
of the patent chem ist in such proceedings is dependent almost 
w h olly  upon the caution and alertness exercised by him dunng 
the developm ent of the application.

W hen finally a patent is issued and negotiations for acquisition  

of rights thereunder are taken up it  is the p a t e n t  ch e m is t  "ho 
m ust expound t h e  technical aspects of t h e  subject to couns’ 
for the other side and m ust again  and again defend his work.

T H E  PATEN T CH EM IST AND LITIGATION

H ow ever, the w ork of the p atent chem ist so far is a nieic 
prologue to  his w ork when a  suit for infringem ent of patent is 
under w a y . H ere is where he a t  tim es becom es actually the rit, 

hand of counsel and the real test of his a b ility  and p r e p a r e d n e s s  

takes place. H e m ust sift and test the evidence of infringement 
he m ust scrutinize and forecast all possible and probable position5 
of his opponents, m ust h ave  the entire mass of facts a n d  data 
a t  his tongue’s end; in fact, he m ust be a walking and li'Jjj» 
dictionary, guide book and cyclopaedia not only through t̂ e 
particular a rt and case involved, b u t into the most refined am* 
subtle distinctions in any and every  branch of chemistry vr
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even remotely touches the subject involved. T he patent chemist 
frequently has the fate  of the entire case entrusted to his keeping 
and his success depends not on ly upon how carefully he has pre­
pared his case, bu t also upon the celerity w ith  which he can pro­
duce his proofs and his alertness in anticipating or forecasting 
the moves, near or rem ote, of his opponents and preparing for 
them betimes. H e m ust be able to do his w ork quickly and 
surely not only in the quiet of his laboratory or study, bu t more 
often under the strain of proceedings actu a lly  in progress and in 
the presence of his opponents. N o t a single phase of the entire 
case must escape his attention  and scrutiny. In one litigated 
case there was a to tal o f 408 different chem ical statem ents for 
each of which all the re levan t facts had to be collated from the 
literature and the relevan t testim ony on both sides tabulated 
for use as the case progressed; the subject m atter was relatively 
simple. W hat would have happened had th at subject m atter 
been really complex is w h olly  a  m atter of conjecture and fearful 
to contemplate. O ther and more com plicated cases have en­
tailed quite as much if not more diffuse and wide-spread labor. 
Certainly no inventor w ants to be pestered w ith such, for him, 
dry-as-dust details.

If the crucial test of a p atent be its ab ility  to withstand on­
slaught in the courts then the crucial test of the u tility  of a 
patent chemist is his a b ility  to  handle the v a st am ount of chem­
ical facts involved w ith  alertness, celerity  and accuracy on such 
occasions. This will be rendered more certain  and of a higher 
degree of efficiency the greater the fam iliarity of the patent 
chemist with the subject-m atter and generally this fam iliarity 
is the greater, the longer the patent chem ist has been associated 
with the subject. T he sam e is true of the patent lawyer. Upon 
this assumption it further follows th at the only wise policy is 
to commit the drafting of the specification and its prosecution 
in the Patent Office from  the v ery  start to th at patent chemist 
and to th at patent law yer to  w hom  the defense of the patent in 
the courts is to be finally entrusted. L e t these men select the 
ground on which a dispute, if any, is to be conducted while they 
have an opportunity of so doing; let them shape the course and 
form of the docum ent over which a struggle is expected and the 
results will be far more satisfactory than if those who are finally 
called upon to defend have 110 choice in the m atter bu t m ust 
take things as th ey find them.

It is true that only a v ery  sm all fraction of the issued patents 
is ever brought to the suprem e test, and it would be a very 
wasteful policy indeed to expend upon patents of obviously 
little intrinsic value the same am ount of labor th at would be 
called for by  a very  valuable p atent or set of patents. B u t as 
to a patent or patents of value there can be no tw o opinions as 
to the best general course to  pursue, let those who m ust ul­
timately do the defending select their ow n ground while they 
may.

Many suits for infringem ent of patents are started or are 
proposed to be started, m an y more than actually  find their 
"ay  to trial in the Courts. In the preparation of the technical 
matter (both offensive and defensive) in such cases the patent 
chemist must clear up and m aintain clarity  in the technical 
questions involved because in such inform al proceedings success 
demands completeness, celerity  and alertness to alm ost the 

c^tent and degree th at the more formal court proceedings 
do. M any a contem plated litigation has not been started

cause of precisely such proper preparation of m aterial prior 
to and during negotiations looking to  am icable adjustm ent.

It is not only natural bu t inevitable th at the state of known 
acts changes and shifts and becom es fuller as the inventive 

1 ea and the patent pass through the different stages just outlined 
and therefore judgm ent and opinion m ust frequently be tested 

re-examined; these constitute the real cause for keeping 
t e patent chemist in very  close touch, in the m ajority of cases, 
">th the growth and developm ent of the invention as well as

with the business and all other similar conditions surrounding it.

TH E PATENT CHEM IST AND TH E CHEMICAL FACTORY

From  this sketchy outline of the patent chemist, his field, his 
mode of operation and his relation to the m anufacturer, it is no 
doubt clear that he is a  man who m ust look at his chem istry 
not only with the eye and the mind of a chem ist and of a m anu­
facturer, but through the spectacles of a law yer as well; he 
m ust look a t patent law w ith the eyes of a chem ist and the 
mental attitude of a law yer and translate the law into chemical 
terms; he must know how to get convincing and correct answers 
to questions of great v arie ty  and scope, m any of them 
seemingly trivial and simple, b u t a t times of the utm ost im por­
tance. He is neither a  producer nor a creator of things; he is 
perhaps nothing more, in the final analysis, than a  cata lyst—  
a cata lyst enabling tw o or more different agencies to operate in 
harm ony and in complete understanding w ith each other and 
thus to increase the speed with which the object aimed a t  is 
achieved and w ith generally beneficial effect upon the qu ality  
of the final product. He m ay also be regarded as a  foster-parent 
to the children of the brains of others and his function is to 
aid in their protection while in developm ent. H e is perhaps 
nothing more than an additional insurance against error in 
m aking plans for the future and his value grows w ith the value 
of those plans. He is not a law yer, nor is he a real chemist, 
bu t he m ust be prim arily and fundam entally a chem ist w ith a 
chem ist’s instinct and a chem ist’s sym pathies; he m ust have a 
working knowledge and an appreciation of all business condi­
tions likely to influence the course of developm ent of any and all 
of the inventions with which he is brought into contact; he is a 
mixture of chemist, m anufacturer and law yer and he m ust have 
an instinct and judgm ent for determ ining the correct time for, 
and the proper men to whom special questions m ust be su b­
m itted for final treatm ent. H e m ust be especially alive to his * 
own lim itations and to those of others; he m ust not be unaltera­
bly wedded to his own opinions; he m ust be able, on occasion, 
to obliterate his own personality and to pocket his pride.

N ow  this brings me to the question of the status of the patent 
chem ist in the organization or staff o f a  chem ical factory. T here 
can be no question th at he m ust be in the confidence of the 
concern much more than the routine or works chem ist; he m ust 
have greater freedom of action, greater radius of a c tiv ity  and 
his information should be first-hand wherever and whenever 
possible. He can make himself useful not only as above outlined, 
but also b y  keeping system atic track of w hat com petitors a t  
home and abroad are doing as foreshadowed in the technical 
press, patent applications and issued patents in all countries 
thus anticipating attem pts to blanket or forestall his friends, 
but he m ay very often also be able to call to the attention  of 
his principals new fields of endeavor and w ays and m eans of 
entering them, which but for his watchfulness m ight escape 
notice. He should be made use of a t every  new m anufacturing 
or operating step of his principals.

As to his position, should he be definitely inside or outside 
the organization, the answer is th at it depends upon circum ­
stances. In Europe, in some of the chemical branches, the 
patent chemists are fixed members of the organization, while in 
others the patent chemists are in business on their own account. 
Just how each or any organization shall handle th at question 
involves the same questions as does the acquiring of any other 
com m odity or service— b y  exclusive contract, b y  provisional 
contract or in the open m arket. E ach concern m ust choose 
and decide for itself.

T o  put it in a  very few words, the chief function of the patent 
chemist is to apply D a v y  C ro ck ett’s rule “ Be sure you  are right, 
then go ahead” to chemical inventions— a task  not alw ays 
interesting nor pleasant, but alw ays useful and bubbling over 
with worth-while work.

9 0  W i l l i a m  S t . .  N e w  Y o r k  C i t y
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T H E  T H E O R Y  O F  T H E  R E M O V A L  O F  S U S P E N D E D  
M A T T E R  F R O M  G A S E S

B y  W . W . S t r o n g  

R ece iv ed  J u ly  23, 1913

A t the present tim e several processes are being used for re­
m oving suspended solid and liquid particles from  gases, bu t no 
m ethod has been indicated as to  how the relative efficiencies of 
these methods can be compared. Indeed it  is not well known 
w h at forces m ust be em ployed to secure the desired results. 
N o  accurate methods are in use w hereby m easurem ents can be 
m ade to indicate the am ount of the suspended m atter th at has 
been rem oved from the gases. T h e purpose of the following 
paper is th at of putting the whole su bject upon a  more exact 
and scientific basis.

“ c l e a r a n c e ”  a n d  " p r e c i p i t a t i o n ”

In  general, tw o methods are em ployed to  express changes in 
the density of suspended m atter in gases. I f  the suspended 
m atter is of little  value as is the case w ith  coal sm oke, copper 
fumes, etc., the density is usually measured b y  a  photom etric 
m ethod. T h e Ringelm ann scale is an exam ple in point. T he 
light em ployed is ordinary daylight. P rob ab ly  the standard 
ligh t for these purposes should be a ligh t source possessing the 
same intensity curve as the sensibility curve of the average eye. 
T h e "clearan ce”  of suspended m atter b y  an y  process is the dif­
ference in the percentage of light transm itted b y  a unit volum e 
of the sm oke or fumes before and after the process was applied. 
Sm oke of unit thickness absorbing 98 per cent of the w hite 
ligh t of a  parallel beam  is subjected to  washing. If it then 
absorbs 7 per cent of the light, the "clearan ce”  w ould be 91.

Several difficulties are m et in ap plyin g this method. T he 
suspended m atter m ay show a selective absorption of the light 
and thus color effects are introduced. T h e coefficient of ab ­
sorption of ligh t m ay not obey a  law  like th a t of B eers’, i.  e., 
the absorption m ay not depend entirely upon the qu an tity  of 
suspended m atter in the beam  of light b u t m ay also depend upon 
the density of the suspended m atter. Each kind of suspended 
m atter probably shows sm all variations of the above tw o types 
and these variations should be carefully considered.

T h e second standard m ethod of m easuring the am ount of 
suspended m atter in gases is th a t of filtering ou t the suspended 
m atter from  a known volum e of the gas and weighing the filtered 
m aterial U nfortunately, there is 110 convenient and quick 
filtering apparatus of this kind available. (Probably the process 
of electrical precipitation is as practical as any and the w riter 
is designing apparatus for this purpose.) T his m ethod is alw ays 
used when the suspended m atter is of value. T h e change in 
the am ount of suspended m atter per u n it of volum e due to any 
filtering or cleaning process will be called the "p recip itation .”  
Suppose the w eight of zinc oxide per unit of volum e of gas is
1.00. T h e dust is subjected to filtering b y  a bag and then con­
tains a  w eight, 0.01 of zinc oxide per u n it volum e. T h e "p re­
cip itation ”  is then 99.

" d i f f e r e n t i a l ”  f o r c e s

In order to rem ove the particles of one substance from  those 
of another w ith  w hich th ey  are in tim ately mixed, it is necessary 
to  apply differential forces to  the tw o sets of particles. In  a 
gas the molecules are m oving w ith  v ery  great velocities due to 
the heat m otion of the gas. I t  is on account of this motion th at 
gaseous substances diffuse am ong each other. U nder ordinary 
experim ental conditions, tw o gases w ill not separate from  each 
other even though the masses of the m olecules are quite different 
and the action of g rav ity  is a differential one.

N evertheless this separating effect of g rav ity  does a c t even 
on the gases of the atm osphere. A t  great altitudes above the 
ground, hydrogen and the lighter gases preponderate. In  the

lower strata  of the atm osphere the percentage of the heavier 
gases is m uch greater. T h e greater the difference in the masses 
of the tw-o particles and the sm aller their v e lo city  of heat motion 
the more rap id ly  w ill g ra v ity  cause them to separate. It is 
p a rtly  b y  this means th at sm oke and dust is rem oved from the air.

T h e separation (which g ra v ity  produces) of gases possessing 
different m olecular w eights has been discussed b y  Jeans, Einstein, 
Perrin and others. F ine dust, fume and sm oke particles can 
be treated like large molecules from m any points of view. In 
the case of particles suspended in liquids, S tokes’ law is found 
to  hold for particles as sm all as the larger hydrocarbon molecules.

T h e  separation m ay be produced in other w ays. The ‘ ‘centrif­
ugal,”  like the g rav ity  process, causes a  separation of suspended 
particles from gases for the reason th at the tw o sets of particles 
possess different masses. In  washing, the effort is made to cause 
the suspended particles to  unite w ith  the washing fluid. (1) 
In  these cases the separation is due to differential "m ass" forces. 
Sieves of wire mesh, cloth, etc., are used. These sieves catch 
the particles of suspended m atter on account of their larger 
volum e. T he gases have to be forced through the sieves by 
suctional or pressure forces. T h e  separation here may be con­
sidered as being due to  the action of (2) differential "volume” 
forces.

It is well know n th at there is a  region near a  heated surface 
from  w hich dust particles are driven. T h is action is somewhat 
sim ilar to  the pressure on radiom etric planes (Crookes’ radiom­
eter) tak in g  place a t low pressures. T h e  dust particles are 
subjected to a greater m olecular bom bardm ent in the direction 
of the heated surface and are therefore forced to move in the 
opposite direction. L igh t and heat cause a pressure somewhat 
sim ilar in n ature and this accounts for the repulsion of comets 
tails b y  the sun. T h e  “ pressure”  m ay be due to the heat motion 
of molecules, the radiation pressure of heat, light and electro­
m agnetic w aves or to stream s of ions. T his separation of 
particles from a medium  w ill be considered as being due to (3) 
differential "ra d iatio n ”  forces.

T h e suspended particles m ay be subjected to the action of an 
electric or a  m agnetic field. I f  the particles are magnetic they 
will be set into motion. A s few kinds of dust particles are 
m agnetic and as this action  is sim ilar in kind to that of the 
electric field, it  w ill be included under the latter action, lhc 
action  of the electric field is of tw o kinds. T he field may not 
be uniform. T h e  particles m ay possess a  different dielectric 
power from  th a t of the medium  and w ill therefore be caused 
to m ove b y  the non-uniform ity of the electric field. In other 
words, the particles becom e polarized. W ater drops can he 
separated from  oil and gold m ay be separated from quartz in 
this manner. T h e  separating force in this case will be called
(4) the differential "fo rce  of polarization.”

T he suspended particles m ay be charged b y  causing them to 
unite w’ith ions. I f  th ey arc then subjected to the action of an 
electric field th ey  are im m ediately set in to m otion with re fe ren ce  

to the surrounding neutral particles. T h e method of electrical 
precipitation is based upon the use of stream s of ions to c h a rg e  

the suspended particles and the above action of the elec tric  

field to  rem ove the charged particles from  the gas. The s e p a r a t ­

ing force here is (5) a differential “ ionic”  force.

T H E  COM PARATIVE EF F IC IE N C Y  OF T H E  D IFFERENTIAL FORCES

T h e law  describing the w a y  particles can be removed from a 
gas has been given b y  Stokes and has la ter been modified by Cun 
ningham  and others. T h e  statem en t of the law will be gi'CI1 
in the section on “ settlin g due to g r a v ity ”  because the verifies 

tion o f the law b y  various investigators has been made by e 
use of gravitation al forces. C entrifugal and electrical forces 
w ill a ct in the same manner.

T h e b a s ic  la w  u n d e r ly in g  t h e  p h e n o m e n a  o f  t h e  s e p a ra tio n  

o f  s u s p e n d e d  p a r t i c le s  f r o m  f lu id s  is  o f  t h e  S to k e s ' type,
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constants of which w ill be a  function of the density, shape, size 
and nature of the surface of the particles, and the pressure, 
viscosity, tem perature, density and nature of the fluid. A s­
sume that the particles are sm oke particlcs, and that the fluid 
is a composition of air and carbon dioxide. T he force that must 
be applied to separate a particle from the gas depends upon the 
Stokes law that holds for these conditions, the distance the 
particle must be m oved and the tim e th at is to be allowed for 
this movement to take place.

The efficiency of the process of rem oving particles from fluids 
can be defined in several w ays. L e t us assume th at the effi­
ciency of the given process is u n ity  when the particle is caused 
to move with a velocity  of a centim eter per second. T he work 
done on the particle under these conditions will*be represented 
by the force term given b y  a  law  sim ilar to th at of Stokes, since 
the distance over which the force has caused motion is in this 
case unity. If the time were m ade very  long the applied force 
could be made very  sm all. If it  is required that the velocity  
should be greater than th a t given b y  the definition, a greater 
velocity m ay be used and the com parison of the efficiency of 
different precipitating agents based 011 this velocity.

The efficiency of any process used for rem oving particles from 
fluids will be the ratio of the energy required to  cause the separa­
tion of the particles determ ined b y  a law  such as that of Stokes 
and the amount of energy used b y  the given process.

Let us take a concrete exam ple. A  certain kind of smoke 
contains x,000,000 particles per cu. cm., the sm allest particles 
having a diameter of 0.0001 mm. Let us assume that the par­
ticles are all of the sam e size, the size of the smallest particles. 
Let us also assume th at the separation o f the particles from the 
gas can be made com plete if the velocity  of the particles is made 
a centimeter per second relative to  the gas itself. L et it be 
necessary to move the particles 2 cm .; let the force required 
by Stokes’ law to give a  velo city  of 1 cm. per second be I'; let 
X cu. cm. of the sm oke be treated per sec. T he am ount of work 
done per second is : 1,000,000 X  2 F  =  S  per sec.

If the smoke is passed through a centrifuge, the differential 
force acting upon the sm oke particles will be the centrifugal 
force and this should be equal to F. T h e energy used per second 
(C) to run a centrifuge th at cleans X  cu. ft. of smoke per second 
will be very largely lost in friction and windage. T he efficiency 
of this process will be S /C .

In the method of electrical precipitation a certain w attage 
loss of energy (W) w ill represent the electrical discharges in the 
smoke. Some of this energy w ill be spent in effecting chemical 
reactions and in heating the gases. T he efficiency of this method 
is S/AV. A  m ethod of treatm ent like the above will indicate 
the ultimate theoretical possibilities o f these various methods.

I'rom an engineering point of v iew  the problem is much more 
complicated. I f  large cham bers are available and the volum e 
of smoke or fumes is com paratively  sm all, settling b y  grav ity  
" ill probably be the best m ethod availab le. I f  the smoke gases 
are cool and a large draft is available, filtering could be made 
quite efficient, especially if the sm oke particles arc large in size. 
Centrifugal methods can readily  be used if the suspended particles 
afe of large size. T h e short treatm ent following is theoretical. 
One reason for this m ethod of treatm ent lies in the fact that 
our engineering knowledge along these lines is very  incomplete 
and unreliable. In  m any cases 110 definite inform ation is given 
of the character of the sm oke or fumes to  be treated.

THE D IFFE R E N T IA L  "M A SS”  FORCE

One of the most im portant of the problems in mechanics is 
that related to friction or v iscosity. W e all know  that a feather 
and stone fall w ith the sam e velocity  in a vacuum . W h y do 
they not do so in air? T he answer is— a feather meets w ith re­
sistance or friction in its course through the air. The frictional 
resistance due to the settlin g of sm oke and dust particles in the 
atmosphere is therefore the same as the resistance which an aero­

plane meets in flying: the resistance which causes shooting 
stars to burn and heats meteors and which causes mists and fogs 
to rem ain suspended. I t  is for this reason th at sm all raindrops 
fall very  slowly, while large drops, such as are formed during 
thunderstorms, fall very  rapidly.

In  the' case of falling raindrops there is in general an equi­
librium between the forces of friction and the pull downwards 
b y  gravity. The more slow ly a particle falls the less resistance 
does it experience. A  raindrop will therefore continue to be 
accelerated until the frictional forces which it experiences ju st 
balances the attraction of gravity.

In the upper strata of the atm osphere where the air density is 
very  small, dust particles would fall very  rapidly. In  the outer 
portions of the solar corona dust particles would probably 
gravitate rapidly towards the sun, due to  tw o causes, the great 
attraction  exerted b y  the sun and the rarity  of the atmosphere. 
In  certain cases, however, the high tem perature and the pressure 
of radiation w ill a c t so as to cause certain particles (whose size 
and density lie between certain ranges) to  remain suspended. 
T his pressure on the particles is exerted b y  the light and heat 
radiations striking the dust or sm oke particles. If the beams 
of radiation are more intense in one direction (this is often the 
condition in certain parts of a furnace) the dust particles will be 
acted upon b y  a  force in the same direction as that of the radia­
tion. The effect of high tem perature is to increase the viscosity  
forces.

In a v ery  interesting paper (M ath, and P liy s. Papers, Cam ­
bridge, 3, 55), G . Stokes has discussed the efTect of viscosity  011 
the movem ent of a pendulum. Incidentally he took up the 
motion of a sphere (radius a) m oving with a velocity, V , in a 
medium having a  viscosity of If X  is the resistance to the 
motion of the sphere and A is its density and 5 th at of the medium, 
then X  =  6jtiuaV5.

For a sphere falling under the action of grav ity

C>iray\ =  4/3(z3(A —  5)g.

The fall of raindrops th at have reached a m axim um  and final 
velocity, the settling of fumes, dust and sm oke in gases, even 
though the particles are not perfectly spherical, follow a law such 
as th at of Stokes. These conditions require the fluid or gas 
through which the particle falls to be in a state of rest.

Perrin has shown th at the law of Stokes applies to particles 
of ultram icroscopic size even though the particles undergo the 
Brownian m ovement.

R yb czyń ski and later H adam ard h a v e .(C . R., M ay, 1911) 
developed a slightly different form ula for a  sphere of density 
A, and viscosity y  falling in a medium of density A and viscosity

( A i —  A )g  =  2/9 y V / a - y i  +  ’i / i y j y x +  y .

A pplying this formula to w ater drops (y  =  io 5 7 (io )- s ] falling 
in air [j'i =  i8(io)~ ! ] one finds th at the velo city  given b y  the 
law of Stokes should be multiplied b y  the factor 1.006.

In order to apply the above form ulae to the settling of fumes 
or sm oke in chambers it is necessary to  know the size and density 
of the particles to be considered, the viscosity of the medium and 
the distance it is necessary for the particles to fall.

In  general, gravity  is not great enough to cause particles to 
move w ith sufficient velocity, especially if the particles are very  
small. Under these conditions particles m ay be caused to unite 
w ith liquid sprays or become nuclei for the condensation of vapor. 
T h is causes an increase in mass. Sound, electrom agnetic radia­
tions and an electric field m ay also be em ployed to cause an 
aggregation of the particles. Large differential "m ass”  forces 
m ay be obtained by centrifugal processes.

If a particle of mass m is caused to  rotate abou t an axis w ith  
an angular velocity w, the distance of the particle from the axis 
being r, then the force th at m ust be exerted upon the particle 
to  keep it m oving in a circular path of radius r is mr-w1.
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In a centrifugc the gaseous medium  should possess an angular 
velo city  of w. T he tw o forces th at will operate on the particle 
when its distance r from the axis increases will be th at of fric- 
ional viscosity  and the centrifugal force.

T he-cen trifu ge  process is frequently used when the particlcs 
to  be separated from a  gas possess considerable mass. Under 
these conditions w need n ot be so great. I t  is v ery  doubtful 
if a process of this kind would be practical in the case of sm all 
sm oke particles. A  com bination of a  washing (or an electrical 
discharge) and a centrifugal m ethod m ight be found to be better 
than any single m ethod used b y  itself.

T h e efficiency of the "vo lu m e”  forces depends upon the 
pressure required to force the gas through the sieves. T he 
nature of the differential “ radiations”  have been worked out 
m athem atically b u t these have no value as a practical m ethod 
of rem oving suspended m atter from gases. N eith er is polariza­
tion a practical method. Probably one of the most im portant 
from  the efficiency point of view  is the differential ionic force.

TH E D IFFE R E N T IA L  " IO N IC ”  FORCE

T he use of electrom agnetic fields for rem oving suspended 
m atter from gases and liquids is practically  lim ited to the action 
of the electric field. T his condition is due to the fact th at very  
few suspended particlcs possess an y  appreciable magnetism . 
E ven  nickel dust would be rem oved w ith difficulty b y  the action 
o f a m agnetic field. T his leaves only iron and a few m agnetic 
com pounds of iron th at can be acted upon b y  a m agnetic field.

In  general it m ay be said th at the application of electric fields 
is restricted to a non-conducting medium, such as a gas or a 
•dielectric liquid. T here are no gases th at conduct naturally. 
T h e  ions or carriers in a gas m ust be produced artificially. C o n ­
du ctin g  liquids are electrolytes and these contain spontaneously 
generated ions. These liquids support on ly a sm all difference 
o f potential and conduct b y  electrolysis. W hen electrolysis 
tak es place gas usually accum ulates a t the electrodes, thus 
causing an added resistance to the flow of current.

T h e  separation of suspended solid and liquid particles from a 
non-conducting gas or liquid is therefore dependent upon the 
action of electric fields possessing an in tensity  ranging between 
several hundred to  several thousands of v o lts  per centim eter. 
T his action of an electric field is not as simple, however, as it 
m ight appear to be. T he suspended particles m ay be caused 
to  combine w ith  each other (aggregation); th ey  m ay be in a state  
o f polarization and th ey m ay become charged.

In the case o f suspended m atter in gases the im portant item 
is th at of charging the particles. T he efficiency of the process 
■depends upon the thoroughness of this charging process.

L ike  the other processes used for cleaning gases, the electrical 
process causes an expenditure of energy th at is proportional 
to  the volum e of gas rather than proportional to  the am ount of 
m atter suspended in the gas. N o one has devised any cleaning 
process of the latter typ e  although certain  autom atic devices 
promise to  m ake the electrical process active only when there is 
a  certain  density of the suspended m atter.

T h e w riter1 has determ ined the energy loss in the electrical 
precipitation m ethod to be about 400 w atts for treating gas 
a t  the rate of 1000 cubic feet per m inute. T his energy loss 
does not v a ry  greatly  betw een o '  and 2000 C .; does not v ary  
w ith ,th e  velocity  of the gas, w ith  the density of the suspended 
m atter or w ith the com position of the gas. In order to com pare 
this efficiency w ith the ‘ ‘perfect”  efficiency given b y  Stokes’ 
law  it would be necessary to  determ ine the num ber of particles 
and the average am ount of energy required to  rem ove each 
particle from  the gas b y  using Stokes’ formula.

A  very  rough calculation of the efficiency of the electrical 
m ethod m ay be made b y  assum ing B roghe’s d ata  for cigarette 
sm oke. T h e radii of these smoke particles range between
0.1 to 0.001/n and in each cubic centim eter there are several 

1 T ra n s . .-1. I . E . E .. J u n e . 1913.

m illion particles. Assum e th at the particles are to be given a 
v elo city  of 20 centim eters per second and th at the average 
radius is 0.00001 centim eter:

F  =  6t (o .o oooi) (m =  0.000178) (V  =  20)

L e t the particles be m oved a  distance of 8 centimeters and 
suppose there are 30,000,000 particlcs per cubic centimeter. 
Since 1000 cubic feet contain  2.8317(10 )’  cubic centimeters, 
the required w ork in w a tts w ill be:

W  = 8F X  30,000,000 X  2.8(10)’  =  abou t 40 watts 
T his w ould indicate th a t possibly 15 per cent of the electrical 
energy m ay be expended in cleaning the gas, this energy being 
converted again into heat energy through the agency of the 
v iscosity  forces.

In  the above calculation  it m ust be recognized that the data 
are extrem ely meager. I t  is to  be hoped th at theoretical in­
vestigators w ill take up a detailed stu d y  of these problems.

D e p a r t m e n t  o p  I n d u s t r i a l  R e s e a r c h  
U n i v e r s i t y  o k  P i t t s b u r g h

T H E  U TILIZA TIO N  O F S E W A G E 1

B y  G e o r g e  A . S o p e r -

I t  is often  supposed th at the discharge of sewage into rivers 
and harbors represents a great econom ic w aste and many per­
sons, am ong them  some em inent scientists, have, in times 
past, proposed th a t cities should conserve the manurial value of 
their sewage. V icto r H ugo w as an ardent advocate of this 
form  of conservation and Liebig, H offm an and Crookes have 
raised their voices in solemn warning against the waste. Such 
warnings are well rem em bered and the question is frequently 
asked— W h y should the sewage of our cities be discharged without 
an y  attem p t being m ade to  u tilize it and return the useful in­
gredients to the soil?

T o  answ er th at it costs more to  utilize the manurial ingredients 
than th ey  are worth does not answer the question with sufficient 
fullness.

T h e principal reason w hy it is im practicable to utilize the 
m anurial ingredients of sewage lies in the extrem ely diluted 
state  • in which the useful ingredients exist. There are few 
processes known to the technical arts b y  w hich such immense 
volum es of liquid can be successfully treated for the extraction 
of their valu able m aterials. Sew age is over fifteen times as 
dilute as sea w ater and the am m onia, phosphoric acid and nitrate 
in sewage are, like the gold in sea w ater, there unquestionably, 
b u t m ingled w ith so much th a t is useless th at they cannot be 
extracted w ithout too great expense.

Sew age m ay be considered to consist of tw o parts of solid matter 
in 1,000 parts of w ater; and of this solid m atter only a portion 
has any value in agriculture. C on trary  to popular opinion, 
sewage contains re la tiv ely  little  excrem ent either liquid or solid, 
the explanation of this fact ly in g in the large amount of water 
used in flushing the closets and for the m any objects not con­
nected w ith  the disposal of excrem ent for which the water is 
used. T h e per capita  consum ption o f drinking water in a modern 
A m erican c ity  ranges from abou t 75 to  over 200 gallons per 
24 hours.

T h e  C ity  of N ew  Y o rk  and the other municipalities in the 
m etropolitan district contained, in the year 1910, 6,019,000 
inhabitants and produced over 765,000,000 gallons of sewage 
per 24 hours. T his sewage contained over 658 tons of s u s p e n d e d  

m atters, of which about one-half was nitrogenous. It has been 
estim ated that the excrem ents of a mixed municipal population 
should be worth, on theoretical grounds, from $1.00 to Sl 35 
per capita  per annum , from  which it appears that the metro­
politan d istrict is throw ing aw ay betw een $6,000,000 and 
$7,500,000 every  year.

1 P a p e r  p re se n te d  a t  th e  4 8 th  m e e tin g  o f th e  A m erican  C h e m ic a l  So 
c ie ty , R o ch e ste r , S e p te m b e r  S - I2 ,  1913.

2 P re s id en t, M e tio p o lita n  S ew erage  C om m ission  o f N ew  York-
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To utilize this sewage, it would be economical to build works 
whose running expenses, interest charges and allowance for 
depreciation and repairs would not exceed, say, $6,000,000. 
There would be d e a r  gain in transform ing the present polluted 
harbor into a  clean and wholesom e natural body of water, 
although this gain would not be m easurable in terms of currency. 
Allowing 10 per cent to cover all charges, it should be good 
business to borrow $60,000,000, if, b y  so doing, works could be 
constructed and operated so th at the value of the sewage would 
be completely utilized.

Sixty million dollars w ould not be nearly enough. In addi­
tion to the treatm ent w orks them selves, large sewers would 
have to be built to take the sewage to the works and carry the 
purified effluent aw ay. Pum ps would be necessary in order to 
move the sewage through the conduits. Land would have to 
be purchased upon which to build the plant. A  large corps of 
employees would be required for the m anagem ent and conduct 
of the process and for the sale of the product. O ver all there 
would have to be a strict, san itary supervision wielding the 
autocratic power which rig h tly  belongs to public health officials 
in matters where life and com fort are balanced on one side 
against shrewd com m ercial enterprise on the other. And it 
may not be amiss to state  here th at, desire of profit in the dis­
posal of sewage has repeated ly been found in the past to be 
strongly opposed to the interests of sanitation.

It may be well to consider for a  m om ent w h at has been ac­
complished tow ard the utilization of sewage. Briefly, such 
works are of tw o classes: First, those which provide for the
direct application of untreated sewage to land; Second, those 
which provide for the extraction of the utilizable ingredients 
by means of suitable m echanical devices.

The application of the sewage to  the soil was for m any years 
persistently attem pted in England and there are now in th at 
country and in other lands sewage farm s which afford excellent 
opportunities to stud y w h at it is practicable to do in this direction. 
The testimony of agriculturalists and economists is all of one 
sort. Sewage farm ing does not afTord a satisfactory method 
of utilizing the useful ingredients of sewage, except under un­
usual circumstances, as, for exam ple, where the contained w ater 
is needed for the crops.

W' ith respect to  the extraction  of the useful ingredients nothing 
favorable can be said. T here are no works in the world which 
deal with sewage of average qu ality  from which all or nearly 
all the theoretically useful ingredients are extracted w ithout 
costing more m oney than th ey  are worth. Efforts have been 
made in abundance to devise plans b y  which commercial fertil­
izers could be produced; scores of patents have been taken out 
and many com panies form ed to m ake a business of extracting 
the useful m aterials, b u t these ventures have proved dis­
astrous.

The search for a  profitable m ethod of extracting the useful in­
gredients of sewage is rendered especially difficult by  reason of the 
physical and chemical condition of the sewage. Coarse mate- 
r>als, if floating, can readily  be rem oved b y  screens and, if heavy, 
they will prom ptly subside in settling basins. B u t a large part

• THE STATU S OF TH E CEM ENT IN D U STRY 

The total production of the cem ent mills in the U nited States 
ln Junc, 1913, was 2 per cen t less than in June, 1912, and on 
July 1, of this year, less th an  60 per cent of the cem ent kilns in 
the country were in operation; this was attributed to the pre- 
'  ailing hesitancy in the undertaking of constructive enterprises 
on a targe scale. H ow ever, ow ing to the accum ulation of orders

s of the m aterials characteristic of sewage is in the colloid state
r and can neither be screened nor settled, except w ith much

difficulty. T he best settling th at has been done produces sludge 
1 which contains over 95 per cent of w ater and persistently resists 
, attem pts a t further concentration.

T he sludge problem is recognized to be of central difficulty 
' in sewage disposal, for the sludge cannot be applied to land with
- p 'o fit nor can its utilizable ingredients be extracted w ithout
* more cost than they are worth. T h e sludge therefore causes

embarrassm ent scarcely second to  th at produced by the sewage 
from which it is obtained. A pparently, there are but few things 

1 th at can be done with sludge even if the sole object is to get rid
of it w ithout nuisance. It  can be fermented with the production

> of largi volumes of methane and other gases of sm all value and a
> humus-like residue from which the liquid readily drains off.

T his sludge, when drained and dried, can be burnt. Sludge
- can be dug into the ground and, if not applied in too large
; quantity, in course of tim e it will disappear. T he m ost usual
: m ethod of dealing w ith sewage sludge is to transport it b y
> pumping, cartage or tank steam er to some rem ote point where
; it can be dumped, sim ply w ith  the object of getting rid of it.

T he outlook for the future need not be discouraging because 
of the failures of the past. There m ay ye t be found some method 

: for the production of dense sludge and the extraction of its u til­
izable ingredients. If the physical state of the colloid particlcs 
could be altered so th at they would part w ith  the large am ount 

1 of w ater which they contain, these particles should settle rap id ly
and dense sludge be produced. If the sludge could be further 
concentrated either b y  centrifugal action or otherwise, consider- 

; able advantages would be gained.
A n inviting field lies open for the inventor of a successful 

; process for the utilization of sewage, for there are hundreds of
cities, and among them the largest in the world, which will give 
the raw material w ithout imposing any other obligation than 
th at reasonable sanitary requirem ents shall be observed. T he 
C ity  of London has for years advertised th at its sewage was ready 
for anyone who wanted it, but the nearest approach to an ac­
ceptance of this offer was from a  com pany which, a fter m any 
promising arrangements, went out of business w ithout taking 
a gallon of sewage aw ay.

A  process for the utilization of sewage m ay be of value even 
if it does not recover sufficient of the useful ingredients to  com ­
pletely meet the cost of obtaining them . If the cost of treating 
the sewage can be reduced by half or even less, the economic 
return m ay be sufficient to  warrant a wide em ploym ent of the 
scheme, it being remembered th at the prime object in installing 
sewage disposal plants is to get rid of the sewage w ithout offense.

T he recent contributions of science to the art of sewage 
disposal have been directed alm ost exclusively to the disposal 
of the wastes in such a w ay as to be perm anent and sanitary 
and as inexpensive as possible. In  nearly all w orks constructed 
within the last few years, the point of view  has been th at sewage 
was a thing to be gotten rid of and in getting rid o f it there was 
no prospect of a n y  useful return.

17 B a t t e r y  P l a c e , N e w  Y o r k

received a t  an earlier period, the June shipm ents continued 
large, approxim ating 8,000,000 barrels— about 1,000,000 bar­
rels in excess of the actual output. T h e  surplus stocks a t the 
mills on July 1 totaled 10,000,000 barrels, an increase of 6 per 
cent over last year.

According to The Jo u rn a l of Commerce, the significance of the 
cu t in production m ay be better realized from  the fact th at for

CURRENT INDUSTRIAL NEWS
B y  W . A . H A M O R
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L e h i g h  D i s t r i c t  C b h b n t  P l a n t s

N o. N a m e

74 ' N o r th a m p to n  P o r tla n d  C e m e n t C o.
75 N a z a re th  C e m e n t Co.
76 P h o en ix  C e m e n t Co.
77 D ex te r  P o r tla n d  C e m e n t Co.
78 P en n -A lie n  P o r tla n d  C e m e n t Co.
79 P e n n sy lv a n ia  C e m e n t Co.
80 B a th  P o r tla n d  C e m e n t Co.
81 L aw ren ce  C em en t Co. of P e n n sy lv a n ia
82 A tla s  P o r tla n d  C e m e n t Co.
83 W h ite h a ll P o r tla n d  C e m e n t Co.
84 A tla s  P o r tla n d  C e m e n t Co.
85 L eh ig h  P o r tla n d  C e m e n t Co.
86 C o p la y  C e m e n t M a n u fa c tu r in g  Co.
87 A m erican  C em en t C o. of N ew  Je rse y
88 A m erican  C e m e n t C o. of N ew  Je rsey
89 L eh igh  P o r tla n d  C e m e n t Co.
90 L eh igh  P o r tla n d  C e m e n t Co.
91 E d iso n  P o r tla n d  C e m e n t Co.
92 V u lc a n ite  P o r tla n d  C e m e n t C o.
93 A lp h a  P o r t la n d  C e m e n t Co.
94 A lp h a  P o r tla n d  C em en t Co.

the first six m onths of the year the production of 39,000,000 
barrels w as nearly 25 per cent ahead of last year, while ship­
m ents were 14 per cent larger than for the first half of 1912. 
Surplus stocks increased nearly 3,000,000 barrels in the half year.

T h e Lehigh district, a  m ap of which is presented herewith, 
seems to be following the trend of orders more closely than  a  few 
years ago, when m arket conditions w ere quite  chaotic; this 
d istrict supplies about one-third of the Am erican cem ent pro­

duction. T h e Lehigh production fell 10 per cent in June, while 
shipm ents increased 3 per cent as com pared w ith  those of June,
1912. Seven ty-five per cent of the Lehigh kilns w ere active  on 
Ju ly  1, 1913, but the surplus stocks a t the m ills on th at date, 
am ounting to 3,000,000 barrels, were only 4 per cent larger 
than tast year. Producers in the Lehigh district have taken 
steps to p revent m arket dem oralization b y  reducing their ou t­
p u t; as a result of this policy, prices are being fairly  well m ain­
tained.

TH E B EC K TO N  GAS LIG H T AND C O K E  COM PAN Y OF 
LONDON, ENGLAND

T he B eckton G as L igh t and C oke C om p an y, w hich supplies 
gas for tw o-thirds of the B ritish  metropolis, is described in the 
A m erican G as L ig h t Jo u rn a l, 99, 34.

A t  the river pier some 1,750,000 tons of coal are unloaded per 
annum , the hydraulically  operated grabs being capable of hand­
ling 700 tons per day. T h e retort houses are 14 in num ber, 
and extend about half a mile, in double line. Som e are elec­
trically  operated, others have the aid of compressed air, and a 
third v arie ty  is provided w ith hydraulic m achinery. Jo in tly  
the retorts are capable of p r o d u c i n g  61,000,000 cubic feet of 
gas per day, and of carbonizing 5,000 tons of coal. In  addition, 
there is a  carbureted w ater-gas p lant capable of producing
27,000,000 cubic feet of gas per day. T h e p lan t is stated  to be 
the most com plete in existence, all the operations o f gas-m aking 
and recuperation being controlled b y  hydraulic power operated

L o c a t i o n R a i l r o a d

C apacity  in 
bbls. per day

S to c k e rto n , P a . L e h ig h  & N ew  E n g lan d 1,800
N a z a re th , P a . L eh igh  & N ew  E n g la n d 3,300
N a z a re th , P a . L eh igh  & N ew  E n g lan d 1,000
N a z a re th , P a . L e h ig h  & N ew  E n g la n d 2,400
N a z a re th , P a . L eh igh  & N ew  E n g lan d 2,000
B a th , Pa. L eh igh  & N ew  E n g la n d 3,000
B a th , P a . L eh igh  & N ew  E n g la n d 3,000
S ieg fried , P a C e n tra l o f N ew  Je rse y 3.50Q
N o r th a m p to n , P a . C e n tra l  o f N ew  Je rsey 46,600
C em e n to n . P a . L eh igh  V alley 1,250,000
C o p la y , P a . L eh igh  V alley 46,600
W e st C o p la y , P a . L eh igh  V alley 36,600
C o p la y , P a . L eh igh  V alley 5,000
E g y p t , P a . L eh igh  V alley 6,500
L esley , P a . L eh igh  V alley 6,500
O rm ro d , P a . L eh igh  V alley 36,600
F ogelsv ille , P a . P h ila . & R ea d in g 36,600
N ew  V illage, N . J . D ., L .  & W . 8,000
V u lc a n ite , N . J . C e n tra l  o f N ew  Je rs e y 5,500
A lp h a , N . J . L e h ig h  V alley 18,000
M a r t in ’s C reek , P a . P e n n sy lv a n ia 18,000

b y  levers from a central stand. T h e blow ing plant for this 
installation  consists of four 1 io-horse power turbine-driven fans. 
T h e carbureted w ater gas, a fter being tested, is mixed with the 
coal gas a t the inlet of the gasholders, of which the storage 
cap acity  to tals 19,000,000 cu b ic  feet, the largest gasholders 
holding 8,000,000 cubic feet.

A  pum ping p lant capable of pum ping 4,100,000 cubic feet of 
gas per hour delivers the gas to the storage holders or for use 
in London. T here are extensive repair workshops, including the 
boiler shop for the repair of all station ary  and locom otive boilers, 
and other w ork of a sim ilar nature. T here is a foundry capable 
of producing some 50 tons per week, w ith  a pattern-m aking shop 
in connection therew ith. T h e p rivate  locom otive sheds of the 
w orks provide accom m odation for 31 locom otives, and these 
arc engaged upon 45 miles of single track.

In  the tar w orks are stills for th e distillation of 18 million gal­
lons of tar per annum , w ith  underground storage for 4,000,000 
gallons. T h e  five p itch beds adjoining the stills have a capacity 
of 30,000 tons. F or the refining of the ligh t oils the naphtha 
stills and w ashing p lant prepare the d istillate which, in the 
benzol house, yields benzol, toluol, and solven t naphtha amount­
ing to 120,000 gallons yearly . N aphthalin e is refined by means 
of 12 stills, and is m anufactured into salable forms in a house 
close b y. A n oth er b a ttery  of stills serves for the purification of 
carbolic acid, up to the standard required for surgical purposes. 
A  series of large tan ks contains the stores o f creosote used for 
tim ber preserving, v ery  large quantities being produced. In 
another quarter is the house in which anthracene is purified.

T h e liquor w orks contains stills and saturators producing
24,000 tons o f sulfate of am m onia per annum . Beside it stand 
a sulfuric acid p lant in which sulfuric acid is manufactured 
from the spent oxide resulting from  gas purification; the furnaccs 
are o f m odern m echanical type. Am m onia gas is also purified 
for the m anufacture of aqueous am m onia and for the produc­
tion on a large scale of anhydrous am m onia (for refrigerating 
p lant). In the cyanogen plant crude cyanogen liquor is con­
v erted  into crystalline prussiates o f soda and potash, and pro­
vides m aterial for the m anufacture of Prussian blue and for the 
cyanides of potassium  and sodium.

TH E M ODERN B Y -P R O D U C T  C O K E  OVEN

In  the M onthly B u lle tin  of the A m erican  Iro n  and Sleet Insl:- 
tute, 1, N o. 5, are published several papers relating to the p re s e n t  

status of the by-prod uct coke oven in the U nited  States.
M eissner expressed the opinion th at when located at point»

suitable to  its requirem ents, t h e  b y - p r o d u c t  cokeoven  was them«»1 
satisfactory  and econom ical y e t  known for the manufacture 
o f m etallurgical coke. In  the last six m onths of ¡ 9 12 c0 ê
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was produced a t the rate  of 2,900,000 tons per year at the G ary, 
Ind. by-product coke oven plant, on a m ixture of 76 .4  per 
cent Pocahontas and 2 3 .6  per cent high volatile  coals. T he con­
servation of coal through producing this am ount of coke in b y ­
product ovens instead of bee-hive ovens am ounts to about 1,190,- 
000 tons per year. I t  has been found.by the United States Steel 
Corporation th at the coke produced in by-product ovens, when 
properly made, is fu lly  equal in q u ality  to th at obtained in bee­
hive ovens; and th at it is possible to  u tilize a larger variety  of 
coals, when properly selected and mixed, including coals which 
up to the present tim e have been practica lly  regarded as “ non- 
coking,”  and m ake a highly satisfactory m etallurgical coke. 
The by-product p lant can be erected near the blast furnaces 
and it is practicable to  ship to  it coking coals from any radius 
within favorable freight rate; this, however, is not the case w ith 
the bee-hive ovens, w hich, in m ost cases, are placed near the coal 
mine which supplies the coal, and, w hen the mine is exhausted, 
the bee-hive plant has to be abandoned.

Blauvelt pointed out th at the first ovens in this country 
coked 4.4  tons of coal per oven per 24 hours, and th at 25 ovens, 
with a carbonizing cap acity  of 110 tons a day, were regarded as 
the proper unit for one crew of men. “ T h e oven of to-day is 
carbonizing 20 tons per day, and practically  the same crew of 
men, with the help of modern m achinery, w ill handle 50 ovens 
or more, carbonizing 1,000 tons per d a y .”  He stated th at from
40,000,000 to  50,000,000 feet per d ay of illum inating gas from 
coke ovens are now produced and sold in the U nited States. 
The following points were indicated b y  B lau ve lt as im portant 
to a well-designed oven: L argest yield of surplus gas; ability
to substitute producer gas for oven fuel gas; maximum yield of 
by-products; m axim un yield of good coke; shortest coking tim e; 
lowest cost of operation and repairs; simple and strong, with 
»eight properly distributed.

Atwater called attention  to the fact th at the recovery oven 
has achieved a definite place as a part of the steel-m aking 
process, and th at it presents economies and advantages with 
which the present-day steel m anufacturers m ust reckon. Meiss- 
ner had referred to the em ploym ent of benzol as a motor fuel; 
Atwater cited the case of a truck engaged in general c ity  de­
livery work. On a six m onths’ test w ith  benzol alone as a  fuel, 
a gallon of benzol yielded 15 per cent more w ork than a gallon 
of gasolene; based on an equal num ber of heat units supplied 
the efficiency w as abou t the same.

“ NERAD OL D ” , A  SY N T H E T IC  TANNIN

Stiasny, in the course of a  paper on artificial tannins,1 gives 
an account of the production of “ sy n ta n s”  (synthetic tannins), 
one of which products has been placed on the m arket by the B ad- 
ische Company, L td ., under the nam e of "N e ra d o l D .”  Syn- 
tans are condensation products w hich m ay be produced either 
h> heating phenols w ith form aldehyde in a slightly  acid solu­
tion and solubilizing the resinous products thus obtained by 
weans of sulfuric acid, or th ey  can be m ade b y  first sulfonating 
the phenols and then condensing them  w ith  form aldehyde 
under such conditions th a t on ly soluble products are formed.

Neradol D ”  resembles, in its appearance, a  vegetable tannin 
«tract of bright color. T h e analogy betw een this product 
and natural tannins is shown b y  the following behavior of 

Neradol D : ”  Its w ater solution is of a semi-colloidal charac­
ter, passing a semi-permeable m em brane on ly slow ly and giving 
a precipitate w ith gelatine solution. Iron salts produce a deep 
1 uish violet coloration, and a  10 per cent solution of iron alum 
15 a suitable means of controlling the course of "N e ra d o l D ” 
tannage; this is done by placing a few  drops of the iron solution 
011 l ê r̂esh cut of a  half-tanned hide, when the tanned layers 
are colored deep blue. Lead acetate  as well as aniline hydro- 
c 'oride give precipitates w ith “ N eradol D .”  Stiasny makes 

‘ Chem. World, 2 , N o . 7, 216 . S e e  a lso  T h i s  J o u r n a l . S, 70S.

special mention of the v ery  bright color of solutions of “ Neradol 
D ”  and of the com plete solubility in cold water— distinct ad­
vantages over the ordinary tannin extracts.

I t  is said that the real character of “ Neradol D ” is th at of a 
light leather tannin, and th at sumach and gam bier are those 
natural tannins whose effects have the greatest resem blance 
to th at of “ Neradol D .”  I t  m ay be used as a bleaching agent 
of dark-colored leather; in this case the retanning action o f this 
artificial tannin prevents loss of weight, which accom panies 
most of the usual methods of bleaching heavy leathers.

T H E  CAU SES AND PREVENTIO N OF SE W E R  P IP E  F A IL U R E S

I t has been stated that, w ith  the inclusion of cem ent pipe 
and the cost of labor and m aterials, it is probable th at #75,- 
000,000 are spent annually in this country in the construction 
of sewers and drains. T his expenditure has been largely based 
upon a  visual exam ination of the pipe or tile, and a  conjectural 
inference as to the loads which it m ay be expected to carry 
safely. W ith  a view  of developing a correct method of calcu ­
lating the loads on pipe and of preparing adequate standard 
specifications for the qu ality  of drain tile and sewer pipe, the 
Engineering Experim ent Station of Iow a S tate  College has 
conducted a series of experim ents, the results of which are re­
ported b y  Engineering Record, 68, 46; these are presented at 
some length on account of their interest to the ceram ic and 
sanitary engineer.

T h e following general conclusions reached as to the failure of 
drain tile and sewer pipe in ditches are based on extensive data  
obtained from drainage engineers:

1. There have been a large num ber of failures of drain tile 
and sewer pipe b y  cracking in ditches, and there is a wide prev­
alence of cracked pipe in existing sewers and drains. T he 
cracking is generally confined to pipe larger than 14 in. in diam ­
eter. Engineers have not properly appreciated either the ex­
ten t or the importance, nor have th ey fu lly  understood the 
causes, of cracking of drain tile and sewer pipe in ditches.

2. T h e principal cause of the cracking of the drain tile and 
sewer pipe in ditches is sim ply that, as a t  present m anufactured, 
sizes larger than 15 in. in diam eter are very  generally too weak 
to carry the weight resting upon them from more than a few  feet 
depth of ditch filling.

3. In v ery  m any cases it is entirely impossible to prevent 
cracking in ditches of drain tile and sewer pipe as a t present 
m anufactured b y  any possible reasonable am ount of care in 
bedding and laying the pipe and refilling the ditches. A  m a­
terial difference in the carrying power of the pipe, however, 
can be made b y  proper care in bedding and laying.

4. D rain tile and sewer pipe crack more readily in ditches 
w ith hard bottom s than when laid 011 slightly  yielding soils.

5. I t  is reasonable, advantageous and necessary to require 
the pipe-laying contractor carefully to shape the bottom  of the 
ditch to fit the under half of the pipe surface, and to bed the pipe 
carefully for this distance in sand or granular soil, so as to se­
cure a firm, uniform bearing.

6. D rain tile and sewer pipe are so rigid and crack from such 
slight distortions, as compared w ith the yielding of the m ost 
solidly tam ped earth filling, th at it is not feasible to prevent 
cracking b y  tam ping the ditch filling on each side of the pipe 
a t the midheight. Such side tam ping, however, should alw ays 
be required, and thoroughly done, for it is of great value in pre­
venting the collapse of pipe after it is cracked.

7. W here the pipe is found to crack in spite of faithful ob­
servance of the specifications stated in 5 and 6 above, the on ly  
effective rem edy, other than using stronger pipe, is to  bed the 
pipe in concrete up to  the m idheight. Such concrete can be 
lean, and need n ot be thick if the soil is firm, b u t m ust thoroughly 
fill all spaces between the lower half of the pipe and the bottom  

and sides of the ditch.
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8. The width of the ditch a t the level of the pipe makes a 
great difference in the weight of filling resting on the pipe, this 
weight being greater the wider the ditch. Moreover, the nar­
rower the ditch a t  the midheight of the pipe, the more effective 
is the side support against the collapsing of cracked pipe.

9. W here the ditch filling over the pipe is rammed in layers 
during refilling, there is serious danger of cracking large drain 
tile and sewer pipe by using too heavy ram mers and too thin 
a layer ju s t above the pipe.

10. While large am ounts of cracked drain tile and sewer pipe . 
are standing w ithout collapsing in existing drains and sewers, 
the stability of cracked pipe m ust be considered precarious, as 
has been dem onstrated by numerous collapses.

11. Cracked pipe is especially dangerous in  tile drains and 
storm sewers, for the reason tha t, in the best engineering prac­
tice, it is not found practicable to  make the capacity of drains 
and sewers equal to  the most exceptional floods. Hence they 
are certain eventually to  be overcharged, and to  run under pres­
sure, and the collapse of cracked pipe is likely to result a t  such 
times from the softening of the soil by w ater escaping through 
the joints and cracks.

The general principles of the theory of loads on pipes in 
ditches, which were borne ou t by a long series of laboratory 
and field tests, m ay be in p a rt summarized as follows:

1. The weight of the filling in a  drainage or sewerage ditch, 
a t the time of maximum load on the pipe, is carried partly  by 
the pipe, and partly by friction against the sides of the ditch. 
Cohesion greatly reduces the loads carried by the pipe a t  ordi­
nary' times, after the ditch is refilled and partly  consolidated, 
except in the case of clean sand, or gravel filling, bu t does not 
appreciably affect the maximum loads.

2. The maximum loads on pipes in ditches, due to the weight 
of ditch-filling materials, will usually occur a t the time of the 
first very thorough surface flooding of the ditch filling after 
construction, when there is a large settlem ent of the refill, bu t 
there is possibility of their occurring later, a t the time of ex­
treme saturation of the ditch'filling by surface flooding of the 
ditch and by overcharging of the drain or sewer. The maximum 
loads may even be postponed for many years in some cases, as 
is frequently shown by settlem ent of the filling in old ditches 
during paving construction.

3. Safe values of the ordinary maximum loads on pipes in ditches, 
due to  the weight of ditch-filling materials, can be computed by 
the formula W = C10B2, using the values of C given 
where IV = load on pipe in ditches, in pounds per linear foot; 
C — coefficient of loads cn pipes in ditches; w = weight of ditch 
filling material, from q o  to  120 lb. per cubic foot; B  =  breadth 
of ditch a t top of pipe, in feet; and II  =  height of fill, above top 
of pipe, in feet.

A  NEW  DESIGN IN B O IL E R  SETTINGS

A modification of the usual horizontal tubular boiler setting 
is described in a recent bulletin issued by the Travelers’ Indem ­
nity  Company, of H artford, Conn.

The two distinctive features of the setting are the furnace 
arch A A, and the air duct B B, adm itting secondary air through 
the bridge wall. In  the ordinary form of setting for horizontal 
tubular boilers, the fire sheet of the shell, relatively very much 
cooler than the burning gases in contact with it, acts as a check 
upon combustion by its chilling effect and is itself subject to 
destructive strains. The deflecting arch, as shown by the sec­
tions, ends immediately back of the bridge wall, and the faces 
of fire brick are staggered to form projecting rings on its surface. 
This arch facilitates more staisfactory combustion of the furnace 
gases, and, in addition, distributes over the shell and tube sur­
faces the excess of work usually p u t upon the fire sheet. Both 
of these increase the efficiency of the boiler as well as add to 
ts  life. The arch m ust be carefully laid, w ith good blocks for

the end th rust, and segmental brick of the proper radius, with 
thin points of fire clay. If thus constructed, it  will stand up 
under the high heat to which it is subjected.

F i g . 1— -V e r t i c a l  L o n g i t u d i n a l  S e c t i o n  t h r o u g h  B o i l e r  S e t t in g

The auxiliary air supply to  the hollow bridge wall enters 
through the duct B B, controlled by the dam per D ; to the trans­
verse passage C, which has a clean-out door; and then up and

F i g . 2 — H o r i z o n t a l  S e c t i o n  t h r o u g h  B o i l e r  S e t t i n g  

out through ‘/Vineh spaces between the fire brick in the crown of 
the bridge wall. The air is warmed by passage through the

F i g . 3 — S e c t i o n  t h r o u g h  I g n i t i o n  A r c h  

ducts, and is then introduced to  the burning gases at w h a t  has 

been experimentally determined to  be the best point for its a 
dition.

A  SE PA R A T O R  FO R  D R Y  M A TE R IA L

F. O. Stromberg, of Seattle, W ash., has devised an aPI:iar̂ |11̂ 
for the d ry  separation of ground ore, etc., which c o n s i s t s  0 
fan or other means of introducing an air blast, which p



through a conical-shaped connection into a box, the bottom  of 
which is divided into separate cone-bottom ed receptacles. A  
scrcen is placed a t the entrance of the box, shown a t  A  in the 
drawing, for the purpose of creating eddies which w ill perm it the 
greater part of the m aterial to pass through the central slot 
formed by the m ovable partitions B .  These partitions arc ad­
justable and rem ovable, and both the front and rear edges of 
each partition m ay be v ertica lly  independently adjusted. The 
arrows in the sketch show th at the wind delivered from the fan 
passes into the inlet of the box and then expands slightly into 
strata or currents, the central one of which will pass along into 
and through the inlet w ithout obstruction. Those currents 
which flow along the top and bottom  of the box will set up 
eddies, as indicated b y  the fine arrows, and it is thS purpose of 
these partitions to check the tendency to the form ation of eddies
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and to deliver the blasts of air into the box in several strata 
moving horizontally, and a t equal speed. If these screen- 
panels are used w ith different meshes, an im portant bearing will 
be had upon the am ount of air adm itted through the slot or 
opening covered by th a t particular screen.

Power is applied to the fan which sets up a blast of air through 
the trunk and screen partition and throughout the length of 
the box to its outlet end. T h e m aterial fed into the air-current 
encounters various strata  of a ir w hich move a t different veloci­
ties, according as the partitions have been set, and according 
to the mesh of the screen a t the various openings; the larger 
pieces naturally offer more resistance to blasts of air than the 
smaller ones, and, therefore, the larger pieces will fall into the 
hopper nearest to the entrance of the long box, while the finer 
particles will fall into successive hoppers further along until the 
finest are discharged at the end of the box in the form of dust.

ABSORPTION AND REA CTIO N  T O W E R S FO R CH EM ICAL 
W O R K S

Rudolf H einz,1 after rem inding the reader th at the main re­
quirements for good absorption are  greatest possible surface per 
cubic foot of filling, good m ixing of gas, and the correct propor­
tioning of the ratio betw een the section of the tower and the 
net section free for the passage of the gases, points out that the 
intending purchaser has a large v arie ty  of tower packings to 
select from. T he days of coke as a filling m aterial, except in 
certain very special cases, are num bered, and it has long been 
established th at a small tow er w ith good packing will accom ­
plish the same am ount of w ork as a large coke tower. Plain 
acid-proof bricks, prism -shaped bricks, triangular, rhombo- 

edral, and trough-shaped bricks, and rings of various kinds, 
:ue *3cen tried in practice, and all have been found to have 

a common defect, nam ely, th at th ey occupy a  large percentage 
0 l ê volume of the tow er and leave insufficient "absorption 
space for the gases.

Heinz states th at the m ost successful tow er packing of rccent 
>?ars were the " G u ttm a n n ”  hollow balls; the success of these 
"'as due to their very  high “ free sp ace”  (the percentage of the 

ic capacity of a tow er which rem ains free for gases). M il­
tons of these balls were sold, b u t they could n ot come into 

funeral use on account of their high cost and because th ey were 
unsuitable for large towers and gases containing dust.

2 . angcic, Chem ., 26 , N o . 57, 419; see a lso  Chem . Trade J 53. 75.

T he latest type of filling m aterial, " G u ttm a n n ”  cells, are 
stated to be superior to even hollow balls, not only in regard to 
efficiency, but also because the cells are cheaper and possess 
a very  high "free  space.”  A s shown in the illustrations (Figs. 
1 and 2), these cells, when built up in a tower, form in sec­
tion a regular honeycom b structure, each four cells enclosing 
a reaction space corresponding to an additional cell. T h e whole 
of the tower is thus sym m etrically divided up into a num ber of 
equal reaction spaces, and in such a  manner th at both the 
outer and inner surfaces of the cells arc wetted, and m ust be trav ­
ersed by the gases which are ascending and diffusing through 
the tower filling. T h e form ation of separate stream s of liquids 
or gases cannot occur when these cells are used. F ig. 1 shows 
diagram m atica ly  four cells arranged in the same manner as 
if th ey were stacked in a tower, the path  of the liquid being
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I-'ic. 1 F i g . 2

indicated b y  plain arrows and the probable course of the gases 
b y  means of circled arrows. Slots (o) are made in the top and 
bottom  walls of the cells; the gases entering from below' expand 
in the interior of the cell, and pass out through the slots a t the 
top. Kach cell is provided at the sides with a num ber of pro­
jections (b ) ,  which rest against corresponding projections on the 
neighboring cells, and, at the same time, form the slots for the 
reaction space formed b y  four adjacent cells. T he side walls 
of the cells being very  steep, render it practically impossible, 
H einz claims, for solid m atter to collect on them, while, if neces­
sary, the cells m ay be readily and quickly flushed down and 
cleaned. For extrem ely dusty gases— such, for exam ple, as 
pass through a G lover tower— the lower third of the tower m ay 
be filled w ith large slabs or bricks in the usual w ay. The " a c tiv e  
surface”  of the large cells is 15 square feet per cubic foot, and of 
the small cells 30 square feet per cubic foot, and they are said 
to be designed and proportioned in every w ay to give the best 
results.

TH E ROTAM ETER

T he "R o ta m e te r”  is a new instrum ent which indicates the 
volum e of gas or liquid consumed per hour. I t  docs not, how­
ever, measure absolute quantities like an ordinary gas m eter 
or voltm eter, but gives the force of the gas current. I t  is based 
upon the following principle: T he gas current which is to  be 
measured flows through a vertical glass tube, the inside diam eter 
of which increases continuously from the bottom  to the top. 
Inside the glass tube is a conical float which rises to a certain 
height when gas is flowing through the former. T h e lift of the 
float depends upon the velocity  of the gas or upon the volum e 
of gas going through the tube in an hour, m inute or second. On 
the float is a notched cylindrical rim. T he gas, shooting through 
these notches, rotates the float like a Segner waterwheel, and
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this rotation a lw ays keeps it in a vertical position and pre 
friction on the wall of the tube. On the bo d y of the float is a 
w hite, spiral line, which m akes visible its quick rotation, and thus 
one can note if the m eter is working or not.

T he glass tube is graduated on the ou t­
side, and the calibration is obtained em­
pirically, since its interior cannot be m ade' 
w ith absolutely uniform  slope. T h e  scale 
on the glass tube m ay be made to  read di­
rectly  in cubic feet per hour (m inutes or sec­
onds) or in millim eters. In the latter case, 
tables arc furnished w ith the m eter for the 
determ ination of the exact volum e of gas 
in cubic feet flowing through the m eter. 
T h e instrum ent w orks as follows:

T h e float is lifted b y  the gas until the 
power which forces the gas current past it 
— i. e., the loss of pressure a t  th at point— is 
equal to the w eight of the float; or, in other 
words, the float is lifted  so high th a t it 
leaves an opening betw een itself and the 
inside w all of the tube which allows the 
gas to  flow through w ith  a drop in pressure 
equal to the w eight of the float.

T h e reading of the m eter depends, of 
course, upon the density of the gas, as a 
denser gas, for the like loss in pressure re­
quires a larger area for the passing of the 
same am ount of gas. I t , therefore, lifts 

the float higher and gives an apparently larger reading than a 
lighter gas.

Rotam eters are adapted to  m easure, regulate and control the 
qu an tity  (or the velo city) of gases in pipe lines. T h ey  arc in­
stalled directly  in the line. T h e  sm allest current will, it is 
claim ed, lift the float a t once and hold it a t  a  height correspond­
ing or proportional to the velo city  of the gas in the line. T h e 
scale on the outside of the glass tube gives d irectly  the qu an tity  
of gas per hour (m inute or second).

AN A U TO M A TIC E L E C T R IC  D R YIN G  OVEN

^ A  drying oven, said to be practical and inexpensive, and de­
signed especially  to m eet the requirem ents of the industrial

chem ist, is b e i n g  
m arketed b y  M essrs. 
E . H. Sargent & Co., 
of C hicago, 111. I t  is 
shown in the accom ­
panying illustration.

E lectrica lly  heated 
a n d  autom atically  
controlled, the claim 
is m ade th a t the oven 
m ay be set for any 
desired heat above 
r o o m  tem perature 
and under 160° C . 
U nder proper con­
ditions, the m anu­

facturers state, it w ill m aintain  th at tem perature w ithin 1 0 C .
T h e  oven has as m uch w orking space as th e  ordinary 10-inch 

X  12-inch single copper wall oven, it docs n ot occupy an y  more 
space, and it m ay be easily  m oved from  place to  place. I t  has 
a w orking space 10 inches high, 12 inches wide and 10 inches deep, 
and is provided w ith  2 shelves. T h e heating device w ith  the 
therm ostatic control is located in the base of the oven, a  locking 
device is provided to  insure against an accidental m ovem ent of 
the control m ill-head on the outside, and there is a peep-hole for 
observin g th e heatin g coils. T h e  m anufacturers state  th a t each 
u n it of the heating elem ent is easily accessible and replaceable

n case of in jury, w ithout the em ploym ent of tools or the dis­
m ounting of the whole heating elem ent. A djustible ventila­
tion is provided to  facilitate drying. T h e current consumption 
is very  sm all, and the oven m ay be operated from an ordinary 
lam p socket.

A  num ber of these ovens, which are constructed of asbestos 
com position bound w ith  m etal, have been installed for practical 
trial; the m anufacturers report th at no com plaint has beçn re­
ceived.

TH E M IN E R A L PRODUCTION OF SWEDEN

T h e official report of the Swedish mineral output for 1912 
shows the following (En g . M in .  96, 507, 510):

T here were 6,700,556 m etric tons of iron ore produced. Of 
this am ount, 5,945,394 tons were considered first-class. The 
Swedish iron w orks consum ed for the entire production of iron 
43,219,576 hectoliters of wood charcoal; 359,584 tons of coal, 
136,472 tons of coke; and, for the production of ingots, 337,321 
m etric tons of pig iron and 212,143 m etric tons of scrap iron. 
T h e average Swedish blast furnace produces 20.07 metric tons 
of pig iron per day.

T here were also mined the following ores in metric tons: 
zinc, 50,036; silver-lead, 2,877; iron pyrites, 31,835; manganese, 
5 ,10 1; copper, 3,059. T h e m etal production, excluding iron, 
w as as follows: copper, 3,957 m etric tons; zinc, 3.228; lead,
I,072 m etric tons; silver, 961 kg .; gold, 30 kg. Other products 
and by-products of the m ineral industry were: zinc sulfide, 
33,522 m etric tons; copper sulfate, 870; feldspar, 34,305; quartz, 
22,365; alum , 144; ferrous sulfate, 335; graphite, 79; and powdered 
pyrolusite, 62 m etric tons. A ll figures are arranged in the order 
of descending value.

T H E  PRODUCTION OF CALCIU M  CARBIDE

It is reported th at the w orld ’s production of calcium carbide 
is increasing. A ccording to statistics published in Chemical 
News, 108, 106, it reached 300,000 tons in 1912. In Europe, 
G erm any is the principal consum er of carbide. In 1911, 37.000 
tons w ere im ported, and in 1912 the im portations a m o u n t e d  

to  48,000 tons; 110 exportations w ere reported. Sweden pro­
duces the largest qu an tity  of calcium  carbide and consumes 
the least. T h e factories a t O dda are capable of producing 
80,000 tons per annum . In  1912, Sw itzerland exported calcium 
carbide valued a t $1,000,000; A ustria-H un gary exports about
II,000 tons per year; E ngland im ports on ly between 14,000 
and 18,000 tons; w hile France im ported 3,302 tons and e x p o r te d  

6,225 tons in 1912. It is especially the developm ent of lighting 
b y  acetylene in the French colonies which has increased so regu­
larly  the exports of carbide.

PR O G R ESS OF TH E E L E C T R IC  S T E E L  IN D U STR Y

A  list of electric furnaces in operation b y  steel m a n u f a c t u r e r s  

in the U nited S tates is given in Iro n  Age, J u ly  10, I9 ' 3 -
Seven of these furnaces are of the H eroult design and m 

elude th at of the H alcom b Steel C o., Syracuse, N. \ ., a fi'<- 
ton furnace producing tool steel; the F irth-Sterling Steel Co.s 
furnace a t  M cK eesp ort, Penn., of the sam e size and producing 
the sam e m aterial; another belonging to the same com pan>  

and a t the sam e place, 2 '/ 5-ton size, also producing tool stce > 
the Illinois Steel Co., Chicago, 111., 15-ton capacity, producin» 
rails; the A m erican Steel &  W ire Co., W orcester, Mass., 16 lon' 
producing w ire rods; N ational M alleable Castings Co., Sharon, 

Penn., 3-ton cap acity, producing castings; Treadwell Engineerin1, 
Co., Easton, Penn., 2-ton cap acity, also producing castings.

O f the G irod design there is the one-ton tool-steel furnace 0̂ 
the Sim onds M an u facturin g Co., Lockport, N. Y . ; the Bcthe ^  
Steel Co., South Bethlehem , Penn., a  io-ton  tool-steel ûrn̂ a' 
th e 3-ton furnace, producing castings, of the Washington ^  
W orks, Seattle, W ash., and the 5-ton castings furnace 0
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Portland Bronze &  Crucible Steel Foundry, Portland, Ore. 
The Hering design includes th e V 2-ton castings furnace of the 
Niagara Steel C astin gs Co., Buffalo, N . Y .,  and the 1 /2-ton 
tool-steel furnace of the F irth-Sterlin g Steel Co., M cK eesport, 
Penn. The 2-ton castings furnace of the Crucible Steel Castings 
Co., Lansdowne, Penn., is of the Roechling-Rodenliauser design, 
while the 3/<-ton castings furnace of Deere & Co., of Moline, 

E l e c t r i c  F u r n a c e s  b y  C o u n t r i e s

Countries

Italy.

N u m b e r C o u n trie s
. 34
. 20
. 16

10
6
4
3
3
2 G ra n d  to t a l ....................... 140

IRON CASTINGS TO R E SIST  CORROSION

The Canadian Engineer, Ju ly  17, 19x3, states th at some prac­
tical rules laid down b y  the A m erican  Foundrym en’s Association 
for obtaining castings resistant to  corrosion are the following:
(1) Use white iron if possible (white irons are especially useful 
where any acid ity is to be encountered); (2) if it is not practicable 
to use white iron castings, chill those surfaces which are to be 
111 contact w ith corrosive solutions; (3) if gray iron must be 
used, obtain dense, close-grained castings through the use of 
steel scrap or otherwise; (4) avoid  oxidized metal, using pig 
irons of good quality, together w ith  good cupola practice; and
(5) keep the sulfur as low as possible. If possible, use deoxi­
dizing agents, such as titanium  or vanadium .

THE PRODUCTION OF FIN ISH ED STE EL IN 1 9 1 2  

The Bureau of Statistics of the A m erican Iron and Steel 
Institute in a special bulletin  issued A ugust 7th, announced com ­
plete statistics of the production of iron and steel m erchant 
bars, concrete bars, skelp, nail plate, hoops, bands and cotton- 
ties, sheet piling, etc., in the U nited  S tates in 1912; also statistics 
of the production of all kinds of finished rolled forms.

P r o d u c t i o n  o f  F i n i s h e d  R o u . e d  I r o n  a n d  S t e e l  b y  S t a t e s

(G ross tons)
S t a t e  a n d  S u b d i v i s i o n s

M aine, M a ss .................
R- I., C o n n ......................
New Y o rk ........................
Xew Je rse y ......................
P ennsy lvan ia ................................................  12 ,
Del., V irg in ia..............................
Maryland.......................
W est V a .....................
K y., T enn ., N . C., G a., T e x .
A labam a..................
Ohio___

1912 

193,401 
8 1 ,4 1 0  

1 ,03 4 ,0 7 1  
175,143 

,2 5 4 ,0 4 0  
3 2 ,8 8 8  

2 8 4 ,617  
59 1 ,333  
192,737 
5 3 2 ,247

..............................................  4 ,3 3 0 ,4 8 7
Ind iana ...........................................................  1 ,8 7 3 ,9 0 6
Illinois.
Mich., W is ...........
M issouri..............
Kan., Colo.. W ash . 
Ore., C a l................

T o ta l...........

2 ,2 5 3 ,6 6 4
246,991

82 .883
4 3 8 ,6 2 2

58,401

1911 

157,448 
73 .788  

768 ,763  
154,563 

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

264 ,222  
4 72 ,177  
187,149 
3 56 ,609  

3 ,3 8 2 ,0 6 3  
1 ,15 6 ,4 1 1  
1 ,9 3 9 ,3 5 0  

148,285 
68,961 

4 07 ,314  
44 ,754

T h e bulletin shows the following totals for 1912 of all kinds 
of finished rolled forms of iron and steel, etc., w ith the produc­
tion of sim ilar articles in 1911, in gross tons:

N u m b er

1
4
3
1
1

Sweden...............................
Russia................................
Belgium.............................
Norway.............................
Switzerland......................

111., is of the K je llin  type. T h e iV i- to n  castings furnace of the 
Buchanan Electric Steel Co., B uchanan, M ich., is of the modified 
Stassano design, and the i l/2-ton furnace of the Crucible Steel 
Castings Co., M ilw aukee, W is., together w ith  the 1 1/2-ton 
eastings furnace of the C hicago E lectric Castings Co., are de­
signed by the M etallurgical Engineering Co., Chicago, 111. The 
i-ton special steel furnace of the H arrow Spring Co., K alam azoo, 
Mich., is of the Greene induction type. T he accom panying 
table shows the installations of electric furnaces b y  countries.

R o l l e d  I ron  a n d  S t e e l 1911 1912
R a ils  .c............................................................ 2 ,8 2 2 ,7 9 0 3 ,3 2 7 ,9 1 5
P la te s  an d  s h e e ts ....................................... 4 ,4 8 8 ,0 4 9 5 ,8 7 5 ,0 8 0
N a il a n d  sp ike p la te ................................ 48 ,5 2 2 45,331
W ire ro d s ...................................................... 2 ,4 5 0 ,4 5 3 2 ,6 5 3 ,5 5 3
S tru c tu ra l s h a p e s ....................................... 1 .9 1 2 .3 6 7 2 ,8 4 6 ,4 8 7
M e rc h a n t b a r s ............................................ 3 .0 4 7 ,3 6 2 3 ,6 9 7 ,1 1 4
B ars for conc re te  w o rk ........................... 258 ,741 274 ,332
S kelp , flue, e t c ............................................ 1 ,9 8 0 ,6 7 3 2 ,4 4 6 ,8 1 6
L ong  ang le sp lice bars , e t c .................... (a) 5 7 1 ,7 7 2
H o o p s ............................................................ 225 ,074 270 ,007
B an d s a n d  co tto n  tie s ............................. 3 4 2 ,8 1 0 58 7 ,395
S h ee t p il in g .................................................. 22 ,827 22 ,2 7 6
R a ilro ad  t i e s ................................................ 39 ,197 41 ,3 9 6
A ll o th e r  finished ro lle d .......................... 1 ,169 ,191 1 ,1 8 7 ,1 0 8
R olled  forg. b lm s. an d  b il le ts ............... 231 , 115 4 6 2 ,4 7 6
E x p o rts  b loom s, b ille ts, e t c .................. (a) 3 4 7 ,783

T o ta l ...........................................................

(a) S ta tis tic s  n o t collected in 1911.
1 9 ,0 3 9 ,1 7 1 2 4 ,6 5 6 ,8 4 1

TH E COMPOSITION OF W A T E R  GAS

Vignon (Compt. rend., 156, 1995) confirms the observation  
of Clem ent and Desormes and of Langlois th at w ater gas alw ays 
contains some methane. Investigation has shown th at the form a­
tion of the m ethane is due to the presence of calcium  oxide in 
the coke used. Experim ents on the action of steam  at 1000° 
on mixtures of coke and lime showed th at the percentage of m eth­
ane in the w ater gas increased w ith increasing proportions 
of lime. T he form ation of the methane is considered b y  Vignon 
to be due to the following reactions:
4CO  +  2H20  = 3CO2 +  CH<, 2CO  +  2H 2 = C 0 2 +  C H , and 

C O . +  4H , =  CH., +  2H20  
The lime is said to act as a cata lyst in these reactions.

2 4 .6 5 6 .8 4 1  19 ,039 .171

TH E PA P E R  IND U STRY OF A U STRIA-H U N G ARY

Paper, Septem ber 10, 1913, reports th at new features have 
m arked the close of the business year of the A ustro-H ungarian 
paper industry.

T his is particularly the case as regards the arrangem ents for 
uniform prices and terms. In  this m atter the exam ple of the 
G erm an Association seems to have been followed.

T he B alkan  troubles seem to  have exercised a special effect 
upon the A ustrian paper industry, of which the B alkan territory 
had long been special outlet. A m ong the measures of a social- 
political order, to which the attention of the association has 
been directed, w as the question of resting from work on Sundays 
and the prohibition of juvenile night work. T he question of 
the increased cost of wood and other raw m aterials had engaged 
the attention  of the G overnm ent in connection w ith the aug­
m ented difficulty of procuring supplies. T he proposed impost 
tion of an export du ty on rags had also been much discussed 
on the same lines as have m arked th a t proposal in G erm any. 
A nother question of importance has been the revision of com ­
mercial treaties w ith foreign nations.

According to the statistics of production issued b y  H err 
F ran z K ram an y the figures show in 1912:

T o n s

P a p e r  of a ll k in d s .............................................. 4 2 4 ,7 8 5
B oard  of all k in d s .............................................  49 ,521
W ood  p u lp ............................................................ 2 58 ,036
C ellu lo se ................................................................  292 .195
B leached  s tra w  p u lp ........................................  2 ,7 6 2

T o ta l, 1912......................................................  1 ,0 2 7 .2 9 9
T o ta l.  1911......................................................  9 8 1 ,7 4 0
T o ta l. 1910......................................................  9 5 4 ,0 3 6
T o ta l, 1909......................................................  8 9 3 ,8 5 6
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51. L i g h t  a n d  H e a l t h .  W . D .  B a n c r o f t .

F E R T I L I Z E R  C H E M I S T R Y  D IV IS IO N
P a u l  R u d n i c k ,  C ha irm an  J .  E .  B r e c k e n r i d g e ,  Secretary

1. C h a i r m a n ’s  A d d r e s s .  F e r t i l i z e r  C h e m is t r y .  A R eport of 
P r o g r e s s .  P a u l  R u d n i c k . .

2. O n  t h e  U se  o f  A lu n d u m  C r u c i b l e s  i n  t h e  D e t e r m i n a t i o n  0 
P h o s p h o r i c  A c id . L .  A .  W a t t  a n d  W .  T .  L a t s h a w .

3. T h e  A n a ly s is  o f  C o m p l e te  F e r t i l i z e r s  C o n ta in in g  Cyana 
H .  W .  H i l l  a n d  W .  S .  L a n d i s . .

4. O n  t h e  P r e p a r a t i o n  o f  N e u t r a l  A m m o n i u m  C i t r a te  Solu 0 
P a u l  R u d n i c k  a n d  W .  L .  L a t s h a w .

R e p o r t  o f  C o m m i t t e e s  
C o m m i t t e e  o n  N i t r o g e n .  P a u l  R u d n i c k .
C o m m i t t e e  o n  P h o s p h o r i c  A c id . G .  A .  F a r n h a m .
C o m m i t t e e  o n  P o t a s h .  J .  E .  B r e c k e n r i d g e .
C o m m i t t e e  o n  P h o s p h a t e  R o c k .  F .  B . C a r p e n t e r .
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 .  F . B . C a r p e n t e r .
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IN D U STR IA L C H E M IS T S  A N D  C H E M IC A L  E N G IN E E R S  D IV IS IO N

G. D. R o s e n g a r t e n , C ha irm an  S . H . S a l i s b u r y , J r ., Secretary

G e o . P .  A d a m s o n , V ice-C ha irm an , P resid ing

1. T h e  P r o t e c t i o n  o f  I r o n  a n d  S te e l  b y  P a i n t  F i lm s .  N o r m a n  
A. D u b o is .

2. S o m e  T e s t s  o f  P a i n t s  f o r  S te e l  S u b je c t e d  t o  A l t e r n a t e  E x ­
posure to  A ir  a n d  F r e s h  W a te r .  ( I l lu s tra te d .)  P e r c y  H . W a l k e r  
AND S. S. VOORHEES.

3. T h e  E f fe c t o f  R e s e n e  o n  S o a p  S o lu t i o n s .  C h a r l e s  H . H e r t y  
and C. W . W i l l ia r d .

4. I s o p re n e  f r o m  C o m m e r c i a l  T u r p e n t i n e .  C h a r l e s  H .  H e r t y  
and J .  O . G r a h a m .

5. T h e  M il l in g  o f  W h e a t  a n d  T e s t in g  o f  F lo u r .  H a r r y  M c ­
Cormack .

6. A N ew  D e s ig n  o f  C o k e  O v e n  a n d  a  N e w  M e th o d  o f  C o k in g . 
H arry  M c C o r m a c k .

7. T h e  E le c t r o ly t i c  R e d u c t i o n  o f  I r o n  f o r  P e r m a n g a n a t e  T i t r a ­
tion . H . C. A l l e n .

8. A M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  M a g n e s iu m  i n  C a lc iu m  
Salts. J .  C. H o s t e t t e r .

9. M e th o d s  f o r  t h e  E x a m i n a t i o n  o f  N a t u r a l  G a s  f o r  t h e  P r o d u c ­
tio n  of G a s o lin e . E . S . M e r r ia m .

10. T h e  C o n d e n s a t io n  o f  G a s o l in e  f r o m  N a t u r a l  G a s . G e o r g e

A. B u r r e l l  a n d  F r a n k  M .  S e i b e r t .
11. S o m e  E x p e r im e n t s  o n  t h e  C o n v e r s io n  o f  L o n g  L e a f  P in e  

to  P a p e r  P u lp  b y  t h e  S o d a  a n d  S u l f a t e  P r o c e s s e s .  S id n e y  D . W e l l s .
12. J e r u s a l e m  S e l f - b u r n i n g  L i m e s to n e .  C h a r l e s  P . F o x .
13. I m p r o v e d  B u r n e r  f o r  L a b o r a t o r y  U se . C h a r l e s  P .  F o x .
14. T h e  C o r r e l a t i o n  o f  C h e m ic a l ,  S t r u c t u r a l ,  a n d  T h e r m a l  

A nalyses o f  S te e ls .  J .  C u l v e r  H a r t z e l l .
15. I f  t h e  C h e m is t  M a n u f a c t u r e d  C o t t o n - s e e d  M e a l . E . L . 

J o hn son .
16. T h e  A m e r i c a n  P e t r o l e u m  S o c ie ty .  I r v in g  C . A l l e n .
17. F la s h  T e s t in g .  I r v in g  C . A l l e n .
18. A lu m  S p e c i f i c a t io n  R e p o r t .  W . M . B o o t h .
R e p o r t  o f t h e  C o m m i t t e e  o n  C o a l A n a ly s is  a n d  D is c u s s io n .  Led

by  W . A . N o y e s .

O R G A N IC  C H E M I S T R Y  D IV IS IO N

T rkat  B . J o h n s o n , C ha irm an  W il l ia m  J .  H a l e , Secretary

1. T h e  S t r u c t u r e  o f  U r u s h i o l ,  a  C o m p o n e n t  o f  J a p a n e s e  L a c .
E. K o h m a n n  a n d  T r e a t  B . J o h n s o n .

2. T h e  R e a c t io n s  o f  B o t h  t h e  I o n s  a n d  t h e  N o n - io n iz e d  F o r m s  
of A cids, B a se s  a n d  S a l t s .  S . F . A c r e e .

3. T h e  E x is te n c e  o f  M a n d e l ic  A ld e h y d e  i n  A q u e o u s  S o lu t io n .  
W il l ia m  L l o y d  E v a n s  a n d  C . R .  P a r k in s o n .

4. T h e  M e c h a n i s m  o f  t h e  R e a r r a n g e m e n t s  o f  D ih y d ro - .3 -N a p h -  
th o ic  A cids. C . G . D e r i c k  a n d  O . K a m m .

5. R e s e a rc h e s  o n  P u r i n e s ,  x i i :  2- O x y - 6- m e t h y l - 9- e t h y l p u r i n e ; 
2 -O x y - 6 ,8 - D im e th y l - 9 - e th y lp u r in e ;  2- O x y - 6- m e t h y l - 8- t h i o - 9- e t h y l -  
p u rin e ; 2 - M e th y l m e r c a p to - 6 - o x y - 8 - th i o p u r in e ; 2- O x y -6- m e t h y l - 9- 
e th y lp u r in e - 8- th io g ly c o l l i c  A c id . C a r l  O. J o h n s  a n d  E m il  J .  B a u ­
mann.

6. R e s e a rc h e s  o n  P u r i n e s ,  x i i i :  2 ,8- D io x y - l ,6- d im e t h y l p u r i n e ;  
2 ,6 -D io x y - 3 ,4 - d im e th y l -5 - n i t r o p y r im id in e  ( a - D im e th y l - n i t r o u r a c i l ) .
Carl O . J o h n s  a n d  E m il  G . B a u m a n n .

/ . .A c y l D e r iv a t iv e s  o f  o - A m in o p h e n o l .  J . H . R a n s o m  a n d  A . 
K el so n .

8. D ia c e ty l :  A  S tu d y  i n  S t r u c t u r a l  C h e m is t r y .  W . M . B l a n c h a r d .
9. T h e  D e t e r m i n a t i o n  o f  P h e n o l  i n  t h e  P r e s e n c e  o f  F o r m a l d e ­

hyde a n d  H e x a m e t h y l e n e t e t r a m i n e .  L . V . R e d m a n , A . J .  W e it i i  
and F . p .  B r o c k .

10. T h e  R a te  o f  R e a c t i o n  b e t w e e n  H e x a m e th y le n e t e t r a m i n e  
and  P h e n o l..  L . V . R e d m a n , A . J .  W e i t i i  a n d  F .  P .  B r o c k .

11. S y n th e t ic  R e s in s  i n  L a c q u e r s  a n d  V a r n is h e s .  L . V . R e d ­
man, a . J .  W e it i i  a n d  F .  P .  B r o c k .

12. A N ew  S y n t h e t i c  R e s in .  L . V . R e d m a n , A . J .  W b it h  a n d  
F - P . B r o c k .

13. S y n th e t ic  R e s in s  P r o d u c e d  b y  t h e  A n h y d r o u s  R e a c t io n  
b etw een  P h e n o ls  a n d  H e x a m e t h y l e n e t e t r a m i n e .  L . V . R e d m a n , 
A* J- W e it ii  a n d  F . P . B r o c k .

14. C h a i r m a n ’s A d d re s s .  T h e  P r a c t i c a l  U t i l i t y  o f  H in s b e r g ’s 
ea c tio n . T r e a t  B . J o h n s o n .

15. A n  A n o m a lo u s  R e a c t i o n  o f  R e s o r c in o l .  E d w in  F .  H ic k s .
16. T h e  A c t io n  o f  P h t h a l i c  A n h y d r id e  o n  B e n z e n e  i n  P r e s e n c e  o f 

A lu m in iu m  C h lo r id e .  F . B . A l l a n  a n d  C . R . R u b id g e .
17. o -B e n z o y l-b e n z o y l  C h lo r id e  a n d  o - B e n z o y l-b e n z o y l  C y a n id e .  

F- B. A l l a n  a n d  H . C . M a r t in .
^ 18. T h e  O le o re s in s  o f  J e f f r y  a n d  S in g le le a f  P in e s .  A . W . S c h o r -

19. T h e  L e a f  O il o f  D o u g la s  F i r .  A . W . S c h o r c e r .
20. T h e  C o n d e n s a t io n  o f  T h i o u r e a  w i t h  A c e ty la c e to n e .  W i l l i a m  

J '  H a le .

P H A R M A C E U T IC A L  C H E M IS T R Y  D IV IS IO N

B . L . M u r r a y , C hairm an  F . R .  E l d r e d , Secretary

1 . C h a i r m a n ’s A d d re s s . L e g is la t io n  A f fe c t in g  P h a r m a c e u t i c a  
C h e m is t r y .  B . L . M u r r a y .

2. T h e  D e te r m in a t io n  o f M e r c u r ic  I o d id e  i n  T a b le t s .  A. W .
B u n d e r . .

3. T h e  I n s e c t i c id a l  V a lu e  o f  F lu id  E x t r a c t  o f  L a r k s p u r  S e e d . 
J .  B .  W i l l i a m s .

4. T h e  F e r r ic  A lu m  E s t i m a t i o n  o f  C a s e in .  H . V. A r n y  a n d  
H . H .  S c h a e f e r .

5. S o m e  P h y s i c o - c h e m ic a l  C o n s id e r a t io n s  i n  R e f e re n c e  t o  
I n h a l a t i o n  A n a e s th e t ic s .  C h a r l e s  B a s k e r v il l e .

6 . A m y l N i t r i t e ,  i t s  P r e p a r a t i o n ,  P u r i t y  a n d  T e s t s .  F . O . T a y l o r .
7. T h e  C h e m ic o - le g a l  I n t e r p r e t a t i o n  o f  t h e  U . S . P h a r m a c o p o e ia .

L o u is  H o g r e f e .
8 . T h e  C h e m is t r y  a n d  P r o p e r t i e s  o f  G ly c e ro p h o s p h a te s .  G a s ­

t o n  D u B o is .
9 . P u r i t y  o f  C h e m ic a ls  a n d  Q u a l i ty  o f  V e g e ta b le  D r u g s  d u r i n g  

1912. A. R . L . D o h m e  a n d  H . E n c e l iia r d t .
10. S p i r i t  o f  N i t r o u s  E t h e r .  H . E n c e l iia r d t  a n d  O . E .  W i n t e r s .
11. T h e  C o m p o s i t io n  o f  t h e  F r u i t  o f  t h e  V i r g in i a  C re e p e r .  

A m pélopsis  qu inquifo lia . G e o . O . B e a l  a n d  E d w . A . G l e n z .

P H Y S IC A L  A N D  IN O R G A N IC  C H E M IS T R Y  D IV IS IO N  

S . L. B ig e l o w , C hairm an  R . C . W e l l s , Secretary
1. O b s e rv a t io n s  o n  t h e  E l e c t ro c h e m ic a l  B e h a v io r  o f  M in e r a ls .  

R . C . W e l l s .
2 . F lu id i ty  a n d  t h e  L a w  o f  M a s s  A c t io n .  E u g e n e  C . B in g h a m .
3 . T h e  S o lu b i l i ty  o f  W a te r  i n  H y d r o c a r b o n s .  E .  C . M c K e l v y  

a n d  F . A. W e r t z .
4 . E le c t ro ly s is  o f S o lu t io n s  o f  t h e  R a r e  E a r th s .  ( I l lu s tra te d .)  

L . M . D e n n is  a n d  B. J .  L e m o n .
5 . A c t io n  o f  L i g h t  o n  C o p p e r  S u l f a t e  S o lu t i o n .  W il d e r  D . 

B a n c r o f t .
6 . C a ta ly s is  o f  A c e t ic  A c id . W i l d e r ,  D . B a n c r o f t .
7. T h e  C r i t ic a l  S o lu t i o n  T e m p e r a t u r e  a n d  i t s  U se  i n  t h e  E s t i ­

m a t i o n  o f M o is tu r e .  E . C . M c K e l v y .
8 . T h e  A n a ly s is  o f  B a s ic  L e a d  S u l f a t e s .  G e o r g e  A . P e r l e y  

a n d  G . F . L a n e .
9. V a r ia t io n s  i n  t h e  C o m p o s i t io n s  o f  M in e r a l s .  E d g a r  T .  

W h e r r y .
10. T h e  I n c r e a s e  i n  t h e  O x id iz in g  P o t e n t i a l  o f  D ic h r o m a te  I o n  

o n  P l a t i n u m  C a u s e d  b y  C e r t a in  R e d u c in g  A g e n ts :  A n  I m p r o v e d
M e th o d  f o r  t h e  E l e c t r o m e t r i c  T i t r a t i o n  o f  F e r r o u s  S a l t s .  G e o r g e  
S h a n n o n  F o r b e s  a n d  E d w a r d  P .  B a r t l e t t .

11. E q u i l i b r i u m  i n  t h e  S y s t e m  P y r id in e ,  S ilv e r  N i t r a t e  a n d  W a te r .  
W . S. H u b b a r d .

12. N ew  P r é c i p i t a n t s  f o r  C o p p e r .  P h i l i p  A d o l p h  K o b e r .
13. T h e  E le c t r o c h e m ic a l  E q u i v a l e n t  o f  I o d in e  a n d  t h e  V a lu e  

o f  t h e  F a r a d a y .  E . W . W a s h b u r n  a n d  S . J . B a t e s .
14. T h e  R e d u c t io n  o f  C h r o m i u m  C h lo r id e .  H . C . P .  W e b e r .
15. E le c t ro ly s is  o f S o lu t io n s  o f  S o d iu m  H y d r a z ld e  i n  A n h y d r o u s  

H y d r a z in e .  T . W . B. W e l s h .
16. A n h y d r o u s  H y d r a z in e  a s  a  S o lv e n t .  T .  W . B . W e l s h  a n d  

H .  J .  B r o d e r s o n .
17. C h e m ic a l  R e a c t io n s  i n  A n h y d r o u s  H y d r a z in e .  T .  W . B . 

W e l s h  a n d  H . J .  B r o d e r s o n .
18. E le c t ro ly s is  o f  S ilv e r  T r i n l t r i d e  i n  L iq u id  A m m o n i a .  A. R . 

H i t c h .
19. T h e r m a l  D e c o m p o s i t io n  o f  V a r io u s  T r i n i t r i d e s .  A. R .

H i t c h .
20 T h e  S y s t e m  H y d r a z in e  T r i n i t r i d e ,  H y d r a z in e .  H . E . R i e g -

g e r .
21. A c t io n  o f  V a r io u s  O x id iz in g  A g e n ts  u p o n  H y d r a z in e  i n  L i q u id  

A m m o n i a  S o lu t io n .  W . J .  M a r s h .
22 . C r i t i c a l  P h e n o m e n a  i n  B in a r y  S y s t e m s .  F r it z  F r i e d r ic h s .
23 . T h e  S y s t e m  A m m o n i u m  S u l f a t e ,  A m m o n i a .  F r it z  F r i e d ­

r ic h s . A. E . H o c l e h a n  a n d  L. J .  U l r i c h .
24 . T h e  S y s t e m  M e r c u r ic  C h lo r id e ,  A m m o n i a .  F r it z  F r i e d ­

r ic h s .
25. T h e  S y s t e m  A m m o n i u m  I o d id e ,  A m m o n i a .  L . J .  U l r i c h .
26. T h e  S y s te m  A m m o n i u m  C h lo r id e ,  A m m o n i a .  G . J .  F i n k .
27. T h e  S y s t e m  C o p p e r  S u l f a t e ,  A m m o n i a .  G . J . F i n k .
28. T h e  S y s t e m  S ilv e r  T r i n i t r i d e ,  A m m o n i a .  A. S. Y o u n t .
29. T h e  S t r u c t u r e  o f  t h e  T r i n i t r i d e  R a d ic le .  J .  W . T u r r e n t i n e . 

S Y M P O S IU M  O N  P H O T O G R A P H IC  C H E M IS T R Y

30. D ir e c t  P h o to g r a p h i c  P o s i t iv e s .  G e o . F,. P e r l e y .
31. P r a c t i c a l  S e n s i to m e t r y .  P . G . N u t t in g .
3 2 . S o m e  A p p l ic a t i o n s  o f  Q u a n t i t a t i v e  A b s o r p t io n  S p e c t r o s c o p y  

i n  C h e m is t r y .  S . E .  S h e p p a r d

33 . T h e  L a t e n t  I m a g e .  W . D . B a n c r o f t .
34 . T h e o r y  o f  D e v e lo p e r . W . D . B a n c r o f t .
35. S o m e  N o te s  o n  t h e  C y l in d r ic a l  A c e ty le n e  F l a m e  a s  a  

S t a n d a r d  o f  L i g h t .  L . A . J o n e s .
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36. T h e  S e n s i t i v e n e s s  C u r v e s  o f  P h o t o g r a p h i c  P l a t e s  E x p o s e d  
t o  X - R a y s .  O r i m  T u g m a n .

37. T h e  T h e o r y  o f  t h e  A c id  F ix in g  B a t h .  A . C. M c D a n i e l .

R U B B E R  C H E M IS T R Y  S E C T IO N .

D .  A . C u t l e r , C hairm an  D o r r i s  W h i p p l e , Secretary

1. C h a i r m a n 's  A d d re s s .  C r u d e  R u b b e r .  D .  A .  C u t l e r .
2. S o m e  R e f i n e m e n t s  o f  t h e  I g n i t i o n  M e th o d  f o r  t h e  D e t e r m i n a ­

t i o n  o f  R u b b e r  i n  V u lc a n iz e d  G o o d s . G .  I I . S a v a g e .
D is c u s s io n  o f  C o m m i t t e e  R e p o r t s .

W A T E R , S E W E R A G E  A N D  S A N IT A T IO N  S E C T IO N

E d w a r d  B a r t o w . C hairm an  I I . P .  C o r s o n , Secretary

1. M a n g a n e s e  i n  I l l i n o i s  W a te r s .  E d w a r d  B a r t o w  a n d  H .  P .  

C o r s o n .

2. T h e  C o m p a r a t i v e  V a lu e  o f  P u r e  C a l c iu m  a n d  M a g n e s iu m -  
c a l c iu m  L im e  f o r  W a te r  S o f t e n i n g .  E d w a r d  B a r t o w  a n d  C l a r e n c e  

S c h o l l .

3. V e n t i l a t i o n  o f  t h e  S c h o o ls  o f  N ew  Y o r k  C i ty .  ( I l lu s tra te d .)  
C h a r l e s  B a s k e r v i l l e .

4. W i n k le r ’s M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  O x y g e n  i n  W a te r :  
t h e  E f fe c t o f  N i t r i t e  a n d  i t s  P r e v e n t io n .  F r a n k  E . H a l e  a n d  W . 
M e l i a .

5. T h e  D e t e r m i n a t i o n  o f  S u l f u r  i n  C e r t a i n  C u l t u r e  M e d ia .
H .  W . R e d f i e l d  a n d  C . H u c k l e .

6. A C o m p a r a t iv e  S t u d y  o f  M e th o d s  f o r  D e t e r m i n i n g  S u l f u r  i n  
P e p to n e .  H .  W . R e d f i e l d  a n d  C . H u c k l e .

7. T h e  V a lu e  o f  T e s t in g  f o r  H y d r o g e n  S u lf id e  P r o d u c t i o n  i n  t h e  
B a c te r io lo g ic a l  E x a m i n a t i o n  o f  P o ta b l e  W a te r s .  E . M . C i i a m o t .

8. A  S tu d y  o f  t h e  B e s t  C o n d i t i o n s  f o r  H y d r o g e n  S u lf id e  P r o d u c ­
t i o n  i n  P e p to n e  M e d ia .  E . M . C i i a m o t  a n d  H . W . R e d f i e l d .

9. T h e  I n f lu e n c e  o f  t h e  C o m p o s i t i o n  o f  C a r b o h y d r a t e  C u l t u r e  
M e d ia  o n  t h e  A m o u n t  a n d  C h a r a c t e r  o f  t h e  G a s e s  F o r m e d  b y  F e c a l  
O r g a n is m s .  E . M . C h a m o t  a n d  R . C . L o w a r y .

10. A  S tu d y  o f  t h e  S to k e s  N e u t r a l  R e d  R e a c t i o n .  E .  M .  C h a ­
m o t  a n d  C .  M .  S h e r w o o d .

11. F u r t h e r  N o te s  o n  S t a n d a r d s  o f  P o ta b l e  W a te r s .  J .  C u l v e r  
H a r t z e l l .

12. T h e  D e t e r m i n a t i o n  o f  M i n u t e  A m o u n t s  o f  S u l f u r  D io x id e  
i n  A ir . A . S e i d e l l  a n d  P .  W .  M e s e r v e .

13. T h e  Q u a n t i t a t i v e  U se  o f  t h e  S p e c t r o s c o p e  i n  W a te r  A n a ly s is .  
W . W . S k i n n e r  a n d  W . D . C o l l i n s .

14. C o m p a r i s o n  o f  M e th o d s  f o r  t h e  D e t e r m i n a t i o n  o f  D is s o lv e d  
O x y g e n . W . W . S k i n n e r  a n d  J .  W . S a l e .

15. L o n g e v i ty  o f  B . T y p h o s u s  i n  W a te r .  F .  L . R e c t o r .

A M E R IC A N  E L E C T R O C H E M IC A L  S O C IE T Y . D E N V E R  
M E E T IN G

T h e T w enty-fourth G eneral M eeting o f the Am erican E lec­
trochemical Society took place at D enver, Colorado, Septem ber 
9 - 1 1, 1913-

PROC.RAM OF PA PERS

1. T h e  S h a p e  F a c t o r .  I r v in g  L a n g m u i r .

2 . S im u l t a n e o u s  D e t e r m i n a t i o n  o f  C o p p e r  a n d  L e a d ,  w i t h  t h e  
R o t a t i n g  A n o d e . A . J .  W h i t e .

3. R a p id  R e f in in g  o f  C o p p e r  w i t h  a  R o t a t i n g  C a t h o d e .  C. W .
B e n n e t t  a n d  C . O . B r o w n .

4 . T h e  H e a t  R e s i s t i v i ty  o f  G r a p h i t e  a n d  C a r b o n .  J .  W . R i c h ­
a r d s .

5. E ffe c t  o f  L i g h t  o n  D e c o m p o s i t io n  V o l ta g e .  A l a n  L e ig h t o n .

6. T h e  A r t  o f  E l e c t r i c  Z in c  S m e l t i n g .  W . M c A . J o h n s o n .

' ■ P o s s ib le  A p p l ic a t i o n s  o f  t h e  E le c t r i c  F u r n a c e  t o  W e s te r n  
M e ta l lu r g y .  D . A . L y o n  a n d  R .  M . K e e n e y .

8. T h e  T r a n s f o r m a t i o n  o f  R a d i a n t  i n t o  C h e m ic a l  E n e r g y .  S . C .
L i n d .

9. E le c t r i c  S m e l t i n g  o f  C h r o m i u m ,  T u n g s t e n ,  M o ly b d e n u m  a n d  
V a n a d i u m  O re s . R . M . K e e n e y .

10. T h e  C a r n o t i t e  I n d u s t r y .  S i e g f r i e d  F i s c h e r .

11. S o m e  A s p e c ts  o f  H e a t  F lo w . ]J. F . N o r t h r i’p .

12. T h e  E l e c t r o ly s i s  o f  C y a n id e  S o lu t i o n s .  E . F .  K e r n .

1.1. T h e  E le c t ro ly s is  o f  A q u e o u s  S o lu t i o n s  o f  t h e  S im p le  A lk a ­
l i n e  C y a n id e s .  G . H . C l e v e n g e r  a n d  M . L . H a l l .

14. S o m e  O b s e r v a t i o n s  o n  B a s e  M e ta l  T h e r m o c o u p le s .  O. L.
K o w a l k b .

15. O s m i u m - P l a t i n u m .  F . Z i m m e r m a n .

16. T h e  E le c t r i c  Z in c  F u r n a c e .  i>. E . P e t e r s o n .

17. S o lid  T h i c k  D e p o s i ts  o f  L o a d  f r o m  L e a d  A c e t a te  S o lu tio n s.
F . C . M a t h e r s .

18. P r o g r e s s  i n  E l e c t r o s t a t i c  O re  D r e s s in g .  F . S . M a c G r e g o r .

Sessions for the reading and discussion of papers were held 
a t  the Shirley H otel, D enver; the U n iversity  of Colorado, 
B oulder; the Colorado School of M ines, G olden; and on the top 
of P ik e ’s Peak.

T rips to  various points of interest, both technical and geo­
graphic, were included in the program . A m ong the plants 
visited  were the following:

Sutton, Steele &  Steele Co.: Experim ental mill and testing 
plant. D ry  process of ore concentration; electrostatic separa­
tion of sulfide minerals.

Western Chemical Manufacturing Co.: M anufacture ot 
acids, anhydrous am m onia, and liquid carbonic acid, concen­
tration  of m ixed sulfide ores, m agnetic separation, producer- 
gas power plant.

Henry E. Wood Ore Testing Co.: General testing of ores,
concentration, flotation, cyanidation, m agnetic separation.

United States Mint: E lectro lytic  refining o f gold.

American Zinc Ore Separating Co.: T estin g plant, electro­
static, separation, dry jigging, separation of complex ores.

American Smelting &” Refining Co.: Lead smelting, Hunt-
ington-H eberlein and D w igh t-L loyd  sinter roasting, bag-house 
recovery of sm elter fume.

Screenless Sizer Co.: M cK esson-R ice screenless sizing of
ores, crushed rock and coal.

T H E  C H E M IC A L  S O C IE T IE S  IN  N E W  Y O R K  CITY

PROGRAM OF MEETINGS FOR THE SEASON 1 9 1 3 - 1 9 1 4 .  SESSIONS 

IN RUMFORD HALL, CHEMISTS' CLUB

Am erican C hem ical Society, O ctober 10, 1913.
S ociety  of C hem ical Industry, O ctober 24, 1913.
A m erican Chem ical Society, N ovem ber 7, I9 r3 -
S ociety  of Chem ical Industry, N ovem ber 21, 1913-

Joint Meeting, Am erican Chem ical S ociety , December 12,

1913-
A m erican C hem ical Society, Jan u ary 9, 1914.
S ociety  of C hem ical In d ustry  (Perkin M edal), January 23, 

1914.

Joint Meeting, A m erican Electrochem ical Society, Februarj 

6, 1914.
A m erican C hem ical Society (N ichols M edal), M arch 6, i 9 [4- 
S ociety of Chem ical Industry, M arch  27, I9 r4 - 
S ocicty  of C hem ical Industry, A pril 24, 1914.
A m erican C hem ical S ociety, M a y  8, 1914-

Joint Meeting, Society  of Chem ical Industry, M ay  29, > 914-
A m erican Chem ical S ociety, June 5, 1914-

O B IT U A R Y — EU G EN E A. B YR N E S

T h e death of D r. Eugene A . B yrn es occurred 011 August ist. 
a t H aven, M aine, where he had gone for a  vacation.

Dr. B yrn es was born in N ew  Y o rk  S tate  in 1862. He ha 
graduated from the U n iversity  of M ichigan, and in 1884 pecamc 
a teacher in the C entral H igh School, W ashington, D . C. Subse 
quently he entered the E xam in ing C orps of the United ®ta*c!> 
P aten t Office, and rapidly rose to  the position of Chief of a 1 
vision. In  the m eanwhile he graduated from  the Law



Oct., 1913 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

of Columbian U niversity, and w as adm itted to the Ear. He also 
took a post-graduate course leading to the degree of Ph.D . 
in Electro-chem istry and Physics. In 1901 he resigned his 
official position and entered upon the practice of law with M r. 
C. P. Townsend as a  partner. L ater M r. J. H. Brickenstein 
entered the firm, the three constituting the well-known firm of 
patent lawyers, B rynes, Tow nsend and Brickenstein.

Dr. Byrnes w as a m ember of the Am erican Chem ical Society, 
American Electro-C hem ical Society, Am erican Institute of 
Electrical Engineers, Chem ists’ C lub of N ew  Y o rk  C ity , S o­
ciety of Chem ical Industry, P aten t L aw  Association of W ashing­
ton, and of the Cosm os and C h e v y  Chase Clubs of W ashington.'

O B IT U A R Y — F . H . D A N IE L S

Fred H. Daniels, C hairm an of the B oard of Engineers of the 
United States Steel C orporation, C hief Engineer of the American

Steel and W ire Com pany, and President of the W ashburn and 
M oen Com pany, died at his home in W orcester, M ass., on 
A ugust 31, 1913, after a  long illness.

M r. Daniels, who was born in 1853, had been very  prom inently 
identified with the developm ent of the iron and steel industries 
for 40 years, and over 150 patents, a num ber of which revolu­
tionized processes of m anufacture, indicate his a ctiv ity .

M r. Daniels supervised the erection of plants for the Am erican 
Steel and W ire C om pany a t  W aukegan, 111., Cleveland, O., 
San Francisco, Cal., and Birm ingham , A la. He w as one of the 
board of consulting engineers who designed the United States 
Steel Corporation’s plant at G ary, Ind., and served in a similar 
capacity  a t the tim e of the erection of the D uluth mills of the 
M innesota Steel Com pany.

In 1900, the Paris Exposition Ju ry of Aw ards bestowed a 
gold medal on M r. Daniels as "celebrateur,”  and in 1909, he 
was decorated by K in g Oscar of Sweden.

W . A. H a m o r

NOTES AND CORRESPONDENCE
ON M E T H O D S  O F A N A L Y S IS  O F  C R U D E  G L Y C E R IN E

Editor of the Journal of Industrial and Engineering Chemistry:
From the recital of difficulties given  b y  E .  A. R a y  in T h i s  

Jo u r n a l , 5 ,  784, it  is evid en t th a t there is some confusion ex­
isting as to the exact procedure of the International Standard 
Method for glycerine analysis.

The glycerine sub-com m ittee of the Am erican Chemical 
Society met at London in 1910, w ith  the British Expert Com ­
mittee and representatives from G erm any and France and 
agreed on the following: (see report of the Am erican Com m ittee, 
T h i s  J o u r n a l ,  3 , 679). T h e  B ritish  report is identical. 
INSTRUCTIONS FOR CALCULATING TH E ACTUAL GLYCERINE CON­

TEN T

(1) Determine the apparent percentage of glycerol in the 
sample b y  the acetin process as described. T he result will 
include acetylizable im purities if present.

(2) Determine the to ta l residue a t  160° C.
(3) Determine the acetin  value of the residue a t (2) in terms 

of glycerol.

(4) D educt the result found a t (3) from  the percentage ob­
tained a t (1) and report this corrected figure as glycerol.

This is the official m ethod a t present in use in the United 
States. N othing is said abou t a n y  allowance nor is there a 
limit set a t 2.5 per cen t organic residue a t which or below which 
the chemist is prohibited from m aking a correction for acetylizable 
impurities.

The British Executive C om m ittee, a  com m ittee of British 
Soap M anufacturers, appended a recom m endation to the report 
of the Expert Com m ittee as follows:

RECOMMENDATIONS BY EX EC U TIV E COMMITTEE

If the non-volatile organic residue a t 160° C. in the case of 
a soap lye crude be over 2.5 per cent, then the residue shall be 
examined by the acetin  m ethod and any excess of glycerol 
found over 0.5 per cent shall be deducted from the acetin figure.

This recommendation w as not signed b y  the British Experts 
and was rejected b y  the A m erican Com m ittee as being arbitrary 
and unscientific. R esidues of 2.5 per cent and below often give 

material corrections for im purities. E ven  if this correction 
!s smaU there is no reason w h y  it  should not be made nor is there 
any clear reason w h y the lim it should b e s e t a t  2.5 per cent rather 
1 an at i, 2 or 3 per cent. I t  is the chem ist’s task to determine 
the actual glycerine present to  the best of his ab ility  and leave 
all questions of allowance and lim its to others.

English crudes purchased under these conditions of sale as 
aid down by British m anufacturers w ill of course be tested

w ith 'these lim itations, but there has been no such custom  with 
regard to  Am erican crudes, which have been bought and sold on 
the basis of the Am erican Chem ical S o ciety  report.

Referring to the instructions for calculating the glycerine 
content it will be seen from (2) th at the determ ination of the 
organic residue is not required. I t  m ay be obtained b y  de­
term ining the ash and deducting this from the total residue. 
T his determ ination is not needed when glycerine alone is being 
looked for and the chemist who has been asked to analyze a 
sample for glycerine b y  the International m ethod is within his 
rights in declining to state the per cent of organic residue or ash 
unless he receives additional compensation therefor. T here 
would seem to be little excuse, however, for a chem ist to refuse 
to state the total residue and the correction as found, these 
determ inations being necessary before the true per cent of 
glycerol can be ascertained.

The difference between the tests of the referee and seller 
am ounting to 1.38 per cent m ight easily be due to the presence 
of solid salt in the samples or to the deposition of sa lt a fter 
the crude had left the seller’s factory. T he accurate sam pling 
of crude glycerine if salt has separated is next to  impossible 
and chemists m ay differ 5 per cent and more on v ery  salty  
crudes.

D oubtless the crude referred to b y  D r. R a y  is free from solid 
salt or he would have called attention to its presence. I t  is a 
fact, however, that it is the exception rather than the rule to 
find a delivery of Am erican soap lye  crude entirely free from  de­
posited salt. If m anufacturers of crude would give their product 
ample opportunity to cool and settle in tanks before filling out 
into drums the fundamental cause for most of the dissatisfaction 
with glycerine analysis would be removed.

A . C. L a n g m u i r  

Chairman Sub-Committee on Glycerine Analysis 
S ep te m b er 8 . 1913

W H A T ’S TH E M A TTER  W ITH  TH E A M ERICAN  CHEM IST?

Editor of the Journal of Industrial and Engineering Chemistry: 
Judging from the answers one reads to the above question, 

M r. Chem ist is fast arriving. Some of the answers are amusing, 
some dram atic, and there are lam entation and pathos in others. 
T he plaintiffs seem to be actuated b y  disposition, b y  training, 
b y  fitness, or b y  sarcasm. Surely, M r. C hem ist w ill come out 
of the crucible thoroughly refined a t  the end of th e heat; but it 
seems to me that we are losing sight of view points and are fail­
ing to differentiate between pure science and applied science. 

Science is the study and correlation of phenomena and their
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interpretation, together w ith  the form ulation of laws. W e 
have abstract science and we have concrete science. T h e  for­
mer is not concerned prim arily w ith  m atter; b u t the la tter is. 
C hem istry lies betw een the two, and m ight be term ed an abstract- 
concrete subject. Then we have pure chem istry and applied 
chem istry, and a t  the foundation of all w ork in chem istry we 
find analysis. A ll chem ists are analysts of greater or less de­
gree, depending upon the exten t of their training, experience, 
and innate qualities. T o  speak in disparaging language of the 
analyst  or the analytica l chemist is to reproach the great and good 
men in the profession of chem istry, p ast and present. Such 
term s as "has-been”  and "w ou ld-be”  need no com m ent, except 
to  say  th at it is far better to be a  “ good-old-has-been” than 
" a  never-w as”  or " a  never-w ill-be.”

T hen there is the term  research. W h at does it mean? Is 
it a going after a nebular som ething floating abou t in the cosmos 
of chem istry? Some seem to think so, and such chem ists I 
should term research chem ists devotin g their tim e and a bility  
to pure chem istry per se. W e shall a lw ays need such men; 
bu t these men m ust have private fortunes, or m ust be provided 
w ith  funds b y  others. W e need patrons of recluses. T h e w ork 
of the recluse is invaluable, and should be encouraged; b u t he 
m ust not forget the L atin  phrase per aspera ad astra.

H owever, there is another m eaning to research. Perhaps 
the word in q u iry  defines it. W ith  this definition in mind, 
I  should say  th at there is the research chem ist who is searching 
along synthetical lines b y  means of an alytical m ethods for the 
purpose of producing a  given product, w hich product he has 
produced b y  abstract reasoning, for a given purpose. T h a t is 
to  say, the end product to be is predeterm ined, and its measure of 
valu e when found is applicability.

Research men fall n aturally  into one of the above categories; 
b u t some are so endowed as to fit either. Then again some fit 
one or the other b y  adap tab ility , an extrem ely valuable asset. 
H ence, we have tw o genera and four species of research chemists.

In considering the industrial phase of research chem istry, 
we are confronted w ith the fact th at the m anufacturer is not 
engaged in business as a recreation or as a philanthropic enter­
prise, b u t for the purpose of producing rem unerative products. 
T h e  G erm an m anufacturer does not em ploy a research chem ist 
from  per se m otives; b u t for w h at he will or hopes to  get from 
results. T here is 110 lack  of m oney in Europe or Am erica or 
C an a d a  or M exico for the research m an who can "d eliver the 
goods;”  b u t everyb od y fights shy, financially, of him who cannot 
present a  reasonable dem onstration of his ab ility  to fin d  out 
b y  in q u iry  through research some m ethod to reduce cost or in­
crease production or both, ju s t as he fights sh y of the novitiate  
in chem istry. H igh am bition and lo fty  ideals are right and just 
and com m endable; h u t th ey are b y  no means confined to  the re­
search chem ist in pure science per se. T his typ e  of chem ist m ight 
and m ay bring about the results desired b y  the m anufacturer, 
and we wish him every  success and encouragem ent; but he is 
too great a  risk for the m anufacturer who is looking for an  in­
dustrial research chem ist. If the industrial research chem ist is 
treated  as a hireling, he is him self largely a fault, and the thing 
for him to do is to stop "k ick in g  against the pricks”  if he wishes 
to  occup y a higher plane, and there are m any up there to-day.

Perhaps I have been unfortunate in m y professional dealings 
w ith  research men and various enterprises for the past tw en ty  
odd years, and perhaps I "see through a  glass d a rk ly ;”  b u t 
I  am convinced th a t " b y  their w orks ye  shall know  them ,”  the 
research men in industrial chem istry.

J .  C u l v e r  H a r t z e l l
B l v s  A s h , O h i o

S e p te m b e r  11, 1913

O N  C A L C U L A T IN G  T H E  F A T -F R E E  R E S ID U E  O F  M IL K

E d ito r of the Jo u rn a l of In d u stria l and En g in e ering  Chem istry:

In Chem. Abst., 7, 2444, under "F o o d s,”  there is given'a  form ula

proposed b y  H . M . H oyberg for "C alcu la tin g  the Fat-free 
R esidue of M ilk ”  [(V +  F )/4  =  fat-free d ry  residue), Skand. 
Vet. T idskrift, 1912, 259-62; Deutch. tierdrztl. Woch., 21, 253.

I t  appears th a t the above form ula w as first suggested by 
D r. S. M . B abco ck  as long ago as 1891 in the E ighth Annual 
R ep ort of the W isconsin E xperim ent Station  for the year ending 
June 30, 1891, page 298. D r. B abco ck  writes the formula 
(L  +  F )/4  =  solids-not-fat, in which L  =  the Quevenne lactometer 
reading.

T h e  Quevenne lactom eter reading =  V  in H oyberg’s formula 
since both =  " a  figure obtained b y  subtracting u nity from the 
specific g ra v ity  and placing the decim al point after the first 
tw o  num erals (neglecting O ).”

D uring the y ear 1907, while com paring the per cent of solids 
of a  v ery  large num ber of chem ical analysis of m ilk with the re­
sults secured by using different form ulas for calculating the solids- 
n ot-fa t a fter determ ining the Q uevenne lactom eter reading and 
the- per cent of fa t b y  the B abcock  method, I noticed that when 
the per cent of fa t w as added to  the Q uevenne reading and the 
sum  secured w as divided b y  4, the quotient equaled very closely 
the per cent of solids-not-fat secured b y  the chem ical method. 
T hen  I developed the form ula (L  +  F )/4  =  the per cent of solids- 
n ot-fat. B efore going further, I looked up the work done by 
others along this line and found th at the form ula was suggested 
b y  D r. B abco ck  as stated above.

In  1909, along w ith  other form ulas com m only used, this one 
was published in the book: "Q uestions and Answers on Milk
and M ilk  T estin g ,”  p. 68, b y  C . A . Publow  and H. C. Troy, 
Orange Judd Com pany.

T h e form ula is v ery  simple and easy to  ap p ly  and since three 
different chemists, w orking independently, have developed it 
and find it to give accurate results, it appears th at it should 
have a  perm anent place in practical m ilk inspection and factory 
w ork where it is necessary to secure an approxim ately correct 
com position in the shortest possible time.

H u g h  C . T r o y

N .  Y .  S t a t u  C o l u s g b  o p  A g r i c u i -t u r k  
C o r n s u ,  U n i v e r s i t y , I t h a c a  

S e p te m b e r  18, 1913

N O T E  O N  C O L O R IM E T R IC  M E T H O D  F O R  TITANIU M  IN 
IR O N  A N D  S T E E L

In describing the procedure for determ ining titanium  in steel 
w hen less than 0.02 per cen t is present ( T h i s  J o u r n a l ,  Si 735)- 
I referred to the im portance of conducting the ether separation 
so as to have smal'. and nearly constant am ounts of iron in the 
acid solutions. T h is essential condition is best attained by 
carrying ou t the ether separation in the following manner: 

C ool the concentrated ferric chloride solution, pour into the 
separatory funnel, and w ash w ith  hydrochloric acid (2 parts 
strong acid : 1 p art w ater) until the volum e am ounts to 25 <*• 
A dd 50 cc. alcohol-free ether, a g ita te  thoroughly, and alio»’ 
to  stand for five m inutes after the tw o solutions have separated. 
D raw  off the acid solution, avoiding the ether solution entirely 
even though a  slight loss of acid solution m ay be necessary to 
do so. These precautions insure a  greatly  reduced and prac- 
tica lly  con stan t am ount of iron in the acid solution.

C h a s .  R. M c C a b e
L i m a ,  O h i o

S ep t. 19, 1913 ____________________

P E T R O L E U M  P R O D U C T IO N  IN  19 1 2

GAIN  O F TW O M ILLIO N  BARRELS 

T h e great production o f petroleum  in 19 11, which was 220,- 
449,391 barrels, w as equaled and passed in 1912, when the tota 
reached 222,538,604 barrels. H igher prices were the rule in 
1912 except in C alifornia, and even  in th a t S tate  there was no 
m aterial decline. T h e  total valu e therefore increased m a r k e d ) ) ,
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reaching $164,087,342, or 22.41 per cent above the value for 1911.
The greatest increase in q u an tity  w as in California, where 

the total advanced from  81,134,391 to  86,450,767 barrels, a gain 
of 5.316,376 barrels, or 6.55 per cent. W yom ing showed the 
remarkable gain of 742 per cent, from  186,695 barrels to 1,572,306 
barrels, owing to the increased a c tiv ity  of the M id-W est Oil 
Co. and the W yom in g Oil F ields Co. Operations in northern 
Texas also more than  offset the usual decline in the G ulf region 
and resulted in a significant gain for the State.

IN CREA SED  EX PORTS 

The volume of crude oil and of all the usual products exported 
from the U nited S tates increased, ow ing to the fact th at foreign 
conditions were m uch more favorable to  Am erican exporters. 
Meanwhile the im portation of gasoline from the E ast Indies 
was a favorable elem ent in relieving the growing demand for 
this product on the Pacific coast.

DECREASED STOCKS 

The improved conditions in the export trade and the in­
creased capacity of the refiners to  take care of the great yield 
of crude oil resulted in a m arked decline in stocks in all fields 
except California, and even there the storage of petroleum was 
checked by an increase in consum ption.

The total stocks of all crude oils a t the beginning of 1912 ag­
gregated 138,000,000 barrels. B y  the close of the year th ey had 
declined to 125,000,000 barrels, a decrease of about 10 per cent. 
The decline w as greatest in the fields east of the R o ck y M oun­
tains, where on January 1, 1912, the stocks aggregated 94,000,000 
barrels; they were reduced during the year to 79,000,000 barrels, 
a decrease of about 16 per cent.

This decline a t onee brought out a m arked stim ulation of prices 
all over the E ast, w ith a  v iew  to increasing the a ctiv ity  of drilling. 
Its effect was so m arked, th a t the natural decline of the older 
fields was checked. E v e n  Ohio showed a slight increase in 
production in 1912, for the first tim e in 12 years.

The total production b y  States is given below:

Q u a n t it y  a n d  V a l u e  o f  P e t r o l e u m  P r o d u c e d  i n  t h e  U n i t e d  S t a t e s  a n d  

t h e  A v e r a g e  P r i c e  p e r  B a r r e l  i n  1 9 1 2
A verage

Q u a n ti ty  price per
S t a t e  (barrels^ V alue barre l

California....................................................  8 6 ,4 5 0 ,7 6 7  S 3 9 ,2 1 3 ,5 8 8  SO .454
Colorado................................................  2 0 6 ,0 52  19 9 ,6 6 1 0 .9 7 3
IUino!s..........................................................  2 8 ,6 0 1 ,3 0 8  2 4 ,3 3 2 ,6 0 5  0 .8 51
Indiana................................................... 97 0 ,0 0 9  8 8 5 .9 75  0 .9 1 3
Kans“ s ....................................................  1 ,5 9 2 ,7 9 6  1 .0 9 5 ,6 9 8  0 .688
K entucky..............................................  4 8 4 ,3 6 8  4 2 4,8 42 0 .8 7 7
Louisiana...............................................  9 ,2 6 3 ,4 3 9  7 .0 2 3 ,8 2 7  0 .7 5 8
New Y o rk .............................................  874'128  1 ,4 0 1 ,8 8 0  1.60 4
Ohio and M ic h ig a n .................................. 8 .9 6 9 .0 0 7  12 .0 8 5 ,9 9 8  1.3 4 7
Oklahoma...................................................  5 1 ,8 5 2 .4 5 7  3 4 ,9 5 7 ,6 1 2  0 .6 7 4
Pennsylvania..............................................  7 .8 3 7 ,9 4 8  1 2 ,8 8 6 ,7 5 2  1.6 4 4
? exas......................................................  1 1 ,7 3 5 .0 5 7  8 ,8 5 2 ,7 1 3  0 .7 5 4
Utah  )
W y o m i n g . . . : : ; : ; .............................. [  • . s w ; « *  798,470  0.507
West V irg in ia ............................................  12 . 128,962  1 9 ,9 2 7 ,7 2 1  1.6 4 3

Total f o r  1 9 1 2 ...................................... 2 2 2 . 5 3 8 , 6 0 4  1 6 4 . 0 8 7 , 3 4 2  0 . 7 3 7
Total for 1 9 1 1 ...................................... 2 2 0 , 4 4 9 , 3 9 1  1 3 4 , 0 4 4 , 7 5 2  0 . 6 0 8

G O VER N M EN T C O N T R O L  O F  C H IL E A N  M IN E R A L  
D E P O S IT S

Consul Alfred A. W inslow , V alparaiso, reports th at much 
'nterest is taken in the law  ju st passed b y  both branches of the 
Chilean Congress which suspends the old mining code indefinitely, 
a»d which really means m uch for the future of Chile, since the 
mineral resources are its greatest attraction  for foreign capital, 
t is understood th at this is a result of heavy investm ents of 

• merican capital in copper and iron ore properties during 1912 
a>id 1 9 1 3 , which will represent an expenditure of $15.000,000

to $20,000,000 when the respective plants have been com pleted. 
T he new law provides th at: (1) D uring the tim e the right of 
individuals to denounce iron mines is suspended, the S tate  
shall be authorized to m ake the necessary declaration and in­
scription of such deposits. (2) Such claim s to  have the super­
ficial dimensions decreed b y  the President of the R epublic, 
and possession to be taken in the usual w ay  provided in case 
of individuals by  the mining code, though the S tate shall not 
be obliged to start work w ithin the term laid down in such cases.
(3) T he rights thus acquired by the S tate  shall be in perpetuity, 
and no license or other rates shall be paid. (4) T he m ensuration 
and establishment of titles to  be undertaken b y  the mining 
section of the D irection of Public W orks. (5) A ll iron mines 
the property of individuals, the rights to which shall lapse through 
non-paym ent of the necessary taxes, shall revert directly to the 
State  and shall not be sold b y  auction as provided in the mining 
code. (6) The President of the R epublic is authorized to  es­
tablish the regulations necessary for carrying out this law.

T he South P acific  M a il,  of Valparaiso, states the case quite 
clearly from the viewpoint of the Chilean: “ T he present mining
code considers all metals wherever found as the property of the 
State, but grants the privilege of denouncing and staking out 
claims to individuals. T he recent discoveries of rich extensive 
deposits of iron ores suitable for export in their prim itive form 
led to the filing of m any claims, in the hope of being able to pass 
them on later to foreign capitalists. A s large tracts of valuable 
State lands were thus being taken possession of b y  individuals 
who had no intention of them selves working the mines, but 
merely wished to clear a commission on their sale, the right of 
denouncing and staking out claims as regards iron ores was 
indefinitely suspended.

I t  is understood th at G overnm ent surveyors have already 
determined the existence of v a st deposits of iron ore. These 
deposits w ill now definitely become S tate  property on the p ay­
ment in the usual terms of the surface value of the ground in 
cases where the land is privately owned. G overnm ent will, 
therefore, be in position either of reserving these supplies against 
the time when sm elting works have been established in this 
country, or of treating directly w ith foreign syndicates for w ork­
ing the ore; and in either case the treasury w ill reap the benefit 
form erly accruing to  the person who first denounced the claims, 
a solution which must be considered a ju st one, in view  of the 
fact th at the surveys are being carried on a t  G overnm ent ex­
pense.”

One Am erican com pany has acquired extensive deposits of 
rich iron ore that it is proposed to ship to  the U nited S tates 
in large quantities, beginning w ith the opening of the Panam a 
Canal, which will place a large tonnage a t the disposal of Am erican 
interests who are after business in this part of the world.

S C O T T IS H  OIL FU E L F O R  B R IT IS H  N A V Y

W inston Churchill, the British Lord of A dm iralty , estim ates 
a  probable annual output of 400,000 to 500,000 tons of oil fuel 
from Scottish shale fields for 150 years to  come, if necessary. 
It is announced that the present output is about 250,000 tons. 
An Edinburgh writer states th at "S co ttish  shale oil has proved, 
b y  repeated and prolonged tests, to be highly suitable for the 
purposes of the A dm iralty, which in turn has shown a lively  
appreciation of the importance of having a reliable supply of 
the new fuel within easy reach.”

P R O G R E S S  O F A R T IF IC IA L -S IL K  IN D U S T R Y

Consul W illiam  H. H unt, S t. Etienne, France, reports th at 
processes for producing artificial silk continue to m ultiply. 
N ew  means of rendering the silk strong, supple, and brilliant are
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constantly  being discovered, and the industry has now attained 
a  high degree of perfection.

T he dry-w eaving process, b y  which the solid thread is d irectly 
obtained, has replaced the use of coagulating liquids. In spite 
of this, nitrocellulose silk is disappearing from the m arket because 
it can not enter into com petition w ith other artificial silks ob­
tained b y  a  sim pler process and which are cheaper and more 
solid.

T h e first of these rival productions w as obtained b y  dissolv­
ing cellulose in cupro-am m oniacal liquor. T h e difficulties 
encountered in this operation brought abou t the discovery 
of cellite, an acetyl cellulose, soluble in acetone, w hich m ight 
be em ployed for cinem atograph films, being incom bustible, 
were it  n ot for its too great suppleness; it can be used for 
coating wood and m etals for it  does not crack. A nother 
substance of the sam e nature is sericose, w hich is used for 
printing on calico.

T h e  solidity  of all artificial silks m ay be increased b y  trea t­
ing them w ith  form aldehyde, which operation is called 
"sth eriosage.”

T h e report ju st issued b y  L a  Soie Artificielle, G ivet, discloses 
a  net profit of $201,100, against $144,500 the previous year. 
T h e capital is $289,500.

Iron and S teel, an in troductory text-book for engineers and
m e ta l lu r g i s t s .  B y  O . F .  H u d s o n ,  w i th  a  s e c t io n  011 c o r ro s io n .
B y  G u y  D . B e n g o u g h .  N ew  Y o rk : D . V an  N ostrand Co.
173 pp., 8vo, illustrated. $2 net.

T his volum e is one of a series entitled "O utlines of Industrial 
C h em istry,”  text-books, in troductory to  the chem istry of the 
national industries, edited b y  G u y  D . Bengough, lecturer in 
m etallurgy, L iverpool U n iversity. In  the preface the author, 
w ho is lecturer in m etallography, B irm ingham  U n iversity, 
states th a t the ob ject has been to  give the more im portant 
principles o f the m etallurgy of iron and steel in as short a  m anner 
as possible, om itting alm ost entirely the practical details of 
m ethods of production in order to  lay  more stress on the con­
stitution  of steel and cast iron and the effect of m echanical and 
heat treatm ent, corrosion being taken up in a special section. 
A n d the author has accom plished w h at he set ou t to  do in a clear 
and concise m anner, producing a  v e ry  readable and interesting 
book for beginners.

T h e  first chapter deals w ith  the testin g of iron and steel, 
stress being p u t 011 English m ethods; under im pact tests, the 
F rem ont m achine m ight have been m entioned and under H ard­
ness, the Shore scleroscope referred to.

T h e  chapter on sm elting o f iron ores is rath er short, the section 
on iron ores being poor; th e m agnetites of the L ak e Superior 
d istrict are em phasized, w hile the hem atite  deposits from the 
sam e locality  are n ot m entioned. T h e  description of the b last­
furnace is rather too brief, and w hile the reactions in the upper 
p art of the furnace are given  a t  length, those of silicon, phos­
phorus, m anganese and sulfur in the sm elting zone are not given.

T h e brief description of the properties of cast iron is good, 
though the use of the word “ eu tectic”  w ithout a definition 
w hen describing th e effect of phosphorus is probably an over­
sight.

T h e chapters on F ou n dry Practice, M alleable C ast Iron, 
Puddling, the C rucible, Bessem er and Open H earth Processes 
are concise and clear. T h e statem ents th at coke-fired crucible 
furnaces are m ost com m only used, th at m ild steel is not used 
for the charge, undoubtedly refer to English practice, for in this

C L A Y  P R O D U C T S  IN D U S T R IE S  IN  T H E  U N ITE D  STATES
IN  1 9 1 2

T h e  great m agnitude of the clay-w orking industry of the 
U nited  S tates is shown in a  ch art ju s t issued b y  the United 
S tates G eological Survey. I t  shows a  to tal value for 1912 ol 
$172,811,275, anincrease of $10,575,094over 1911. Thescprod- 
ucts include the several varieties of brick, drain and other tile, 
sewer pipe, terra cotta, pottery, fire brick, and other clay prod­
ucts, the various building bricks representing the greatest value, 
w ith  a total of $73,425,819. T h e  num ber of building bricks 
m anufactured w as 10,281,114,000.

Ohio led the S tates in the valu e  of her c lay  products with an 
ou tp u t am ounting to $34,811,508, or over one-fifth the total 
production for the U nited  States. Pen nsylvan ia was second, 
w ith  a production valu ed  a t  $21,537,221; N ew  Jersey third, 
w ith  $19,838,533; and Illinois fourth, w ith  $15,210,990. Eight 
states produced c lay  products in 1912 to a value exceeding 
$5,000,000 and 26 states to  a  valu e exceeding $1,000,000.

D uring 1912, p ottery  w as produced to the value of $36,504,164, 
the increased valu e of the ou tp u t for 1912 over 1911 being almost 
$2,000,000. Ohio w as b y  far the largest producer in 1912, 
being credited w ith  $15,508,735, and N ew  Jersey was next, 
w ith over S8,000,000. S ix  states produced p ottery to the value 
of more than $1,000,000.

cou n try  the regenerative furnace is alm ost exclusively used and 
"m eltin g  b a r”  form s the basis o f m ost charges. The same ap­
plies to  the statem en t th a t the basic open hearth is used prin­
cip ally  for m ild steel. T h e  D uplex process seems worthy of 
description.

T h e  section on the m echanical treatm en t of steel is also short 
and clear, as is th at on the im purities in steel, though the state­
m ent th a t since iron sulfide is fluid a t  ordinary rolling tempera­
tures, it gives rise to  red-shortness, even in sm all quantities, will 
n ot be accepted b y  all.

T h e  chap ter on the C on stitu tion  of Iron Carbon Alloys is 
sp ecially  well w ritten  and illustrated b y  excellent photographs, 
w hile th a t on h eat treatm en t is also good. Annealing and 
refining are not distinguished.

T he description of special steels is v e ry  clear and well written. 
T h e  space devoted to  analyses of high-speed tool steels, however, 
m ight b etter be used for a  page of analyses of alloy steels ui 
general.

T h e  chapters on Steel C astin gs and Case-hardening and 
W elding are also good.

Section II, eighteen pages o f m aterial dealing with the corrosion 
of iron and steel, is clearly  w ritten  and very  interesting, but could 
h a v e  been m uch condensed and y e t  brought w ithin the scope of 
the rest of the book. A  critical discussion of the relative cor­
rosion of w rought iron and steel would have been very timely-

T ak en  as a whole, the book is a  good one, is well written in a 
clear, concise m anner, and w hile it is in places written from the 
B ritish  poin t of view , it  contains the m ain principles of interest 
to  the general reader who is beginning the stud y of Iron an 
S teel from  the stan dpoin t o f th e engineer. T he make-up 
the book, paper, printing, etc., are good, the reproductions 0 
the photom icrographs being exceptionally  clear and sharp.

W m . C ampbell

M etallic  A lloys: T h eir Structure and Constitution. By G. H-
G u l l i v e r .  Second edition, revised, largely  rewritten an
greatly  enlarged, 409 pages, 310 illustrations, 8vo. Pnce’

BOOK REVIEWS
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$3.25 net. London: C has. Griffin &  Co., Ltd. Philadelphia: 
J. B. Lippincott Co.

This is a very decided im provem ent on the first edition which 
made its appearance in 1908, and contained but 254 pages and 
104 illustrations.

To quote from the preface: “ T h e book obviously is not in­
tended as a guide to the p ractical m anufacturer of alloys, except 
in so far as a knowledge of th e equilibrium  conditions, and the 
unstable conditions of m ixtures is of assistance in regulating 
their composition and heat treatm ent. I t  is addressed m ainly 
to engineers and to  students o f engineering who desire some 
knowledge of the m inute structure o f m etals and alloys, and 
of the manner in which the structure develops and changes.”

The contents are: m ethods o f investigation, physico-chemical 
equilibrium of mixed subst nces; b in ary alloys in which no 
definite chemical com pounds are form ed; binary alloys which 
show evidence of the form ation of definite chem ical compounds; 
transformations which take place in com pletely solid m etals and 
alloys; equilibrium conditions in m etallic  m ixtures; the structure 
of metals and alloys; the bronze, the brasses, and other alloys of 
copper; steel and other a lloys of iron; alloys of more than two 
metals; the microscope in engineering practise; 245 references 
to the literature, and a rather com plete index.

After showing th at a lloys are solutions and discussing the 
various theoretical considerations o f equilibrium , b y  reference 
to typical curves and diagram s, the author proceeds to the 
classification of b in ary alloys, treatin g each class first 
theoretically and then b y  means of existing cases. Considerable 
space is devoted to recrystallization.

The reviewer was pleased to  note the auth or’s treatm ent of 
imperfect equilibrium, especially the diagram . T o  quote: 

The simpler conditions of im perfect equilibrium  are of very  
frequent occurrence, and are of considerable practical im­
portance, though difficult to investigate with an y  degree of 
exactness, because the con stitution  of the m ixture must be 
always somewhat indeterm inate.”  T extb ooks usually om it 
careful reference to  the condition so often noticed in rapidly 
cooled alloys, a good illustration  of which is the changes in the 
Positions of the vertical or n early vertica l boundary lines be­
tween the different fields of the com m ercial brasses.

The discussion of chilling, annealing and vibration is inter­
esting. In this connection the v e ry  im portant subject of pour- 
tng temperature is touched upon. “  In  castings which are allowed 
to cool gradually in the m ould, the length of tim e occupied in 
solidification depends upon the pouring tem perature of the 
racial, and the m aterial of w hich the m ould is made. A  low 
pouring temperature and a m ould of high heat con ductivity  
weans a chilled casting, while a high pouring temperature 
and a mould of low conducting power will allow  of only slow 
solidification, followed b y  a more or less effective annealing; 
leating the mould is equ ivalen t to decreasing its con du ctivity .”

I s 's an extrem ely im portant phase of alloy w ork and it is 
unfortunate that so little  w ork has been done along this line, 

ue’ course, to the lack of suitable pyrom eters. T he author 
as not, however, entirely covered th e literature on the subject. 

The chapter on “ steel, and other alloys of iron” is much 
m°re complete than is usual in elem entary books of this kind. 

The final chapter on “ T h e  M icroscope in Engineering Prac- 
lsc 's considerable interest and im portance, particularly 
0 an engineer,

In the discussion of m ethods of investigation one would 
a'e  liked to see more space given  to  the subject of pyrometers 
n Particularly to furnaces, w hich is dismissed with one short 

Paragraph.

On page 194 we read " th e  addition  of lead to brass reduces 
s'ze of the crystals,”  w ith  a  reference to " T h e  Tensile

Strength of Copper-tin A llo ys”  b y  Shepherd and U pton, pub­
lished in the Jo urn al of P h y sica l Chemistry, June, 1905. A fter 
a careful perusal of this reference the reviewer fails to find such 
a statem ent. Indeed the statem ent is in error, as lead up to 
about 1 per cent has very  little  effect upon brass, while in greater 
quantities 'it segregates in tin y  globules, diminishing, of course, 
both the strength and ductility  of the m etal. I f  it reduced 
the size of the crystals the strength would thereby be increased, 
which is not the case.

On page 281 in the section on copper-aluminum alloys we 
read: “ T he only alloys of this series which have a commercial 
value arc those containing more than 89 and less than 5 per cent 
of copper.”  And again on page 283, “ it is not advisable to  use 
more than 5 per cent of copper.”  These statem ents do not 
accord exactly with the facts, in actual practise, particularly 
in automobile work. W hile a copper-aluminum alloy, con­
taining but 5 per cent of copper is used where a lower elastic 
lim it is required, in crank cases requiring considerably more 
strength, an alloy containing 8 per cent copper is regu larly  used.

T he book is clearly printed on good paper, the diagram s are 
clear and possess an excellent feature in th at wherever several 
persons have worked upon a system , the results of all are plotted. 
T he micrographs, the greater num ber of which have been pre­
pared especially for this book, are very  clear.

T he references are assembled a t the ends of the various 
chapters. This arrangem ent, the reviewer believes, is objec­
tionable to the reader, unless he be unusually well acquainted 
w ith the book.

H owever, this book is an excellent elem entary treatise and 
would m ake a very  good addition to a library  of one interested in 
alloys.

J. M . I , o h r

Service Chem istry. B y  V i v i a n  B .  L e w i s  a n d  J . S .  S . B r a m e .

Fourth edition. London: Arnold; N ew  Y o rk : Longm ans.
1913, 8%'o. Pp. 576 +  xvi. Price, S4.20 net.

T his is essentially a work on industrial and engineering 
chem istry. I t  differs from the standard books of th a t class in 
tw o ways. I t  pays little or no attention  to m atters not com ing 
under the professional notice of officers of the arm y or n avy. 
On the other hand, it does not appear to assume previous know l­
edge of the principles of the science, for it includes an intro­
duction to the principles, and brief conventional accounts of the 
common elements and their com pounds are scattered through the 
book.

The industrial m aterial seems to be well selected, and in m any 
instances the topic is discussed in much more detail than we 
should expect in a single volume. T hu s com bustion (17 pp.) 
deals a t length with charcoal and coal, their state  of division, 
their tendencies to spontaneous ignition, adsorptive powers, 
and so forth. The impurities in w ater and boiler incrustation 
each occupy a whole chapter. T he chapter on fuel (36 pp.) 
discusses calorific values and the w ays of measuring them , 
liquid fuel and m achinery for its injection b y  steam , pressure 
alone, and air; internal com bustion engines, the various fuels 
they use and the relative efficiencies of these fuels. N itric  acid, 
niter, and explosives, their m anufacture and behavior, receive 
much detailed attention (100 pp.). Iron and steel, in relation 
to their uses in the services, occupy a long chapter (50 pp.). 
A lloys are discussed in tw o chapters, and excellent diagram s 
m ake the theory clear in each case. Corrosion and the means 
of preventing it, and a  descriptive list of pigm ents close the 

volume.
A s a condensed treatise on certain branches of applied 

chem istry, the book is up to date and practical, and the dis­
cussion is critical and instructive. T h e m any suggestive re­
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m arks, and valu able and appropriate bits of inform ation th at 
are continually encountered, show th at the authors have given  
much thought to the needs o f students preparing for naval or 
m ilitary  service.

I t  cannot be said th at the authors are so successful in handling 
the fundam ental m atters which lead up to  these applications. 
A  chapter on galvanic batteries im m ediately following th a t on 
hydrogen necessarily involves the m ention of m an y substances 
and reactions which have not y e t been reached. T here is ev i­
dence th at the authors understand how to a p p ly  m odern view s 
to  chem ical problems, b u t th ey are not pedagogically v ery  
successful in introducing those view s in the system atic portions 
of the book. T he modern ideas are introduced, b u t the dis­
carded view s rem ain side b y  side w ith them , in a w a y  th a t m ust 
confuse the student-reader v e ry  much. M olecules repel each 
other (p. 9) although the kinetic th eory is correctly  used a little  
later. N ascent hydrogen seems to infest all kinds of galvanic 
cclls alike, although the ionic theory is used in the sam e connec­
tion. T h e electrom otive series of the m etallic elem ents appears 
correctly, except for the omission of hydrogen. T h e bald rule 
of precipitation m akes its  appearance, b u t the equilibrium  
betw een ionogens in solution is given w ithout a n y  cross-connec­
tion in the n ext paragraph.

T h e whole discussion of m olecular w eight is v itia ted  b y  an 
old fallacy— th at an atom ic w eight in gram s of “ an y  gaseous 
elem en t”  occupies 11.16  liters a t  o '  and 160 mm. W h at abou t 
the five inert gases, not to speak of ozone, and the vapors of 
phosphorus, m ercury and m any other elements?

The section headed "chemical behavior” of hydrogen says 
that "its chemical behavior is such that it is often theoretically 
looked upon as being the vapor of a metal.” This whole sec­
tion should be clarified.

“ T h e m etallic elem ents end in urn," n ot their names. Split 
infinitives are too frequent.

Saturation, w ater of crystallization, and efflorescence require 
more than tw o sentences am ong them , for the sake of clarity. 
T h e next section, th at on “ w ater of h y d ra tio n ”  should be re­
distributed. I t  is com posed of one statem ent abou t the union 
of the oxides of m etallic elem ents w ith  water, one on the transi­
tion points of ice, w ater, and steam , one on the influence of 
w ater 011 clim ate, and one on the high specific heat of water.

The book could be used for reference in high schools and 
colleges. The more interested pupils would find in it much 
information on practical subjects, which are barely touched 
upon in the ordinary text books. The book is well printed and 
copiously illustrated.

A l e x a n d e r  S m it h

Liquid A ir— Oxygen— N itrogen. B y  G e o r g e s  C l a u d e .  T ra n s­
lated  b y  H enry E . P. C ottrell, w ith an afterw ord b y  the 
translator, and a preface b y  D r. d ’A rsonval. 418 pp. P u b­
lished b y  B lak iston ’s Son & C o., Philadelphia. Price, $1.50 

Georges C laude is the enthusiastic experim enter who refused 
to  le t a n y  difficulties, particularly  the great one of lubrication 
of cylinders a t low tem peratures, keep him  from  accom plishing 
the production of liquid air b y  expansion of compressed air 
behind the piston. T h e story of his persistent endeavor to de­
velop  this process, as opposed to  the H am pson and the Linde 
processes, and his final success in m aking it the m ost efficient 
one for producing liquid air, is told in this book. N o table  as 
w as this achievem ent, in C laude's mind it w as on ly one step 
tow ard the cheaper separation of oxygen and nitrogen from  the 
air and the developm ent of their use in chem ical industry, so 
the book tells also the advances made b y  the author in the separa­
tion of oxygen  from air b y  partial condensation and in methods 
of rectification of liquid oxygen.

W hile the presentation of the auth or’s own accom plishm ents 
in their proper scientific and historical setting' is the m ain them e 
of the volum e, the whole subject of the liquefaction of gases and

the separation of m ixed gases b y  liquefaction  and evaporation 
is quite  fu lly  set forth. T h e  contents are in four parts: Part I 
on the elem entary physics of the general su bject and the histori­
cal steps from  F arad ay  to the v icto ry  of Kamerlingh-Onnes 
over helium. T h is leads n atu ra lly  into P a rt II, on the com­
m ercial liquefaction  of air, in which both the theory and the 
practice are treated, p articu larly  as to  the relative advantages 
of the Linde process of expansion b y  sim ple outflow without 
useful work, on the one hand, and the C laude method of expan­
sion w ith recoverable external work, on the other hand; Part 
I I I  is an entertaining trio of chapters on the preservation and 
properties of liquid air. P a rt I V  is on the separation of air 
into its elem ents, which is the com m ercially important process 
to which liquefaction is prelim inary.

A  detailed discussion of the various rectification processes 
of Linde, L e v y , H eilbronner and C laude is given. For his 
la te st m achines, as m anufactured b y  the Sociele I ’A ir  Liquide, 
the author claim s the possibility of separating 1.5 cu. m. of oxygen 
per horse-power hour.

Interesting throughout, P arts II  and I V  contain most valu­
able inform ation for all who need to  keep up w ith the progress 
of the liquid air and oxygen industry. I t  is to be regretted 
th a t there could not have been in the same volum e a treatment 
of the rem arkable accom plishm ent of C laude in the recover)’ 
b y  refrigeration of the vapors of volatile  liquids which otherwise 
go to  waste in m any m anufacturing operations.

T h e  book, except in the m ore theoretical parts, is written 
in the style  of the popular lecture, which has made it all the more 
difficult for the translator to conceal the fac t th at the book was 
w ritten  in F ren ch , rather than in English. Errors that appear 
in the text are am using, rather than im portant.

G e o r g e  B. P egra m

D isin fection  and D isin fectants. B y  M . C h r i s t i a n .  Physician 
in Chief, R o yal In stitu te  for Infectious Diseases, Berlin. 
T ranslated  from the G erm an b y  Charles Salter with eighteen 
illustrations. London: Scott, G reenwood and Son, 8 Broad­
w ay, Lu dgate, E . C .  1 9 1 3 .

A n y  attem p t to  cover all aspects of the subject of disinfection 
and disinfectants w ithin the com pass of 100 pages would, of 
course, be a hopeless task, and the author of this little work has 
not m ade any such attem p t. T h e  volum e confines itself sub­
stan tia lly  to  a  review  of the fundam ental principles underlying 
disinfection, together w ith  a brief resum e of disinfectants in 
com m on use and apparatus used in their connection. A rather 
disproportionate am ount of space is given  to detailed descnp- 
tions of specific forms of the latter.

T h e book is divided into four chapters, the first of an intro­
ductory character, giving a  general review  of the methods of 
transm ission of disease. T h e second chapter describes the prin­
ciples and m ethods of disinfection b y  physical means, including 
d ry  heat, steam , hot liquids, ligh t and other rays, and elec­
tricity . C hap ter three takes up the subject of chemical disin­
fection, while C hap ter four concludes w ith  descriptions of com­
binations of system s o f disinfection, together with illu s tra tio n s  

and descriptions of specific apparatus.
T h e book being originally a  G erm an work which has been 

tran slated and published in England, the apparatus and methods 
described difier in m an y respects from those in use in tins coun­
try . T he whole work is elem entary in its character and does 
n ot m ake an y  attem pt to go deeply into the scientific aspects 0 
the subject. T h e m atter of testing the potency of disinfectants 
b y  laboratory tests is barely touched upon, the one method g i'en 
being rather prim itive in its character.

T h e book should prove a  useful and interesting little manu 
for those whose w ork requires some know ledge of disinfection, 
b u t w ho have not the tim e or inclination to  m ake a special stu ,v 
of the subject. T h e text is clear and free from  typographical errors.

J. A . D e g h u e e
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c o t t  F u l l e r .  Jou rn a l o f the A m erican  C hem ical Society , Vol. 35, 1913, 
N o . 8, pp . 978-989.

O ils , D i f f e r e n t ia t io n  o f  A n im a l  a n d  P l a n t .  B y  J .  M a r c u s s o n  a n d  
H . S c h i l l i n g .  Chem iker Z eitung , Vol. 37, 1913. N o. 100, pp . 1001-1002. 

O s m iu m .  B y  A. G u t b i b r .  C hem iker Z eitung, Vol. 37, 1913, N o. 85, 
pp. 857-859.

P a t e n t  L a w , S c h e m e  f o r  a , D e s ig n  L a w  a n d  T r a d e - m a r k  L a w . B y
K a r s t e n .  Z eitschrift fu e r  angewandte Chem ie. A u fsa tzte il. Vol. 26, 
1913, N o. 61, pp . 433-437.

P h o s p h a te ,  T h e  M a n u f a c t u r e  o f  A c id . B y  J .  S. B r o g d o n .  A m erican  
Fertilizer, Vol. 39. 1913, N o. 5. pp . 25-29 .

P o r t l a n d  C e m e n t ,  A N ew  P ro c e s s  o f  t h e  E x a m in a t io n  a n d  S tu d y  o f .
By B . G r u e n w a l d .  Chem iker Z eitung , Vol. 37, 1913, N o. 88, p p . 885-886 . 

P o ta s h ,  P o s s ib le  S o u rc e s  o f , i n  t h e  U n i t e d  S ta t e s .  B y  F r a n k  K .
C a m e r o n .  A m erican  Fertilizer, Vol. 39, 1913, N o . 1, p p . 25-32 .

R u b b e r  S o lu t io n s ,  T h e  V is c o s ity  o f . B y  B . J .  E a t o n .  In d ia  Rubber 
Journa l, Vol. 46, 1913, N o. 7, pp . 17-19.

S o a p  P o w d e rs ,  I n v e s t i g a t i o n  o f . B y  G . A . B r a g g .  C hem ical E ngineer.
Vol. 18, 1913, N o. 2, pp . 73-76.

S p e c t r u m ,  A n a ly s is , Q u a n t i t a t i v e .  B y  G . A . S h o o k .  M etallurgical 
and  Chem ical Engineering, Vol. 11, 1913, N o . 9, pp . 494-497.

S ta r c h e s ,  M e th o d s  o f  T e s t in g .  B y  H a m b d e n  B u e l .  P aper, Vol. 12, 
1913, N o. 9, pp . 19-24.

S u lf i te  P u lp  M a n u f a c t u r e ,  R e c o v e ry  o f  A c id  i n .  B y  N e c a s . Paper, 
Vol. 12. 1913, N o. 10, pp . 20 an d  34.

S u lf i te  D ig e s t in g  L iq u o r ,  T e s t s  f o r .  B y  G o e s t a  v o n  Z w e i g b e r g k .
paper, Vol. 12, 1913, N o. 13. pp . 15-17.

S u l f u r  T r io x id e , D e te r m in a t io n  o f , i n  S u l f u r  a n d  P y r i t e  R o a s t i n g  
F u r n a c e s .  B y  E . R i c h t e r .  P u lp  and  P aper M agazine o f Canada, 
Vol. U , 1913, N o. 13, pp . 445-447.

W a te r ,  L im e  S te r i l i z a t i o n  o f . B y  C h a r l e s  P .  H o o v e r  a n d  R u s s e l l
D . S c o t t .  Engineering Record, V ol. 68, 1913, N o. 10, pp . 257-259.

W a te r  P u r i f i c a t i o n .  B y  G e o r g e  W . F u l l e r ,  et al. E ngineering  Record, 
Vol. 68, 1913, N o. 11, pp . 293-294.

W o o d , T h e  P r e s e r v a t io n  o f , b y  C y a n iz a t io n .  B y  F r i e d r i c h  M o l l .  
Zeitschrift fu e r  angewandte Chem ie. A u fsa tzte il, Vol. 26. 1913. N o  67, 
pp. 459—463.
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duce pure iron w ith  which the copper can unite. The billet 
w ith  cohering film of copper is then rem oved, the manipulation

P u rify in g Vanadium . W . F. B leecher, June 24, 1913. U- 
S . P a t. 1,065,582. A  lead sa lt is added to  an  acid  solution 
containing vanadium  and im purities. A n alkaline carbonate is 
then added until lead van ad ate  is precipitated. T h is is treated 
w ith sulfuric acid, producing lead su lfate and an acid solution 
of vanadium  free from im purities.

Cem ent-burning K iln . T . A. Edison, June 24, 1913. TJ.
S . P at. 1,065,597. T h e

J, furnace is designed to
’ r  effect econom ics in

the fuel burned b y
reducing the tem pera­
ture of the stack 
gases and to reduce 

I the loss due to  the
1 ___________ l! carrying off o f un-
R 0 burned m aterial in the

stack  gases.
\ f l  T h e  ro ta ry  kiln tube

} -•— !   - —  j  connects w ith  a  set­

s' I » - / / _____   •"------ tling cham ber located
'1 ?  ..It / /  V —  /  a t the base of the stack

I / /  rr—„ - „  and a screw con veyor
1 ° n zfefST"  ’s arranged a t the bot-

_j y 1 --------- £>— <•:------"  a  j om 0f the settlin g

2 cham ber for returning
to  the kiln tube the 
m aterial deposited in

the settlin g cham ber.

Rem oving S ulfur and Phosphorus from  Iron and Sim ilar 
M etals . A. E. G reen e, June 24, 1913. U. S . P at. 1,065,605.
Lim e is heated in an electric furnace and the resultan t vapors 
w ithdraw n b y  suction and introduced into the body of the m etal 
u nder treatm ent.

Chem ical R eaction  by m eans of an E lectric A rc. J. L . R . 
H ayden, July 1, 1913. U. S . P at. 1,066,272. A  low -voltage 
high current arc is produced betw een the hollow electrode 1 
and the adjustable  electrode 2. T h e  gaseous m ixture to  be 
acted upon is introduced into the cham ber 3 b y  m eans of a blower

a t a sufficient pressure to  produce a  high velo city  gaseous cu r­
ren t through the copper tube 6. T h e gases are acted upon 
while passing through the arc and are im m ediately cooled be­
low the dissociation point of the product of the reaction b y  con­
ta ct w ith the w alls of the tube 6.

RE.CE.NT INVENTIONS
B y  C. L . P a r k e r ,  S o lic ito r of C hem ica l P a te n ts ,  M cG ill B u ild in g , W a sh in g to n , D . C.

M an u facture of O xalates. L. W . A n drew s, June 24, 1913. 
U. S . P at. 1,065,577. A  m ixture of saw dust and alkali is placed 
in a  closed vessel. Superheated steam  under low pressure is 
introduced into the vessel and h eat is applied to  the exterior 
of the vessel.

Producing Clad M etals . W . M . P age, Ju ly 1, 1913. D. S. 
P at. 1,066,312. A  billet of steel is first treated to give it a clean 
surface and then heated in an atm osphere of steam to produce 
a thin layer of oxid. T h e billet is then dipped into molten copper 
w hich causes the oxid and underlying carbon to react to pro-
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Refining Shellac, E tc. H . C assard, July 8, 1913. U. S. Pat. 
1,066,794. Shellac is subjected to the dissolving action of 
alcohol. There is then added a hydrocarbon solvent for the 
wax and the tw o solutions mixed hom ogeneously at a tem pera­
ture above the m elting point of the w ax. T h e tw o solutions 
are allowed to settle in layers a t this tem perature and separated.

Smelting Iron O res. F. M . M cC lenahan, July 8, 1913. TT.
S. Pat. 1,066,833. Alum iniferous iron ore is sm elted in the 
presence of sodium chlorid as the fixing agent.

Producing Carbon or Lam pblack. G . F em ek es, July 8, 1913. 
U. S. Pat. 1,066,894. A  stream  of m ethane is passed into a 
zone of sufficient tem perature (above 1300° C .) to imm ediately 
dissociate the gas into carbon and hydrogen.

Making Fertilizer. O. K . S later, Ju ly 8, 1913. U. S. Pat. 
1,067,224. A  m ixture of slag and phosphatic minerals is soft­
ened and disintegrated b y  subjecting it to  the action of steam 
under pressure. I t  is treated w ith sulfurous fumes while still 
moist and then acted upon b y  am m onia gas.

Varnishes. L. M eu n ier, July 15, 1913. U. S. Pat. 1,067,536.
A concentrated solution of tannin in w ater is mixed with neu­
tral sulforicinate of soda and highly rectified turpentine.

Manufacture of Form aldehyde. M . J. K usn ezow , July 15, 
1913. U. S. Pat. 1,067,665. A  m ixture of m ethyl alcohol vapor 
and air is passed over heated m etallic silver.

Non-Inflammable C ellulose Com pound. W . G. Lindsay, July 
1S> 1913- U. S . P at. 1,067,785. T h e com position contains 
acetyl cellulose in acetone, urea, triphenylphosphate and ace­
tone.

Hydrogenated F atty  Food Product. C. E llis, July 22, 1913. 
U. S. Pat. 1,067,978. T h is is a  com position of lard-like con­
sistency comprising hydrogenated corn oil of viscous consistency 
and an edible fa tty  m aterial w hich m ay be hydrogenated cot­
tonseed oil.

Manufacture of M alt. R . W ah l, July 22, 1913. U. S . Pat. 
1,068,028. L actic  acid is added to m alt during its m anufac­
ture.

Decomposition of F ats and O ils. B . E . R euter, July 22, 1913. 
U S. Pat. 1,068,079. G lycerides are decomposed into glycerin 
and acids by  successively heatin g emulsions of the charge with 
different restricted portions of a  su lfo-fatty  acid catalyzer, each 
portion being insufficient to  effect com plete decomposition, and 
removing the aqueous solution of glycerin and spent reagent.

Treating Carbon and Apparatus T herefor. W . A. Sm ith, 
July 29, 1913. U. S. Pat. 1,068,707. T he body of carbon 
°r carbonaceous m aterial to be treated is m oved progressively 
through a heating zone established b y  causing induced currents

0 * ectricity of suitable am perage to  traverse the body of the 
Clarge or an appropriate resistor in con tact w ith the charge, but 

necessarily in a  direction transverse to  the direction of move- 
mcilt °f the charge.

Roasting Ores and R ecovering Zinc. C. J. R eed, Aug. 5, 
l3- U. S. Pat. 1,069,178. Zinc sulfid ore is mixed with a

previously oxidized portion of the same m aterial and heated in 
an oxidizing atmosphere. T he soluble zinc compounds are dis­
solved and the zinc recovered from the solution.

Electrolytically Refining Copper. G . D . Van A rsdale, Aug. 
5, 1913. U. S. Pat. 1,069,305. M etallic  copper is dissolved 
from an anode thereof in aii electrolyte containing soluble 
cuprous sulfite and deposited upon a cathode.

Steel Process. J. Churchward, Aug. 5, 1913. U. S . Pat. 
1,069,387. T his process is based upon the idea th at carbon has 
an astringent effect upon steel, tending to  m ake the particles or 
fibers of the metal assume a  globular form, in consequence of 
which certain valuable characteristics of the steel are diminished,

and th at this astringent capacity of carbon m ay be rem oved b y  
m aintaining it at 3100° F. for a certain time. Steel subjected 
to this tem perature for from tw enty-five to  forty m inutes is 
stated to have a compact, integral, fibrous structure resem bling 
that of wood.

Treating Sulfid Ores. Titus and Barenscheer, Aug. 5, 
1913. U. S. Pat. 1,069,498. Sulfid ores of m etals whose 
chlorids are readily fusible such as zinc sulfid, arc mixed w ith 
sodium chlorid, heated and exposed to the action of chlorin.

M anufacture of India-Rubber Goods. W . E. W indsor- 
Richards, Aug. 5, 1913- U. S. Pat. 1,069,508. Cellulose is 
mixed with india-rubber at a temperature of about 2000 C . and 
the m ixture vulcanized.

Separating Barytes from Ores. C. J. G reenstreet, Aug. 5,
1913. U. S. Pat. 1,069,545.
B arytes is separated from 
zinc and barytes ores by- 
mixing sodium chlorid there­
with and heating in a 
crucible to a sufficient heat 
to m elt the sodium chlorid.
The incited sodium chlorid 
dissolves the barytes and 
rises to the top of the crucible from which it m ay be drawn off. 
The sodium chlorid is then dissolved in .w ater and drawn off 
from the insoluble barytes.

M aking Artificial Stone. C. A. P . Turner, Aug. 12, 1913. 
U. S. Pat. 1,069,832. T he artificial stone is cast in a  mold of. 
sand previously treated with a solution of salt, a  soap solution 
having been applied to the surface of the mold.

Treatm ent of Iron or Steel for Preventing Oxidation or R u st­
ing. F. R . G. Richards, Aug. 12, 1913. U. S . P at. 1,069,903.
A rust-preventing deposit of manganese and iron phosphate is 
formed b y  subjecting the iron or steel to the action of manganese 
dioxid and phosphoric acid.

Therapeutic Compound and Process of M aking the sam e. 
E. H ug, Aug. 12, 1913- U. S. Pat. 1,069,951. E rythrene is 
heated under pressure until a caoutchouc-like substance is pro­

duced.

Process of Obtaining Thorium . M . K oss, Aug. 12, 1913. 
U. S. Pat. 1,069,959. Thorium  is obtained b y  acting upon 
monazite with sulfuric acid and treating the product with 
hypophosphoric acid.



M A R K E T  R E P O R T
AVERAGE W HO LESA LE P R IC E S OF STANDARD CHEMICALS, 

O R G A N IC  C H E M IC A L S

ETC., FOR THE MONTH OF SEPTEMBER, 19 13

A c e ta n ilid ......................................................... ........................Lb . 21 © 23
A cetic  A cid  (28 p e r  c e n t ) ......................... ........................C . 2 .0 0 @ 2 .1 5
A ce to n e  (d ru m s ) ......................................... ........................ Lb . I5 3/ « @ 1674
A lcohol, d e n a tu re d  (180 p ro o f) ............. ........................G al. 36 © 39
A lcohol, g ra in  (188 p ro o f ) ................................................G al. 2 .4 8 © 2 .5 0
A lcohol, w ood (95 p e r  c e n t) .................. ........................G al. 45 © 47
A m y l A c e ta te ............................................... ........................ G a l. 2 .2 0 © 2 .3 0
A n iline  O il..................................................... 10»/» © 107»
B enzo ic  A c id ...........................................................................Lb . 23 © 27
B enzo l (90 p e r  c e n t ) ................................... ........................G al. 21 © 23
C a m p h o r (refined  in  b u lk ) ...............................................L b . 42 »./s © 44
C arb o lic  A cid  (d ru m s ) .......................................................Lb . 9 © 11>A
C a rb o n  B isu lfid e ................................................................... L b . 6 l/ j  © 8
C a rb o n  T e tra c h lo r id e  (d ru m s ) ............ ......................... L b . 7V« @ 8 1/4
C h lo ro fo rm .................................................... ........................ L b . 25 @ 35
C itr ic  A cid  (d o m estic ) , c r y s ta ls .......... ........................ L b . 52 © 52 V*
D e x tr in e  ( c o rn ) ...................................... ........................ C . 3 .1 2 @ 4 .0 0
D ex tr in e  (im p o rte d  p o ta to ) .................. ........................ L b . 6 @ 7
E th e r  (U . S. P ., 1 900 )............................. ........................ L b . 14 © 20
F o rm a ld e h y d e .............................................. 8 1/* © 9 Vs
G lyce rine  (d y n a m ite ) ............................... ........................ Lb. I 9 i / , © 20
O xalic  A c id .................................................... ........................ Lb. 7*/» © 8
P y ro g a llic  A cid  (b u lk ) ............................. ........................ L b . 1 .2 0 © 1 .4 0
S alicy lic  A c id ................................................ ........................ Lb. 28 © 30
S ta rc h  ( c a s s a v a ) ......................................... ........................ L b . 3V* © 4
S ta rc h  (c o rn ) ................................................ .........................C . 2 .3 4 © 3 .0 0
S ta rc h  (p o ta to ) ............................................ .........................L b . 4 1/» @ 5
S ta rc h  ( r ic e ) .................................................. ........................ Lb . 8 @ 9
S ta rc h  (s a g o ) ................................................ ........................ L b . 2 7 s @ 274
S ta rc h  (w h e a t) ............................................. ........................ L b . 5 7* © 6»/s
T a n n ic  A cid  (co m m e rc ia l) ..................... ........................ L b . 35 © 36
T a r ta r ic  A cid, c ry s ta ls ............................ ........................ L b . 30»/4 © 3 P /4

IN O R G A N IC C H E M IC A L S

A c e ta te  of L ead  (b row n , b r o k e n ) . . . . ........................ L b . 77 *  © 8
A c e ta te  o f L im e ( g ra y ) ........................... ........................ C. 2 .5 0 © 2 .6 0
A lum  ( lu m p ) ................................................ ........................ C . 1 .75 © 2 .0 0
A lu m in u m  S u lfa te  (h ig h -g ra d e ) .......... ........................ C . 1 .25 © 1 .75
A m m o n iu m  C a rb o n a te , d o m e s t ic ___ ........................ L b . 8 © 8 Vs
A m m o n iu m  C h lo ride , g r a y .................... 5 7 » © 6V«
A q u a  A m m o n ia  (d ru m s) 1 6 ° ................ ........................ L b . 21/4 © 2 Vs
A rsen ic , w h ite .............................................. ........................ L b . 3 .1 7  V i © 3 .5 0
B ariu m  C h lo r id e ......................................... ........................ C. 1 .60 @ 1 .80
B ariu m  N i t r a t e ........................................... ........................ L b . 574 © 5 Vs
B a ry te s  (p rim e  w h ite , fo re ig n ) ............ ........................ T o n 19 .00 @ 2 3 .5 0
B leach ing  P o w d e r (35 p e r  c e n t ) ......... ........................ C . 1 .25 © 1 .3 0
B lue V itr io l ................................................... ........................ L b . 5 ‘/« © 5 ‘A
B orax , c ry s ta ls  (b a g s ) .............................. ........................ L b . 3 7 « © 4 ‘A
B oric  A cid , c ry s ta ls  (p o w d .) ...........1 .. ........................L b . 7 © 7 ’A
B rim sto n e  (c ru d e , d o m e s t ic ) ................ ........................ T o n 22.00 ©  2 2 .5 0
B rom ine, b u lk .............................................. ........................ Lb . 30 © 35
C alc ium  C h lo ride , fu s e d ......................... ................. . . . C . 85 © 1.10
C h a lk  (ligh t p r e c ip i ta te d ) ...................... ........................ L b . 4 © 4 ‘A
C h in a  C la y  ( im p o r te d ) ............................ n o m in a l
F e ld s p a r .......................................................... ........................ T o n 8.00 ©  1 2 .0 0
F u lle r ’s  E a r th ,  pow d ered . F o r e ig n . . . ........................ T o n 16 .00 ©  1 7 .0 0
G reen  V itrio l (b u lk ) .................................. .........................C . 55 © 60
H y d ro ch lo ric  A cid (1 8 ° ) ........................ ........................ C . 1 .1 5 © 1 .55
Io d in e  (re su b lim e d ) ................................... ........................ L b . 3 .5 5 © 3 .6 0
L e ad  N i t r a t e ................................................ ........................ L b . 8 7 » © 8s/*
L ith a rg e  (A m e ric a n ) ................................. ........................ L b . 6 7 4 © 7
L ith iu m  C a r b o n a te ................................... ........................ L b . 65 © 70
M ag n es ia  (p o w d e re d ) ........... ................... 5 V* © 6
M ag n es ite  ( r a w ) ......................................... 3 0 .0 0 © 3 5 .0 0
N itr ic  A cid. 3 6 ° .......................................... ........................ L b . 3 7 » i © 4 ‘A
P h o sp h o ric  A cid  (sp. gr. 1 .75 )............. ..........................L b . 21 »/s © 2 5 ‘/s
P h o sp h o ru s .................................................... ........................ L b . 45 © 1.00
P la s te r  of P a r i s . ......................................... ........................ Bbl. 1 .5 0 © 1 .7 0
P o ta s s iu m  B ic h ro m a te , 5 0 ° .................. ........................ L b . 6 7 4 © 7
P o ta ss iu m  B ro m id e ............................................................. L b . 39 © 40
P o ta s s iu m  C a rb o n a te  (ca lc in ed ), 80 ©  8 5 % .........C . 3 .4 0 © 3 .6 5
P o ta s s iu m  C h lo ra te , c ry s ta ls ............... 8 7 i © 91/s
P o ta s s iu m  C y a n id e  (b u lk ) , 9 8 -9 9 % .......................... Lb . 19 © 24
P o ta s s iu m  H y d ro x id e .............................. 4 .7 5 © 5 .2 5
P o ta s s iu m  Io d id e  (b u lk ) ........................ 2 .9 5 © 3 .0 0
P o ta s s iu m  N itr a te  ( c ru d e ) .................... .......................... L b . 4 74 © 5
P o ta ss iu m  P e rm a n g a n a te  (b u lk )___ ..........................L b . 93/4 © 10
Q uicksilver, F la s k  (75 lb s . ) ................... 4 0 .0 0 © —
R e d  L e ad  (A m e ric a n )........................................................ L b . 7 @ 7 V*
S a lt  C ak e  (g la ss -m ak ers ’) ...................... ........................ C. 55 @ 65

S ilv e r N i t r a t e   ................................................................ Oz.
S o a p s to n e  in  b a g s ................................................................. T o n
S o d a  A sh  (48 p e r  c e n t ) ...................................................... C .
S o d iu m  A c e ta te ......................................................................L b .
S o d iu m  B ic a rb o n a te  (d o m e s tic ) .................................... C.
S o d iu m  B ic a rb o n a te  (E n g lis h ) .......................................L b .
S o d iu m  B ic h ro m a te ............................................................. Lb.
S o d iu m * C a rb o n a te  ( d r y ) ................................................... C.
S o d iu m  C h lo ra te ................................................................... L b .
S o d iu m  H y d ro x id e , 60  p e r  c e n t .................................... C .
S o d iu m  H y p o su lf ite ............................................................. C .
S o d iu m  N itr a te ,  95 p e r  c e n t, s p o t ............................... C.
S o d iu m  S ilic a te  ( l iq u id ) ......................................................C .
S tro n tiu m  N i t r a t e .................................................................L b .
S u lfu r, F lo w ers  (s u b lim e d ) .................................... . . .  .C .
S u lfu r, R o ll .............................................................................. C.
S u lfu ric  A cid, 6 0 °  B ............................... .............................C .
T a lc  (A m e ric a n ) .................................................................... T o n
T e r ra  A lba  (A m erican ), N o . 1 ........................................C .
T in  B ic h lo rid e  (5 0 ° ) ............................................................L b .
T in  O x id e .................................................................................. L b .
W h ite  L e a d  (A m erican , d r y )  ............................. L b .
Z inc  C a rb o n a te ...................................................................... L b .
Z in c  C h lo rid e  (g ra n u la te d ) .............................................. L b .
Z in c  O xide (A m erican  p ro c e ss ) ......................................Lb .
Z inc  S u lfa te ............................................................................. L b .

O IL S , W A X E S , E T C .

B eesw ax (p u re  w h ite ) .........................................................L b .
B lack  M in e ra l O il, 29 g r a v i ty ..................... ...................G al.
C a s to r  O il (N o . 3 ) ................................................................L b .
C eresin  (y e llo w ).......................................... .. L b .
C o rn  O il....................................................................... . . . . . . C.
C o tto n se e d  O il (c ru d e ), f. o. b . m ill........................... G al.
C o tto n se e d  Oil (p . s. y . ) ................................................... L b .
C y lin d e r  O il ( lig h t, f i l te re d ) ........................................... G al.
J a p a n  W a x .............................................................................. L b .
L a rd  O il (p rim e  w in te r ) ....................................................G al.
L in se ed  O il (d o u b le -b o ile d ).............................................G al.
M e n h a d e n  O il ( c ru d e ) .......................................................G al.
N e a ts fo o t O il (2 0 ° ) .............................................................G al.
ParaIT ine (c ru d e , 120 & 122 m . p . ) ............................. L b .
P a ra ftln e  O il (h ig h  v is c o s ity ) .........................................G al.
R o s in  ( " F ”  g r a d e ) ................................................................B b l.
R o s in  Oil (f irs t r u n ) .............................................................G al.
S hellac . T .  N ....................................... ....................................L b .
S p e rm a c e ti (c a k e ) ................................................................L b .
S p e rm  O il (b leach ed  w in te r ) , 3 8 ° ................................. G al.
S p in d le  Oil, N o . 2 0 0 . . ........................................................ G al.
S te a r ic  A cid  (d o u b le -p re sse d ) ......................................... L b .
T a llo w  (a c id le ss )  ................................................................. G al.
T a r  O il (d is ti l le d ) ..................................................................G al.
T u rp e n tin e  (sp ir its  o f ) ........................................................G al.

M E T A L S
A lu m in u m  (N o . 1 in g o ts ) ................................................. L b .
A n tim o n y  ( H a l le t 's ) ............................................................ L b .
B is m u th  (N ew  Y o rk ) ..........................................................L b .
B ro n ze  p o w d e r ....................................................................... L b .
C o p p e r  (e le c tro ly tic ) ...........................................................L b .
C o p p e r  ( la k e ) ..........................................................................Lb.
L e a d , N . Y ............................................................................... L b .
N ic k e l.................................... .....................................................L b .
P la t in u m  ( re f in e d ) .................. ..............................................Oz.
S i lv e r .......................................................................................... Oz.
T i n ....................................................................... ........................C.
Z in c ...................................... ....................................................... C .

F E R T I L I Z E R  M A T E R IA L S

A m m o n iu m  S u lf a te ............................................................. C .
B lood , d r ie d ............................................................................ U n it
B one, 4 l/ s  a n d  50 , g ro u n d , r a w .................................... T o n
C a lc iu m  N it r a te  (N o rw e g ia n ) ....................................... C.
C a s to r  m e a l.............................................................................U n it
F is h  S c ra p , d o m e stic , d r ie d ............................................ U n it
M o w ra h  m e a l.........................................................................T o n
P h o sp h a te , a c id , 16 p e r  c e n t b u lk ...............................T o n
P h o sp h a te  ro c k ; f. o. b . m ine:

F lo r id a  la n d  peb b le , 68 p e r  c e n t ............................. T o n
T en n essee , 7 0 -8 0  p e r  c e n t ..........................................T o n

P o ta s s iu m , “ m u r ia te ,”  b as is  80 p e r  c e n t ................. T o n
P y r ite s , fu rn a c e  size , im p o r te d ..................................... U n it
T a n k a g e , h ig h -g ra d e ...........................................................U n it
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