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average death ].ate is 12 per thousancl, in a city 
of 100,000 population there will be about 23 
deaths in a week. I f  hlacli and white balls i n  
indefinitely large numbers are rlistributed in  
the ratio of 23 black to 99,977 white and 
100,000 :ire clrawn, the most probable nnmber 
of blaclr. balls is 23, hut one time in four there 
-,ill be more than 27. Thus the ibecordecl death 
rate for  a \reel< for a city of 100,000 will nor- 
mally fluctuate. If it  is on the average 12, i t  
will in half the weeks be approximately either 
as large as 15 or as small as 9. 

I f  the cleath rate exceeds 15 in two consecu-
tive weelcs then the chances are fifteen out of 
six-teen that it  is due to some cause such as a n  
,epidemic. The conditioiis are obviously of 
practical irnpo~tance for  physicians and health 
ofiicers. The silualion foi. cleath rates is nicely 
illustrated by the illustration that has been 
used of the cli>tribution of blaclr. and white 
balls in an urn. I f  the population of the 
country were 100,000,000 and ithe death rate 
mere 12 (as i t  should be, bnt is not) ,  then 
1,200,000 people would die during a year. 
Aniong 100,000,000 hlacli and white balls there 
a r e  1,200,000 black. But if we draw 100,000 
(i. e., take a to~vn of that population) there 
will be a chance fluctuation as descr2bed above. 
I t  is also the case that the balls are not com-
pletely mixed, there being more black balls in  
,some part  of the urn than others. I n  some 
places we shall draw a larger proportion of 
'black balls. When there is a negro population 
+ora tenement l i o ~ ~ s e  population or a large pop- 
ulation of very young or very ole1 people, there 
are  relatively more black balls. There are tern- 
.porarily more black balls in one place when 
there is an epidemic or the like. I n  that case 
me haye the analogy of 'the black balls attract- 
ing one another. . 

This paper has 'been written to explain the 
inethocls usecl to select the tl~ousand leacling 
American men of science by votes. The psy- 
"cilologists h a w  been !talcen as a n  example; if 
space and time peibmitted tables and curves 
might be given for  the other sciences and a 
study of the data might yielcl results of inter- 
est. Sucli treatment must, however, be post-
%paned or left to others. The object of the 

present paper will be accomplished if i t  makes 
clear that the scientific men have been selected 
and placed in the orcler of merit for  .their ~ o r k  
by valid objective methods and 'that the nieth- 
ocls used have wide application. I n  a snbsek 
quent paper the distribution of the scientific 
men will be con~ide~ecl  special reference with 
to the changes that have occurrecl in  .the course 
of ten years. 

J. MCICEENCATTELL 
THEP~YCHOLOGICALCOILPORI~TION, 
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DIVISION OF LEATHER CIIEhIISTRY 

John Arthur 'CVilson, chair?nan 
Arthur W. Thomas; secretarg 

The meehaaisnz of  ti~n7zairing: JOHNARTI-IUB 
WILSON and GUIDODAUB. A series of detailed 
studies was made of ithe mechanism of the unhair- 
irtg of skins by means of the sweating process, 
lilne liquors and caustic sulfide liquors. Sections 
of skin \vere examined under the microscope a t  
different stages. ' In  liming and in sweating, the 
first action on the slrin itself is the hgd~olysis of 
the epitlzelial cells of the Malpighian layer of the 
epidermis, once the cells are destroyed, the remain- 
der of the epidermis, the hair and the sebaceous 
and sudoriferous glailds are conlpletely separated 
from the dermn alld can then be removed mechan- 
ically. I n  the sulfide nlethod, the alkali destroys 
the corneous layer of the epidermis and the skin 
appea1.s to be freed from epidermal matters on its 
surface long befbre the alltali has penetrated to 
the depth of the hair bulbs. Where this method 
hni been employed, the hair bulbs are usually 
fonncl intact in the finislied leather. The paper is 
illustrated vith pl~oton~icrogrsphs. 

Pano?,cati?z as  an u n k a i ~ i ~ z g  a g e n t :  JOHX 
ARTIIU~WILSON and ALBERTI?. QALI,UN,JR. 
When calf skin is swollen in dilute caustic soda, 
neutralized wit11 sodium bicarbonate, and then 
put into a suitable solution of pancreatin a t  2 5 -
C. exposed to air, the hair is co~npletely loosened 
in 24 hours, but the action is not due to the 
enzyme, since it  is checked by covering the 80111- 
tions with a layer of toluene. At 40° a solutioa 
of pancreatin fails to cause a loosening of the 
hailb of fresh skin because the corneous lager of 
the epidernlis is impermeable to the enzgnle and 
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thus prevents i t  froin attacking the soft Mal-
pighian layer belom. \!%en a skin bas previously 
been s ~ ~ o l l e n  or coraeossby acid alk,ali, and the 
layer rendered softer and inore permeable, a solu-
tion of pawreatin a t  40°, eve11 under toluene, 
will not only destroy the Malpighian layer of the 
epidermis and loosen the hair, but  i t  mill also dis- 
solve the elastin fibers of the skin, thus effecting 
both unhairing and bating in a single bath. 

A study of f76e strength of p?*oteolytic enlynxes 
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the other hand, pFI 1-alue appears to have im 
effect upon the determirlatioli by the Wi1c:ori-Kern. 
method over the range 3.6 to 7.3, but tho rntc of. 
t a~ming  of hide powder decreases rapidly ~ r i t h  
increasing pTi value a ,bo~e  7. The rate of fiitra-
tion of tan lic~uors is nlarkedly affected by ch~kago. 
of pH value, wl~ich nlay be :ittributed to clinnging, 
degrees of dispersion of s0111e of tile solid :~lntter.. 
The addition of lilne to tan  liciuors causes a pre-
cipitation of tannin, but only a t  p, rnlues, 

in the proocss of baling: C~r.%ar~~:s abovo 7.2.S. IIOLLANDER. 
D u i , i ~ ~ gcolnparative tests of bating with dung 
hates and ~v i th  pure cnzyines, tests were ~i iadc  a t  
intervals of the strei~gtll of eazy~ue in the licluora, 
by the casein mothod. The concelltraCion varied 
czonsiderably v i th  time in the case of the dung 
hut reinained practic:llly constant ~ ~ J i e npurc 
enzyme preparations vere used. 

The hydrolgsis of collage~a by try psi^,: AXTIJUR 
'1V. TIIOMAS and FRANK I tL. SETJIOUR-JONISS. 
is s h o ~ ~ ~ n  collage^^ is readily digested b ytliat 
trypsin under proper conditions, and that i t  is 
unnecessary to subjeat eollagen to  chcnlical or 
pepsin pretreatment in orilcr to reniler i t  vul-
nerable to tryptic action. This rei'utcs tlie gen- 
erally accepted belief based on the staternont of 
Knehne (1887) that trppsin can not hyilrolyzc 
collagen. . 

The poi~l ts  of ?nini?~bztnz plu?itpi?~,qof ca7J skill: 
JOIINARTHUR WILSOX and ALBERTF. GALLUX, 
JK. 9 stndy was inade of the change in degree 
of plumping of c,alf skill a t  different acidities 
and alka.linities. There are two poi l~ts  of mini-
mum plumping, one occurring a t  a v:tlue of 5.1 
anil the other a t  7.0  on the pII scale. Available 
data seen1 to indicate tliat these two .points of 
minin~um represent two different forms of skin 
protein, one stable only in  acid solution and the 
other in alkaline solution. 

Divect deter'?izi?zatio?z of plu.?nping pozuer of tan 
liqzto~s: JOI-13ARTTIUR \VILSOX and ALBERTF. 
G.~LLUN,JR. The degree of plumping of skin in 
a given tan liqvor is nleasurecl by the ratio of its 
resistance to cbmpression ~vhcn taken fro111 the 
tan liquor to its resistance to conipression uniler 
standard conditions. The metliod can bc con-
dncled with extrenle seilsitirity and is capable of 
Innking the measurement in actual tannery pmc- 
tice. 

Eflcet of co?rceitlratio~zu p o ~thel~yclrogei~-io~z 

Stccbility of tlre hitle-%n?tv,in conzpozcncl a t  dif-
feretit 'pH calucs: JOIINARTHUR W ~ L S O N  an& 
ERII'IN J.  I~EEN.Leather is  resistant to  rvashiag 
in  neutral or acid soluicions, but is  broken up into, 
protein and tannin by alkaline solutions. The 
ilsco~nposition bcgii~s at pH = 7.7  nrld proceeds. 
a t  an  incrcniiing la to  as the pI.I value is raised 
above this ralue. 

Tho conceiltratiow ; fcc to~ i i ~  the fi~'atioiz of tan-. 
ni?,s by ]tide stlbstnr?ce: l f a ~ o a ~ a l '  KELLY.TT'. 
The relationship bet~rccn degrcc of fixation o f  
tannin by hide s~il>stance and the concentration, 
of the yeg get able tanning liquors has been ~roxkeci 
out for a nunihcr of iinpcrtnnt extr:~cts. d l %  
shorn a steady increase in t n ~ l n i ~ i  fixed, :LS con-
c.entration incre:~scs, up to a n~arinlum tannage 
fo l lo~~e i lby  a sharp drop ill more concentrntcc?. 
liquors. 

The 1iydi.ogen-ion nncl tiwe f a c t o ~ s  in tlie fixn- 
tio,ij of larat~insby 11,ide szcbstnitcc: TV..~IAILGARET 
I~KLLY. co~nbination of tanuins.The vegetable 
\\.itli hide stdsbance is  sho~va to dcpenil up011 the. 
I~ydrogen-ion concentration of the licjuor to a 
most pronounced degree. Over a broad range of' 
Ilydrogen-ion concentration, :In J!t.shapecl tanange. 
curve is obtained. I n  acid solutions tlie greatest 
fixation is obtaine(1 a t  p,,+. =. 2 to  3, falling off 
a t  greater acidities. On the less acid side of. 
prr+ = 3 to 3, the fixation cleereascs to a mini-

A* 


nium a t  p,%i- L= 3, the isoelectric point of col-. 
l:lgea, t l ~ c n  increases to a seconcl maxi:ilu~n a t  
],,-k = 8, and nt greater alkalinities falls off 
:tpproaclting zero. The scconcl nlazilriu~n n'c 
pIr+ = 8 is mnch lower than the principal maxi- 
l nu~n  fixation a t  p,,+ = 2 to 3. Esplaiiation f o ~  
t?lis behavior is sllbniilted in the o~iginnl  paper. 

T7ce inflzletzce of ncutml sctlts tcllo~b 17~e fiznfion 
of tak.itiizs by l~ ide  substaqice : ARTIIUR \IT. 
Tiloaras and ~IARG.~(UYTXV. KELLY. Both sodium 

a~lalysis of cegelable ta?z?iitzg ?izccierials: JOHNchloride :lr~d sodium sulfate decrensc the fixation 
ARTI~URTV~LBONand ERIVIN J. IIERS. Thc per of vegetable tannins by hide snbst:lnce a t  
cent, of tannin found by the A. L. C. A. official p,-+ = 3 ;  sodiuill sulfate t o  a g~e:itcr extent than 
method increases with pH raluo to a niaxi~liuni a t  sodium chloride. At  pII-t  = 3, sodium cllloi.iclo 
S :in11 then clecrenscs rnpidly to~varrls zero.' 011 in l o r  conccatrntions pro~nctea the fisa!.ion; a$( 
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higlicr concentrations it inhibits fixation, as  
socfirun su1f:ite does ah xll concentratioiis. At 
pII-I- - S ,  110th salts decrease tlie fixation, but 
iiot lo tile same extent. Esplanntions $01. tlie 
differences in bclinvior are givcn based on tlic 
Donuan r:ifcct on the coll:>,geu and tlie action of 
the salts in nltcriag tlie iicgrec of dispersion and 
diffilsibi!ity of the tannin pnrticles. 

Thc tlifl'ei,e~lce i i ~  7;i~d 0,. degree of tnli11i.i~ 
fi,>:ntio~ias n functioil of the hyclvoge?~-iol~coil-
c o ~ t r n tiod : ABT~IUR TIIOAIAS and TV. 3I.?aaaa~~ 
I)*. I<ET,LY. after reinor- I t  1i:ls been slio\vn that 

hig, all ~ ~ a t e r  
soluble substances froill freshly pre- 
'parer1 Ic:ctl~cr, trc:~,ln~eut with nlcohol will extract 
raiying aniounts of tannin depending upon tlie 
liydrogen-ion couccntrntioii a t  ~vliicli the leather 
w:ls t:iiined. For esainplc, l~einlock and gan~bier 
Peatliers tanned a t  pH+ = 3 will yield about 23 
per cent. of t l~e i r  fixed taniiins to alcoliol extrac- 
tion, ;L s n t i ~ l l ~ f  5,aniount nrheii t,anned a t  pFI+- = 

.a!iil 1)n:ctically nolie ~rlien tanned on the alkaline 
side of p,,+ = 3. I f  the leatlicrs are drastically 
.dried before nlcoliol extraction, very li,ttle alcollol 
soluble iiiat,tcr is found. These preliminary cx-
pcri~nentu are to be continued with the view of 
throwing liiore liglit upon tlie differences in kin(1 

.or degree of taiinr~go a t  differing hydrogen-ion 
~eoncclitratioi~s. 

2'11e ttcil~i,i?l-gelati,~& :~ e n c t i o r ~  ART~IUILTV. 
'T~%o>rasand FRIEDES. niutualAI,KXAXDEI% The 
,precipitation of taaiiiii and gelatin depends to a 
T-crx 1:~rgo degree upon the hydrogen-ion concen-
tration of tile solutioii. I t  has been shown that  
the gelatin-salt test for tannin is sensitive to one 
part  of tanni l  in 110,000 to 200,000 parts of 
rv~ te r ,  depending upon the source of the tanqin, 
.and, provided the hydrogen-ion concentration of 
the solution is adjusted to its optimum. This 

..optinluill varies wit11 different extracts,. ranging 
'from pH+ = 3.3 to 4.5. The details are given 
in the original paper. I t  is also sholvll that  i t  is 
unnecessary to prepare the gelatin-salt test 
reagent daily. This reagent kept for  two months 
.at  suinnier temperature when covered with a 
layer of toluene and its delicacy mas not impaired 
in that t i~nc.  How much longer i t  would keep 
is unknown. . 

A9.e uegetable ta?utins amphoterio? A~TEIUR W. 
T11obr~s tlnd STUARTB. FOSTER. Six con1mon 
vegetable tanning materials were investigated by 
the electrophoresis method indicating tha t  al l  are 
aniphoteric, i. e., changing from anodic migrating 
to cathodic in the pH$ range of 2.8 to 2.0. Hy-
drogei-ion eoneentratlon precipitation curves are 
also given for the extracts studied. 

2'11e practical colov nzeastirenaent of vegetable 
tan 2iq:iol.s: R. 0. PI~II~LIPS Itand L. R. E R O ~ ~ X .  
is suggested that color mensarenients are besC 
~nnrle by tanning pieces of skin under standard 
conditions. 

Tlze acidity of syiatl~etic tans: S. KOIIN, J. 
BXEEDIS and E. CZEDE. The active principles of 
most s?ntlictic tans ere snlfonic acids in the 
prepara,tion of ~rhich  an  excess of sulfuric ticid 
is used. I t  is relatively easy to find out whether 
or not suSicient alkali has been added to neu-
tralize this excess. But sulfuric acid being 
neither tile sole nor thc ~vorst  of the undesirable 
ingredients occurring in soil~e syntans, i t  is inl-
portnnt to devise inetliocls by which preparations 
con.taining u1ide3irable ingredients can be ile-
tecl!-ed. To tile methods suggestcd previously n 
nelr one is added which is based upon compara- 
tive obserrations of the part  played by the acidity 
of synt:ins in the precipitation of gelatin. 

l'lie colloid cltelnistry of basic chvon~ic solzh- 
tiolis: B i ~ . i s ~L. SEYAIOUR-JONES.A review of 
the literature upon the nature of chromic solu-
tions silowing their very complex and as  yet un-
settled condition of solution. U1,trafiltration es-
periments failed to sho~v the presence of any col- 
loidally dispersed chromium compound in the 
ordinary. single bath chronic liquor. The experi- 
nients are prelimjnary in nature and further 
investigation is contemplated. 

The electropl~oresis of chromic solz~tiovls: 
FRSFK L. SEYMOUR-JONES. The Thompson-
Atkin theory of chrome tanning, which postulates 
a negatively charged chronliuin complex as  the 
tanning agent, is criticized and sho~vn not to be 
of general application, if a t  all, since cliron~ic 
solutions which did not show any evidence of 
negatively charged chromium complexes tanned 
hide powder. I t  is true, however, that  in certain 
basic solutions of chromic sulfate, par t  of the 
chromium exists in a negatively charged complex, 
wliilc this does not occur in the basic chloride nor 
yet chron~e alum. 

Pile interpretation of the influence of aoid on 
the osmotic presswe of protein solutions: JACQUES 
LOER. When osmotic equilibriuni is established 
between a solution of casein and hydrochloric 
acid enclosed in a collodioii bag and an  outside 
aqueous solution free fro111 protein, the hydrogen- 
ion concentration is  always greater in the outside 
solution t h a i ~  in the casein solution. The ob-
served osmotic pressure is accounted for  quanti- 
trvtivcly by the difference in concentration of 
hydrocl~loric ticid in the two solutions, without 
taking into convideration any possible osn~otic. 



pressure of the casein itself. The observed poten- 
tial difference betreen the t-wo solutions in milli- 
volts always has the nunlerical value equal to 59 
times the difference in p, value between the two 
solutiolls a t  24", proving- that the inequality in 
pH value is determined by Donnan's equation for  
nlembrnne equilibria. 

A praZii?ainary stzldy of a plzllzger t y p e  of jelly 
s trength t es ter :  S. E. SHEPPARD and S. S. SWEET. 
I n  previous papers the authors have described an  
instrumelit for  nleasuring in absolute units the 
rigidity of gelatin jellies. They have used the 
results to check the perforinance of plunger types 
of jelly strength testers. I n  these iiistrunlents a 
plunger resting on the jelly is loaded to produce 
a fixed arbitrary depression or distortion. The 
authors have devised an  instrunlent with a bal-
anced beam, and continuous chainonlatic loading. 
Hence the load : deflection, or stress : strain 
curves can be plotted for constant rate of loading. 
The points investigated were: (1) Effect of 
shape of plunger. I t  is found that  with plungers 
having a rounded base the area of contact varies 
with the load, and unreliable load : deflection 
curves are produced. The most satisfactory 
plunger is a frustum of a cone, with 'the larger 
base resting on the jelly snrface. , Families of 
straight lines passing through the origin are ob-
tained in  good agreement mith Hooke's law. 
( 2 )  Ratio of dianieter of plunger to diameter of 
vessel. Using plunger heads of above shape,, thjs 
ratio should be less than a ,  certain value, or 
spurious rigidity; hence spurious jelly strength 
\Till be obtained. This is a function of the abso- 
lute jelly strength (rigidity) so tha t  compa~isons 
for grading may be ritiated. ( 3 )  Ratio of de-
pression to height of jelly. Similarly the depth 
of jelly lnust be large conlpared with the depres- 
sion, using the same plunger diameter. These 
result8 are discussed in connection mith recent 
work on the structure of jellies. 

01~the i i o i ~ - i s o t ~ o p i ~  swelli?tg of t h i n  shcels o f  
gelat in:  S. E. SIIEPPARD and S. S. SWEET. BT 
coating definite anlounts of gelatin solution of 
various con.ccntrations, etc., on suitably prepared 
glass plates, a!ter drying flat sheets of definite 
thickness and ;area can be stripped off. The 
snelling of these in r a t e r  and aqueous solution 
is not isotropic, i ,  e., no& uniform in all directions, 
but greatest for the thickness. I t  is found tha t  
the vatio of volume increase to area increase dif- 
fers for different gelatins, and also depends upon 
the treatment, becoining lower, for example, on 
hmdcniiig wit11 form:~ldeli>-cle. 

Tlie  271.e23al.atio?t of g e l a i ; ~ ~  fromfree n s l ~  altd 

[VOL.LVI, NO. 1454 

laydl~olytic cleco?nposition prodsccts: S. E. SI-IEP-
PARD, FELIX ~ ~ I S SA. ELLIOTT and A. J. BENE. 
nIcT. A 5 per cent. solution of comnlercial gela- 
tin is electrolyzed in a cell of eledrofiltros for 
three to four weeks, the salts passing through the, 
cell into the electrode ehaibers .  This reduces 
the ash to ca. 0.10 per cent. This rleashed solu- 
tion is then precipitated with acetone, thus re-
moving hydrolytic deco~nposition products and, 
further reducing the ash to ca. 0.01 per cent, 
This gelatin is then redissolved in conductivity 
l~aiter, chilled in sheets and dried. The reactioih 
of a solution of such gelatin i n  solution is about 
4.8 H-ion. This gelatin is useful for all research. 
~ o r l r  on gelatin as mcll as providing a definite 
inaterial for culture media which can be brought 
to any particular reaction v i th  conlplete kno~vl- 
edge of salts present. 

T71c hy,qroscopioity of 7lide glues and t h e  vela- 
t ion of tellsile strengtlh of glue t o  i t s  vloistura 
coi l te~zt:E. BATEMAN and G. G. TOTVN. 

T 7 ~ e  t w o  fornzs of gelatilt and tlaeir isoeleclrio 
points:  J O I ~ N  ERWIN J.ARTBUR WILSON and 
I<ERS.I n  a tenth-molar phosphate solution of 
increasing pII value, gelatin shows t v o  points O F  
niinilnuni swelling, one a t  4.7 and the other at  
7.7. I t  is suggested tha t  the t ~ ~ o  mini-points of 
nlum represent the isoelectric points of the geld 
and sol forms of gelatine, lespcctirely. 

Seine naodevn pvohlen~s o~ leatlaer c h e m i s t ~ y :  
EDUUND STIASNP. The striking feature of mod-
ern research in leather chcinistry is the entirely. 
different point of r i e v  in the choice and treat-
inent of proble~lis as conlpared ~v i th  the period 
previous to ten rears ago. The older experiments-. 
tion ~ 1 - a ~  from the standpoint of directentirely 
practical investiga~tion, while in pure research for.  
the purpose of deep understanding of the pro-
cesses, entirely unfottercd by any thought of im-
nlediate practical utility, in which the entire. 
structure of n ~ o d e r ~ l  science is employed, activity 
has beconle evident only within the past  decade. 
Professor Procter is the connecting link between 
these two eras and the exnmple set by him in his 
scientific attitude is especially evidenlt in the 
United States. A few of the problenls of timely 
interest are the chemical natuie of collagen, the  
inechanjsnl of bating and what is called the 
astringency of vegetable tannins. (The author 
revienrs the results of his experimentation upon 
these problems which will be published in full  
litter). The ultilnate aim, of all research in 
leather chemistry is the widening and deepening 
of our fundamental knowledge of this as ~ e t  
Tery rrndc~elopkd field. 
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DIVJSION OF GAS hXD FUEL CIIEBIISTRY 
A. C. Fieldner, chairlna~z 
R. S.MCBRIDE, s c c ~ e t a ~ y  

Cl,emist,ry of conabustio?~:W. K. LEWIS. The 
present state of knowledge of conlbustion is re-
vie~rcd, the field being di7-ided into, first, com-
bustion ~ ~ i t h i n  second, distillation the fuel bed; 
of the volatile matter in the fuel;  and, third, the 
bnnling of the conlbustible gases over the fuel 
bed. The colnposition of ,the gases irithin the 
fuel bed is discussed ancl the effect of increased 
rate of con~bustion shovn. Tlie velocity of the 
reaction of C plus O2 equals C02 is shown to be 
dependent on the speed of diffusion and not on 
the specific reaction rate. The modern concepts 
of the combustioll of hydrocarbons are also dis- 
cussed. 

Coiizbustro??, of powdered ~IENXYcoal: KREI-
SIXGI:R and JOHNBLIZARD. This papqr considers 
essential factors in burning powdered coal, and 
gires a review of soine tests carlied out by the 
U. S. Bureau of Mines and the Conlbustion En-  
ginrering Corporation. Tlle size of the particles, 
their motion relative to the surrounding air ahd 
lrletbods of bringing them into contact with fresh 
supplies of air as they burn are discussed. A 
furnace and burner designed for burning pow-
dereil coal are slioivn ancl tlie prirlciples of the 
design explainccl. T l ~ e  principal results of tests 
tallied out on s lalge boiler a l e  shown grap11-
ically. 

Silnriltaneozcs con~bustion of CO and I~ydroge?a: 
11. T. HASLA~I.A revielr. of the literature shows 
tllst cloubt exists whetllcr the combustion of hy-
drogen and carbon monoxide is of the second or 
third order. Experimental e~-idcnce is  offered to 
show that lriien carbon nlonoside and  hydrogen 
burn sinlultalleoualy wit11 oxygen in fvee space 
the conlbustion reactions are bath tri~nolecula? 
and that  the ratio of tlie reaction velocity con-

(1 

stants in the equation - - (00)  = Kl(C0)2(O2)
dt 

cl 7cl 
and -(112) = XZ(I - I , )~O2)  is -= 0.33. 

(7t 3c2 
Sonze asl?ecis of c~?abzrsl,ion of gases: HENRY 

E. READ. 
A study of tlbc w n t e ~gas reaclions: R. T .  Has-

Lax. F. L. IIITCIICO~I< Theancl E. W. Runo\v. 
:tction of steam on carbon through the tempera- 
ture range of 650 d e ~ r e e s  centigrade to 1200 
61eg~ees centigrade was studied by nleans of vary- 
ing the pressu1.e of khe stearn and results indi-
cated: First, tliat below 900 degrees the inajor 
rrnctjous are ( B )  C 11111s ?1i20 equals C02 plus 
2H2; (D) C plus COz equ:lls " 0 ;  nl~eieas  abow 

900 degrees the reactions are (9)C plas IIzO 
eclnals CO plus 132; ( B )  C plus 2Hz0  equals 
COz plus ZIT2; (D)  C plus C02 equals 2C0;  sec-
ond, tliat the undeconzposed steam is shown to be 
the coi~trolling factor in the CO and C02 ratio 
rather than the temperature a t  which reactions take 
place; third, equations are given showing the per 
cent. of COP as a function of tlie undecompose(1 
nater  ; fourth, considering the rate of reaction (B) 
as  unity i t  was found tha t  ( A )  a t  temperature be- 
low 900 degrees centigrade reaction (9) is prac- 
tically non-existent and that  the ~e loc i ty  constant 
of reaction ( B )  is 2.0; ( B )  a t  temperature abore 
900 degrees the velocity constant of reaction (A)  
is 1.0 and that of ( D )  is 2.18. 

P~oduce r  gas ~ ~ a c l i o n s :  W. K. LETVIS. Appli-

cation of equations in pre.r~ions article (water gas 

reactions-Haslam, Hitchcock and Rudom) sholr--

ing effect of temperature, steam-air ratio and 

time of contact on composition of producer gas. 


The co~nbustion of gaseous fuels: GEORGE I?. 

~IOULTON.Gas fuels commonly distributed for  

iiornestic and industrial purposes by gas con~p'x-

nies Tar?, in heating value from 450 to 1,100 

B.T.U. per cltbic foot. These gases vary in spe- 
cific gravity Proin 0.33 to 0.70, and the pressures 
a t  11h i ~ h  they a le  delirered to the consuiuer's 
appliance vary from 2 to 13  inches of ~ ~ a t e r .  
Tlie result or these large vadations in heating 

. valnc, specific gravity and pressure is  that  the 
msriufactnre of efficient gas appliances has been 
greatly retarded; the kuoirledge of correct acl-
jnstment of appliances is  very x7ague, and mocli-
iicwtion of existing standards of quality has been 
inatle dificult because the effect of these changes 
on cluality of serrice, efficiency of utilization and 
safety of operation has been difficult to deter-
~ninc.  The range of operation of burners as  yell 

as  the efiiciency that  can be secured will depend 
p r imr i ly  on the cl~nracteristics of the flame. 
This paper shows 11orv these flame characteristics 
:we nlodified by a change of injection of primary 
air rvhich nlay be caused by 1-ariations in g i s  
rate, pressure, coinposition of gas, etc. 

Co?nbztstion in eiigiile cylinde~s: H. C. DICK-
ISSON. Thq process of colnbustion in engine 
cxlinders presents soine very interesting problenis 
~vhich denland a radical depanture from the usual 
methods of reasoning and experiment. When a 
coinbnstible mixture of gases burns a t  constant 
volune no two successive portions of it are burned 
a t  the same pressure or the same temperature or 
a t  the saine time. The reactions do not take 
plncc sini~t1:aneously tlirougliout tlie iu:~ss anil the 
Inw of mnss ac.tion does not apply, except t o  



inl-il~itesiliial clelilcr~ts of the charge. TEIL' times 
i ~ i ~ o l r e d:ire excessively cliovt anil i t  is do~bbtful 
i f  chcinieal ccjnilibriuin is ever :~ttaineil a t ' a n y  
point iultil tlic in~port:rnt phase,$ of the process 
a1.e pxmed. Tile iinportal~ce of tlic interilal com-
bur,tion e~igine in tlie prese,llt scheme of tl~iiigs 
domniiils n1uc.h irlorc' pi,ecise kno\rledge of t l ~ e  
chi'mistl.~ inrolred in its operation. 

b'ctciors goz'erl~lit,q i l ~ aselcctioii a ~ l d  ~l.sc of fuel 
j'oi i7tdz~st~iallteati7zg ol~ei .c~l lons:J .  A. D ~ Y L E .  
This paper deals nritl~ factors yorcl.ning the selec- 
tion and use of fuels in tlic prodnction of cliein-
ical p~oduc t s  sub jc~ tcd  to the action of heat in 
the process of manuf:~cturc. The necessity for 
considering the physical fo,,iil aiicl chcrt~ical nsso- 
ciation of a given foi.in of fuel, in. addition t o  the 
heuting valuc of tallat fi:cl nnd tlic meclinnical 
characteristics of the :cpplir,n?e for gencr.:lting, 
applying and utilizing he;lt in the l~i~n(luctis 
strcssed. The inflnencc: of cxcess air upon the 
heating vnlue of the difierent fnelu, the coni-
position of thc ntnlosphcrc? surrounding Ihc ilintc-
rial to I)e l~enletl, the rli~:cnges in coinpositioll of 
the combustible inixtnrcs and the products of 
co~nbustion of the different fuels ~vitli T-;trying 
amounts of :lir are sliown. The influence of 
process rcquireulcnts and pl:unt conditions upon 
tlie choice of fuel is ontlined. The above points 
are illustr:lteil by g ~ a p h i c  ellarts showing the 
relation of the various factors and their influence 
upon the final result. The paper is in substance 
n plea for a broader consideration of t he  problenl 
of fuel utilization fro111 the standpoillt of the 
quality and cost of the finished product, and the 
necessity for developing a better understanding 
on the part  of those concerned v i t h  industrial 
heating operations of the influence of the condi- 
tions governing combnstion upon tlie use of fuel 
and the utilizatioa of heat. 

Xetl lods of utilizing Zlte coke produced b l ~  low 
te.lizperatzir.e cnrbowizatio?l, of coal: ~ ~ A B R YA. 
CURTIS. The coke obtained b~ lorn temperature 
carbonization of coal is soft, light and quite un- 
suited for general use as a smokeless fuel. At-
teinpts have been made to increase the density 
of the coire by conipressing the coking coal inass 
in the retbrt, but these nlethods have not attained 
commercial success. By pulverizing the  soft coke 
i t  can be burned efficiently in powdered fuel 
equipn~ent, but preliininary tests of the fuel on a 
Coxe stoker gace unsatisfactory results. By 
grinding the coke, briquetting i t  and carbonizing 
the briquets a very high grade smokeless fuel is 
obtailied, but  tlie cost of these operations is  high. 
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Tibe fornzs o f  s ~ : l j ' u ~ .  p7bysico-che;)~irnlirc coke--+ 
stzldy of the  s ~ ~ l f ? ~ b y  earbolt itifrk tcr~r-Iiercl at  
pemtzcvcs: .%I,F'XED X. POIWLL.A\ yrhose ruie 
study of tlie systc?il~, P:II.~OIJ-sulfur, Erigli ti,nl- :lt 
peraturcs sho>vcd that the sulfnr exists in two 
distinctjive forms: ( 1 )  ;i rery stablc form wliicla 
exhibits n l i  the p~o~ te r t i c s  a solid sotntjon, :,uriof 
( 2 )  f lee su!fnr pli~sicnlly :tbso~.bed h- the e:irbon. 
Coke 111:~)- ccnt:iin both of t!iesc for~nu in :rilt7ition 
to some sulfur comiliined n.ith iron : I S  ferrous snl- 
fide. . At tenipi.r:ltures in the ncigl~borliood o f .  
500" C. the ferrous xuifidc of coke o.sidjzes very 
re:xdily in t l ~ c  pr:s<>ilce of air to ferric oxide and 
free sulfur. ,  'l'l~js re:rctioii scenis to ocenr clcrl.ing-
lhc quenching o-f coke and explains the disnp-
]~cai:iiice of ite~.ious snliirle fro111 coke r :~ t I?e~tlian 
any r~ac t ion  ~ ~ h i c l i  O C C L ~ ~ Sduriiig the coking 
pro(8esiL 

A specific of)paicitics fo'r gclse8: 1'. $1. ~ V E Y -
3Jor-Ta, 1%.T'. , ~ S I ) ~ ? R S O Xarld J. R. F,\r. This 
nenr device cousists of n tlriil oriiicc anrl a small 
c:lpilia~~$titbe ill so i e s  n~iil ni:~.bes nse of the fact  
that tho diffeventi:il prcssnie rcsultirig i'roln the 
steam-line flolv of gas througlr a cnr~ii1:try tube is 
indepeiidcnt of the specific !:rayit! of.' ilie gas 
1~1lilo the difl"erenti:~l presstue ~ c s i ~ l t i n g  froni the 
flon- of gas throiigh a thin orifice \-;tries directly 
v i th  the specific gr:\>:iip of the gas. The Aow of 
gas thi.ougit tlie orifice is kept coiistarit by holding 
a certain differential pre,ssurc on the capillary 
tube and the differential pressure on the orifice 
is calibrated to read specific gravity of the gas. 

T h e  esa?~ti,i~cctio?z of low-tenlperature coal tars :  
JEROMEJ, MORGANand ROLANDP. SOULE. A 
critical rerielv of the adaptability and limitations 
of procedures available for  examination of low-
t e n i ~ e r a ~ u r etars. The lower boiliiig phenolv are 
determined by Raschig's nitra'tion method to-
gether with mcthocts based upon freezing point 
and densities of b i n n r ~  and ternary mixtures. 
Paraffins and ~lnphtliencs arc freed from unsat-
urates and aronlatics by 98 per cent. sulfuric 
acid. The proportions of paraffins and naph-
thenes in their mixture are found from density- 
boiling point curves. For qualitative examina-
tion nun-saturated h~drocarbons are separated by 
liquid sulfur dioxide. Xo method is kno~sn for  
estimation of unsat~nrates in presence of aro-
matics. 

2'11~Becke i  c o n l b i n a t i o ~ ~  coke oven:  J .11-~ROLD 
Xose. The latest advance in by-product eoku 
oven design is represented by the Eccker ceuk-
bination oven, a nlodification of the Iiopperj  ovea. 
Greater heating efficiency, bettor coke q ~ ~ n l i t y  aud 
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inciaeased strength of construction are obtained by 
a novel design which provides for the heating and 
regeneration of the coke and pusher ends of each 
oven as separate units. I n  this construction, gases 
of combustion pass over the top of each oven and 
down through the opposite flues of the same end, 
instead of passing longitudinally to the end of 
the same line of flnes. Details of design mill be 
fully illustrated by means of lantern slides. 

MetJzods for s tudying the  nzacrostrtbcture of 
coke:  HAROLDJ .  ROSE. The study of the struc: 
ture of colre has been greatly neglected, due 
largely to the difficuliies i n r o l ~ ~ e din preparing 
specimens, and in satisfactorily re,producing the 
structure photographically. This paper opens the 
n-ay to the comprehensive study of colre macro-
structure, by the use of norel methods. After 
sectioning the coke, the author impregnates the 
cut surface with a white hydraulically hardening 
compounil, after  which i t  may be  polished to ally 
desired degree. The excellent contrast of black 
coke mith white impregnating compound makes 
detailed study and repro&uction an  easy method. 
Another novel method is the direct reproduction 
of the coke surface a s  db~tained by inKing the 
polished coke surface and printing mith i t  on 
enanlele4 paper. The article is copiously illus-
trated with macrophotographs. 

A new electvic furnace for the  determination o f  
the  by-pvoduct yields of coal: HAROLDJ .  ROSE. 
The by.product yields obtainable from coal when 
coked in a by-product coke oven may be deter-
mined by laboratory distillation tests. Since the 
yield of by-products is seriously affected by small 
variations in distillation conditions, the labora-
tory determination requires the no st rigidly con-
trolled testing conditions. For  this purpose a 
furnace, consisting of a deep trough formed from 
a nnn>ber of U-shaped electrical heating units 
mith individual control, has been developeil, and 
is in regular use for research and testing pur-
poses. Typical results are given to show the 
agreement of duplicate deter~ninations made with 
this apparatus. The furnace is described and 
fully illustrated. . 

T h e  conzbzcstiorz of 'coal  which has been a long 
t i w e  in stovage: S .  W.  PARRand T. E. LAYNG. 
It has been fairly ~vell  de~nonstrated that  coal in 
storage does not lose any appreciable number of 
heat units. Previous investigations show the 
seeming loss in B.T.U. to be clue to a correspond- 
ing increase of ~veight resulting from absorbed 
oxygen. Holvever, wlle11 coal, especially fine ma-
terial which has been lolig in storage, is burned, 
the result is very likely to sllow a low efficiency 

and indeed such ~ o a l  sometimes secms to bk un-
willing to burn a t  all. The results noted in this 
paper account for the behavior of such coal t o  
be due to the fac t  tha t  coal in the finer sizes, 
especially coal of the mid-continental type, has a 
very large absorptive capacity for oxygen, that, 
because of the colloidal character of the coal sub- 
stance snch absorbed or adsorbed oxygen is held 
so tenaciously that  when discharged by heat i t  has 
reachcd the conlbining stage and goes off as COP 
The blnnlreting effect of this gas over the fuel bed 
results in a clcadening of the fire and a loss of 
efficiency. 

A stzidy of solvents for  the  separation of coal 
into i t s  t y p e  co:lstitzieitts: R. S .  FISHERmith 
S. TV. PARR. Thegreatest  advance in coal studies 
during recent years has resulted from the use of 
solvents which separate the coal into its type 
constituents ~vithout decomposition of their chem- 
ical structure. British and continental investiga- 
tors have made much use of pyridine, which, hom- 
ever, seems to lack this prime requirement of a 
true solrent in that  i t  enters into chemical reac-
tion with certain of the coal constituents. The 
work here described gives data in the use of ben- 
zene, toluene and xylene, with methods for '  the 
use of the latter solvent which excels all others 
in the amount and conlpleteness of removal ,of 
the soluble material. This is a preliminary report 
only as the morlr is being actively followed up be- 
cause of the promise of larger yields more easily 
recovered than by methods in vogue heretofore. 

T h e  so f t en i~ tg  poir~t  of coal--its dete~nainat ion 
and sigTaijfcal~ce: T. E. LAYxG, W. S. I~AWTHORNE 

and A. W. COFFMAN, mith 8. W. PARR. Refer- 
ences to the softening point of coal are frequent 
in fuel literature. The term heretofore has had 
a very vague meaning. This paper describes a 
method for its cleter~nination a t  once si~nple and 
accurate. The interesting fact  has been devel-
oped that  under uniform conditions the softening 
point repeats itself with marked constancy. More-
over, i t  is evidently a charact~rist ic factor for  
varying types of coal as also for coal which has 
been for different lengths of time in storage. 
That is to say, i t  is a value n-hich runs parallel 
with the oxygen content. S o  less striking is the 
solidifying temperatures, which result in a curve 
sym~netrical 117itl1 the range exhibited for the 
softening-temperatures. Description of the ap-
paratus 1~4th results on numerous coals are given. 
The. results are exceedingly interesting and may 
answer. such questions as :  What is the type of 
coal? SVhat ~vould be its behavior in storage? 
What kind of coke ~voulcl i t  make and vha t  n~odi- 
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fication of esisting methocis vouic"i improve i ts  
cokillg qualities? The report is' prelinlinary only 
and further experin~ents are in progress. 

2 ' 7 ~  fractional deco?;~p)ositio;~ coal altd of coal 
conzj~onents:8. TV. PARR and T. E. Layso. ISext 
to the fractionation of coal by solrents the frhc- 
tional decotnposition of con: ;n its combined form 
and also of its separate type constituents has 
furnished the moat raluable data concerning the 
character of different types of coal ancl their be- 
harior in the process of decompositlcn. Inresti-
gators in this field heretofore hare failed to ap-
preciate the significance of oxygen either com-
billed or absorbed, but especially the rBle of the 
oxygen held in so111e for111 of absorption. The 
results as interpreted from the .standpoint of this 
investigation hare an  entirely nev ~neaning and 
are of funda~l ie~l ta liniportance in eollnection 
with studies along the line of coal cnrbonization. 

A proposed thc01.y of coctl ca~bo~iizcctio~t: S. IS, 
PARRand T. E. LAYNG.This paper presents the 
sulnmarized results of the ae~e rn l  contributory 
lines of investigation on topics directly related to 
the carbonization of coal. The evidence seems to 
be conclusive that a correct theory for coal car-
bonization~has yet to be ~rr i t ten .  I t  is not to be 
inferred that its final foiinulation is attempted in 
this paper. Homerer, the results now in hand 
point out the general outline. The basic prin-
ciple seems to be that  the bonding effect ~Ghich 
results in the production of a coherent nlass is 
due not only to the presence of bitulninic mate-
rial, but to the absence or control of deleterious 
products of decomposition from the cellulosic sub- 
stance, which under certain conditions nlay 
weaken or completely nullify the bonding prop- 
erty of the bituminic bodies. The production of 
coke is therefore not a si~nple matter of destruc-
tive deconlposition of organic matter, but a 
destructive decomposition accompanied by cross 
reactions \vhich may, under varying circumstances, 
produce an  altogether different result as  to the 
physical character of the final produ~t .  The 
paper is a preliminary report only. 

Utilization 6f gas a t  ANNAP.10'1~' p ~ e s s ~ ~ r e s :  
WARREN. S O  much has been said about the use 
of gas and so little in?orlnation of practical ~ a l u e  
to the domestic consumer i r  available tha t  ex-
periments under actual holne conditions are in 
progress to determine the conditions necessary for 
maxinlunl thermal as well as practical efieiency 
at the ~ninimunl pressure and rate of cons~?np-
tion of gases varying in heating value froin 1,150 
B.T.U. to 600 B.T.C. per cubic foot. Up to the 
present time, under stanclnrcl coaclitions, nztura! 

gas is the only colnn~ercial gaseous fuel that  will 
give relative big11 thermal as xell  as practical effi- 
ciency under one ounce pressure. 

Available hyd~ogenin coal a?zcl a direct naethod 
f o ~its estinaatiola: D. DAVIS. ArailableJOSEPH 
hydrogen, called "disponsible" hydrogen by 
Gerlnan writers, is hydrogen contained in coal i n  
excess of that  reqnired to satisfy the total  oxygen 
calculatecl to water. I t  is custonlary to calculate 
the arailnble hydrogen of a coal fro111 its ultimate 
analysis. The method described in the paper is 
volu~netric. I t  is similar to that  used for the 
analysis of conlbuartible gases vherein the slo* 
co~nbustion pipette is used. The coal is burned 
in a l c n o ~ ~ n~iolume of oxygen and the rolulne 
contraction observed after the colnbustion has 
taken place is due to oxygen consumed in burn- 
ing the a~a i l ab l e  hydrogen to water. 

Tliern~al o p e ~ a t i o ~ ~  qnode~n regenerator coke of 
ovens: D. m.WILSOS, 11. 0. FORREST and C. H. 
HERTY, JR. Briefly stated, there hare been 
included in this report: first, discussion of data 
needed to show completely the thern~al  opera- 
tion of .a modern regenerator coke oven battery;  
second, description of the experinlental methods 
einployed to obtain the needed data together with 
a table giring experimental figures obtained; 
third, a table balancing total heat input against 
total heat output is given, with a discussion of 
this and a calculaLion of the efficiency of the 
ovens; fourth, a so-called sensible heat balance 
is tabulated, the net heat effect of the coking 
process is discussed and the relation between the 
sensible heat balance and the exothern~icity of the 
conversion froin coal to coke is indicated. 

Producer gas from powdered coal: R. T. HAS-
LAX and L. HARRIS. Aside froin the  possibility 
of using a l o~v  grade fuel, the use of powdered 
coal for the nlanufacture of producer gas would 
give a constant composition gas free from tar, 
thus being easily cleaned, nnd the producer would 
be flexible, rapidly handling changes in load up 
to full capacity. As a result of experimental 
work not yet completed a gas of 12.0 per cent. 
GO and 7.O.per cent. GO2 has been generated. 
Theoretical and experimental considerations show 
that the maill factors are, first, high temperature 
in the combustion chamber (1,100-1,300" C.); 
second, air for co~nbustion highly pre-heated (900- 
1,000" C.) ; third, coal finely pulrerized, and 
fourth, air and coal well mixed together and so 
maintained until the end of the reaction. 

Secre tary  


