
War Record of Chas. c. Colb y • . ---~~J~~ 

Special Expert, Commodity Section, Division of Planning and Stastics 

United States Shipping Board, I9!8-I9. Major work was on minor 

food commodities, 6entral and South American problems and Pacific 

Ocean tonnage. 
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Enlistment 

I 

2 

3 

Promotions, 4 
Transfers, 
Offices held, 
e.g., Co. Comdr., 5 Adj., etc. 

6 

7 

\ 8 

Discharge 

State in detail military ex­
ploits performed, honors and 
marks of distinction conferred 
(including service chevrons), 
and any items of interest con­
cerning your service, such as 
position of instructor in special 
subject, etc. 

' 

(State in full, without abbreviation) Abbreviations for 
RANK, BRANCH of SERVICE, and ORGANIZATION, specifying LOCATION 

Co., Reg., and Div., or similar designation of unit 
RANK BRANCH 
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The blank does not fit my particular case. My war connect ion was 
as Chairman of the Committee on Botany of the National Research Council. 
Thia committee ~orked on emergency problems connect :;Jd with food produc­
tion, food values, timbers, and raw materials (used in manufactures, in 
drugs, and for ~any other purposes). 
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War Service 
information: 

,. w 

history Depart ent, 

University of Ohica~o . 

l am not sure that I did anytnin~ that 
falls ;i thin the purview of ar set vice ol:'fice; but L 
am riskinQ the following statement: 

1,1 have been spending my suoccrers on a small farm 
near Harpers F' err y, V i r ~ in i a, s i n c e 1913. · 'l' be re was a ten­
an t on tne farm when we entered the war. In order to in­
crease the f· od utput in 1918,1 r n~e a niece of aste 
land adjoinin~ and panted it in corn . Ve made • • • •• 914 bushels 
The next year we planted wheat on part of it and ... . 390 " 
The remainder was plantea in corn or grazed,result •• 360 " 

rotal corn 1,2?2 bushels for 
the t\ ... years;1 wheat aeo bushels . 

The extra cost to me was,rentals ~oo a year or $ROO total. 
Other expenses,estimated, $200 

I f t • --- .......... -.............. 

G,Of less imoortance: In the autumn of 1917 and early 
winter o! 1913 l prepared a preli~inary study of the 
Japanese- Chinese situat:on in the Far ~ast an a sim­
ilar study of the ~cnroe Doctrine at the request of 
Colonel b use. these were duly submitted and accepted; · 
but I do not ~no whether my cone usions ~ere of any 
practical va~ue in the scramble at faris •. ljtill a third 
survey as made for Oo~onel Bouse oereonally~ It was a 
study of recent American industrial and commercial ten­
dencies . mention these matters merely . They nave no 
place in the kind of list your blank called for . 

Yours incerely ~ 
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ltbe 'Ulnt\lersttp ot ~btcago 

DEPARTMENT OF NATURAL SCIENCE 

DEPARTMENTOFZ06LOGY 

Ube Scbool ot .:e~ucatton 

Mr. D. A. Robertson 
President's Office 
University of Chicago , 
Chicago, Illinois. 

Dear Sir: 

~ebruary 17, 1920. 

I take it that on the enclosed blank it is 
desired to have entered only actual military service. 
I am sorry that my a~e prevented my enlistment. 

I was a member of the Illinois State Guard, was 
Director of the hyriene work of the Junior Red Croes 
in the Middle rr.-est, and did Four 1!inute ,ran sues.kin~ 
twice a week. 

Yours very truly, . 

ERD. AF 
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(including service chevrons) , 
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cerning your service, such as 
position of instructor in special 
subject, etc. 
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War Rec rd 

of 

Henry Gordon Gale. 

Entered second Officers' Training Camp Ft. Sherid~n, August 

2?, 191?. Commissioned 1-Capt. Infantry, November 27, 191'7. Re-

p .. ·rted at CaJllp Grant, December 15, 191?. Detailed as senior 

Instructor, Third Officers' Training Camp, December 15, 191?" 

Corruni ssioned Capt. Signal Corps~ January 15, 1918 and reported 

e.t rva shingto~, u. c.. Commissioned :Maj or Signal Corps and sailed 

for Europe. January 31, 1918. Arrived at Liverpool, February 

16th. At LeHarve, February 19th. Stationed at Paris and Langres 

until June 15th. Stationed at Tours · s officer in charge of the 

Meteorological Division and later Officer in Charge of the Special 

service Division, Office of the Chief Signal Officer. Commissiormd 

Lieut. Col. Signal Corps, March l?, 1919. 

Left Brest, March 26, arrived at Hoboken, April 2, reported at Camp 

Alfred Vail, April 3. Reported at Washington, D.C. , April 4. Hon­

orably Discharged April 4, 1919. 

Decoration as Chevalier of the Legion of Honor conferred by 

the President of France, April 4, 1919. 

Citation by the Commander in Chief of the American ~xped­

itionary Forces for "exceptionally meritorious and conspicuous 

services", June 3, 1919. 
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S~t.9,1919 

liy dear ur. Ro be rt sonj -

I have nothing to give for the bibliography. 

No form for war work was included in the letter to me.Ky 

work was limited to reading German a.nd Scandinavian newspapers 

formtthe treasury department and the post offioe,while serving 

on the Modern Language Committee:.9f the Faculty. 
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Member of Corni ttee in Charge of Vocational Education for 
Soldiers, Central Division, and especially in charge of" 
Section B" 

' 
s. A. T. c. ' University of Ch1cago. 

}i~gaged in Research Work for The Chem1cal War Servic~ 
and the National He search Council~ 

Subjects of I1Ptestigat1 on: 
l.Adsorption of Po1eonous Gases in Specially Tre ated 

Charcoals. 
2.Determination of the .Apparent and True Density of 

Charcoals. 
3. Determination of the Apparent Surface of Char trnal. 
4. Combust:ion of Carbon Monoxide. 
5. The Effects of Acids and Hasas on the SurfacP. ~nerfy 

Relations of l~, t~-Dichloroethylsulf1de (Mustar1 a Gas, • 

Nos. 1 and 4 w111 not be published, as GenPral Seibert 1s opposed 
to the pub11cat1on of rlo. 1. 

A .opy of No. 5 is inclosed. 
No• 2 is now in print in the Proceedings of thP. Na.t1onal .Aca.oemy 

of Sciences. 
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*Jnstructor tn ~nJlish an Lecturer on J 
after the Arm1st1cg,Instructor in Jerman 

lhree gold ervice chevrons • 

S. Eistory, 
o ~renob. o 



J 



ttbe 'Ulnt\'erstt~ of <tbtcago 

r.:y dear Ex- Co 1one1 Ga 1 e : -

CHICAGO, ILLINOIS 

@mce of tbe Ptest~ent 

01 Forcct _.ver.ue, =~st, 
Detroit, richi_-·an, 

Oct. 3ru.. lJF. 

It .Jeems much more than two yearG aeo that ffOU and 
I e: e ncandidatesH together at Fort Sb.er.:.dan , renewing ·our 
youth •ith the boyb. Both of us have ~one thro~h a great 
variety of ex,eriences since then. You, I am informed, re­
turnee from :J1rance several monthc afo. I r-ceived my honor­
able dic~harge only the thirteenth of last month. Perha~s 
a brief summc.ry of m~r varied formJ o:· service a road may 
intsre2t you • 

.l~fter the first eleven v:ecl{3 spent i?: Offi(;era' 
trainin0 caEl·::is in :?ranee, of v·hich I c:. vc.. you an account whe11 
your guect at llmcheon in the Hotel de la _oste at Lan,=-res, 
I "ent to Pari~ to re11ort to the Chief Liaison Of::icer. I 
bore ,, j_ th me or cl er'_, :: r om G • E • Q • a o s i ~,n i ng me a c IJ i a i ~ 011 

Of.-icer with the ld "Ct Li-vision. ··. fe~" clays efter renort-
ing in Paris, the Chief Liaiso11 Qf-f'ieer took ~E ··n ~1iO au-.. o­
cer to Ist. Div. Hors. then loc· trd cbout fi~ty miles north 
of Paris (the divi8ion bein~ on i~~.marc~ towErd the Prort 
nec:1r Canti,:~'"'"r • To ~y deE" :1 reeret the com:.nandirLr o:fi'i csr at 
Hqrs. refuLed to a~ce~t anJ- aLCitional liai3on of~icer· at 
that time, ·i-r7efer:_1 ):CC"; to m:~ .i.t U:ntil h-3 vhOU_l hove 20L!.ethil1f 
for them to d , so I WE~ ~onructed back to Paric forthwith. 
.. f .:- ·7 d a y s 1 a u e r o 1'' cl er -i r e c ch e cl r 1 e a r s i_:~n :f y. t:.· !i~ e t o d Lt y a c 
·Liai:::;on Oi':f_ icE:r L1 the Trans1-;ortation Deu.: ·-.tms:1-'-; of' tl:e .. 2:.,ench 
=-inictry of r:v·ar, at Paris. r--1here I rer a"'ir:ca_ sbout; tv o conthJ, 
my a. u t :. e s c o Ii;_ is t :i. nt; of tr a r_ s 1 at i rs --'=' r c rr: 2n .s 1 i s ~1 i i:-'c o :51 re n ch 
_( o: vice verca) all corts of oruers, r·21iuests o~-· communications,, 
I acted aloo ac inte:ureter at confererce~ bet~eeL u.e. a~d 
French o:f.::·:c21 .- In thE midc...le of Ju:1e, 1918, I r:os cr(:ered 
to Lion to be Liai~on Officer at the French Re[·ional :.Iilitary 
HeadcuarterJ located in that city, I h2c1 n,Jt bre~~ at v·orl:;: 
in thio nev1 )OGition two \'.'ee~:S before I ··a_ made .. ~ . P.:1. at 
Lyon in au c .. it io1:t to my Lia .:.~on job; ard there· was no ·other 
· .• P • .hl . to shsre the re8 _,,onDibilities ~"ith i'1e . Theoe t\·:o 
_,os it iorn.J kept ue b.ustl ln:, I can aosure .~r u. re-= r thE: end 
of Aue;u::t, after a sojour·n o~· te~ wei:-:£ i:: LJ·o11, I r.ece :ved 
a telegram from G.H.~. orderir[ me to report to the Adjuta~t­
Genercl as soon e~ 1rnD ible. '. .. en my eucce-~~_or 1:2d srT'ived 
end had been b:roLen- in, I betook !~1y~rnli v-it_1 ell r.:need to 
Chaumont, believing I was at la~t to be plsced in the In­
telli,_·e11ce Ci:ction or Eervice , ,.,here I was ~onvircr:d. I 
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could be of most value . II!lagine my surp:."i2t:· when I rE.cd.ved 
· orU.erJ ac~ ignil ['; me as Instructor in ~ncli.;ih in a school, con­
ducted y thE "French :Iilit2ry :.Ijs3io11 attachcC to the P.merica11 
.rmy" , in ~·:hi ch French of'::icer:.:.: ( i'ror.1 Lieut- Co1one_s d01m 
to 2econC't Lieute11ant,J), sel"'cted on the basis o:f mifilitar1 
merit and e.-::perience ao v1ell ac on account of their Enorledge 
of the =nrli~h la:n.[uage, were e.:.nr t::.. ... air:ecl to fill position8 
as In:ormin.: Ofi-'icer._ with J\mericcn: .t~rrny units . Thie Center 
of Inotructior: was loc[ t8d at Faver · e. (Laute ;:a_oJ1.e) on tl:e 
route betveen Lan~reo a~d ~in2l. The villafe ~ontained lees 
than J.GOO inhs~ itanto , a typicc:.ly dirty :0'rench rur8l ~or, ... mnc. 
I leove it to you to imagine hov1 er:j oya )le ny rev1 :-urround-
il:gs were a± t er he. viL ' l i vea 211ore or lE'J ... : l u:z11riousl~l in 
large citieq like ~orlc and Lyon. Ho1ever, th€ cout~ry 
rOlmd about Fav r ney is icturcsgue a::d :Bal thful and. my 
worl: nrovEct "'~oth int erecting and eorgenial.. I r:eis 2s: .. ed to 
lecture on United :ta-:eu ' Hintory a.J :'.:.'"e · of the of:i".:E:rG, I 
~ac inforoe& , h~d more thatn the VE~uest ideas on that sub-
ject ard all ~eisred to ~1ow more. Of cours 0 I l~cturec in 
~nb'lich (or rather in .:r:erican) ,. nd vrno expect ea. to converse 
with ths 1'·rench officers· in my 112-'cive r..ialect ·on· every -~ o:J.~ ible 
occasion ~·o as to eLc .,_e them to learn - .mer~ cc1: ic, i01:1.: ::.::-:d 
pronunci~ tio:n . I wau one o~ se-.;en r.!erican lieutenants :'ivin·· 
i~1 e1truct ion in En:-liah, a 1 thoue;h ea ch cf us· lectured 011 a 
different subj.ec"'..,. The int:;.mate co ·.tact with many very 
intel... .. icent and perconcll-1 char!':1in~: .:&1rench officer , ·:1hich DJ 
ne- position nade 1,ossible, wc.2 delight;~ul. Tile comncn1d .. in~· 
of;icer of the school, a I~jor (Corma~dsnt) of C~cssenrL d 

pied , treated us ~aeric~ns mo~t hospitably and to k ar eo­
pecial fancy to me , rr.eking of r:.e al_o._..t a boon:-t;om·;2nio11 . 
He took me o~ a wee~ ' c triu with him to his pare~tal ~ome 
in Le Puy, 1:hence "- drove- ov.sr to visit Lc:i:feyet;·L.e ' s c:!::atc:au 
situated not f'sr ciistsnt . He kept mF with him ·at Fc.ver:iey 
efter ·he let Z"'"' the oth~r si= 11.n:eric&n linlte:c8nto 1mtil, 
in fr ct , ths nchool , .. o disbanded enc h.c hio3el:::· ua3 ~.i ven 
another 6..:JG it;;nne .. :1t. That \/: 8 the cr,_6. OJ. I.:arch of th.:..o ;;rear. 
Immediately aft 0 r the !r.c:iatice I '''a.J _.,laCEL~ i 11 chcrge of an 
advance&. course ~n Gerr!1an cor:.verJc·.tion c.n:c ~ 1hEn a rec_~1.eGt 
""as rec€ ivsd :i:'OT' an officer able to s ;ea" Germa:i o.i.' ?.::.:flisn, 
it wao I who ezs~ined the officerb cvailable ~or t~e ~oJi­
tion to be filled and ~as~cd on their linzuintic cuali~ica-
tiollB. •r .. er. relea.w ed fro:'"'1 Feverne-y I er"' EC.JC Ed to be oent 
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back to the E'tr.tes . 3ut Fate tec.re~d otherwice . Lieutenant 
at G. 1 ... . ' · "rs let go .ho "e to 1-ii~ .. ,ife and I r:Gs a0 .... igned to 
fill the v- cancy . Thus I became n.Leave Of_ icer·1 at J?ost Heed-
quartere G . ~1 . ". . and n In"tier-pretern ~o the Po .. :t Co::.miar:dert, 
Col . Ralston. Iva.., ~ce1Jt on these jobe until , . H. Q. waa 
clos€d :1d abandined )y t ~e u • . : . Army . .". 14 d---~1 _eave beinz 
then due ne, _ tooL it , L~ orders i~structi~L me to re~ort at 
Brest at its expir tion fo::' trann:;ortation as e cacual of icer 
to the U. 3 . On .Au:;ust 2 1d I reached Brest r·:.ere I "a i tec1 in 
idlene'"' i"o~ ... sor..2time till ~lnall,y I we:. .... a~r?ointec~ second i· 
coomand of a Brest Casual com~any o~ 151 enlists? ~en. fter 
::.iev€ral doys and 11it_):t2 of wor~- v.·i th oervice recorcl:J, eQui. pi\:_· 
the men , and SEEin[;' then: throuch a:.ver.o _~ind, of in ~;rc.J·ions, 
we were at _2ot oraered o~ boar~ the U . S . ~ . Troy on ~bic~ w 
hac"'.. a L low ut rather _.Jlcasant 1- omeward voyage. ~' t C~m) 
l1e1o"lri tt we h.:-d more \'1ork with service record and aa_c i tional 
il:snec ~io .. 1 :1uiooc.ncrs. 11he la2t la 1 ;1a .... E:L::.te1 ea. unon when 
the cor.1p:·1y o~ 300 men, to whic!: I v:2~ atJ:ached_ c.~.d ... hich 
Wo':. bom:id for Cam};> GraDt, rns ordereU.. to entr2ir for that 
des t i:r1 a.!.. ion • 

Dur i:r:c m~· e iL~·h t e ,:: mon th:J 3 e rv ice. ·i1: tb. 0 - • ::--- . F. , 
I faili=-d to re1 ort for· duty o~ly ir::. acco mt o:.· illness, 
viz. three ., a"J?S at LanL.reB u~ ... en cupnoL - 'eve t~·: _, 9in ~ 
eye! 1 crd t':1elve da~7c S:)El1-t ... t Ba3e Hon _.;it~1. _7 a"'- Dijon ·:·it_ 
t!1e np1u 0

• I had a_..;o t~...a 7-day a~:d one 14-d."';;,.- leaves. 

It ic no·c my :Jre'"'erit i:1tertio ~ to retur1 to the 
History Der')ortLe1:t of the Unj_ver0ity o::.- Chicago. Du: .. i::.:z, m_j~ 
so:ourn broad, I cones ived the idea tl:at I could -10 __ ibl .... 
be o:Z g_"'eater va ::_ue to r..1y court:.,y i -.. t.G.e ..10:-sular Cer~·:ioe, 
L:e 2much '"'1 I he ve i:..ow a cood commana_ oi both t1"'..E _ rench and 
Gsrr.:211 lencuage , h..,,v~ alread.y cr1e1:. more ~har. .seve1 ,year..., 
o:.=· ny life · r.. E1:~0De c:.::d u::i acre familiar" ith :·tro--~a-'2. co:--
di.1:.i.: ons t .;.an Y.o~ 1,, cc;ndidc.tes for e;QT1sula:c ..1osi"'cior.s. I cha 1 1 
have to ass a rather ot.:_f·" e:zarr.ir.;.ation in- clifficult •.Jl°!.b:-

j ects, li ~::e InteriY tioral Law, Cor·J..iercial Le"1
, :.,..arir s La , 

.... ol it ica 1 Ee onomy c 11cl :Jo .. . .:ere i o.1 € o _orsph;y-, ut, b e:f J!'e t: is 
e:xcr1:·_atio11 ls .:ell~, ·I ho E to l'cve oc~u:.rsd. a emf:' icip·:t 
maotery of' the...;e CU)jsctG 'Go ;.:tard the teGt. 

:.~ow th-= :0~·1a:rtmey-.-'c oi .... te j_nfo:crn ... r.:: t'~at 
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Reprinted from the PROCEEDINGS OF THE NATIONAL AcADEMT OF ScrENCEI!!, 

Vol. 5, pp. 291-295, July, 1919 

VARIATIONS, DUE TO HEAT TREATMENT, IN THE RATE OF 
ADSORPTION OF AIR BY COCOANUT SHELL CHARCOAL1 

BY HARVEY B. LEMON 

RYERSON PHYSICAL LABORATORY, UNIVERSITY OF CHICAGO 

Communicated by A. A. Michelson, May 19, 1919 

This paper is an abstract of results of experiments most of which were 
performed prior to January 1918, but the publication of which has been withheld 
during the war.1 

If charcoal contained in a bulb of glass or iron is heated to 600°C for about 
four hours and the gases which are freed pumped off into the low vacuum 
furnished by a mercury diffusion pump,2 it is a well known fact that when the 
charcoal is then subsequently cooled to the temperature of liquid air it pos­
sesses a tremendous capa.city for adsorbing gas, and will adsorb it at an ex­
tremely rapid rate. This adsorption power, however, has been found to be 
very different with different specimens of charcoal made from the same ma­
terial, in this case cocoanut shell, and also to be very different when a sh1gle 
sample is used repeatedly. The magnitude of these differences is of no mean 
order but may be as large as the ratio of 10,000: 1. It is shown in what fol­
lows that the heat treatment of the specimen during carbonization and aJso 
during successive 'outgassings' is a decisive factor in the control of the effi­
ciency of the material as an adsorbent. 

The experimental method was one of extreme simplicity. The she]] was 
carbonized in an enclosed electric furnace havfog a vent for escape of gases 
and vapors. The temperature was indicated on a Leeds Northrup potential 
point resistance thermometer. The charcoal was then ground up to particles 
of from 1 to 3 mm. diameter and cleansed from all smaller fragments and du-::,t. 
A definite weight (25.7 grams in most of the experiments, determined in dry 
air with which the charcoal was saturated) was sealed up in a tube of iron, 
quartz or Pyrex glass depending on the temperatures to be subsequently 
used. From this tube cocks communicated, (1) to the diffusion pump, and 
(2) to a fixed volume that could be filled with dry air at any desired pressure. 
This fixed volume included a McLeod gauge and a mercury barometer column 
so that the pressure in it could be read to within a few per cent over a range 
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of from 100 cm. to 0.00001 cm. A small Geissler tube was in communication 
with the charcoal bulb for a rapid means of observing the character of the gas 
content and, qualitatively, the pressure. After outgassing through cock, 1, 
this was closed and cock, 2, opened. The charcoal was thus exposed to a 
constant volume of 873 cc. initially filled with air at about 90 cm. pressure. 
This initial pressure was varied slightly as the room temperature varied so 
that the enclosed mass of air was constant, i.e. 1.2 grams. The air was im­
mediately adsorbed and the rate of fall of the pressure observed as long as 
it was appreciable. 

Results are expressed graphically by plotting the logarithm of the pressure 
in cm. against the logarithm of the time in minutes elapsing after the cock, 
2, was opened. Figure 1 shows curves for three different samples under 

identical conditions. A was carbonized at 900°C., Bat 850°C. and Cat 800°C. 
They were all outgassed simultaneously for 6 hours at 425°C. and tested in 
rapid succession on the same apparatus. The enormous difference in rate is 
obvious in view of the logarithmic scales. The initial pressure of 90 cm. is 
reduced in 10 minutes to 20 cm., 0. 71 cm. and 0.0003 cm. for A, B and C 
respectively. · 

Figure 2 shows the results of successive 'runs' on the same specimen. 
This specimen was carbonized at 850°C. and the outgassings were all identical 
at 600° for 4! hrs. It shows a systematic increase in rate after each run and 
subsequent outgassing becoming equal after 10 consecutive runs to the former 
sample shown as C in figure 1. 

Figure 3 shows an effect which was controlled so as to be the converse of 
that illustrated in figure 2. It depicts also successive runs on a single speci-
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men, the carbonization of which was for 3 hours at 670°C. The first run 
shows an extremely active adsorption. Successive outgassings were not 
now identical but were as indicated below: 

First .......................... ..... ................. ... 4.5 hours at 633°C. 
Second ......... .. .. ..... .................. ... .. ·. . . . . . . . 0.5 hours at 800°C. 
Third .................................................. 0.5 hours at 850°C. 
Fourth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 hours at 87 5°C. 
Fifth ....................... .. .......................... 4.0 hours at 640°C. 
Sixth ... ............. ............................. . .. ... 0.7 hours at 905°C. 

The first four runs show a cumulative loss of activity as result of high out­
gassing temperature. In the fifth the activity is in part restored by pro­
longed outgassing at the lower temperature and in the sixth it is again almost 

totally destroyed. Quartz tubes are unsuitable for use for the high tempera­
ture work because of their devitrification by the hot carbon vapor. 

Figure 4, repeating the sixth run shown in the preceding, carried the same 
sample back to high activity in four subsequent outgassings which were as 
;follows: · 

Seventh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.0 hours at 650°C. 
Eighth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.0 hours at 500°C. 
Ninth ................................................. 44.0 hours at 650°C. 
T~nth ................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 hours at 840°C. 

A sluggishness of behavior is apparent after this much use as indicated in the 
long times necessary to produce a change in quality and also in the failure to 
respond as before to a temperature higher than 800. 
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Figure 5 shows continuation of the attempt for the second time to destroy 
the activity. Repeating curve 10 of the preceding and outgassing 

Eleventh . . . .. .... ........ . . . . ..... .. . . ... .. ..... . .... . . . 0.5 hours at 950°C. 
Twelfth .... . .... . . . ... .. .... . . . . . ..... ... ...... ....... .. 1.5 hours at 985°C. 

the activity is again reduced. Recovery is now as before sluggish and was 
not carried to completion. 

Thirteenth: .... ..... .. ..... . .... ... .... . . .. . . ..... . . . . . . 3.0 hours at 650°C. 
Fourteenth .. . . . ..... ........ . . . . . .. .. .. .. . . . .. ... .... . . . 8.0 hours at 625°C. 
Fifteenth ..... .... ..... . ... . . .. . . . . .. . .. .. . . . . ... . ... .. . 12.0 hours at 645°C. 
Sixteenth . . .... . . . . . . .. . ... . .. . . .. ... . .. .. .. . . . . . .. ... . .. 1.5 hours at 650°C. 
Seventeenth .......... . . ... . . . . .. . ........ .. .. .. . .... ... 14.0 hours at 650°C. 

The characteristic form of the family of curves shown is undoubtedly of 
generic quality. These curves have been reproduced on a wide variety of 
samples of cocoanut shell charcoal many times; and when the results are 
assembled exhibit almost every degree of gradation from a central, closely 
linear (after the :first minute) relationship. Similar experiments on pure gases 
rather than air are in progress in the hope of simplifying this family of curves 
somewhat so as to obtain an interpretation expressible in analytic form. 

Two hypotheses have been advanced for these phenomena. One ascribes 
the changes in the sense of increased activity to the gradual distillation out 
of the material of heavy nonvolatile hydrocarbons, many of which in the 
form of tars and gums come off during the initial carbonization. The other 
is based on the conception advanced by Miss Ida Homfray3 that these phe-
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nomena are to be regarded as saturated solutions of a rigid phase, carbon, in a 
fluid phase, gas. It suggests that repeated solution and subsequent evapora­
tion, here taking the form of adsorption at low temperatures and outgassing 
at high, produces a gradual modification of the character of the carbon with 
respect to its fineness of division, something similar to precipitation occurring. 

Loss of activity seems difficult to account for on the first hypothesis. It is 
to be noted that permanent loss of activity can always be produced on any 
sample by heating to 1200°C. This is usually ascribed to a partial destruc­
tion of porosity and has been observed before. Attempts to extract heavy 
hydrocarbons by the use of the lightest liquid solvents, ligroin alcohol and 
acetone were inconclusive. Considerable amounts of tarry material were 
removed, but not by the solvents directly. They distilled out during out­
gassing after treatment with the solvent. This treatment in all cases causes 
temporary loss of activity which is renewed in the usual manner with re­
peated use after low temperature outgassings. Experiments by others how­
ever4 which have shown that activation is possible by other methods than the 
ones here outlined seems to favor the hydrocarbon hypothesis. 

Those other methods for activation of field material for the adsorption of 
complex vapors have been used in conjunction with the above described proc­
ess. A comparison of material activated by use and low temperature out­
gassings alone as herein described, with the most highly activated charcoals 
produced elsewhere under the conditions of these experiments is given in 
figure 6. The crossing of the curves may be very significant. The laboratory 
charcoal, R. 16, is less active initially but ultimately runs to lower values 
than the field material U. S. 4 and U. S. 6. The differences at either end are 
not large in comparison with the range of the phenomena discussed above. 

Experiments are in progress on saturation values for adsorptions of mix­
tures of varied proportions. An hypothesis originally advanced by McBain5 

that there is a distinction to be made between surface condensation and in­
terior diffusion is also being subjected to experimental scrutiny with modern 
materials now at our disposal. Both of these lines of work it is hoped will 
shed light on the mechanism of the process. 

A more detailed account of this work will shortly appear in the Physical 
Review as a series of papers nnder the general title of Studies in Charcoal 
Adsorption. 

1 This article is published with the approval of Major General William L. Siebert, Director 
Chemical Warfare Service, U. S. A. 

2 Shrader, Ithaca, N. Y. Physic. Rev., 12, 1918, (70). 
3 Homfray, Liepzig, Zs. Phys. Chem., 74, 1910, (139). 
'Dorsey, Easton, Pa., J. Ind. Eng. Chem., 11, 1919, (284) 
•McBain, London, Phil. Mag., 18, 1909, (916). 
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[Reprinted from the PHYSICAL REVIEW, N.S., Vol. XIV, No. 4, October, 1919.] 

STUDIES OF THE ADSORPTION OF GASES BY CHAR­
COAL. I. 

BY HARVEY BRACE LEMON. 

VARIATIONS DUE TO HEAT TREATMENT, PRE-EQUILIBRIUM 

EFFECTS.1 

SYNOPSIS. 

Problem.-By varying the heat treatment of a given specimen of cocoanut shell 
charcoal both the rate at which it adsorbs air and the total amount it can adsorb 
from a given small mass of air can be varied over a wide range. These variations 
are studied for the case in which the mass of air used is less than that required to 
saturate the charcoal. 

Activation.-An increase in the adsorptive power, "activation," is produced 
by repeated evacuations at 650° C., each evacuation being followed by an adsorption 
of air at the temperature of liquid air. 

De-activation.-A decrease in the adsorptive power can be produced by increasing 
the evacuation temperature to between 800° and 900° C. 

Hypotheses.-Hypotheses advanced to explain these phenomena are discussed. 

EARLY in 1915, while making up some demonstration apparatus for 
the purpose of showing the presence of the noble gases in the 

atmosphere using the method of Gehlhoff,2 large differences were observed 
in the efficiency of the carbon employed on different occasions. Refer­
ence to the literature showed a very great bibliography on the subject of 
carbon with especial reference to its use for adsorption of gases but no 
light was shed on the particular question at issue which was why different 
samples of charcoal made from the same material could show variations 
in the ratio of l : 10,000 in the amount of gas that they would adsorb 
in a given time. Experiments were begun therefore which resulted in 
two reports on the subject, the latter of which was presented at the 

1 This article is published with the approval of. Major General William L. Sibert, Director 
Chemical Warfare Service, U.S. A. 

2 Phys. Zeit., 14, 838, 1913. 
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Chicago meeting of the American Physical Society, December 2, 1916, 
and published in the Proceedings in April. 1 In May, 1917, at the request 
of Mr. Bradley Dewey, then assistant in charge of the Investigation of 
Gases in Warfare, further publicity of this work was indefinitely post­
poned. Experiments have been continued on the subject ever since as 
time has permitted. The departure of every one of the senior members 
of the staff of this laboratory into the service of the Navy or the Army 
left the writer with but little time for research and later a call for his 
services in the Ordnance Department took him away from it altogether. 
Many others have in the meantime become interested in this subject 
and a great amount of valuable information has been obtained, especially 
by some whose previous experience made them especially fitted for work 
of this sort. 

The present paper deals with the early experiments on the subject 
most of them prior to January, 1918. 

The method of experimentation adopted was one which made possible 
the determination of the time rate of adsorption under the conditions of 
constant volume. From a practical point of view this seemed desirable. 
Experimentation with this method falls into two broad categories. 
(a) By using a relatively large amount of gas, conditions of saturation 
can easily be obtained, and the time necessary to produce them observed. 
(b) By using a relatively smaller amount of gas so that saturation may 
never be reached very striking differences in the rate of adsorption of 
different samples or of the same sample under different conditions 
become apparent, and it is hoped that this may throw further light on 
the nature of the process. This latter method of use is herein described 
under the title of "pre-equilibrium effects." 

The apparatus is simple and the method of experimentation may be 
described with reference to Fig. I. A McLeod Gauge, M, having three 
different ratios (18,920-806.1-107.5) connected to a mercury manometer, 
H, formed a convenient method of observing pressures over the range 
covered, i.e., 0.00001 cm. to mo cm. The charcoal was contained in 
tubes, C, either of iron, quartz or Pyrex glass, depending on the tempera­
ture to which i~ was desired to heat it. Small Geissler tubes were 
attached to the charcoal bulbs for the convenience of identifying the gas 
content and affording a quick qualitative indication of the pressure. 
A volume, B, closed from the tubes by carefully selected stopcocks, 
served as a reservoir to hold the gas whose rate and total adsorption was 
measured by the gauges Mand H. The system was evacuated either 
by Gaede pump (drum rotating in mercury) or by tandem mercury 

1 PHYS. REV., 9, 336, 1917. 
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aspirator and diffusion pump, backed by water aspirator.1 The three 
charcoal tubes could be heated and evacuated, "outgassed," simul­
taneously by an electric furnace. Temperatures were measured by a 
Leeds & Northrup potential point resistance thermometer with bridge 
calibrated in degrees C. 

The experimental method was to outgas the charcoal for measured 

TO OLL PUMP 

Fig. 1. 

TO DlffU510N 
-PUMP 

time and measured temperature after which residual pressure was 
observed both at the outgassing temperature and at 500° C., at 400° C. 
and after cooling to room temperature. Connections to the pumps were 

. shut off as soon as the charcoal began to cool and the outgassing con­
sidered complete if the pressure was unreadable on the highest ratio of 
the gauge after cooling to room temperature. The bulb Band the gauge 
space was then filled with dry air at a pressure of about 90 cm. (This 
varied somewhat with the room temperature in order that the mass 
of gas should be constant = 1.2 gms.) The mass of charcoal used in 
each tube was 25.7 gms. This weight was taken with the material 
saturated with dry air at 29° C. and 75 cm. pressure. 

After being outgassed one of the three charcoal tubes was immersed 
in liquid air for about half an hour to assure temperature equilibrium, 
then the stop cock connecting to B was opened and the pressures read 

i The mercury pumps were obtained through the courtesy of Mr. C. E. Skinner, Westing­
house Electric and Manufacturing Co., East Pittsburgh. They have been described in the 
literature by Shrader, PHYS. REV., 12, 70, 1918. 
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at intervals while the contents of B was being adsorbed. Corrections 
were made for the partial pressure of the residual neon when this began 
to introduce an error, i.e., at pressures below o.oor cm. It was assumed 
that the neon was not adsorbed and a constant amount subtracted. This 
assumption is obviously not true since pressures frequently are observed 
which are very much less than the neon partial pressure so that the correc­
tion made in this manner leaves less than nothing for the pressure. The 
amount of neon adsorption has not yet been measured to the writer's 
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Fig. 2. 

knowledge and pressures lower than 0.0005 are not regarded as at all 
accurate and not plotted. The interesting phenomena can be produced 
at very much larger pressures than this. 

For the sake of condensation the results are here given graphically. 
The logarithm of the pressure in centimeters is plotted against the 
logarithm of the time, measured from the moment of opening the cock, 
in minutes. This results always in the same characteristic family of 
curves of which Fig. 2 is a typical example. 

The relative amount of gas is not sufficient in any case to produce 
saturation of the charcoal and the pressure falls throughout the course 
of the observations, i.e., for over five hours in the slower samples. 

Curves a, b, c are three different specimens of charcoal differing only 
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in their carbonization temperatures which were 900°, 850° and 800° 
respectively. The outgassing took place at 425° and was continued 
about six hours. The enormous difference in effectiveness of these 
three samples is striking. The pressure initially being about 90 cm. is 
reduced in IO mjnutes to 20 cm. in the case of a, to 0.071 cm. in the case 
of b, and to about 0.003 cm. in the case of c. These curves are by no 
means unique ones. Each type has been reproduced repeatedly. 

Successive runs on the same sample are shown in Fig. 3 for sample 12. 

o. 

~ -

s.o 

1.0 
'il.O o.o 2. 0='"" ~"· -··"-·~:o 

lo~ l~e. 

Fig. 3. 

This material was carbonized at 850° for l hour. Outgassings were at 
600° and were never less than 4! hours which was later adopted as entirely 
sufficient for complete evacuation. This means only such evacuation as 
will leave no readable pressure on the highest ratio of the gauge after 
cooling to room temperature. Residual pressures after such outgassing 
were at 600° C., ~ x rn-3 cm.; at 400° C., 8 x rn- 6 cm. Systematic 
improvement, i.e., increase of rate, in the sample after ten consecutive 
runs occurs and after this much use the sample is practically as good 
as that one shown in Fig. 2, curve c, which was carbonized at a lower 
temperature. Fig. 4, sample 14, shows a still more extreme case 
of this variation in a single sample with use. Carbonization was here 
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made at 875° for l! hrs. outgassings, at about 600° for 4i hrs., as in 
Fig. 3. The entire range of behavior from that of a very poor sample 
to that of a very good sample is covered in 12 consecutive runs. Curve 
5 is irregular and due to a leaking stop-cock as is also the latter part 
of curve Io. 

It was observed if at any time any sample was heated to 1200° its 

o.o 

9.0 
...1-' .+ 

8.0;> 

o.o 

Fig. 4. 

adsorptive properties were completely ruined. This is illustrated in 
Fig. 4, A, which is a continuation of work on sample 14 of Fig. 4. The 
volume of gas admitted was here increased from 873 c.c. used in all 
previous curves to l,707 c.c. and the first curve IJ shows saturation 
obtained in about 34 minutes. The sample was now put in a transparent 
quartz tube. Several outgassings were made at 600° and slight improve­
ment resulted, the saturation value falling considerably, the seventeenth 
run being the lowest. Between the nineteenth and twentieth runs the 
temperature was raised to 1200° for 20 minutes. The twentieth run is 
at the top of the sheet showing the almost complete loss of adsorptive 
power. On reducing the volume of gas admitted to 351 c.c. and taking 
several more runs the curve remained stationary in this location. 

The transparent quartz tube was attacked by the carbon at this 
high temperature and completely altered in its physical characteristics. 
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It was almost completely devitrified and became of about the appearance 
of egg shell opaque and brownish in color with little mechanical strength. 
It was left with sufficient strength however to withstand pressure and 
was not observed to leak. The transformation is rather peculiar in not 
becoming visible until the tube cools. On being taken out of the furnace 
it is a bright cherry red and perfectly transparent, the charcoal in the 

1, 

e.o 

9,0 

8,0 

7.0 

Fig. 4A. 

interior being clearly visible. As it cools in the air it grows opaque. 
These observations have been repeated on three different tubes with 
identical results. The change is ascribed to a reaction between the 
carbon and the quartz although this reaction if? commonly supposed to 
occur only at temperatures considerably higher. The temperature 
is much too low to allow of the formation of carborundum and it is 
thought that this compound may be identical with a substance known as 
silfrax which has been described as having similar physical properties to 
those here observed and which is found in the cooler portions of the 
carborundum furnaces. Because of the failure of quartz in this respect 
iron tubes were adopted in future work at higher temperatures. 

It was next found possible to change the adsorptive power of a sample 
in the reverse of the manner shown above. Fig. 5 of sample 16 is illus­
trative. This sample was carbonized three hours at 670°, just a trifle 
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above the temperatures to be used subsequently m normal outgassing. 
The first run indicated an admirable efficiency. The method of reducing 
the efficiency was to increase the outgassing temperature to 800° or 
higher and the details of outgassing between each consecutive run are 

0 

"' 
1. 

o. 

9.0 

8.0 

7.0 
9.0 o.o 

Fig. 5. 

cont next sheet. 

Outgaoing. 

1. 4.5 hrs at 633° 
2. o.5 .. " 800° 
3. o.s • • 850° 
4. c.s •• 875° 
15. 4·.C • • 640° 
6. o. 7 • • 906° 

given m the insert on the figure. The curves rise for four runs with 
increasing the outgassing temperature each time. By reducing it to 640° 

and prolonging the time the sample shows marked recovery. A short 
900° outgassing pushes the curve to the top of the page. Fig. 6 is a 
contmuation of the same set of experiments. Here this same sample no. 
16 is entirely restored by a series of prolonged low temperature out­
gassings. The modern term for this process is activation. Fig. 7 shows 
further continuation of work with the same material in which it is again 
rendered inefficient (curves for runs IO to 13) and finally reactivated 
again ( l S to l 7). Changes become less easy to produce towards the 
end of a long series of runs of this sort. Heating samples in iron tubes 
to 1200° C. was found to destroy the adsorptive power beyond recovery 
just as well as when the containing tube was quartz. 

The most effective charcoal produced up to the present time for the 
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adsorption of air under the conditions outlined above has been the 
material carbonized at 670° and then put through a series of "runs" 
and "outgassings" which consist of alternately adsorbing 0.00467 gms. 
of air per gm. charcoal at - 188° C. and removing it by heating for 4f­
hrs. at 600° C. Two hypotheses have been advanced for the interpreta­
tion of this fact. The first is that after carbonization there remain 

0 ,..... 

'·~ 

·a.o 

7.~ 
11.o 0.0 .0 

Fig. 6. 

Outgaseing. 

8, 0. 7 hTB at 9()15• 
7.22.0 •• 650" 
8. 22.0 • • 600• 
9. 44. 5 • • 550• 

lO. l.O • • 840• 

considerable amounts of heavy hydrocarbons "clogging the pores" of 
the material and that these are gradually removed by repeated flushing 
out with gas. The second has been suggested by Sgt. H. C. Thompson, 
after reflection on the point of view advanced by Miss Ida Homfray, 
who has done under the direction of Professor Ramsay some of the best 
quantitative work yet published on the pressure-absorbed volume­
temperature relations of a particular sample. 1 From similarity of the 
empirical relations discovered to those known to hold for concentrated 
solutions, the process is visualized as if it were a saturated solution of 
carbon in essentially liquefied gas. Repeated solution and subsequent 
evaporation (here taking the form of adsorption at low temperature and 

1 Zeit. Phys. Chem., 74, 139. 1910. 
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outgassing at moderately high temperature) may result in the gradual 
alteration of the character of the carbon with respect to its fineness of 
division, something similar to precipitation taking place. As a test of 
the hydrocarbon hypothesis attempts were made to improve the be­
havior of the material by treating it with the lighter liquid hydrocarbons, 
ligroin, alcohol, and acetone. Through the courtesy of Professor Julius 

1.p 

o:o 

s.p 

s .. o. 

Fig. 7. 

Outgauing, 

10, - l.O hre at 840° 
11, O. ll • • 9ll0° 
12, .l. ll • • 985° 
13, 3.0 • • 650° 
14• a.o • • 625° 
15. 12-,0 •• 6450 
16.. l. 5 • • 650° 
17. 14.0 •• 650° 

2.r -t-;r.:p. 
' 105 

Stieglitz this work was carried out in Kent Chemical Laboratory by 
Mr. M. C. E. Hanke. The liquids were carefully distilled and redistilled 
to ensure purity. 50 gms. of the charcoal was then boiled in 500 c.c. of 
the solvent in a reflux condensor in a water-bath for four to five hours 
when the solvent was filtered off, redistilled and the residues examined. 
The following residues were obtained: 

Sample 21. 

Ligroin 0.005 gm. 
Alcohol 0.212 gm. 

A t 0 38 { 0.35 soluble in acetone. 
ce one · gm. 0.03 soluble in water. 

Ligroin 0.004 gm. 
Alcohol 0.294 gm. 

Sample 19. 
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\ 0.570 soluble in acetone. · 
Acetone 0.620 gm. -< 

0 050 
{ 0.040 soluble water. 

( · 0.010 insoluble in both. 
30 gms. of sample 19 extracted with water gave a residue of 0.4 insoluble in a small 

amount of water. 

These charcoals were then subjected to adsorption tests and both 
showed marked loss of efficiency rather than gain as might have been 
expected if the heavy clogging materials had been somewhat removed. 

Earlier work in which charcoal was extracted with hot hydrochloric 
acid to remove ash showed similar injury to the a~sorptive power. In 
this case it had been found necessary to wash the material for nearly 
eight months to get rid of all traces of acid. In all cases of liquid treated 
charcoal the adsorptive power rapidly recovers with use when the succes­
sive outgassings are kept at not higher than about 600° C. as indicated 

;z.- .: .• - •• , ......... 
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Fig. 8. 

in general above. These experiments therefore must yet be regarded 
as inconclusive not only because of the relative small amounts of impurity 
extracted but because the subsequent Joss of efficiency of the material 
can readily be interpreted as a secondary result due to the difficulty of 
freeing the pores from the liquids used. 

Other methods of activation b3.sed on the hydrocarbon hypothesis 
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and using gaseous reagents have been developed e]sewhere with notable 
success, especially for field conditions in which the adsorption of a com­
plex vapor is required and where the adsorbing material is already 
saturated with air, water, vapor, etc. For the rapid production of high 
vacua, charcoal activated thus is not notably better than that discussed 
above. 

A comparison is given in Fig. 8 of the best material produced here by 
the method of continuous use and that which has been pronounced the 
best for field conditions in adsorbing noxious vapors and which has been 
produced by these other methods of activation. The laboratory char­
coal, 16 abc, is less active initially but runs to a lower ultimate pressure 
than does the field material US4 and US6. It is thought likely that 
there may be a purely surface condensation as well as a slower diffusion 
into the interior or to less readily accessible surface in accordance with 
a point of view originally advanced by McBain. Experiments to deter­
mine the correctness of this view with respect to modern charcoals are 
in progress. 

No rational expression for the variations in the adsorption described 
above has yet appeared. In fact even an empirical analytic expression 
has not been formulated. The phenomena here are of such complexity 
by nature that it would seem to be more profitable to simplify experi­
mental conditions and secure much more data before attempting to 
formulate a theory. 

Experiments involving the saturation conditions and also experiments 
on relative adsorption of mixtures are important and will be discussed 
in subsequent papers. 

RYERSON PHYSICAL LABORATORY, 

March, 1919. 
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