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Xenon ndsorption isotherms are reported for two graphitized carbon blaeks, Ster-
ling MT 3100 and Graphon, al surface coverages ranging from 1719 Lo 3.9, A radio-
setive tracer method based on Xe'® and a conventional volumetrie methed were used
at the lower and higher coverages, respectively. Results confirm the amall degree of
surfeee helerogeneily assoeinied with both materials. Close oheyance of Henry's
Inw over Lhe surface coverage range 1710 Lo 1072 was observed for Sterling MT 3100
At higher swrfnee coverages, the ndsorbed phase on both earbon blacks is interpreted
1o be a {wo-dimensionally mobile layer with adsorbale-ndsorhate interactions,

I INTRODUCTION

Graphitized carbon blacks are known fo
possess predominantly homogencous sur-
faces with small amounis of geometrie sur-
fuce heterogeneity (1-4). The heterogeneity
is due to surface defects such as vacaneies,
basal and nonbasual dislocations, (3, 6), and
houndaries between infersecting pelyhedral
faces which compose the surfuce (7). These
defeets are strong adsorption sifes for gas
molecules, and, hence, are the sites where
the first gas molecules are adsorbed on car-
bon surfaces. A study of gas ndsorption on
graphitized carbon blacks at very low sur-
face coverages promises to show interesting
correlations with these defects.

Graham (7) measured Ny adsorption iso-
therms at 77.5° and 90.3°K. on two graphi-
tized earbon blaels, Graphon and 1P-33 (heat
treated at 2700°C.), down to surface vover-
ages of 5 X 1073, He extrapolated the linear
portion of the isotherms to zero pressure and
{rom the positive intercepis estimated that
Giraphon and P-33 had 1.25% and 0.10%
strong sites, respectively. Dictz and co-
workers (8) measured adsorption isotherms
of Ny and Ar on minernlogieal graphite at
77° Lo 90°K, down to surface coverages of
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3 X 10-% Steps in the isotherms indieated a
high degree of surface homogeneity.

The measurement of adsorption isotherms
at lower surface coverages is desirable, but
in conventional adsorption systems utilizing
MeLead gages accurate pressure mensure-
ment below approximately 10-* torr is diffi-
cult. At lower gas pressures, either ultrahigh
vacuum systems containing ton gages or a
rdioactive fracer method, ag deseribed in
this paper, can be used. Hobson und Arm-
strong (9) deseribed an ultrahigh vacum
system used to measure Na adsorption iso-
therms on glass ud temperafures between
63.3° and 90.2°1<. in the relative pressure
range 1071 to 107% corresponding to surface
coverages hetween 107° and 0.3,

Radioactive tracers have been used to
meastire adsorption isotherms ot high sur-
face covernges. Clwke (10) developed a
radionctive Ir method for the measurement
of surface areas from 10~ to 10 m.2/g., and
Chénebault and Schirenkiimper (11) used
Xew-Jabeled Ne for surface aveas of o few
square centimeters. The radionctive tracer
method deseribed in this paper permilfed
the measurement of Xe adsorption isotherms
on two graphitized carbon blacks in the pres-
gure range 107% to 2 forr, corresponding fo
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surface coverages of 107Y to 1075 A con-
ventional volumetric adsorption system was
used {12) to extend the sotherms to higher
surface coverages.

1L EXPERIMENTAL

The adsorption apparatus (13) used to
measure  isotherms in the low  ecoverage
renge consists of four sections: Xe™ genera-
tion and purification system, radiation de-
tector, XNe doser, and adsorption system.
It will he deseribed in some detail, since it
has some unique features.

Ao XNe™ Leneration and Purification Sys-
fem. Xe™ o 8l-kev. gamma emitter with a
half life of 5.27 days, is the radioactive
tracer used in this study. This isotope is
produced by fissioning U™ in the form of
~1 g, of uranyl nitrate hexahydrate erystals,
i a thermal neatron flux of 9 X 104 n/em./
see, for 2 hours in the Penn State Triga
renctor. Ileven radivactive and five stable
isotopes of Xe are produced 1n fission, but
after o five-day deway period the only sig-
mificant radionctive Xe isotope present is
Ne™, After an absolute Xe™ radioassay,
deseribed below, the atom lraction of Xet
in the fission Xe is readily calealnted at any
later time from the known fission yields
(14, 15) and the half Iife of Xet, The usunl
radionctive deeay correction was applied to
the Ne™ radioassays when s single charge of
Net was used to determine points on the
isotherm over i period of several days. I'ol-
lowing this ive-day deeny period, the fission
Xe iy refeased from the erystals inoo Pyrex
purifieation system by melting the crystals
(m.p. G5°CL), after evacuation to 107 torr,
iy flowing, high-purity, AMatheson He. This
eus s dried by passing it through a bed of
anhyvdrous caleium sulfate and Linde 4A
molecular sleves before absolute radioassny
of X in the radiation detector. One gram
of erystals vields about 10" atoms of Xet™,

B. Radiation. Deteclor, The Xe™ is meus-
ured by eounting the 81-kev. photopeak ne-
tiviey with a conventional system eonsisting
of 12 in. X 2 i, Nal seintillation erystal,
photolube, rdemeter, and single-channel re-
cording speetrometer, Helium earryving Xel®,
from either the purification system or the ad-
sorption system, passes at o known ube
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through a coil of thin-walled aluminum tub-
ing wrapped around the erystul. During the
flow, the recorder plots u continuous eurve
of photopeak activity versus time, and the
area under this eurve is divectly proportional
to the number of Xe™ atoms in the Howing
He.

To ocalibrate the detector a erystal of
uranyl nifrate hexahydrate containing a
known amount of XNe"™ was melted in the
purification system and the released Xe'™®
counted as just deseribed. This known Xt
gsouree wins prepared by irradiating the erys.
tal i o known thermal neutron flux. The
btter was caleuladed from an absolude radio-
assay of Co® produced by the Co™(n, v)Co™
reaction in a cobult wire dosimeter irradi-
ated with the erystal. This dosimeter was
previously ealibrated in this laboratory by
comparing it with o known Co™ standard.
The number of Xe' atoms delivered to the
eoil in this calibration experiment was cal-
culated from the weight of the erystal, inte-
prated thermal neutron flux, U fission
eross section, Xe™ fission yield, and the
known kinetles of Xe™ daughter growth
from precursor fission I, A few simple ex-
periments established that XNe'™ release from
the molten erystal and s transfer to the
radiation detector were quantitative.

The tower Himit of Xet™ detection in this
system 18 nhout 1T X 107 atoms. Higher sen-
sitivity ean be achieved by using o refriger-
ated charecal trap in a well erystal instead
of the eoil, but this refinement was not
necessury in this study.

', Xenon Doser. For the specified rradi-
ation conditions, XNe pressures higher than
107% torr cannot be achieved with fission Ne
alone in the adsorption system. Natural Xe
is added to the fission Xe to provide higher
pressures. A doser (16) cvapable of delivering
from 2 > 10" to 10* atoms of Matheson
spectroscopieally pure Ne with aw aecuracy
of 1% was added to the adsorption ap-
paratug for this purpose. This addition ai-
lows the measurement of XNe adsorption
isotherms at pressures of 10710 o 2 forr.

D Adsorption System, The Xe'™ genern-
tlon and purification system, the flow radia-
tion defeetor, and the Xe doser are con-
nected to the Pyrex ghiss adsorption sysfem
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as shown in Fig. 1. Here A and B are liquid
N, refrigerated glass wool traps used to trap
out Xe'™ after it passes through the radia-
tion detector coil. Trapping is quaniitative
and release of Xe from the trap is complete
on removal of the liguid N» bath, By manipu-
lating the liquid N. baths and reversing the
diveetion of the He flow, the Nel® is pussed
back and forth through the coll twice, yield-
ing four separate Xet determinations which,
in general, differ no meore than =4%; the
inherent uncertainty is the determination of
recorder chart nrea. The average of the
four determinations defines the Xe™ radio-
assay. Tubes C and D are refrigerated with
dry ice/neetone and eontuin rolls ol copper
foil which remove traces of organic vapor
(17) possibly introduced into the He by the
stopeocks, ete. Mereury valves containing
triply distilled mercury are used elsewhere
to eliminate sources of organic vapors in the
adsorption system. A glass wool frap &
serves the same purpose as A and B, Fisa
100-ml. gas buret, and 7 is 2 Hg manometer
used only to make the initinl volume eali-
bration of the apparatus with He. The
absorbent is located in the adsorption bulb
H. Mereury contamination ol the absorbent
is minimized by placing a dry ice/acctone
hath around the U-tube 1.

I, Bxperimental Procedure. Sumples of
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Sterling MT 3100 (6 g.) or Graphon {1 g.),
both highly graphitized carbon blucks of
7.7 and 890.7 m.2/g. aren (No BET measure-
ment), are placed in the adsorption bulb
and held b 300°C. for 48 hours while the
adsorption system is evaeuated to 1077 torr.
Xew, previously radioassayed, is passed
through trap D and eollected in trap & with
valves My, My, and 3/ open and vaives 3,
and My shut. Valves Af, and A1, are then
shut, and the He carrier gas is pumped out
of the system via valve M5 . Valve 3y is then
elosed and valve A7y opened. Liguid N
haths are placed around trap / and bulb /1
and removed from frap B, allowing the fis-
sion Ne to diffuse into the adsorption bulb.
Diffusion is complete in 2.5 hours,

A known amount of natural Xe is then
added to the adsorption system from the
duser and eollected in the refrigerated ad-
sorption bulb. The liquid Ny baths are then
removed from [ and bhulb H, and the fission
and natural Ne allowed to mix for 4 hours.
Trap / is then refrvigerated with dry ice/
avetone, and a temperature bath correspond-
ing to the desired isotherm temperature is
placed around the adsorption bulb.

After adsorption equilibrium is ablained
(this was found experimentally to tuke 3.5
hours), valve Af4 is shut, and the Xe con-
tained in the adsorption apparatus fo the
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Fra. 1. Adsorption system
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right of this valve is collected in trap F prior
to passing it through the coil in fowing He
for radicassay of the Xe™. After radio-
assay, this sample is disearded. The toial
amount of Xe in equilibrium with the ad-
sorbent is caleulated from the known frac-
tion of the total adsorption system dead
spaee from which the radionssayed Ne'™ was
taken. This quantity and the initial amount
of Ne™ and naturnl Xe charged into the
system give the Xe pressure in equilibrium
with the absorbent, und the amount on the
absorbent. The section of the adsorption
system from which this last sample of Xeo
was taken is now evacuated to 1079 {orr,
valve A7y is epened, and the system allowed
to re-equilibrate at a lower adsorption pres-
sure. This process is repeated until the Ne#
concentration in the Xe removed from the
adsorption system is too low to meusure.
The entire adsorption system is then evaeu-
abed to 1070 forr, and adsorption measure-
ments are made in another pressure range
by adding o new sample of Xe™ and o new
sample of natural XNe, but at a dilferent
pressure, to the adsorption system. In this
manner complete adsorption isotherms over
the Xe pressure range 1072 {o 2 torr are ob-
tained.

Xenon adsorption isctherms were meas-
ured at —78%, —80.5%, —100°, and —111°C.,
correspoiding to temperature baths of dry
iee/acetone, solid/liquid n-propyl aleohol,
solid/liquid methyl aleohol, and sobid/liquid
n-butyl bromide. Fhe dry iee/nectone hath
was prepared by adding crushed ice to a
Pewar of acetone; the lniter three baths were
obtuained by adding liquid Ne to the respec-
tive Heuids. By enreful attention to tech-
nique, the hath temperatures, as measured
by a copper-constantan  thermocouple at-
tached to the sample bulb, eould be held
to the fixed tempernfures within 2=0.5°C,
throughout the adsorption time.

F. Additional Conanents on Method. Sev-
eral factors which could have affected the
isotherms are discussed below.

o Thermal branspivation eorrection. Ad-
sorption pressures were vorrected for ther-
momolecular flow between the adsorption
bulb and the remainder of the apparatus us-
ing Linng’s equation (18) or the Kuudsen
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earrection, depending on the absolute Xe
pressure.

2. Reversibility, The meuasured isotherms
are desorption rather than adsorption iso-
therms, that is, the adsorbens is equilibrated
at the highest pressure first and then with
successively lower pressures until the Xet™®
is too low to meusure. The possibility of
hysteresis in the isotherms in the low cover-
age range studied here is unlikely. Hystere-
sis due to eapillary condensation, even in
solids containing very fine pores, oceurs af
eovernges above one monolayver (19) or at
relative pressures nbove 0.1. Hysteresis at
lower coverages is expected when chemi-
sorption cceurs, but chemisorption is not
expected when Ne is used as the adsorbate.
Sterling MT 3100 has a very low porosity
(20}, Indeed, even NH; isotherms on Sterling
MT 3100 showed hysteresis effects only
above o relative pressure of 0.4, Hencee, the
isptherms are referred to throughoul this
paper as adsorption isotherms,

3. Merewry  contwmination, If  mercury
codaminated the adsorbent and, hence,
affected the isotherms, it eould not be de-
tected. Points in the lowest coverage region
of the sotherms eould be reproduced within
437 with different Xe charges separated
in time by ten days. The dry iee/ncetone
bath on frap I reduced the mercury pressure
in the vieinity of the sample o 6 X 10
torr.

4, Adr leakage Into  adsorpiion. system.
The adsorption system was never evaeuated
to a pressure lower than 1077 torr, so there
was always some background pressure of air
in the system which imereased slowly during
adsorplion runs with o single charge of Ne.
The  buckground  pressure  buildup  with
time in the volume enclosed by mercury
valves Ay, My, and Ay was compared
with that in the volune not containing the
adsorption bulb, that is, enclosed by valves
A, My, 3y, and A5, The rades of pres-
sure buildup in the two eases were almost
identical, showing that oubgassing of the
carbon Diacks is not the dominant souree of
foreign gases in the adsorption system. De-
termination of three or four points on un
tsotherm with o single charge of Xe took
about five days, Ay pressure i the nd-
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sorplion system  inereased from 107" o
104 torr during this time. All isotherm
semperatures are above the eritieal fem-
perntures of Oy and Na. The relative pres-
sures of 0. and N. exeeed the reiative
Xe pressure only in the very low coverage
region of the isotherms. On the basis of these
facts, the Xe iz expected to compele very
favorably with Op and Ni for the wvailable
adsorption sites. The reproducibility of the
isotherms diseussed carlier indieates that if
air does influenee Ne adsorption the effoet
is not cumulative.

5. Adsorption of hryplon. Four stable and
twelve short-lived isotopes of Kr are pro-
duced in U fission, but only the former are
present in any significant amount in the
Xt charged into the adsorption system.
The mtio of total stable Xe to total stable
Ior is 5. When natura] Xe is added to the
fission Ne, this ratio is much higher. There-
fore, only at Ne pressures below 107 torr,
where fission Xe alone is used, would any
possible effeet due to Kr be of coneern,
Even at the lowest pressures studied Ne
will be preferentinlly absorbed beeause Kr
has a eritieal tempernture of —63°C, com-
pared (o 17°C. for Ne® Below 107 forr
the relative pressure of Kr is 100 times
smaller Han the relutive pressure of Xe.

THL MESULTS AND DISCUSSION

AL Eaperimental Tsotherms. The low pres-
sure Ne isotherm dada on Sterling MT 3100
and Graphon are shown in Tigs, 2 and 3.
The data are plotted on a logarithmie
seale beenuse of the wide pressure range
studied. Pressures are plotted n absolute
rather than relative units to emphasize the
very small lower limit of Xe pressures at
which these measurements were made. The
Jogarithmie plots have a slope very neardy
equal o unity indicating the close obeyance
of the data to Henry's law.

Figures 4 and 5 show the adsorption iso-
therms of Xe on Sterling MT 3100 and
Graphon at higher pressures. Points on two
sotherms, Sterling MT 3100 at —78°C.
and Graphon al. —H1°C, were determined
by both adsorption and desorption, and
show eomplete reversibility. At these fem-
peratures, the vapor pressures of Xe are 3200
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Fig. 2, Xenon mdsorption isotherms on Sterling
M 3100 at low surface eoverages.
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and 637 tory, respectively. The correspond-
ing maximum relative pressures for these
two isotherms are 0.08 and 0.36.

B. Heats of Adsorption. Isosterie heats of
adsorption, ¢ = 0.05  keal./mole, were
ealeulated from the isotherms of selected
ralues of surface covernge 0 by least squares
using the Clapeyron-Clausius — equation.
The plots of Iy p against 1/7 were Jinear,
showing the internal consistency of the iso-
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Fra. . Xenon adsorption isotherms on Graphon af higher surface coverages

therms and tie coustaney in the isosterie
heats of adsorption vver the temperature
range sbudied. A molecular aren of 24.0 A2
wus nssumed for Xe* in the ealeulation of 4.

Iigure 6 shows the variation in ¢,, with
surfuce covernge on Sterling MT 3100 and
Graphon in the low coverage range. At the
lowest  surfaece coverages studied, about,
3.1 X 107 of o monolayer, the maximum
heat of adsorption is 4.8 keal./mole for
Sterling MT 3100 and 5.1 keul./mole for
Graphon. For both samples the plots have
slopes of about —0.1 keal./mole per eyele
of covernge, indicating u very small de-

pendence of ¢ on covernge. It indienles
that the extent of heterogeneity, even in
this low coverage range, Is very low.
Figures 7 and 8 show the variation in ¢,
with surface coverage over the runge ¢ =
3.1 X 107 to 0.9. These plots are very
similar and indicate that the two graphi-
tized carbon blacks have hasieally homo-
geneous  surfaces with shight degrees of
geometrie heterogeneity. The more homo-
geneous the surfaee is, the lower the value
of §,., the value of 8 at the minimum q,. (7).
The minimum ¢, occurs at g, = about
0.025 for Sterling MT 3100 and 6, = about
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Fie. 7. Variation of isusteric heat of adsorption
of xenon on Sterking M'F 3100 up to high coverages.

0.05 for Graphon. For 8 < 0., ¢ decreases
with inereasing 8 beeause of surface hetero-
geneity. For 6 > 0., g, increases with
inereasing 8 heeause of adsorbate-adsorbate
interaction.

The homotatic nature of the two carbon
blaek surfaces, suggested by the isotherms,
is understandable on the basis of electron
microseope studies. The generally aceepted
structure for the graphitized blacks is that
suggested by Kuroda and Akamatu (24).
Tiaeh particle eonsists of a number of pyra-
midal-shaped graphite erystals with their
apices directed towards the center of the
particle. The surface of the particle exposed
{o an adsorbing gas consisly almost entirely
of the graphite basal plane with little prisma-
tie surface exposed.

Tew adsorption studies have been made
on earbon using Xe as un adsorhate. Cannon
and eo-workers (25) obtained isosteric heats
of adsorption for NXe on AGOT grade
graphite of from 3500 to 3700 cal./mole
over the surfaee coverage range 3.0 X 1077
ta 2.5 X 10-% Halsey and co-workers
(26) estimated, by extrapolation, a value of
4059 enl/mole for Xe adsorbed on graphi-
tized P-33 at zero coverage. They exirap-
olated from a region in which the P-3:
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1. 8. Varistion of isosterie heat of adsorption
of xenun on CGraphon up to high coverages.

surlnee was homogencous and deliberately
did not take into account the heterogencous
surface region at low surfuce coverage.
All values of the isosterie heat of Xe on
graphitized carbons lie within the generally
accepted range for physical adsorption of
one o two Himes the heat of vaporization of
Xe liguid, 3270 cal./mole (27).

C. FEntropy of Adserplion. Values of the
entropy of adsorption AS, were calculated
for different surface coverages using bhe
equations

— RT I 2 ,
T

.’_\Fg = AII{} e 'J”;‘lSn .

Here AF is the change in [ree energy of the
adsorbate af pressure pe in going from the
gaseous to the adsorbed state at tempera-
ture 7', p* is the standard pressure (I nbm.)
in the gas state, and AH, is the isosteric
enthalpy of adsorption af surface coverage 6.

With these values of ASq, the entropy
models and equations of de Boer and Kru-
ver (28) were used in an aitempt to es-
tablish the nature of the adsorbule lm ab
surface coverages helow a monolayer. De
Boer and ISruver considercd fwo entropi-
sally ideal states. In the model of an ideal
mobile monolayer, they assume #hat the
original teanslational entropy of an ideal
oas (S, s transformed to the transla-
tional entropy of an ideal two-dimensional
gns (aSy) on the surface of a solid with the
loss of ene mode of translational entropy,
but with the internal vilwations and rota-
tions of the molecules in the gas and ad-
sovbed  stales remaining unchanged. For
the model of an immobile monolayet, they
nssumed that all three modes ol transla-
tionnl entropy of the gas moleeule are lost
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on being adsorbed and again the internal
vibrations and rotations of the molecules in
the two states remain unchanged. Using
our experimental values of AS; we caleu-
lnted values of AS,xpy and A8 ,
the difference in differential entropy be-
tween the three-dimensionally mobile gus
in its standurd state and the standurd seates
of the mobile and immobile udsorhed mono-
fayers, respectively. The two equations
derived by de Boer and Wruyer for the two
adsorbed states arve

40
AASIM (exp)y =™ QSQ + R in :-:-‘}—-;
AS{,,,(pxp) - L\Su + [!) n 7

The standard state of the mobile film is so
defined that the average distance of sepa-
ration 4° at 0°C. is the sume ns in a three-
dimensionnl gas at stundard  temperature
and pressure, i.c., 33.9 X 10~ em. At any
other temperature 7' the standard molecular
area A9 15 .08 X 1077 em. The standard
state condit ion for the immobile Hlm is
taken as ¢ = 14,

Theoretical values of A8, and A8, were
abeulided using the entropy relutionships

ASl'm(Lh) = ,{]'Slr ;

ASm(lh) = y'gtr - an‘r -

The standard molar entropy of an ideal gas
is given by the Sackur Tetrode equution
! 1

gSe = R In (M52 — 230,

where M s the mass of the adsorhate mole-
cule and 7' is the absolute temperature. De
Boer and Kruyer derived a value for a8,
using the model of an ideal adsorbed gas
and o surface pressure of 0.338 dyne/em.
as the standard state for the adsorbed mona-
layer.

(11()'1,- == {)67 ?;(js;,- + ]52 ]ngT bt 304

The entropy ealeulations for Xe ad-
sorbed on Sterling MT 3100 are shown in
Table I. They suggest that the adsorbuate
film is best represented by the model of a
two-dimensional gaseous film of Xe. The
same  conclusion is  reached when our
Giraphon results are examined in this way,
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TABLE I
Exrromss ror NeNON ADSORBED ON STERLING
MT 3100 av —78°C,

Aty ASy —=A8miexy  —ATmtexpn

0 (haat (i feg.] {cal.fdeg.] Geul g
male) male} mide) male)
3.1 X 17w 4,81 23.33 30303 13.16
3.0 x 10 4.65 19,54 19.33 12.18
3.1 X e -1.58 15,33 18.07 12.02
3.1 X 107 4.53 11.02 18.71 11.76
3.1 X 10 437 7.22 17,94 1E.01
3.1 X 10-% £.38 2.42 18.17 11.22
3.1 % 107 4.15 -~1.18 17.20 10,25
1.6 % 107 4.14 —1.40 17.32 7,62
2.2 X 10 3.02 —4.30 16.34 .68
4. X 107 4.24 — 12,36 17.96 11,36
1.1 x 1t 4,15 —13.03 17.1% .65
2.1 X 167 4.33 —158.36 17.93 11.70
4.0 X 107 4.52  —17.08 17.17 11.78
7.0 X 10 1.82 —-20.48 19,45 14.47
91 x 1 4.86  —21.01 1641 1467

9S8y = 3830 cal./deg./mole. g8, — aS, =

1236 esl. /deg. /maole,

Ross and Pultz (29), using the de Boer and
Kruyer equations, found good agreement
of their data on adsorbed monolayers of Ar
and N. on boron nitride and graphitized
arhbon  black  with  the  two-dimensional
gaseous film model. Values of AS.(xm
lower than the theoretical value of g8, —
aS; ub coverages between 3.1 X 10~ and
£.9 X 107" may be attributed to retention
of purt of the lost mode of translation per-
pendicular to the surface as a vibrational
mode perpendicular to the surface, Kemball
termed this adsorbed condition “the super
mobile condition” (30). This condition was
previously found by de Boer and Kruyer for
Ar adsorbed on chareoal at temperatures
ahove 200°K. and for Hg on charcoal at
66°IL. Values of AS, s, greater than the
theoretical value of ¢S, — aS, ut hlg,he
covernges are attributed to a restriction in
translational freedom of the Xe atoms over
the adsorbent surface. However, neither of
these wrguments explains the somewhat
high values of AS,.cx,y observed on both
srbon  blacks at- the lowest coverages
studied,

D. Theorelical Considerations of Adsorp-
tion fsotherins. The most significant feature
of the isotherms reported in this paper is



XENON ADBORPTION ON GRAPHITIZED CARBON BLACKS

their close obeyanee to Henry’s law at low
surface  ecoverages. Young and  Crowell
{31) have listed several papers in which
linear isotherms have heen jound at low
surface coverages but suggest that the ranges
of coverage studied were not sufficiently
large to prove lincarity. This eriticism can-
not. he leveled at the data reported here,
since Henry’s law fits the adsorpiion data
closely over a wide surface coverage range,
that is, 1071 to 10-% Over this covernge
range, the Henry's law constants for Ster-
Jing MT 3100 and Graphon inerease by 4%
and 20%, respectively, We think this close
obeyance to Henry's law s consistent with
the fuct that only slight surface hetero-
geneiby exists in this coverage range, as
concluded from our q.. data. However, it is
perhaps pertinent that FHL (32) has shown
theoretically it is possible for Henry's law
to be obeyed on heterogencous surfaces ni
low coverages.

Steele (33) suggests defining an activity
cocfficient  for one-component adsorbed
lnyers in the Henrv’s law region as

f(ﬂ) = ‘I"/NI:I'!:H ]

where N, is the amount adsorbed per unit
aren and Ky is the Henry’s law constant
for ¥, — 0. According to Steele, deviations
in {0y from its lmiting value of unity are
due only to lateral atfractions and repul-
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stons between adsorbed atoms. IFurther,
Fo— Fogay = BT 1 j(0);
o — Hugay = AHL(0) — AHL(0).

Here P, — Foupe wxd Ao represent
differences between properties of the real
adsorbed Iayer and the ideal ndsorbed layer.
Table II eontains values Tor j(6), H, —
Moy, and 8, — 8.4y Tor Ne adsorption
ab —78°C. on the two graphitized blacks.
The activity eceflicient f{0) is set equal to
one ad the lowest coverage studied 1o eal-
culate Ky, Over a similar range of N,
it is seen that the activity coeflicient rises
more rapidhy on Graphon than on Sterling
MT 3100.

An attempl was made to it the adsorption
data at covernges where adsorbate interne-
tion is significant, that s, ab coverages
greater than 6, in Figs, 7 and 8, by an appro-
priate theoretical equation. Sinee the on-
tropy data showed that the adsorbed phase
was i mobile two-dimensional guseous film,
the adsorption isotherm derived by IHill
(32, 34) fur mobile monolayers with interae-

tion was uscd.
[_L - ?f"”]
T—8 P | T =% gRrl

Here a and g are values of the energy of ad-
sorbate-ndsorbate interaction and the avea
oceupied hy an adsorbate molecule in 2 com-
plete monolaver, respeetively; « involves a

It

P=k

TABLE H

Devivrion FrROM IDBEALITY For NENON ON

Grarmimzen Carson

Bracks iy Low Coveracni

Ranee ar -78°C.

4 {ﬂmr‘:";/m R (tn{r) f@ !g}:cu_l . ; r{fx‘r:; Zl}] (rr‘;st"'/' E;:gsﬁ::g;c}
Sterling M1 8100

3.1 K 1070 1.3 X 12 2,45 X 107¥ 1.00 t 4

3.1 % 107 1.3 X 10 2.50 x 10 1.02 +0.16 +0.78
3.1 X 18 1.3 X 1o 2.50 x e 1.02 0.3 4114
3.1 X W 1.3 x 10m 2.50 x M- 1.02 +0.28 +1.39
3.1 % 10-¢ 1.3 X 168 2.55 X 10 1.04 ERUES! +2.2
3.1 ¥ ib-s 1.3 X 1o% 2,70 X 1673 1.12 A}, 43 +2,16

Graphon

2.7 X 1o 1.1 X 1 1.65 X 108 1.00 & ]

2.7 X 1.1 X 1040 1.77 x 107 1.07 A-0.02 - {303
2.7 X 1078 1.1 x 10w 1.87 x 107+ 1.13 40,12 -0.487
2.7 X 1677 1.1 % 10 2.00 X 10°F 1.2% +(.20 +0.64
2.7 X 147¢ 1.1 % 10 2,07 X 16— 1.25 +(1.33 +1.35
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number of terms, bub is independent of 6.
This equation e be rearranged in the form

] 2l

I p + T T x4 SR
The left-hand side of this equation was
plotied against ¢ for ecach adsorption iso-
therm. Linear plots were obiained on both
graphitized blacks nt surfaee coverages from
¢ = 0.05 to 0.5 at alf adsorption {empera-
tures studied. From the slopes of the plots,
nilues of 2e/8 were defermined. From the
equation Paen,y = Sa/278R (31) apparent
gwo-dimensionnl gag  eritieal temperatures
were caleulated. The intercept of the plots
gave values of s Results are given in Table
III for the two graphitized blucks.

The two-dimensional eritical  tempera-
ture for a gas has been shown theoretieally
to be one-hall the gas phase eritical tem-
perature Ty (34, 35). Robe and Lynn (22}
determined a value of Tye of 280.7°I for
Xe, 80 Tupqn for Xe is H497K, They
report, that the values of Tho,,y caleulated
for Ne on graphitized carbon blucks are
somewhat lower than the theoretieal value.
This is also usually the ease for other goses
and solids (31). Ross and Clark (36) found o
value of Theapn = 104°K. for Xe on so-
divun ehloride erystals, Our Tacquyyy vilues
for Sterling MT 3100 are significantly
higher than those for Graphon; further the
former nre less sensitive (o adsorption tem-
perature than the Tatter. The nverage value

[}
In -

TABLE 111
PaArAMBETERS DESCIUBING NENON ADSORPTION IN
Tie InrerRMEDIATE Coveracgre HANGE OR
Grarmmzebd CaapoN BLacks

Adsorplion Zer

lempiraiure (jowdes/mole  Tuergpm R » (atm.)
(°C) X 1y
Sterling AP 3100
— 78 6,523 1162 0,159
—80.5 7.116 126.8 0.103
- T00 6,912 123.2 0,048
—111 {.526 116.3 0,020
{raphon

— T8 1, 134 04,3 0.156
—-89.5 3. 19 108.9 0.082
- 100 5.789 2.6 0.037
—111 4434 793 0,014

COCHRANE, WALKER, DIETHORN, AND FRIEDMAN

TABLE IV
Aviracr Arigas Occurisd By NENON ATOMS N
CoumprLers Moxonaysr ox GRAPHITIZED
CanpoN Bracks

Areas (A2)

Adsorption temperature
(°C.)

Sterling MT 3160 Graphon
—78 243 4.3
—80.5 23.7 2.9
— 100 234 2.5
— 1t 2.7 2.1

of Tacqupny on Sterling MT 3100 is 120,67k,
A higher value of Teequpyy on MT 3100 than
on Giraphon is consistent with fhe smaller
amount of heterogeneity in the former.

At surface covernges 6 > 1, the adsorp-
tion data were plotted using the BET equa-
tion. Values of the Xe vapor pressure defer-
mined by Michels and Wassenaar (37) were
used. Linear BET plots were obtained af
all temperatures for both earbon blacks
over the relutive pressure range 0.05-0.20,
The aren o occupied by 1 Xe atom in a com-
plete monolayer was enleulated wsing the
pitrogen BET surface arens of 7.7 and 89.7
m.2 g, Table IV summarizes the results.
On Sterling MT 3100 ¢ deereases with de-
ereasing  adsorption temperature. Values
of ¢ on Graplon show no signifieant change
with temperature. The average of the cight
values i Tuble IV is 24.0 A® which is in
relatively good agreement with values re-
ported in the literature for Xe adsorption
on other surfaces (23, 38).
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