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Abstract: CO,/CH, mixture adsorption is very important in differdigids like, for example,

a biogas purification. Using a comprehensive expental approach based on volumetric and
in-situ FTIR measurements the new results ofA0BI, mixture separation on a carbon film
are reported. The application of this experimeaggiroach makes it possible to elaborate the
effect of enhanced CHadsorption at low C®concentrations in the adsorbed phase. The
presence of this effect is proved experimentalhthe first time. This effect is responsible for
the deviation of Ideal Adsorption Solution modebrfr the experimental data. To discuss
separation mechanism the activity coefficients abstant spreading pressure values are
calculated. At low spreading pressure, Caativity coefficient is strongly disturbed by the
presence of ClHmolecules in the surface mixture. In contrast, @ activity coefficients
are remarkably influenced by adsorbed. @@ly at higher C@ surface concentrations. The



obtained activity coefficients are successfullyaldged by a new modification of the Redlich-
Kister equation. This modification takes into aaebthe interaction between binary mixture
components and an adsorbent. Finally we show Heastudied carbon possesses very good

CO,/CH,4 mixture separation properties, comparable to thegerted for other adsorbents.

Keywords. adsorption, activated carbon, &0OH, mixture, FTIR, thermodynamics, IAS.

1. Introduction

CO,/CH, mixture has been considered as very important Isecaus a major biogas
component [1] produced by bacteria from anaeradriméntation of a biodegradable waste. A
biogas is currently one of the most important resige energy sources. However, before a
biogas is used, C{hould be removed [2] since this component lovleesgas heating value.
Among more or less advanced procedures of a bipgafcation, adsorption-based methods
(for example the Pressure Swing Adsorption [3])ypén important role, and activated
carbons (and carbonaceous materials) are stillideresl as the most promising adsorbents
[4]. This is caused by energy-efficiency and cofeativeness of the adsorption-based
methods and generally, by a relatively low costaofivated carbons. However, the major
difficulty with activated carbons application idatvely low selectivity to CQ [5], thus the
experimental as well as simulation studies of(0Bl,; mixture have been reported, to
optimize properties of the "best possible" carbatamal. Among carbon materials, studied
in the molecular simulations of G{@H, mixture adsorption, one can mention a model carbon
slit-like micropores, triply periodic carbon minimaurfaces, and Virtual Porous Carbons
(VPC) [6].

Mentioned above theoretical studies are importaxitamly in the field of a biogas
purification, but simulations have shed a new ligimt the mechanism of the so-called
"enhanced coal bed methane recovery process".pfbcess is important in the reduction of
anthropogenic C® Considering C@CH, mixture adsorption, a two-stage mechanism of the
process has been reported, and the influence & paes and surface oxidation on this
mechanism has been studied theoretically. It igssigd that in very narrow micropores and
at low mixture pressures, adsorbed. @lecules can enlarge the potential field in poaesl
drag some methane molecules from the gas phatidsiway, CH adsorption\ia dispersive

interactions) can be increased in micropores [W]s Effect can be caused by the permanent



guadrupole moment of GOmolecule, and in general, by larger tendency of, G®
intermolecular interactions. Thus, adsorbed,@@blecules can induce permanent electric
moments in adsorbed GHmolecules. However, at larger €@ore concentrations, the
dominant C@Q-CO; interactions can lead to the displacement of, Gidlecules from small
pores. It is interesting that similar effect wapaded for some Metal Organic Framework
(MOF) materials. It was shown that water preadsonpshould increase adsorption of £0O
[8]. Summing up, molecular simulations suggestdbeurrence of this enhancement effect at
low pressures, however, (up to our knowledge) tteeemental data confirming this effect

do not exist.

Using adsorption measurements reinforced byinksetu Fourier Transform Infra Red
(FTIR) spectroscopy results, we are able to gepelemsight into the mechanism of gOH,4
mixture adsorption and separation. Special atterfiess been paid to the enhancement of CH
storage due to preadsorbed £@s it is described above). By the applicatiorad$orption
thermodynamics we discuss the mechanism of adsearptnd separation in narrow carbon
micropores. Unexpected plots of g€@ctivity coefficients are reported. It is showratthin
narrow carbon nanopores the interaction betweenatteorbent, C®and CH is more
complicated as it has been proposed till now. Fmaé show that studied nanoporous carbon
is a potential candidate for GICH,; mixture separation, and that the IAS based saparat

coefficients should be treated with a care.

2. Experimental methods

A carbon film used in this study was prepared frarpure cellulose. The charring
experiments were described in detail elsewherel]9-The cellulose film heated at 573 K in
air for 1 h was outgassed at 873 K for 1 h underdynamic vacuum (1.3 Far) to remove
surface oxygen. The full structural characteristitthe tested adsorbent have been described
previously [12]. Briefly, based on the results oWttemperature Ar and Nadsorption, the
tested carbon film can be regarded as a strictbraporous solid with the BET surface area
equal to 478.3 Avg (carbon labele@szs in [12]). It is important that the pore size dibtrfion
(calculated using the Density Functional Theoryhud) shows mainly the presence of very
narrow micropores with the diameter equal to 0.62(and the volume equal to 0.19 ¥g).

Our previous simulation studies showed [6] that thest effective carbon for G{TH,



mixture separation should possess pores with demhesmaller than c.a. 1 nm, thus the
studied carbon is a perfect candidate for this psep

Thein-situ FTIR studies were carried out in a vacuum celtdbed previously [9,10,
13]. The application of this technique makes itgiloie to determine in what extent physical
or chemical adsorption occurs. Moreover, we cailyedstermine the absence of any surface
oxygen compounds formed by chemisorption. We can, ddased on the spectra of carbon,
check in what extent a carbon material changestitecture during adsorption and in what
extent a sample is affected by possible impurities.

The construction of thin-situ FTIR cell enables the thermal treatment of théaar
film up to 1200 K in any controlled atmospheremaivacuum. The C{and CH adsorption
was performed under isothermal conditions (T = Z98 For each run (see Tab.l) after
adsorption of Chl the CQ partial pressure was changed by addition of tkx¢ pmertion of the
gas. The spectra for the samples were recordedy usie Mattson Genesis Il FTIR
spectrophotometer. Spectral changes accompanyisgr@etn of gases were used, after
calibration, to describe quantitatively observe@mimena. The respective gas phase was a
background for each carbon film spectrum, enahbiiveggobservation of spectral changes of a
sample surface, without perturbation from the dassp. A period of at least 5 h (monitoring
continuously) at each gas composition was heldrderoto be sure that the equilibrium was
achieved.

Additionally, the adsorption isotherms of sepagdases were measured volumetrically
(T =298 K).

All experiments were repeated at least three tiamed qualitatively similar results
were obtained. The presented results are repréisentar three tested series of experiments.

Table 1. The parameters of experimental rupss the sum opCH,; andpCO, at the end of

experimentyCQO; is the equilibrium mole fraction of GGn the gas phase.

Run number pCH4 [bar] p [bar] yCO,
1 0.065 0.20 0.68
2 0.13 0.40 0.67
3 0.20 0.47 0.58
4 0.26 0.53 0.52
5 0.34 0.67 0.49
6 0.41 0.78 0.48




Fig.1 shows the FTIR spectra obtained after exjgotiie studied carbon sample to
CH4/CGO, gas mixture at increasing partial €@ressure. To the best of our knowledge there is
a lack ofin-situ FTIR studies using carbonaceous materials as mlalesieves in the
CO,/CH,4 separation process. What is important, adsorptiothe gas mixture on carbon
surface does not cause the appearance of any oxpgeaining surface compounds,
particularly carbonate or carbonyl groups. It med#ret adsorption of both compounds is

physical and fully reversible.
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Figure 1. The FTIR spectra of studied carbon film recordédraexposure to CHCO, gas-
mixture CH, = 0.26 barpCO, = 0-0.27 bar) at 298 K. Insets: the £&ending region (A);
and CH stretching region (B).

At 298 K the increase in the GQressure causes first the increase, and then the
decrease in the intensities of the bands obsenephiysically adsorbed GHat 3016 crt).
The occurrence of this maximum during physical golson of CH, stays in an excellent
agreement with the results of previous theoretiepbrts [7], and is the major subject of this

work.
3. Results and discussion

The experimental adsorption data for pure gaseslawwn in Fig.2. As in the case of

“ordinary” microporous activated carbons, the aggon of CQ is larger than the adsorption



of CH, (see for example [15-17]). This is mainly causgddsger potential energy of C-GO
interactions in very narrow micropores [7]. Thisalcauses that the equilibrium &OH,
selectivity at "zero" coverage is enhanced in r&agrow micropores.

As it has been often proposed [18], adsorptioa #adre fitted using the Dubinin and
Astakhov (DA) [19] adsorption isotherm equationg(2). Both studied gases are supercritical
at the measurement temperature, therefore the dpssaturated vapour pressure™ should be
calculated. To do this the method proposed by Amanhkand Schwarz (AS) [20] was
applied. As it was shown recently [18] applicatafithe AS approach leads to the best fit of
the DA model to simulated GGnd CH adsorption isotherms [18]. As it is seen from FEig.
the DA model fits our experimental data very welig(2). The determination coefficient
(showing the fit of DA model to experimental daighigher than 0.9999. The valueskaofa
parameter of the AS equation [20]) were acrossraimge of 2.1-2.7 (i.e. typical values for
microporous carbons [20]). In the case of gas medubecause of the irregular shape of

curves, a Spline function (interpolation order =w#)s used to fit the experimental data (see
Fig.3).

a [pmole/g]
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Figure 2. Experimental data of pure gas adsorption at T =KRYBoints) and their fitting by
the DA equation (lines) with the AS "pseudo satndlatapour pressure”.

Fig.3 shows the experimental data of mixture gutgmm. Considering the data
collected in Fig.3A one can conclude that the é¢ffeicenhanced ClHadsorption occurs
especially at larger CHpressures. What is interesting, with increasing, @kessure the
maximum methane adsorption occurs at loye®, (Fig.3C). In Figs.3A-D, the prediction of



gas adsorption according to the Ideal AdsorbedtB®ollAS) theory is also showm(= xa).
The total adsorption of gasess a; + a,, was calculated from [14]:

a=(x/af+x,1/ag)" (1)

where the mole fraction ofth adsorbatey;, is obtained from egs. (2b), (4) and (5) (hgre

1). It is seen that the IAS theory cannot predmgt presence of maxima observed for,CH
(Figs.3A and 3D). It is obvious because the maxarecaused by interactions between the
mixture components. For the g@dsorption the discrepancy between the experiarahthe
IAS theory is not so large, especially at low gngressure of CH(Fig.3B). However, with
the rise in pressure, (and with the risg@0, - see Fig.3D) the deviations between theory and

experiment become larger.
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Figure 3. (A) and (B): adsorption of CHand CQ vs. total pressurng.(C) and (D): adsorption
of CH; and CQ vs.yCO,; at each rupCH,4 = const.; the arrows show runs 1-6 (Tab.1). Solid
lines - the interpolation (a Spline function witlterpolation order = 2), dashed line - the IAS
theory. Bold solid and dashed lines in figure (Apw the isotherm for pure GHand the

approximation oBCH, max by the DA adsorption isotherm equation, respebtive



The height of the peaks&CH; max Observed oraCH; = f(p) andaCH, = f(yCO,)
increases witlp (Fig.3A) and withpCH, (Fig.3C). As one can see (Fig. 3A - bold dotted
line), aCH, max = f(p) can be described using the DA adsorption isothegomtion. Thus, in
the studied range of pressures the effect of emth@d}, adsorption becomes stronger with
the mixture pressure, as well as with the presstireethane in the mixture. Moreover, from
the data collected in Fig.4 one can conclude Y&, nax slightly increases witlpCH,. This
dependence is of sigmoidal form. The lower limiyGH, max (p—0) seems to be ca. 0.81, the
upper limit is 1. Thus, increasing the methane saressin the mixture leads to increase in the

methane gas mole ratio at with maximum methanerptisn occurs.
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Figure 4. The relation betweeylCH, maxandpCHj, (solid line shows a sigmoidal fitting) and
the dependence betwep@O, andpCH, ataCHy max

The relation betweepCO, andpCHjy, at whichaCHy nax is observed, is also shown in Fig.4.
As one can observaCO, reaches a maximum pCH, = ca. 0.18 bar. ApCQ; is related to
pPCH; by pCO, = pCH4(1-yCH,4)/yCH,, the observed maximum is caused by the fact that
YCHy maxincreases witlpCH, (see ashed line in Fig.4).

The adsorption data, = f(p), i = CH,;, CO,, atyCO, = const., obtained frora(p)
(shown in Fig.3) are presented in Figppi$ restricted to the experimental range). These
dependences are needed to calculate the actieffidents. Here also the maximumatH,
is observed. The maxima fg€CO, < 0.04 are not visible because of too low pressiine.

maximum decreases with the riseydO, (Fig.6).
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Figure5. The plots ofg; =f(p), | = CH,, (A) CO,, (B) atyCO, = const. yCO, across the range
of 0.02-0.44, with the step = 0.02; symbols indicaioints calculated from the spline

interpolation of the experimental data shown insFi8A, B, lines present interpolation of

these points using a Spline function.
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Figure 6. The relation betweeyCO, and the maximaaCH,; max, on the curvesCH,= f(p)
atyCO, = const. (Fig.5); here total pressure changes ovaotonically from 0.19 up to 0.36

bar.

In Fig.7 aCO; is plotted vs.p (at pCO, = const.). It is seen that the influence of me¢han
pressureCH,) on carbon dioxide adsorptioaG0,) is practically negligible.
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Figure7. The plots 0aCO, =f(p) (atpCO, = const.) pCO, across the range of 0.02 - 0.14
with the step 0.0 = pCO, + pCHy; solid line - the linear regression.

To get a deeper insight into the mechanism of/CB, mixture separation the activity
coefficients of adsorbed molecules were calcul@ecbrding to Myers and Prausnitz [14],
using the equalities:

e (2a,b)

where 77 7f; is the spreading pressure for the gas mixture, fanc pure gas adsorption,

respectively. To calculatafrom:

. A __ta-+a,
T = = dp,y: = const. 3
RT J; P P,y 3)

a; anda, were fitted as a function @ffor different values of, and7?f; is given by [14]:

dp i=1,2 (4)

whereA is the specific surface area of an adsorbentthe number of moles of adsorheth

component per unit mass of an adsorb@jt,T are the gas constant and the absolute

10



temperature,p’,a’ are the pressure and adsorption of a ptinegas, respectively. From the
equality of the chemical potentials of the adsarhat the gas phase and in the adsorbate

solution, we can relat@’ corresponding tarby [14]:

pP(m) =P/ yix =Y. plyx (5)

wherex; andy; are the mole fraction and the activity coefficiefthei-th component in the

adsorbed solution, respectively,is the partial pressure ofin the gas mixture |, =y, p).

Basing on our experimental conditions, we assuna¢ tihe studied gas mixture behaves
ideally. The activity coefficientgs and )5 were obtained from egs. (1a,b,5) andetermined

experimentally.

Figs.8A and 8B collect the experimental adsorptiaiues at77 = const. One can
observe the progressive displacement of, 611 CQ,. Some maxima at lowCO, (occurring
at small 77 values) are caused by the enhanced @d#orption by adsorbed G@nolecules
(see Fig.8B). The activity coefficients are plotiad-igs.8C and 8D as the function @O,
(at 7 = const.). It is seen thg€H, very slightly depends o and the dependeng€H, =
f(xCOy,) is “typical” [21] it is going to 1 foxCO, — 0 and increases witkCO,. In contrast,
JCO, strongly depends orr. It shows maxima at lower, and minima at high ealof 77,

respectively. Atz = ca. 80Qumol/g )CO, it is close to 1.

The results of recent GCMC study of €0H, adsorption on a series of VPC models
[21] are very helpful for the analysis of the aitfivcoefficients plots collected in Fig.8.
Namely, similar plot of the CHactivity coefficients were observed for the sinteth CH,
adsorption data (see Fig. 10 in [21]). Thus, takimg account the plot ofCH, one can
conclude, that during the progressive displacenoér@H, by CQO, from micropores of the
studied carbon, reinforced by @®@arbon force field causes only small deviationy©GH,
from ideality (see the inset in Fig.8D). Howevdrthie amount of adsorbed G®ecomes

largeryCH, drastically increases.

11
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Figure 8. (A) and (B):a = f(xC(O,). (C) and (D):y = f(xCOy); for 7 = 200, 400, 600, 800
and 100Qumol/g.

On the other hand, the influence of OHolecules on the behaviour @20, is drastic,
especially in the range of low* values. Although we observe that £@olecules enlarge the
potential field in micropores and drag some methao&cules from the gas phase (as it was
suggested by previous GCMC simulation data [7]) iebaviour ofyCO, observed during
experiment (Fig.8C) is different than it was preeicby the simulation [21]. Thus, up to our
knowledge, the existing binary mixture models (Btample proposed by Siperstein and
Myers [22], Redlich and Kister [23] and others [R4fe unable to describe g@nd CH
activity coefficients reported in Fig.8C and 8D.iSheads to the conclusion that in very

narrow real carbon micropores the C-3CH, interactions are more complex than presumed.

One of the possible methods taking into accouatdbmplex nature of the studied
system is the application of a new expansion deisgrithe molar excess of Gibbs free
enthalpy G*). The modification of the Redlich-Kister equatif#8] taking into account the

interaction between binary mixture components anddsorbent can be written as [21]:

12



%:)(1X2(A12+Blz(xl_xz))+xf(£A13+B1§X 1_X)3)+X)§(3A 4B Q( EX)E (6)

where: Aix and Bix are the parameters of expansion related to theractions between
components andk (note thak=3 denotes an adsorbent). After simple manipulatiisleads

to the activity coefficients given by [21]:

Inyl:_xlxz(Aiz_ZBlz 1+X2_X1))_XE(£A13_ 2B 1 1+ x X ))'*'X iA 17 X 3 1)

(= XBy) ~ XX A 1+ 2B o X ) )
Ny, ==XX,(A,=2B,(1+X,— X)) X X {A ;7 2B [I+X 57X )X (A FXB ) ®)
X (As = XBod =X XA+ 2B (X X))

As previously [21] X3 can be expressed as:

X =1-(a +a,)/a,, (9)
whereas andx, are replaced by, for the binary mixture:

x (bin) =& /(a, +a,) (10)
using the relation:

X (bin) = x (bin)(1+ x;),i =1,2 (11)

Before the eqs.(6)-(11) were applied to descniptmf the activity coefficients
collected in Figs.8C and 8D, some model numeriakdutations were performed. We tried to
check how the exclusion of arbitrarily chosen partan (and/or the set of parameters) can
change the quality of the fit to experimental dafae obtained results confirm that the
exclusion of the parameters responsible for theraation of gas mixture components with
studied carbon surface drastically reduce theuflity.

13



The arbitrarily chosen results of fitting are ecled in Figs.9A-C and in
Supplementary data (Figs.S1). As one can see,udlé@ygof the fit is quite good. We observe
the linear dependence of eqgs.(6-8) parameterg ¢Rrigs.S2A-S2C).
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Figure 9. The fit of theoretical C@®(blue dashed lines) and ¢kted dashed lines) activity
coefficients to experimental data (blue and redlsyisifor CQ and CH, respectively) for
=200 (A), 600 (B) and 1000 (@mol/g. (D): the changes in the values/60; (blue dashed
lines) andyCH, (red dashed lines) fa&3 andB;3 = 0 (1),A23 andBysz = 0 (2), andAy2 andBy»
=0 (3) (7=200umol/g).

In Fig.9D we also show howCO, and yCH, depend on the values of interaction
parameters. One can observe thgtandBi; as wellA;; andB,, values are responsible for the
appearance of a characteristic maximum ony@®, plot observed at low? values.From
Figs.S2A-C one can also conclude thatBagparameter only slightly depends @h To get
more information about the energetics of adsorptiewell as about the physical meaning of
the parameters the values of free enthalpy of mgixixG™ ) were calculated using procedure
proposed by Myers and Prausnitz [14]. The resulliected in Fig.10A show very important

properties of the studied system. First of all oag observe the rise in absollt&™ value
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with the rise in7. It means that for increasing amount of 0@ the mixture the process
becomes more spontaneous. This is caused by thatpalf adsorbed molecules, i.e. larger
potential energy of lateral GE&CO, than CQ-CH, interactions (the critical temperature of

CO, is equal to 304 K, while for CHt is equal to 190.9 K). Moreover, for low values,
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Figure 10. (A) Excess free enthalpy of mixing. Gray arrow showsrike in7z. (B)
The plots of this enthalpy calculated for the dadan Fig.9D forA;3 andB;3 = 0 (1),A23 and
Bys = 0 (2), andAy, andBy, = 0 (3) (#=200umol/g). Circles show the plot adkG™ for 7 =

200pmole/g, solid line shows the fit to experimentalada

one can see two specific maxima &G™ plots. The first one is due to the effect of
enhanced Cldadsorption, the second one is resulted mainly by-CGQO, interactions in
micropores. However, at larger values, with increasing GQontribution in the adsorbed
mixture, the both maxima overlay.

On the other hand, the results &6™ calculations (Fig.10B) have shed a new light
on the meaning of the parameters of eqs.(6-8). €mesee thafy; and B3 (curve 1) are
responsible forAG™ at the limit of largexCO, values. Next pair of the parametefgs(and
Bas, respectively - curve 2) is responsible for thefitioned above) maxima ahG™ plots,
reflecting fluid-fluid intermolecular interactions the adsorbed phase. Finally, the data
collected on Fig.10B (curve 3) show thab andB,;, parameters are mainly responsible for
the placing theAG™ plot on the energy scale. However, further studfesther experimental

systems are necessary to elucidate the meanimg afiscussed parameters in details.

3.2. Separation coefficients
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To check the separation properties of an adsodyemican calculate the experimental

separation coefficier defined by:

XCO, / xCH, (12)

S(CO,/CH,) =
( 2 4) yCOzlyCH4

The respective plots are collected in Fig.11.
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Figure 11. The separation coefficients of GOver CH, (eq.(12)) plotted as the function @f
(A, solid lines - the IAS predictionsyCO, (B) andxCO; (C).

As it was mentioned in the Introduction the problef CQ/CH,4 mixture separation is
very important, and the number of papers devotettiitoproblem is enormous. In Tab.2 we
collect selected results published in 2017 foreddht adsorbents (dt close to used in our
study). One can observe that HE€0,/CH,) values are usually calculated by the application
of the IAS theory. Fig.10A shows that for our syssethe I1AS-based separation coefficients
are practically pressure independent. This is nagreement with the experimental results
(Fig.11). The results from Tab.2, together with ttha@ta plotted in Fig.11 lead to the
conclusion about very high G@H, selectivity of the studied carbon film. One cars@lve
the small decrease faat lowp, yCO, andxCGQ; is induced by the (reported in this study)
effect of enhanced CHadsorption by C@®
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Table 2. Selected results & CO,/CHy) for different adsorbents (data reported in 2017).

Reference number Adsor bent p [bar] S(COL/CHy)

MIL- 53(Cr) and MIL- 53(Cr)/ 2-12
[25] _ _ up to 4
graphene oxide composites

Carbonyl-incorporated aromatic

[26] uptol 6.6-23
polymers
[27] Cd(ll) MOF uptol 22-184
Co-polyimides containing bis
[28] [4-(4-aminophenoxy) 4 47.2-51.9
phenyl] sulfone
[29] Different nanoporous materials 1.2 2.0-256.4
[30] C-xx and EC-xx polymers 1 2.6-3.4
[31] Zn(l)/Cd(Il) MOF 1 5.2-6
[32] Microporous silicalite -1 1 4.7-5.7
Activated carbon from wood
[16] up to 20 2-8
pellets
[33] MIL-100 (Fe) up to 30 10-30
Sulfur-doped nanoporous
[34] P P 1 5-23
carbons
_ 1.8-58.5,
This study Cellulose based carbon uptol
(4.7-5) *

(*) calculated using the |AStheory

4. Conclusions

The results of a comprehensive experimental agproged for the C£CH,4 mixture
adsorption/separation study on a microporous aetivaarbon film are reported. Thesitu
FTIR, applied for the study of this system for thst time, is a major used technique.

Obtained adsorption data for pure gases are vetlydescribed by the DA isotherm
equation with the AS "pseudo saturated vapour pressapproach. The effect of enhanced
CH, adsorption by C® molecules is observed experimentally for the fitishe. CH,

maximum adsorption increases with the pressure,itarglalso well predicted by the DA
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model. CH mole fraction at the maximum adsorption increagis the CH, partial pressure
and varies in the range 0.8 - 1 depending on thegspre. The enhanced by £@ethane
adsorption leads to inapplicability of the IAS mbdeur data analysis shows that £lias a
very strong influence on CHadsorption. In contrast, GHinolecules practically do not change
the CQ adsorption. Obtained activity coefficients of £#lightly decrease in the range of
enhanced Cldadsorption however, the drastic changesQii, are observed if the mole
fraction of CQ in adsorbate exceeds ca. 0.7. In contras, &f@vity coefficients are strongly
influenced by CH molecules, especially in the range of low spreggiressures/{ < 600
pmol/g) and in the area of enhanced@Hsorption.

Obtained experimental activity coefficients can feccessfully described by the
proposed recently [21] modification of the Redli€lster equation [23] taking into account
the interaction between binary mixture componentsan adsorbent. Obtained parameters of
this modified equation linearly depend a@h. The plots of excess free enthalpy of mixing
make it possible to perform the analysis of thergetécs of the process. Also the meaning of
the Redlich-Kister equation parameters has beealiegol.

Finally it is shown that the studied carbon possesry good CQCH,; mixture
separation properties, comparable to those repamredntly in the literature for other
adsorbents. Obtained IAS-based separation coeftgigre pressure independent, and this is
not in agreement with the experimental data repoitethis study. Because the separation
coefficients are usually calculated based on tHe tideory, they should be treated with a care

especially for the case of adsorption in carborssessing very narrow nanopores.

Appendix A. Supplementary data.
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