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Adsorption equilibria of single gas and gas mixture on
homogeneous surfaces: a unified approach based on
statistical thermodynamics developments. Part II:
extension to gas mixture adsorption

Y. BELMABKHOUT, M. FRERE* and G. DE WEIRELD

Thermodynamics Department, Faculté Polytechnique de Mons, 31 bd Dolez, 7000 Mons, Belgium

(Received November 2005; in final form December 2005)

Theoretical description of single gas and gas mixture adsorption equilibria can be achieved in many different ways depending
on the kind of approach (microscopic or macroscopic). In this paper, we present a statistical thermodynamics approach for the
calculation of mixed gas adsorption equilibrium data on uniform surfaces. The non-ideality of both the mixed gas phase and
the adsorbed phase is considered by using the Redlich—Kwong EOS associated to the classic Lorentz—Berthelot mixing
rules. This is an interesting way to extend the model presented in Part I and to predict multicomponent gas adsorption
equilibria for highly non-ideal systems from parameters deduced from pure gas data. We present mixture adsorption

isotherms and selectivity curves calculated using our model.

Keywords: Adsorption; Homogenous surface; Statistical thermodynamics; Equation of state; Mixtures

1. Introduction

Prediction of multi-component adsorption equilibria using
parameters deduced from single gas adsorption data is of
great practical importance. Such equilibrium data are
indeed required for process design purpose. Generally the
experimental determination of such data is time-consum-
ing. As for pure gases, a lot of models are derived from
macroscopic thermodynamics development. The most
useful predictive theories for multi-component adsorption
equilibria are described in [1—11]. They are considered as
efficient tools for engineers concerned with adsorption
process design. Unfortunately they fail at predicting
experimental data in a wide range of conditions and do not
allow a physical understanding of the adsorptive—
adsorbent behaviour at the molecular level. Most of
them are based on the generalization of the corresponding
pure gas adsorption models.

This paper is the second part of a work dealing with
statistical —thermodynamics approach to predict single
and multi-component gas equilibria. In the first part, the
single gas adsorption equation developments were
described in details. We had defined the model parameters

and the final expression of the equilibrium isotherm
equation. This second paper reports the same theoretical
developments for binary mixed, the aim of which is to
provide a useful prediction tool for engineers for the
assessment of multi-component adsorption information in
a wide range of pressure and temperature. Both phases are
described using simple statistical thermodynamics
developments which lead to the expression of the
chemical potential of each specie in each phase. The
equality of the chemical potentials of a given specie in
each phase allows to relate the macroscopic variables
(temperature, pressure, surface concentration and phases
composition) together. The model does not require any
further parameter compared to the pure gas version.

2. Theoretical section

In this approach, we replace the mixture by a hypothetic
pure component, the properties of which are indexed “mix”.

As for the single gas case, the adsorption equilibrium
expression between the adsorbed and the gas phases is
expressed by the equality of the chemical potentials of the
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adsorptives in each phase. The development of such an
equation requires the microscopic modeling of each phase
separately in order to obtain the expression of the chemical
potentials using statistical thermodynamics developments.

2.1 Non-ideal gas phase modeling

The canonical partition function Qgmix Of a system
composed of a mixture of Ngg molecules of a gas B
(molecular mass mg) and Nyc molecules of a gas C
(molecular mass mc) in a volume V,p,ix at temperature 7'
is given by:

AT

mix — 1
Qe Ngg!Ngc! M

With, Ngmix - NgB + NgC
dss and gec are respectively the partition function of
one molecule of B (or C) and are expressed as:

B

qgB = qgB trans JgB rot dgB vibi JgB e EXP <$> )
U .

dsC = {gCtrans dgCrot dgC vibi dgCe EXP (ﬁ) 3)

where

® goBirans ANd G rans aTE, TESpectively, the translation
contributions to the partition functions g.g and gec
(three degrees of freedom of the mass centre of the
molecule);

® gugroc and gecro are, respectively, the rotational
contributions to the partition functions geg and ggc;

® (.5 vibi and g vivi are, respectively, the contributions to
the partition functions g, and g,c due to the internal
vibrations in the molecule;

® g.g. and g,c. are, respectively, the electronic
contributions to the partition functions g and gec;

The translation contribution to the partition function of
component j may be written:

27ijkT 32 meix
qgjtrans = |: B :| Vimix = 3 4
h Aj
With,
. 2mmkT] ">
1 _ J
A= [hz] 5)

in which, suffix j means molecules B or C; A; is the
thermal de Broglie wavelength of molecule j; & is
the Planck constant; m; is the mass of molecule j; and k is
the Boltzmann constant; Vj,,;« is the real volume available
to the molecules in the mixture.

The contribution to the molecular partition function
due to the interactions between the molecules is
exp(—U! /2kT), in which, U’ is the potential

int mix int mix

energy of interaction between any molecule and all the
others in the mixture;
U may be calculated by:

int mix

Ngmix
Ulimix = — J W(r) == g(ramridr (6)

int mix K
gmix

dmix

in which dgpix is the molecular diameter of an hypothetic
molecule in the gas phase representing the mixture.

Following the works of Vera and Prausnitz [12], the
same developments as in part I may be done for the gas
mixture, using similar expressions of equations (7)—(13)
(Part I). We obtain,

[—— gMIX / cmix | 1 gmixPmix 7
intmix Brix mix T n + ngix 7

Temix 1s the critical temperature of the hypothetic
component; Cl;, is an energetic constant of the hypothetic
component in the gas phase; b,;x is a parameter which
characterizes the fluid. It may be considered as the volume
of the molecule of the hypothetic component.

If we set amix = 27dy ;. Chiv/Temixs dmix is defined as
the molecular attraction parameter of the hypothetic
component.

The parameters of mixture (amix and by,) will be
calculated thereafter using the pure component parameters
and appropriate mixing rules.

Equation (7) becomes:

U = 2amix In (1 + Ngmixbmix> 8)
int mix kT\/Tbmix ngix

Considering equations (1)—(3) leads to:

NgB
meix 4

3N, 3N
AN AN !

Ul . Ngs
x (‘IgB rotqgB vibi dgB e €XP <$> )

B Uin mix N 9
X (ng rot §gC vibi dgCe EXP (2](4}> ) ©)

Nee
fmix

ngix =

in which Viy,ix may be calculated by

Vimix = ngix - Ngmixbmix (10)
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Combining equations (8)—(10) leads to

In ngix = NgB ln(ngix - Ngmixbmix) - NgB In A]33
— NgInNg + Ngg + Ng In ggp o
+ NgB In qgB vibi + NgB In qdgBe

NgB Amix (ngix + Ngmix bmix)
In

kT\/Tbmix

+ NgC ln(ngix - Ngmixbmix)

+

ngix

- NgC 1I1Aé - NgC 1IlNgc —‘rNgC
+ Ngc Inggcror + Ny In goc vivi

Ngcamix
4 ==
kTﬁbmix

1 mix N, mixbmix
X ln( gmix + Ve )
ngix

+NgC lnnge

Then

In Qgmix = Negmix IN(Vgmix — Ngmixbmix)
— NggInAj — Ngg InNgp + Nop
+ Ngg In B ror + NgB In ggB vivi
+ Ngglngege — NocIn A3C
— NgcInNgc + Ngc + Noc In gocror
+ Ngc Ingocvivi + Noc Ingoce

Ngmixamix (Vmix + Ngmixbmix>
In
kT\/Tbmix

ngix
We apply the classical mixing rules,

Amix = apys + acys + 2ypycas c

Ny N,
eB + be g€
N gmix N gmix

bmix = by + bcyc = by (14)

in which,

e ap and ac are respectively the intermolecular attraction
parameters between B and B and between C and C in
the gas phase;

e yp and yc are respectively the mole fractions of the
component B and C in the gas phase;

e bp and bc are the geometric parameters of pure
components B and C;

® agpc is the attraction parameter between B and C in the
gas phase; ag ¢ may be calculated from ag and ac with
quadratic mixing rule agc = /agac

Substituting equations (13) and (14) in equation (12),
a1 we have

In Qgmix = Ngmix In(V gmix — NgmixPmix)
— NggInAj — NggInNgg + Ngp
+ NggInggprot + Ngp Inggp vini
+NgpIngepe — NocIn AL
— NocInNyc + Noc + Ny Ingocror
+ NgcInggevivi +NecInggce

2 2
Nog Ngc NggNec
Ngmin [aB () ac () +20 aB,c}

gmix

KTT (;V be + s bc)

(12) ‘ b
x1n <ng1x +Ngm1x m1x> (15)
ngix

The chemical potential of component B in the mixture
of B and C is obtained by differentiating In Qgmix With
respect to Nyg:

Now \2 Noc \> _NgN <
= ag <N—gB> +ac (N . ) +2=E " anc (13) g = — i (20 Cemin (16)
gmix gmix Ngmix ¢ aNgB T,V omix,NeC
= —kT |1 b Nembs InAj —1 1 1 1
MeB = — n(ngix - Ngmix mix) ~ Viix — NomixDmi T nAg — nNgB + N ggB rot + N g gB vibi + NqgBe
mix gmix~mix

2NgB(NgB+NgC)_N§B
1

2Noc(Ngg+Ngc)—2N g N
«c(Ngg+Ngc) BN anC)

oC
ag — = a
(Ngp+Noc)? B (Ng+Nyc)? ct (Ngp+Noc)?

+
kT\/T bmix
. Neg+Noc—Ngp _ Nec
B 1 amlx(NgB + NgC)( (NngNgC)z bB (NgB+NgC)2 bC) In (ngix + Ngmixbmix>
kT\/T brznix ngix
Ngmixamix bB :| (17)
kT\/Tbmix ngix + Ngmixbmix
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Then

Ngmibe

MoB = —kT [ln(vgmix - Ngmixbmix) - ngix — Ngmixbmix

— lnAi; —InNg +1nggprot +1ngenvivi +1ngepe +

1
kTNT

» {(ZYBaB +2ycap ¢ —ygas — yeac = 2yycas,c)

bmix

_ Omix [ycbp+ypbp — bmix]:| In (ngix +Ngmixbmix>

brznix ngix
N Ngmixamix by :| (18)
kT\/Tbmix Vmix +Ngmixbmix

Using expressions (13) and (14), we may write:

Ngmibe

= —kT |In(V gmix — Nemixbmix) —
MeB |: ( gmix gmix mlx) ngix — Ngmix bmix

—1In /\]33 — InNg + Ingggror + In g vivi + Ingepe

2ygag + 2yCaB,C <ngix + Ngmixbmix>

kT\/Tbmix ngix
_ Amix In (ngix + Ngmixbmix>
kT\/Tbmix ngix
. Amixbp 1 ngix + Ngmixbmix
KTV, Veni
mix gmix
+ Amix In (ngix + Ngmixbmix>
kT\/Tbmix ngix
Ngmixamix bB }
kT\/Tbmix Vmix + Ngmixbmix (19)
Then
= —kT|In (ngix - Ngmixbmix) _ Ngmibe
e gmix ngix - Ngmixbmix

- lnA;} - lnyB + 1rlqurot + 1nquvibi + 1nque

2yBaB + 2yCaB.,C In <ngix + Ngmixbmix>

kT\[f bmix ngix
. Amixbp |:1n (ngix + Ngmixbmix)
kT\/T br2r1ix ngix

N gmixbmix :| :|
(20)

ngix + Ngmixbmix

The total pressure p may be calculated from the
canonical partition function of the mixture

ol mix

= kT & 21)

P Y%
emix /T Nyg Noc

ngix - Ngmixbmix — k_T |:ngix - Ngmixbmix
Ngmix P ngix

x < ngix
ngix - Ngmixbmix

N gmix@mix

- kT\/T(Vmix + Ngmixbmix)> ] (22)

Substituting equation (22) in equation (20) we obtain:

(qgBrotdgBibiqeBe)kT
e = —kT [ln £t gAV; R
B
lnpy +In ngix - Ngmixbmix Ngmibe
— B —
gmix ngix - Ngmixbmix

2ygap + 2yCaB,C1 ngix +Ngmixbmix
n
kT\/Tbmix
amibe ngix +Ngmixbmix
- >— |In
KTNTB2,

ngix

ngix

Ngmixbmix :| ( ngix
- +In
ngix +Ngmixbmix ngix - Ngmixbmix

_ N gmix@mix 23)
KTT(V gmix + N gmixPrmix) (

The final expression of the chemical potential is,
(QgB rotqgB vibidgB e)kT
A

MeB = —kT In

+ kT Inpyg + kT In ®j (24)
with

3

MgB = —kT [ln kT qdeBrot dgBe 9gB vibi] (25)
B

N mixb Vv mix N, mixbmix
In®y = gmix7B —In—¢ £

ngix - Ngmixbmix ngix

o 2ypag + 2ycaB,C <ngix + Ngmixbmix)

kT\/Tbmix ngix
+ amibe |: (ngix + Ngmixbmix)
kT\/Tb?mx ngix
N mixbmix PV mix
- : —In{—7— (26)
ngix + Ngmixbmix kT
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or

(I)% — kT ngix

( N gmibe )
exp
pvgmix ngix - Ngmixbmix ngix - Ngmixbmix

2ygag+2ycag.c )

% (ngix + Ngmixbmix> < KT\ Tomix
ngix

amix?B
% (ngix + Ngmixbmix> (kTﬁbﬁ]i,)
ngix

% exp| — amibe Ngmixbmix (27)
kT\/Tbﬁux ngix + Ngmixbmix

,ugB is the standard chemical potential of component B,
and @ is the 3D fugacity coefficient of component B in
the mixture.

We obtain,

pgp = Wop(T, 1) + AT Inpyg +AkTIn @y (28)
The same expression may be derived for component C:

pec = poe(T, 1) + kT Inpyc + kTIndi  (29)

2.2 Non-ideal adsorbed phase modeling

We consider now a system composed of N,z molecules
of a compound B and N,c molecules of a component C
adsorbed on a surface A at temperature 7. The
molecules may interact with each others. Uyg and Upyc
are the adsorption energies (minimum of u,4s(r)). Only
one layer of molecules B and C can be adsorbed. The
adsorbed molecules can move on the surface (mobile
adsorption).

The canonical partition function Q,;x is given by:
_ G

ix = 30
Qunix = 3,20 (30)

with Nymix = Nag + Nac

daB = {aBtrans 9aB vib daB rot daB vibi JaBe

- Uin mix U
X exp : exp 0B 31
2UT KT G

daC = {aCtrans 9aC vib gaCrot aC vibi JaCe

— Uintmix —U
X exp ( 2k7t" > exp ( k7?c> (32)

in which,

® .8 uans AN @acwans are, respectively, the translational
contributions to the partition functions ¢, and g,c (two
degrees of freedom of the mass centre of the molecule);

® ¢.B vib and g,c vip are, respectively, the contributions to
the partition functions g, and g,c, due to the vibrations
of the molecule perpendicularly to the surface;

® ¢.Bror and ¢.pro are, respectively, the rotational
contributions to the partition functions g,z and g.c;

®  (.Bvibi and g.c viv; are, respectively, the contributions to

the partition functions ¢,g and g,c, due to the internal

vibrations in the molecule;

gae and g,c. are respectively the electronic contri-

bution to the partition functions g,g and g,c;

o exp(— (Uy/kT)) is the contribution of the adsorption
energy of component j, withj = B or C.

The translation contribution to the partition function of
component j may be written:

27Tl’f’ljkT Afmix
ajtrans = |:T:| fmix — Ajz (33)

in which Ak 18 the free surface available to the adsorbed
molecules;

The contribution to the molecular partition function due
to the interactions between the adsorbed molecules is
exp(— (Uingmix/2kT)). Uinemix 18 the potential energy of
interaction between any molecule of the adsorbed phase
and all the others in the mixture.

It may be calculated by

N ix
J—— J u) " gdardr (34)

damix

in which, d,,;x is the molecular diameter of the hypothetic
molecule in the adsorbed phase.

The same developments as in the previous section may
be done in the case of the adsorbed phase mixture. Using
expressions similar to equations (34)—(40) (Part I)

’7Td2 i T mix N. mixb mix
Uintmixz_ baTlXCmiXV aT ln<]+ . Aa ) (35)

in which:

o T,.ix is the critical temperature of the hypothetic
component representing the mixture (adsorbed phase);

e Chix 1s an energetic constant of the hypothetic
component in the adsorbed phase;

® b.mix 1S a parameter which characterizes the mixed
adsorbed phase. It may be considered as the surface of
the hypothetic molecule:

If we set then aumix = md>;, Conixv/Tamix» Which is
defined as the 2D molecular attraction parameter of the
hypothetic component.

The mixture parameters (bamix and bymix) Will be
calculated thereafter using the pure component parameters
of and appropriate mixing rules.
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Equation (35) becomes

amix N amixbamix>
Uintmix = — In( 1 +—F— 36
[ kT \ Tbamix < A ( )
By setting
Atmix = A — NamixDamix (37)

Expression (30) becomes

Q - (A - Namixbamix)NaB (A - ]vamixbamix)NaC
o A2V N g AZVEN, !

- Uint mix
X | gaBrot qaB vib qaB vibi JaB e EXP W

—Ups )\ "™
X exp < kT > > <QaC rot daC vib 9aC vibi aCe

—Uintmix —Upc\ TV
X
exp ( T )exp ( T )} (38)

Combining equations (36)—(38) leads to

In Qamix = N In(A — Namixbamix) — Nap In AZB
- NaB lnNaB +NaB +NaB lnqa\Brol
+ NaB In {aB vib + NaB In {aB vibi
+ NaBaamix
kT\/Tbamix
A + Namixbamix NaB UOB
X In -
A kT
+ Nac In(A — Namixbamix) — Nac In Aé
- NaC 1nlvaC +NaC +NaC lnqa\Crol
+ Nac Ingacvib + Nac In Gacvibi + Nac InGace
Ncaamix In (A + Namixbamix> . NacUoc
kT\/Tbamix A kT
(39)
The chemical potential of component B in the adsorbed
phase is obtained by differentiating In Q,,,ix With respect

to N,g using the same Lorentz—Berthelot mixing rules as
in equations (13) and (14) but in adsorbed phase

+ N lIngag.

+

— 2 2
Amix = daBXp + aacXe + 2)CBXCaaB‘C

1\/le>2 (NaC>2 NaBNaC
=ap| —— | +auc +2 a, 40
b (Namix Namix ]\’2 B.e ( )

amix
Nap Nac
bmix = bapxp + bacxc = bap——+bac—
Namix Namix

(41)

in which,

e a,5 and a,c are, respectively, the intermolecular
attraction parameters between B and B and between
C and C in the adsorbed phase;

e xp and xc are respectively the mole fractions of the
component B and C in the adsorbed phase;

e b,z and b,c are the geometric parameters of pure
components B and C in adsorbed phase;

® a,p c is the attraction parameter between B and C in the
adsorbed phase.

a,g.c may be calculated from a,g and a,c by

aaB,C = /daBlaC-
The total spreading pressure II may be calculated from
the canonical partition function of the mixture

1= kT (%) (42)
0Aamix T,Nus,Nac

The final expression of the chemical potential is then:

p— [IH(QaBrotQanib z%Bvibi qaBe)kT %
1/T sntmix = Damix b
B IHHXB in 1 /lemix - 1 /lemix - bamix
| PBaap+2Xcdapc) (1/lemix +bamix>
KTNTh ymix 1/T mimix
_ amixbap [ln (I/lemix +bamix> _ bamix }
kTTH2, . 1/T iimix 1/T mimix +Damix

1/lemix Aamix )
+In - 43
(1/Fm]mix - bamix kTﬁ( 1 /lemix +bamix) ( )

in which I",; nix 1S the molecular surface concentration of
the mixture defined as:

N ix
l—‘mlmix: Zﬂ 44)
Or
sBrot{sBvi sviisekT
,U«sBZ—len(q‘B (qsB quB biqsBe)
A
B
+Uog+kTInllxg +kTIndg (45)
with
I vi vibi kT
MgB:_len(('IaB otqaB b/C\]zziB bigaBe) +Uos (46)
B
1/T mix b
In®g =In / + b

1/Fmix - bamix 1/Fmix - bamix

_ szaaB + 2xCaaB?C <I/Fmix + bamix)

kT\/Tbamix 1/Fmix
aamixbaB l:ll’l <I/Fmix + bamix)
KT\TB . 1/ i
_ bamix —1In IT 1 47
1/Fmix + bamix kT 1—‘mix ( )

pl; is the standard chemical potential of pure
component B in the adsorbed phase and ®g is the 2D
fugacity coefficient of component B in the mixture.
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Finally, we obtain:
pap = wog(T, 1) + kTInTlxg + kTIndg  (48)
The same expression may be derived for component C:

pac = uOo(T,1) + kT InTlxc +kTIn P (49)

2.3 Adsorption equilibrium

The adsorption equilibrium is obtained by the equality of
the chemical potentials of both compounds in the adsorbed
and gas phases.

b = figp (50)

MaC = MgC (51)

s (T, 1) + kT InTlxg + kT In Dy

= MgB(T, 1) + kT In pyg + kT In D} (52)

poe(T, 1) + kT In Tlxc + kT In d¢

= oc(T, 1) + kT Inpyc + kT In &, (53)

Ag (GaB vib GaB rot ¢aB e GaB vibi)
Zml mika(QgB rot gBe 4gB vibi)

—U
X exp (T"B)m@g (54)

Dpxpl'mimix =

AC (QaC vib §aCrot aCe daC vibi)
Z it mixkT (qgC rot GC e GeCvibi)

—U
X exp (TOC)PYC(D,C (55)

(I)CxCle mix —

where Z,,1mix 1S the molecular compressibility factor in the
adsorbed phase:

I 1
kT le mix

Znimix =

If we suppose that there is no change in the rotational,
internal, vibration and electronic contributions when the
molecules of each component migrate from the gas phase
to the adsorbed phase and by converting the expression to

its molar form, we obtain:

1 exp I‘ImixbaB mol
1 - 1—‘mixbamixmol 1 - 1—‘mixbamixmol

2¥B 3B mol T2¥C4B.C mo])

X (1 + 1_‘mixbamix mol) ( R Tbamix

(“umix mlz)lbuB mol >
RTTH?
X ( 1+ 1_‘mixbamix mol) amixmol

X exp ( Aamix molbaB mol 1—‘Imix ) F ¥
_ L XB
RTﬁbamix mol 1+ 1-‘mixbamix mol e

_ hN exp(—(hv/2RT))
 RT\27MgRT 1 — exp(— (hv./RT))
X exp (— UOB)p RT Vrmix
RT Pmix Vmix — Dmixmol

bB mol
X exp (_7]“0
Umix b 'mix mol

2yB4B mol +2YC9B,C mol)

x <7}mix + Dmix mol) ( RTTbix mol

Umix

4mix mol ?B mol
. . T2
X <vmlx + bumix mol) RTVTG ol

Umix

x exp| — Amix mol DB mol brix mol VB 56
RT\/TbIZmX mol Umix + bmix mol ( )

1 - I‘mix molbsmix mol 1 - l_‘mixbamix mol

1 ( l_‘mixbaC mol >
exp

2xCdaC mol T2¥B44B,C mol )

X (1 + I‘Imixbamix mol) ( R Tbamis

<“amix mg]bac mol )
RTVTH?
X ( 1+ 1—‘mixbamix mol) amimol

X exp <_ Aamix mol baC mol I‘mix > F - Xe
RT\/Tbamix mol 1+ l_‘mixbamix mol e

= hNo exp(—%) exp —Uoc
RT27McRT | — exp(—"xc) RT

RT Umix ( bc mol )
X exp
Umix

POmix Umix — bmix mol - bmix mol

2yC4C mol T2YB4B.C mol )

Vmix

“mix mol°C mol
. . 2
X (vmlx + bimix m01> RIVIOS ol

Vmix

RTﬁbz Dmix T Omixmol

mix mol

mixmob mo! bmixmo
Xexp(—a 17C mol ! )yc (57)
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where

e I, is the molar surface concentration;

®  dmix mols bmix mol>  @amix mol> bamix mol> @B mol» bB mols
Aac mol» bC mols> @aB mols baB mol> aC mol» baC mol» aaB,C mol
are, respectively, the molar expression corresponding
to the molecular ones @iy, Pmix> amixs> Pamix» @8> OB, A,
be, azp, bag, Gacs bac, dan.c;

o Mpy and Mc are, respectively, the molar mass of B and
G

® V. 1s the molar volume of the gas phase;

® N, is the Avogadro number.

For given temperature 7, pressure p and gas
composition yg equations (56) and (57) allow the
calculation of I',;x as well as of the adsorbed phase
composition xg.

As in the case of pure gases adsorption equilibria, the
final expression may be obtained from purely macroscopic
thermodynamics developments using the concept of
fugacity coefficient calculated from the equations of state.

3. Results and discussion

We present some results of the surface concentration
computed using the model developed above. These
computations were carried out considering a given binary
mixture of adsorbates on a given non-porous homogenous
adsorbents at 283 K and at 400 kPa. We used the Lennard-
Jones potential model to describe the adsorbate-—
adsorbent interaction and adequate 3D and 2D energetic
and geometric parameters for each adsorbate [13]. For the
gas phase model these parameters can be easily calculated
from the critical parameters of the pure adsorbate, the
adsorbed phase model parameters can be derived from
adsorption experimental data (pure isotherms data).

In figure 1 we show the computed surface concentration
of adsorbates B and C in the binary mixture on a
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Figure 1. Adsorption isotherms of given adsorbates B and C in a binary
mixture on a homogenous non-porous adsorbent at 283 K and 400 kPa.
(@B mot» 3217 T m* Mol ™% by mep, 2.95 X 1077 m* mol ™% dup mor, 4.18 X
10° T m® mol ™% by mors 445 X 10*m?>mol ™ 2; ac mop, 1.554Tm> mol™%;
bemon 2.67 X 107> m* mol ™% duc mon 8.10 X 107 Tm* mol ™2 buc mors
7.88 x 10*m*mol ).
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Figure 2.  Selectivity curve of C in a binary mixture on a homogenous
non-porous adsorbent at 283 K and 400kPa. (ag e, 3.217J m>mol %
bemot, 2.95 X 107 m> mol 2 aupmon, 4.18 X 10° Jm?>mol ™% bup mons
4.45 X 10°m’mol ™% acme, 1.554Tm’mol % bemers 2.67 X
107 m’ mol ™%, dacmon, 8.10 X 10°Tm?mol ™2 bucmon, 7.88 X
104m2m0172).

homogenous non-porous adsorbent at 283 K and 400 kPa
as a function of xc. The corresponding selectivity curve is
presented in figure 2

From these figures it appears that B is more adsorbed
that as a consequence of the higher value of Upyg.

We compute the surface concentration and selectivity
curves using different sets of parameter values (Uyg and
UOC) for a given set of 3B moly daC mols baB mol and baC mol-
The results are illustrated in figures 3 and 4.

The selectivity (figure 4) depends of the ratio between
Upg and U, the selectivity can be overturned if the ratio is
reversed. From figure 3, we can see that the curve change
significantly for different values of the energy of
interaction between the adsorbate and the surface. If the
ratio is reversed, the shape of the surface concentration
curves varies.
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Figure 3. Adsorption isotherms of given adsorbates B and C in a binary
mixture on a homogenous non-porous adsorbent at 283 K and 400 kPa.

(@B mots 3.217Tm°>mol ™2, bg o, 2.95 X 107> m*mol ™2, aup mols

4.18 X 10°Tm?>mol 2, bugmop 445 X 10°m?>mol 2, ac o, 1.554
Im’mol ™% bemor, 2.67 X 107°m*mol %, ducmon,  8.10 X

10° Tm?mol ™% buc mo, 7.88 X 10 m? mol~?): Influence Upg and Uyc.
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Figure 4.  Selectivity curves of C in a binary mixture on a homogenous non—gorous adsorbent at 283 K and 400 kPa. (ag mop, 3.217 Jm> mol ™% bg mors

2.95 X 107> m> mol ™% dup mon 4.18 X 10°Tm? mol™?; byp mor, 4.45 X 10*

m’mol 2, ac mol» 1.554Tm> mol ™% be mol» 2.67 X 107° m® mol 2 AaC mols

8.10 X 10°Tm?>mol ™% bucmor, 7.88 X 10*m?mol 2): Influence Uy and Ugyc.

4. Conclusion

The prediction of multicomponent adsorption equilibria
using single-component adsorption data is one of the most
challenging problems in adsorption studies. We propose a
consistent new model, which may be obtained from
macroscopic thermodynamics developments although it
relies on a statistical thermodynamic description of both
phases. The methodology assumes a non-ideal Redlich—
Kwong behaviour for both the gas and adsorbed phases.
According to this approach, the prediction of multi-
component adsorption equilibria from single component
data would require no extra parameters. The theoretical
developments show that the concept of fugacity coefficient
may be defined for the adsorbed phase as well as for gas
phase. It appears that the expression of the fugacity
coefficient in the adsorbed phase may be calculated in the
same way as for the gas phase by replacing the molar
volume by the inverse of the surface concentration and by
replacing the pressure by the spreading pressure. Such
expressions of the fugacity coefficients are coherent with
those provided by macroscopic thermodynamics develop-
ments which required the equation of state of the studied
phase.
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