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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 NgB molecules of a gas B

(molecular mass mB) and NgC molecules of a gas C

(molecular mass mC) in a volume Vgmix at temperature T

is given by:

Qgmix ¼
q
NgB

gB q
NgC

gC

NgB!NgC!
ð1Þ

with, Ngmix ¼ NgB þ NgC

qgB and qgC are respectively the partition function of

one molecule of B (or C) and are expressed as:

qgB ¼ qgB trans qgB rot qgB vibi qgB e exp
2U 0

int mix

2kT

� �
ð2Þ

qgC ¼ qgC trans qgC rot qgC vibi qgC e exp
2U 0

int mix

2kT

� �
ð3Þ

where

. qgB trans and qgC trans are, respectively, the translation

contributions to the partition functions qgB and qgC

(three degrees of freedom of the mass centre of the

molecule);

. qgB rot and qgC rot are, respectively, the rotational

contributions to the partition functions qgB and qgC;

. qgB vibi and qgC vibi are, respectively, the contributions to

the partition functions qgB and qgC due to the internal

vibrations in the molecule;

. qgB e and qgC e are, respectively, the electronic

contributions to the partition functions qgB and qgC;

The translation contribution to the partition function of

component j may be written:

qgj trans ¼
2pmjkT

h2

� �3=2

V fmix ¼
V fmix

L3
j

ð4Þ

With,

L21
j ¼

2pmjkT

h2

� �1=2

ð5Þ

in which, suffix j means molecules B or C; Lj is the

thermal de Broglie wavelength of molecule j; h is

the Planck constant; mj is the mass of molecule j; and k is

the Boltzmann constant; Vfmix 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

expð2U 0
int mix=2kTÞ, in which, U 0

int mix is the potential

energy of interaction between any molecule and all the

others in the mixture;

U 0
int mix may be calculated by:

U 0
int mix ¼ 2

ð1
dmix

u0ðrÞ
Ngmix

Vgmix

g0ðrÞ4pr 2dr ð6Þ

in which dgmix 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,

U 0
intmix ¼2

4pd3
gmix

bmix

C0
mix

ffiffiffiffiffiffiffiffiffiffiffi
Tcmix

T

r
ln 1þ

Ngmixbmix

Vgmix

� �
ð7Þ

Tcmix is the critical temperature of the hypothetic

component; C0
mix is an energetic constant of the hypothetic

component in the gas phase; bmix 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 ¼ 2pd3
gmixC

0
mix

ffiffiffiffiffiffiffiffiffiffiffi
Tcmix

p
, amix is defined as

the molecular attraction parameter of the hypothetic

component.

The parameters of mixture (amix and bmix) will be

calculated thereafter using the pure component parameters

and appropriate mixing rules.

Equation (7) becomes:

U 0
int mix ¼ 2

2amix

kT
ffiffiffiffi
T

p
bmix

ln 1 þ
Ngmixbmix

Vgmix

� �
ð8Þ

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

Qgmix ¼
V
NgB

fmix

L
3NgB

B NgB!

V
Ngc

fmix

L
3NgC

C NgC!

£ qgB rotqgB vibi qgB e exp
2U 0

int mix

2kT

� �� �NgB

£ qgC rot qgC vibi qgC e exp
2U 0

int mix

2kT

� �� �NgC
ð9Þ

in which Vfmix may be calculated by

V fmix ¼ Vgmix 2 Ngmixbmix ð10Þ
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Combining equations (8)–(10) leads to

lnQgmix ¼ NgB lnðVgmix 2 NgmixbmixÞ2 NgB lnL3
B

2 NgB lnNgB þ NgB þ NgB ln qgB rot

þ NgB ln qgB vibi þ NgB ln qgB e

þ
NgBamix

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

þ NgC lnðVgmix 2 NgmixbmixÞ

2 NgC lnL3
C 2 NgC lnNgC þ NgC

þ NgC ln qgC rot þ NgC ln qgC vibi

þ NgC ln qgC e þ
NgCamix

kT
ffiffiffiffi
T

p
bmix

� ln
Vgmix þ Ngmixbmix

Vgmix

� �
ð11Þ

Then

lnQgmix ¼ Ngmix lnðVgmix 2 NgmixbmixÞ

2 NgB lnL3
B 2 NgB lnNgB þ NgB

þ NgB ln qgB rot þ NgB ln qgB vibi

þ NgB ln qgB e 2 NgC lnL3
C

2 NgC lnNgC þ NgC þ NgC ln qgC rot

þ NgC ln qgC vibi þ NgC ln qgC e

þ
Ngmixamix

kT
ffiffiffiffi
T

p
bmix

ln
Vmix þ Ngmixbmix

Vgmix

� �
ð12Þ

We apply the classical mixing rules,

amix ¼ aBy
2
B þ aCy

2
C þ 2yByCaB;C

¼ aB

NgB

Ngmix

� �2

þaC

NgC

Ngmix

� �2

þ2
NgBNgC

N2
gmix

aB;C ð13Þ

bmix ¼ bByB þ bCyC ¼ bB

NgB

Ngmix

þ bC

NgC

Ngmix

ð14Þ

in which,

. aB and aC are respectively the intermolecular attraction

parameters between B and B and between C and C in

the gas phase;

. yB and yC are respectively the mole fractions of the

component B and C in the gas phase;

. bB and bC are the geometric parameters of pure

components B and C;

. aB,C is the attraction parameter between B and C in the

gas phase; aB,C may be calculated from aB and aC with

quadratic mixing rule aB;C ¼
ffiffiffiffiffiffiffiffiffiffi
aBaC

p

Substituting equations (13) and (14) in equation (12),

we have

lnQgmix ¼Ngmix lnðVgmix 2NgmixbmixÞ

2NgB lnL3
B 2NgB lnNgB þNgB

þNgB lnqgBrot þNgB lnqgBvibi

þNgB lnqgBe 2NgC lnL3
C

2NgC lnNgC þNgC þNgC lnqgCrot

þNgC lnqgCvibi þNgC lnqgCe

þ

Ngmix aB
NgB

Ngmix

� �2

þaC
NgC

Ngmix

� �2

þ2
NgBNgC

N2
gmix

aB;C

� �

kT
ffiffiffiffi
T

p NgB

Ngmix
bgB þ

NgC

Ngmix
bC

� �

£ ln
Vgmix þNgmixbmix

Vgmix

� �
ð15Þ

The chemical potential of component B in the mixture

of B and C is obtained by differentiating lnQgmix with

respect to NgB:

mgB ¼ 2kT
›lnQgmix

›NgB

� �
T ;Vgmix;NgC

ð16Þ

mgB ¼ 2kT lnðVgmix 2 NgmixbmixÞ2
NgmbB

Vmix 2 Ngmixbmix

2 lnL3
B 2 lnNgB þ ln qgB rot þ ln qgB vibi þ ln qgB e

�

þ
1

kT
ffiffiffiffi
T

p

2NgBðNgBþNgCÞ2N2
gB

ðNgBþNgCÞ
2 aB 2

N2
gC

ðNgBþNgCÞ
2 aC þ

2NgCðNgBþNgCÞ22NgBNgC

ðNgBþNgCÞ
2 aB;C

� �
bmix

2
1

kT
ffiffiffiffi
T

p
amixðNgB þ NgCÞ

NgBþNgC2NgB

ðNgBþNgCÞ
2 bB 2

NgC

ðNgBþNgCÞ
2 bC

� �
b2

mix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

þ
Ngmixamix

kT
ffiffiffiffi
T

p
bmix

bB

Vgmix þ Ngmixbmix

�
ð17Þ
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Then

mgB¼2kT lnðVgmix2NgmixbmixÞ2
NgmixbB

Vgmix2Ngmixbmix

�

2lnL3
B2lnNBþlnqgBrotþlnqgBvibiþlnqgBeþ

1

kT
ffiffiffiffi
T

p

�
2yBaBþ2yCaB;C2y2

BaB2y2
CaC22yByCaB;C

� 	
bmix

�

2
amix½yCbBþyBbB2bmix�

b2
mix

�
ln

VgmixþNgmixbmix

Vgmix

� �

þ
Ngmixamix

kT
ffiffiffiffi
T

p
bmix

bB

VmixþNgmixbmix

�
ð18Þ

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

mgB ¼ 2kT lnðVgmix 2 NgmixbmixÞ2
NgmixbB

Vgmix 2 Ngmixbmix

�

2 lnL3
B 2 lnNB þ ln qgB rot þ ln qgB vibi þ ln qgB e

þ
2yBaB þ 2yCaB;C

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

2
amix

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

2
amixbB

kT
ffiffiffiffi
T

p
b2

mix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

þ
amix

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

þ
Ngmixamix

kT
ffiffiffiffi
T

p
bmix

bB

Vmix þ Ngmixbmix

�
ð19Þ

Then

mgB ¼ 2kT ln
ðVgmix 2 NgmixbmixÞ

Ngmix

2
NgmixbB

Vgmix 2 Ngmixbmix

�

2 lnL3
B 2 ln yB þ ln qgB rot þ ln qgB vibi þ ln qgB e

þ
2yBaB þ 2yCaB;C

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

2
amixbB

kT
ffiffiffiffi
T

p
b2

mix

ln
Vgmix þ Ngmixbmix

Vgmix

� ��

2
Ngmixbmix

Vgmix þ Ngmixbmix

��
ð20Þ

The total pressure p may be calculated from the

canonical partition function of the mixture

p ¼ kT
›lnQgmix

›Vgmix

� �
T ;NgB;NgC

ð21Þ

Vgmix 2 Ngmixbmix

Ngmix

¼
kT

p

Vgmix 2 Ngmixbmix

Vgmix

�

�
Vgmix

Vgmix 2 Ngmixbmix

�

2
Ngmixamix

kT
ffiffiffiffi
T

p
Vmix þ Ngmixbmix

� 	
!#

ð22Þ

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

mgB ¼2kT ln
ðqgBrotqgBvibiqgBeÞkT

L3
B

"

2 lnpyBþ ln
Vgmix2Ngmixbmix

Vgmix

2
NgmixbB

Vgmix2Ngmixbmix

þ
2yBaBþ2yCaB;C

kT
ffiffiffiffi
T

p
bmix

ln
VgmixþNgmixbmix

Vgmix

� �

2
amixbB

kT
ffiffiffiffi
T

p
b2

mix

ln
VgmixþNgmixbmix

Vgmix

� ��

2
Ngmixbmix

VgmixþNgmixbmix

�
þ ln

Vgmix

Vgmix2Ngmixbmix

�

2
Ngmixamix

kT
ffiffiffiffi
T

p
ðVgmixþNgmixbmixÞ

!#
ð23Þ

The final expression of the chemical potential is,

mgB ¼ 2kT ln
ðqgB rotqgB vibiqgB eÞkT

L3
B

þ kT ln pyB þ kT lnF0
B ð24Þ

with

m0
gB ¼ 2kT ln kT

qgB rot qgB e qgB vibi

L3
B

" #
ð25Þ

lnF0
B ¼

NgmixbB

Vgmix 2 Ngmixbmix

2 ln
Vgmix 2 Ngmixbmix

Vgmix

2
2yBaB þ 2yCaB;C

kT
ffiffiffiffi
T

p
bmix

ln
Vgmix þ Ngmixbmix

Vgmix

� �

þ
amixbB

kT
ffiffiffiffi
T

p
b2

mix

ln
Vgmix þ Ngmixbmix

Vgmix

� ��

2
Ngmixbmix

Vgmix þ Ngmixbmix

�
2 ln

PVgmix

kT

� �
ð26Þ
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or

F0
B ¼

kT

pVgmix

Vgmix

Vgmix 2 Ngmixbmix

exp
NgmixbB

Vgmix 2 Ngmixbmix

� �

�
Vgmix þ Ngmixbmix

Vgmix

� � 2yBaBþ2yCaB;C

kT
ffiffi
T

p
bmix

� �

�
Vgmix þ Ngmixbmix

Vgmix

� �� amixbB

kT
ffiffi
T

p
b2

mix

�

� exp 2
amixbB

kT
ffiffiffiffi
T

p
b2

mix

Ngmixbmix

Vgmix þ Ngmixbmix

 !
ð27Þ

m0
gB is the standard chemical potential of component B,

and F0
B is the 3D fugacity coefficient of component B in

the mixture.

We obtain,

mgB ¼ m0
gBðT; 1Þ þ kT ln pyB þ kT lnF0

B ð28Þ

The same expression may be derived for component C:

mgC ¼ m0
gCðT; 1Þ þ kT ln pyC þ kT lnF0

C ð29Þ

2.2 Non-ideal adsorbed phase modeling

We consider now a system composed of NaB molecules

of a compound B and NaC molecules of a component C

adsorbed on a surface A at temperature T. The

molecules may interact with each others. U0B and U0C

are the adsorption energies (minimum of uads(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 Qamix is given by:

Qamix ¼
qNaB

aB qNaC

aC

NaB!NaC!
ð30Þ

with Namix ¼ NaB þ NaC

qaB ¼ qaB trans qaB vib qaB rot qaB vibi qaB e

� exp
2Uint mix

2kT

� �
exp

2U0B

kT

� �
ð31Þ

qaC ¼ qaC trans qaC vib qaC rot qaC vibi qaC e

� exp
2Uint mix

2kT

� �
exp

2U0C

kT

� �
ð32Þ

in which,

. qaB trans and qaC trans are, respectively, the translational

contributions to the partition functions qaB and qaC (two

degrees of freedom of the mass centre of the molecule);

. qaB vib and qaC vib are, respectively, the contributions to

the partition functions qaB and qaC, due to the vibrations

of the molecule perpendicularly to the surface;

. qaB rot and qaB rot are, respectively, the rotational

contributions to the partition functions qaB and qaC;

. qaB vibi and qaC vibi are, respectively, the contributions to

the partition functions qaB and qaC, due to the internal

vibrations in the molecule;

. qaB e and qaC e are respectively the electronic contri-

bution to the partition functions qaB and qaC;

. exp(2 (U0j/kT)) is the contribution of the adsorption

energy of component j, with j ¼ B or C.

The translation contribution to the partition function of

component j may be written:

qaj trans ¼
2pmjkT

h2

� �
Afmix ¼

Afmix

L2
j

ð33Þ

in which Afmix is 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(2 (Uint mix/2kT)). Uint mix is the potential energy of

interaction between any molecule of the adsorbed phase

and all the others in the mixture.

It may be calculated by

Uint mix ¼ 2

ð1
damix

uðrÞ
Namix

A
gðrÞ2prdr ð34Þ

in which, damix 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)

Uintmix ¼2
pd2

amix

bamix

Cmix

ffiffiffiffiffiffiffiffiffiffiffi
Tamix

T

r
ln 1þ

Namixbamix

A

� �
ð35Þ

in which:

. Tamix is the critical temperature of the hypothetic

component representing the mixture (adsorbed phase);

. Cmix is an energetic constant of the hypothetic

component in the adsorbed phase;

. bamix is a parameter which characterizes the mixed

adsorbed phase. It may be considered as the surface of

the hypothetic molecule:

If we set then aamix ¼ pd2
amixCmix

ffiffiffiffiffiffiffiffiffiffiffi
Tamix

p
, which is

defined as the 2D molecular attraction parameter of the

hypothetic component.

The mixture parameters (bamix and bamix) will be

calculated thereafter using the pure component parameters

of and appropriate mixing rules.
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Equation (35) becomes

Uint mix ¼ 2
aamix

kT
ffiffiffiffi
T

p
bamix

ln 1 þ
Namixbamix

A

� �
ð36Þ

By setting

Afmix ¼ A2 Namixbamix ð37Þ

Expression (30) becomes

Qamix ¼
ðA2 NamixbamixÞ

NaB

L2NaB

B NaB!

ðA2 NamixbamixÞ
NaC

L
2NaC

C NaC!

� qaB rot qaB vib qaB vibi qaB e exp
2Uint mix

2kT

� ��

� exp
2U0B

kT

� ��NaB
�
qaC rot qaC vib qaC vibi qaC e

� exp
2Uint mix

2kT

� �
exp

2U0C

kT

� ��NsC

ð38Þ

Combining equations (36)–(38) leads to

lnQamix ¼ NaB lnðA2 NamixbamixÞ2 NaB lnL2
B

2 NaB lnNaB þ NaB þ NaB ln qaB rot

þ NaB ln qaB vib þ NaB ln qaB vibi

þ NaB ln qaB e þ
NaBaamix

kT
ffiffiffiffi
T

p
bamix

� ln
Aþ Namixbamix

A

� �
2

NaBU0B

kT

þ NaC lnðA2 NamixbamixÞ2 NaC lnL2
C

2 NaC lnNaC þ NaC þ NaC ln qaC rot

þ NaC ln qaC vib þ NaC ln qaC vibi þ NaC ln qaC e

þ
NCaamix

kT
ffiffiffiffi
T

p
bamix

ln
Aþ Namixbamix

A

� �
2

NaCU0C

kT

ð39Þ

The chemical potential of component B in the adsorbed

phase is obtained by differentiating lnQamix with respect

to NaB using the same Lorentz–Berthelot mixing rules as

in equations (13) and (14) but in adsorbed phase

amix ¼aaBx
2
BþaaCx

2
Cþ2xBxCaaB;C

¼aaB

NaB

Namix

� �2

þaac

NaC

Namix

� �2

þ2
NaBNaC

N2
amix

aaB;C ð40Þ

bmix ¼baBxBþbaCxC¼baB

NaB

Namix

þbaC

NaC

Namix

ð41Þ

in which,

. aaB and aaC are, respectively, the intermolecular

attraction parameters between B and B and between

C and C in the adsorbed phase;

. xB and xC are respectively the mole fractions of the

component B and C in the adsorbed phase;

. baB and baC are the geometric parameters of pure

components B and C in adsorbed phase;

. aaB,C is the attraction parameter between B and C in the

adsorbed phase.

aaB,C may be calculated from aaB and aaC by

aaB;C ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
aaBaaC

p
.

The total spreading pressure P may be calculated from

the canonical partition function of the mixture

P ¼ kT
›lnQamix

›Aamix

� �
T ;NaB;NaC

ð42Þ

The final expression of the chemical potential is then:

maB¼2kT ln
ðqaBrotqaBvibqaBvibiqaBeÞkT

L2
B

2
U0B

kT

"

2lnPxBþln
1=Gmlmix2bamix

1=Gmlmix

2
baB

1=Gmlmix2bamix

þ
2xBaaBþ2xCaaB;C

kT
ffiffiffiffi
T

p
bamix

ln
1=Gmlmixþbamix

1=Gmlmix

� �

2
aamixbaB

kT
ffiffiffiffi
T

p
b2

amix

ln
1=Gmlmixþbamix

1=Gmlmix

� �
2

bamix

1=Gmlmixþbamix

� �

þln
1=Gmlmix

1=Gmlmix2bamix

2
aamix

kT
ffiffiffiffi
T

p
ð1=GmlmixþbamixÞ

� �#
ð43Þ

in which Gml mix is the molecular surface concentration of

the mixture defined as:

Gmlmix¼
Namix

A
ð44Þ

Or

msB¼2kT ln
ðqsBrotqsBvibqsBvibiqsBeÞkT

L2
B

þU0BþkT lnPxBþkT lnFB ð45Þ
with

m0
aB¼2kT ln

ðqaBrotqaBvibqaBvibiqaBeÞkT

L2
B

þU0B ð46Þ

lnFB ¼ ln
1=Gmix

1=Gmix 2 bamix

þ
baB

1=Gmix 2 bamix

2
2xBaaB þ 2xCaaB;C

kT
ffiffiffiffi
T

p
bamix

ln
1=Gmix þ bamix

1=Gmix

� �

þ
aamixbaB

kT
ffiffiffiffi
T

p
b2

amix

ln
1=Gmix þ bamix

1=Gmix

� ��

2
bamix

1=Gmix þ bamix

�
2 ln

P

kT

1

Gmix

� �
ð47Þ

m0
aB is the standard chemical potential of pure

component B in the adsorbed phase and FB is the 2D

fugacity coefficient of component B in the mixture.
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Finally, we obtain:

maB ¼ m0
aBðT; 1Þ þ kT lnPxB þ kT lnFB ð48Þ

The same expression may be derived for component C:

maC ¼ m0
aCðT; 1Þ þ kT lnPxC þ kT lnFC ð49Þ

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.

maB ¼ mgB ð50Þ

maC ¼ mgC ð51Þ

m0
aBðT; 1Þ þ kT lnPxB þ kT lnFB

¼ m0
gBðT ; 1Þ þ kT ln pyB þ kT lnF0

B ð52Þ

m0
aCðT; 1Þ þ kT lnPxC þ kT lnFC

¼ m0
gCðT ; 1Þ þ kT ln pyC þ kT lnF0

C ð53Þ

FBxBGml mix ¼
LBðqaB vib qaB rot qaB e qaB vibiÞ

Zml mixkTðqgB rot qgB e qgB vibiÞ

� exp
2U0B

kT

� �
pyBF

0
B ð54Þ

FCxCGml mix ¼
LCðqaC vib qaC rot qaC e qaC vibiÞ

Zml mixkTðqgC rot qgC e qgC vibiÞ

� exp
2U0C

kT

� �
pyCF

0
C ð55Þ

where Zmlmix is the molecular compressibility factor in the

adsorbed phase:

Zml mix ¼
P

kT

1

Gml mix

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

1 2 Gmixbamix mol

exp
GmixbaB mol

1 2 Gmixbamix mol

� �

� ð1 þ Gmixbamix molÞ

2xBaaB molþ2xCaaB;C mol

RT
ffiffi
T

p
bamix

� �

� ð1 þ Gmixbamix molÞ

aamix molbaB mol

RT
ffiffi
T

p
b2

amix mol

� �

� exp 2
aamix molbaB mol

RT
ffiffiffiffi
T

p
bamix mol

Gmix

1 þ Gmixbamix mol

� �
GmixxB

¼
hN0

RT
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2pMBRT

p
expð2ðhvzB=2RTÞÞ

1 2 expð2ðhvzB=RTÞÞ

� exp
2U0B

RT

� �
p

RT

Pvmix

vmix

vmix 2 bmix mol

� exp
bB mol

vmix 2 bmix mol

� �

�
vmix þ bmix mol

vmix

� � 2yBaB molþ2yCaB;C mol

RT
ffiffi
T

p
bmix mol

� �

�
vmix þ bmix mol

vmix

� � amix molbB mol

RT
ffiffi
T

p
b2

mix mol

� �

� exp 2
amix molbB mol

RT
ffiffiffiffi
T

p
b2

mix mol

bmix mol

vmix þ bmix mol

 !
yB ð56Þ

1

1 2 Gmix molbsmix mol

exp
GmixbaC mol

1 2 Gmixbamix mol

� �

� ð1 þ Gmixbamix molÞ

2xCaaC molþ2xBaaB;C mol

RT
ffiffi
T

p
bamix

� �

� ð1 þ Gmixbamix molÞ

aamix molbac mol

RT
ffiffi
T

p
b2

amix mol

� �

� exp 2
aamix molbaC mol

RT
ffiffiffiffi
T

p
bamix mol

Gmix

1 þ Gmixbamix mol

� �
GmixxC

¼
hN0

RT
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2pMCRT

p
exp 2 hnzC

2RT

� 	
1 2 exp 2 hnzC

RT

� 	 exp
2U0C

RT

� �
p

�
RT

pvmix

vmix

vmix 2 bmix mol

exp
bC mol

vmix 2 bmix mol

� �

�
vmix þ bmix mol

vmix

� � 2yCaC molþ2yBaB;C mol

RT
ffiffi
T

p
bsmix

� �

�
vmix þ bmix mol

vmix

� � amix molbC mol

RT
ffiffi
T

p
b2

mix mol

� �

� exp 2
amix molbC mol

RT
ffiffiffiffi
T

p
b2

mix mol

bmix mol

vmix þ bmix mol

 !
yC ð57Þ
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where

. Gmix is the molar surface concentration;

. amix mol, bmix mol, aamix mol, bamix mol, aB mol, bB mol,

aC mol, bC mol, aaB mol, baB mol, aaC mol, baC mol, aaB,C mol

are, respectively, the molar expression corresponding

to the molecular ones amix, bmix, aamix, bamix, aB, bB, aC,

bC, aaB, baB, aaC, baC, aaB,C;

. MB and MC are, respectively, the molar mass of B and

C;

. vmix is the molar volume of the gas phase;

. N0 is the Avogadro number.

For given temperature T, pressure p and gas

composition yB equations (56) and (57) allow the

calculation of Gmix as well as of the adsorbed phase

composition xB.

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

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 U0B.

We compute the surface concentration and selectivity

curves using different sets of parameter values (U0B and

U0C) for a given set of aaB mol, aaC mol, baB mol and baC mol.

The results are illustrated in figures 3 and 4.

The selectivity (figure 4) depends of the ratio between

U0B and U0, 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.

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.
(aB mol, 3.217 J m3 mol22; bB mol, 2.95 £ 1025 m3 mol22; aaB mol, 4.18 £
109 J m2 mol22; baB mol, 4.45 £ 104 m2 mol22; aC mol, 1.554 J m3 mol22;
bC mol, 2.67 £ 1025 m3 mol22; aaC mol, 8.10 £ 109 J m2 mol22; baC mol,
7.88 £ 104 m2 mol22).

Figure 2. Selectivity curve of C in a binary mixture on a homogenous
non-porous adsorbent at 283 K and 400 kPa. (aB mol, 3.217 J m3 mol22;
bB mol, 2.95 £ 1025 m3 mol22; aaB mol, 4.18 £ 109 J m2 mol22; baB mol,
4.45 £ 104 m2 mol22; aC mol, 1.554 J m3 mol22; bC mol, 2.67 £
1025 m3 mol22; aaC mol, 8.10 £ 109 J m2 mol22; baC mol, 7.88 £
104 m2 mol22).

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.
(aB mol, 3.217 J m3 mol22; bB mol, 2.95 £ 1025 m3 mol22; aaB mol,
4.18 £ 109 J m2 mol22; baB mol, 4.45 £ 104 m2 mol22, aC mol, 1.554
J m3 mol22; bC mol, 2.67 £ 1025 m3 mol22; aaC mol, 8.10 £
109 J m2 mol22; baC mol, 7.88 £ 104 m2 mol22): Influence U0B and U0C.
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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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