JOURNAL OF CATALYSIS 57, 187-190 (1979)

Elovich-Type Equations for Description of the Adsorption
Rates of Gas Mixtures

In adsorption kinetics the Elovich cqua-
tions describing the adsorption and desorp-
tion rates of single gases are very popular;
many experimental data fit these relation-
ships. Usually, they are written in the form:

R = do/dt = A exp(—ab/RT) (la)
and
R = —d6/dt = Bexp(B8/RT), (1b)

where R* and R? are rates of adsorption
and desorption, respectively, and 6 is the
monolayer surface coverage. The constant
a (B) is the parameter defining the relation-
ship between the activation enecrgy of
adsorption, E? (activation energy of desorp-
tion, £4) and the surface coverage 9, i.e.,

E» = F» 4+ af (2a)
and

Ed = F1 — g, (2b)

Howevcer, the constants 4 and B are given
by the following equations:

RTkp R
A= exp(—H£2/RT)

o4

(3a)

and

RTEA

B = — exp(—EY/RT),  (3b)

where p is the adsorbate pressure, and £
and %% are constants of adsorption and
desorption, respectively. Assuming the
linear functions (2a) and (2b), which
generates a linear relationship between

adsorption cnergy, ¢, and surface coverage,
b,
e = e — 40; )

the Elovich equations (1a) and (1b) may
be obtained by means of the following
integrals (7):

R = / (1 — O)kp
a

X exp(—E+/RT)X(e)de (5a)

and

Rd = / Ok exp(—E4/RT)x(e)de (5b)
A

with the stepwise local kinetic isotherm
O(e):
O(e) =0 for €< &

=1 for e> ¢ (6)
and the constant encrgy distribution x () :
(O =[F—aTi=c @

Relationship (4) may be obtained from
the integral adsorption isotherm:

0=/®(€)X(6)d6 (8)

with the subintegral functions (6) and (7).
In the above, ¥ and ¢® are maximum and
minimum values of ¢, and v is a constant
expressed by means of €M and em.

In this note the Elovich-type equations
for description of the adsorption and
desorption rates of m-component gas mix-
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tures are derived by using a general theory
of mixed-gas adsorption on heterogeneous
solid surfaces (2—4). First, the Elovich-type
equation for adsorption rate of the 4th
component, R;u?* will be derived by
using the integral

Bim® = / 1—3 ®i(n))leiapi
A(n)

im1
X exp(—E2/RT)X (ny(e)de, (9)

where ;) is the monolayer surface
coverage for adsorption of the ith compo-
nent from an n-component gas mixture;
e= (e, €2, ..., €6,),andn = (1,2, ..., n)
are n-dimensional vectors; x ) is n-dimen-
sional energy distribution, which is normal-
ized to unity:

/ X(n) (s)de = 1,
A(n)

where Ay is n-dimensional integration
region defined by

Am = (a™, &) X (™, &™)
X e X (enm’ EnM).

Eq. (9) describes the adsorption rate at
low surface coverages; then the monolayer
adsorption is dominant. Although Eq. (9)
limits theoretical discussion to low surface
coverages, our results are important from
the viewpoint of adsorption kinetics on
energetically heterogeneous solid surfaces.
The heterogeneity effects play an important
role at the beginning of the adsorption
process. In Eq. (9) the global heterogeneity
of the adsorbent surface is taken into
account by means of an n-dimensional
energy distribution x)(e). For this func-
tion different n-dimensional distributions
may be assumed. In such a treatment
every adsorption site on the heterogeneous
surface is characterized by n adsorption
cnergies: e, €, ..., and e,; where e
(t=1,2, ..., n) is the adsorption energy
characterizing the interaction of a given
adsorption site with one molecule of the

(10)

(11)

NOTES

ith component. The Elovich-type equation
for the adsorption rate of an n-component
gas mixture may be obtained from Eq. (9),
if the n-dimensional constant energy distri-
bution (3):

X (e) = fI [eM — e ] = cay (12)

=1
and the stepwise local kinetic isotherm:

®i(n) =0 for e S e*

=1 for e> ¢* (13)

are applied for xm)(e) and ©;(, respec-
tively. Application of Eq. (12) for x.(e)
means that the adsorption energies for the
various adsorbates are uncorrelated. More-
over, assumption of Eq. (13) for O, is
equivalent to the assumption of the
so-called ‘“‘condensation approximation’”
(6), which can be applied to surface whose
distributions have a spread much more
than RT (6). Thus, Eqs. (12) and (13)
mainly limit the applicability of the
Elovich-type equations for description of
adsorption rates.

Applying Eqgs. (12) and (13) in the
integral equation for the overall adsorption
isotherm, Bi(n), i.e.,

Oi(ny (£)X(n) (e)de

A(n)

Oiny = (14)

we obtain the relationships between 6;(n)
and ¢; for all ¢;, they are:

= ﬁ (e — €%)/(e™ — &™)

=1

0i(n)

fort =1,2,...,n (15)

After omitting the upper index of &%,
the equations system (15) may be presented
in the form:

™
-.
l
.M=

viifin)

€ =
1

U

J

fori =1,2,...,n, (16)

where the matrix D of this transformation
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satisfies the following condition :

Y Y12 Y1in
Y1 Y22 Yon
detD = | .- ... .. #0;
’Ynl* 'YnZ* 'Ynn*
vi* = — vy (A7)

Now define the relationship between K2
and 0,’(,,) .

Fp = j‘jia +- Z @05y ; det [aij] # 0
=1

fort =1,2,...,n (18)

This relationship has been defined in a
similar way to that given by Eq. (16).
Substituting Eqgs. (12), (13), and (18) into
Eq. (9) and transforming wvariables by
means of Eq. (16), we have

E#/RT)
noofl “aijeﬂn))
exp [ — df;n
]I=I m p( RT J{n)

c(n)le 2D exp(—E#/RT)

{RT I: <—Otij0j(n)>
— | exp S
(s 477 RT
Gl
— exp
RT

where J = det D (19)

Rim®* = cmkipi exp(—

J-

.
i
I

Taking into account the following in-
equality in Eq. (19),

<_aii01'(n)> > <—'au‘>
exp | - — exp| ——
P RT RT

for 0]-(,,) < 1,
we obtain the Elovich-type equation for
the description of the adsorption rate of
the sth component from the n-component
gas mixture:

(20)

1 »
> aiﬂf(n))
T

=1

Ri(n)a = Ai exp <R—

fore=1,2,...,n, (21)

where
Ai = cki*pi exp(—L2/RT)
n /RT
T <__> (22)
J=1 \ tj

By means of rearrangements very similar
to the above we can obtain the equation
for the desorption rate of the 7th component
from the n-component gas mixture:

R{(n)d = C(n)]ez'd exp(——L’A’id/RT)

no e BB
JH . ()Xp( RT d@j(n)

=1

C(n)leid exp(—Eid/RT)

2 (2) 4]

(23)

where

n
Ed=ES— 2 Bifiw- (24)
J=1

Taking into account the following initial
condition,

B8 (ay ‘
exp BT >1 for 6;ay > 0, (25)

we have

1 =
Ri@® = Biexp (R Z is J(n>>

fori=1,2, ...,n (26)
The constant B, is expressed by
Bi = C(n)leid EXp(—Eid/RT)
n (RT
LI (). en
J=1 81]

Eq. (9) for Biwm* and the equation

Ri(n)d = / ®i(n)]2id
A(n)

X exp(—Ed/RT)X ) (e)de  (28)
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for R;w® have general forms; using
different equations for and x@m) we can
obtain different analytical approximations
for R,‘(n)a and Ri(n)d.

1t has been shown that the Elovich-type
equations (21) and (26) of adsorption and
desorption rates of the ¢th component
from an n-component gas mixture may be
easily derived by using the treatment
presented by the author in previous papers
(2-4). Very similar equations to Eqgs. (21)
and (26) have been proposed by De Boer
(6) for binary gas mixtures. According to
De Boer’s treatment, the relationships
between ¢; and 6imy, B2 and 0;(ny, E and
Biiny (for 7 =1, 2, ---, n) are given by
equations of the type (16), (18), and (24)
with the following additional assumptions:

=a;; Pij =B

for ¢=1,2,...,n.

Yii = Yiy Qg

(29)

It follows from the presented derivation of

NOTES

Egs. (21) and (26) that such assumptions
give detD = det[a;;] = det[8:;] = 0 and
then R;m?, Rim? are also equal to zero.
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