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The mass transport in porous adsorbent is interpreted for linear ad-
sorption isotherm and concentration independent diffusion -coefficient
on the basis of random motion of a single particle of adsorbate. The wander-
ing of particle is regarded as a Markov process which can be described
under some simplifying conditions by the Planck—Fokker equation.
A relationship between the macroscopically measured kinetic curve or its
statistical moments and the quantities characterizing the motion of micro-
particle is presented. The adsorption process is interpreted as a process in-
volving the desorption of vacancies.

Haa muHeitnoit n3otepmsl agcopouun u 1asa guddysuonuoro koaddunueHra,
KOTOPBIf He 3aBIICUT OT KOHLIEHTPALUI, O0bACHAETCA NMEepeHoC BellecTBa B IO-
pucrtom afcopOeHTe HA OCHOBe Ciy4aifHOro JIBHEHIIA OJHOII YacTULBI afCcop-
OMpOBAaHHOrO BellecTBAa. DBuyspgaHile vyacTHLBl cunTaerca mnpoueccod Map-
KOBA KOTOPBIIl NMpII HEKOTOPBIX YINPOIIAWIHX YCJIOBHAX ONHCHIBACTCA YPaB-
neunem Ilnanka—®orkrepa. IlpuBogiTca cooTHoLIeHHE MeKIYy MAKPOCKONMU-
YECKI H3MepeHHOH KIIHeTIYeCKOH KpHBOiIl HIIll e ee CTATHCTHYECKIIMII MO-
MEHTAMII I BeJINYIHAMH, XapaKkTepH3YIIMHMH ABIAKEHHE MIKPOYACTHIHL.
ITpouecc agcopOminn B JaHHOM CIy4ae paccMaTpiBaeTcsa Kak MpoLece Zecopouunm
BaKaHIIIf,

This paper is concerned with some basic problems of the mass transport in porous
media. As known, there is a number of theoretical approaches to the description
of transport phenomena, ranging from pure macroscopic to pure microscopic treat-
ments. The mass transport in porous adsorbents, however, represents a phenomenon
complicated to such an extent that so far only an integral view on a phenomeno-
logical level could be achieved. As to a detailed description, there is a tendency
to apply the knowledge of individual transport mechanisms obtained for geometrically
most simple types of channels to the systems which often have an extremely compli-
cated structure with a pronounced effect of the complicated field of adsorption
forces.

In the subsequent approach the mechanistic ideas are replaced by some intuitive
assumptions: in spite of some drawbacks this approach was found to be of a good
use especially for the systems with essential structural inhomogeneities and corres-
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ponding inhomogeneities in force interaction. This proceeding is based on the ideas
of Pontryagin, Andronov, and Vitt [1] as well as Tunickie [2, 3]. This approach is
based on the assumption that the wandering of a particle in porous medium is
consistent with a so-called Markov process, i.e. such a process for which the follow-
ing correlation between the two successive states of the system exists: the proba-
bility of a certain state in subsequent moment depends only on the state of the
system in a given moment and is independent of the previous states of the system.
Therefore if we know the state of the system at time fp, we may predict the pro-
bability of a certain state of the system in an arbitrary subsequent time. In our
case, the system is consistent with a wandering particle and the state of the system
is, therefore, given by the vector x determining the position of this particle in space.
The solution of the problem of a wandering particle requires to find out the pro-
bability density P[x(t)|x(0)]; hence P[x(¢)x(0)] dz is the probability that at time ¢
the components of a random quantity x will fall into the intervals (z1, 1 + dx1),
(w2, x2 + dx2), and (z3.x3 + dxg) provided the initial position of the particle is
x(0). This Markov probability of the transition of a system from the state x(0)
to x(t) is described by the following equation [4]

P[x(1)x(0)] = [ P[x(t)}x'(z)] P[x'(z)|x(0)] dx’, (1)
where 7 is arbitrary time fulfilling the condition

t>1>0. (2)

Smoluchowski [5] was perhaps the first to use eqn (I). This relation represents the
equation of continuity for the Markov process and it reflects the fact that the pro-
bability of the transition from the state x(0) to x(t) may be expressed by means
of the probability of the transition from x(0) to arbitrary x'(r) multiplied by the
probability of the transition from x’(t) to x(¢). The application of the above equation
is too complicated and, therefore, suitable simplifying assumptions are to be intro-
duced.

One of the possibilities is as follows: Equation () is transcribed in such a way
that ¢ and 7 differ by a very small value, i.e. the denotation in the original equation
changes in the following way

Plx(t + A)|x(0)] = | Px(t + A)|x'(t)] P[x(t)}x(0)] dx’. (3)

Then the subsequent assumptions on the moments of the function P[x(t 4 4¢t)!x’(¢)]
are adopted

lim L (¥: — @) P[x(t + At)|x"(2)] dx’ = A(x), (4)
At>0 A
1
lim — [ (2 — 2))(2; — &) P[x(t + At)|x’(t)] dx" = Bij(x), (3)
At»0 At
1
lim — [ (v — aj)(@; — aj)(ex — xp) P[x(t + J) x'(1)] dx’ = 0. (6)
At->0 At
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It is also assumed that all moments of higher orders are equal to zero. Under these
conditions the Smoluchowski equation may be transformed into the following partial
differential equation [6]

=2

i=1 2 i=1j=1 0% 0x;

(A4 P) . 13 3 8By P)

(7

This equation is called the Planck—Fokker equation. In order to make further
considerations more conceivable we shall concentrate on a special case when:

a) the wandering particle is not subjected to any forces originating outside a granule
of adsorbent, i.e.

A4; =0, (8)
b) the medium is considered to be isotropic, i.e.
Bij = 2B 6y, (9)
where d; ; is the Kronecker delta and B is some function of position. Thus the Planck—
Fokker equation assumes the form

oP _ &BP)  &BP + o:BP) (10)

22 2 2
at oxy ox; ox;

In the following eqn (10) is used for the description of the random motion of
a particle of adsorbate in a porous adsorbent provided the desorption into vacuum
takes place. Since P is the conditioned probability of the existence of a particle
in the position x at time ¢ provided this particle was in the position x(0) at ¢ = 0,
the determination of an explicit expression of P is stimulated by the solvation of
eqn (10) with the following initial condition

P(x, 0) = 6(x — x(0)). (11)

The symbol 6(x — x(0)) stands for the Dirac function. Furthermore we shall take
into consideration that a particle of adsorbate which has reached the point xs
on the surface S of a granule of adsorbate is immediately removed into vacuum,
and thus it is no longer free to move randomly. Therefore the surface S functions
as a so-called absorption barrier and obeys the boundary condition

P(xs,t) = 0. (12)

The solution of this problem for the given type of region with respect to the position
of the point x(0) is of particular importance and is, therefore, denoted by the symbol
G(x, t) = G(x|x(0)). It enables us to extend the solution of the problem to more
complicated cases when at the beginning of experiment the particle can be found
with non-zero probability in several points of the region. The above-mentioned
probabilities cannot be used for a direct confrontation with the current kinetic
experiment. For this reason, it is necessary to know the probability that a particle
which was in the position x = x(0) at ¢ = 0 desorbs within the time interval <0, ¢}.
We shall denote this probability by the symbol w(¢[x(0)). As in the time interval
<0,t> the particle must either desorb or remain in the adsorbent, the following
equation is valid

1 o N . 5
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w(t x(0)) + [ G[x(t)|x(0)]dx =1, (13)
i

where 1 is the volume of the region. For other initial conditions ¢ must be replaced
by the corresponding solution. For instance, for the case of desorption from a homo-
geneously saturated granule the particles occur at the beginning of experiment
with equal probability in all points of the granule and the general solution P(x, t)
is given by the integration with respect to x(0) over the total volume of the granule.
Hence, it may be written analogously

w(t) + [ P(x,t)dx = 1. (14)
i

Intuitively it may be expected that the conditions of validity of the Planck—
Fokker equation are fulfilled only for systems with a linear adsorption isotherm
and a diffusion coefficient independent of concentration and therefore only for
these systems the results of the description of the random motion of a particle may
be confronted with the resultant effect of the motion of a group of particles in their
concentration gradient which is etablished in the measurement of desorption kinetics.
Under these conditions it is possible to identify the integral [ P(x,t)dx (i.e. the

i

probability that a particle does not desorb in the time interval {0, ¢)>) with the
experimentally established quantity y(t) which stands for the relative saturation
of adsorption grain with adsorbate

[ P(x,1) dx = »(t). (15)
P

Similarly, as it is evident from Fig. 1, the probability w(f) is consistent with the
complement of y(t) to the unit value.

On the basis of these ideas it is possible to interpret the kinetic curves (used
by the author and his co-workers in a series of kinetic studies [7—10]) by means
of the quantities characterizing the motion of microparticles. For desorption, the
first statistical moment represents the mean desorption time of particles. Analo-
gously the second statistical moment corresponds to the dispersion of the time
necessary for a wandering particle to reach the boundary of the region. The case
of adsorption can be formally transformed into the previous case in the following
way: In conformity with the ideas of Bering and Serpinskii [11] it may be postu-
lated that a certain amount of vacancies occurs in a particle of the adsorbent which
is free from adsorbate. We shall use the symbol (a5)., for the concentration of vacan-
cies corresponding to that amount. Furthermore, we shall assume that the adsorption

(t) -

Fiy. 1. Kinetic desorption curve in p « ’ Ptz wit
t coordinates.

The corresponding values 1 —p(t) ory(t) |  KRge—————---—

characterizes the probabilities that a

particle of adsorbate does nor does not

desorb in the interval {0, ¢>.

F(t)= [ Plx,t) dx
12
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to a certain degree which will be characterized by the concentration of the particles
of adsorbate (ap); is accompanied by the desorption of vacancies to the correspond-
ing concentration (ag);. Then it will hold

(@) = (ap)i + (ap):. (16)

The adsorption from the level (¢—1) to the level i, ¢.e. the conversion of (ap)i—1
into (@p);, is accompanied by the desorption of vacancies from the level ¢ to ¢—1,
i.e. the change from (ag); to (@p)i—1. Moreover, it should be realized that the
wandering of a given particle is connected with the random motion of the ensemble
of vacancies and, vice versa, the wandering of a given vacancy is connected with
the random motion of the ensemble of particles. Under these assumption we may
consider the first moment of the kinetic adsorption curve to be the mean value of
the desorption of vacancies or the mean time necessary for a wandering vacancy
to reach the boundary of the region. Finally it is worth noticing that in a linear
system the corresponding moments for the desorption of particles and vacancies
are equal.
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