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Abstract. The kinetics of a A; + A; — A; A, reaction on inhomogeneous surfaces with
continuously distributed adsorption sites is investigated numerically using two phenomenological
models. One of them includes: the bulk diffusion of reactants from a bounded vessel towards
the adsorbent and the product bulk one from the adsorbent into the same vessel, adsorption and
desorption of molecules of both reactants, and surface diffusion of adsorbed and product particles
before their desorption. The other model describes surface reaction provided that concentrations
of both reactants at the surface are given. Both models are based on the Langmuir—Hinshelwood
reaction mechanism coupled with the Eley—Rideal step. Two surface diffusion mechanisms are
used. According to one of them, the diffusion flux of the adsorbed and product particles is
described by the standard Fick law, while in the other one the surface diffusion flux is based on
the particle jumping into a nearest vacant adsorption site. Simulations were performed using the
finite difference technique. The kinetic rate constants, Eley—Rideal steps, and surface diffusion
mechanisms influence on the catalytic reactivity of surfaces is studied.

Keywords: heterogeneous reactions, adsorption, desorption, surface diffusion.

1 Introduction

Simulations are of central importance in study of kinetics in heterogeneous catalysis and
catalysts design in chemical industry [1,2,6,7,13,14]. The bibliography of the current state
of modelling in theoretical research of monomer-monomer reactions on inhomogeneous
surfaces includes a lot of papers based on the Monte Carlo simulations technique and
a considerably less number of works is devoted to numerical or analytical solving of
mean-field models. The bibliography of papers based on the Monte Carlo simulations can
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be found, e.g., in [5] and [12]. Moreover, a short review of papers is given in [12]. Some
mean-field models are solved numerically or studied analytically in [3, 10,12, 13].

A common feature of the previous reports dealing with adsorption and surface re-
actions is that the partial pressures of both reactants at the surface are assumed to be
given constants and product desorption from the surface is supposed to be instantaneous.
Exclusive is paper [10] in which the distribution of adsorption sites is stepwise but both
reactants diffuse towards the surface from a bounded pool.

In this paper, by employing a mean-field approach and its numerical simulations we
consider two models of monomer-monomer heterogeneous reaction, Ay + Ay — B,
B = AjA,, on catalytic surfaces with continuous (not stepwise) arrangement of ad-
sorption sites which are assumed to be active in reaction. Note that the spillover ef-
fect does not arise on the surfaces with continuously distributed adsorption sites. One
model involves: (i) the bulk diffusion of both reactants from a bounded vessel with an
impermeable boundary toward the adsorbent and the reaction product bulk one from
the adsorbent into the same vessel, (ii) adsorption, desorption, and surface diffusion of
adsorbed particles of each reactant. The other model describes surface reactions provided
that concentrations of both reactants at the surface are given. Both models are based on
the Langmuir—Hinshelwood surface reaction mechanism coupled with the Eley—Rideal
step. In particular, models based only on the Langmuir-Hinshelwood (LH) or Eley—
Rideal (ER) mechanisms are also studied. In both models, we use two surface diffusion
mechanisms. According to one of them, the diffusion flux of the adsorbed and product
particles is described by the standard Fick law, while in the other one the surface dif-
fusion flux is based on the particle jumping into a nearest vacant adsorption site [4].
Adsorption, desorption, surface and bulk diffusion are allowed to proceed at a constant
temperature.

The goal of this paper is the numerical study of the influence of the surface diffusion
mechanisms, bulk and surface diffusivity of both reactants and surface diffusivity of prod-
uct particles, desorption rate constant of product particles, adsorption sites arrangement,
and the LH or ER steps on the reactivity of catalyst surfaces.

The paper is organized as follows. In Section 2, we present the models. In Section 3,
we discuss numerical results. A summary of main results in Section 4 concludes the paper.

2 The model

We study the problem of two-molecular catalytic heterogeneous reaction, A; + As — B,
on surfaces with continuously (nonuniformly) distributed adsorption sites by using a
mean-field approach. We assume that all sites are equivalent and active in reaction so
that both reactants compete for the adsorption site. Let the reactants A;, A, and product
B = A; A, of concentrations a1 (t, ), as(t,x), and b(t, z) occupy a bounded domain
Q2 = {x = (21, 22,23): x; € [0,1], i = 1,2,3} with boundary S = S; U S, where
Sy = {.13 = (1‘1,332,3?3): xr; € [O,l], 1= 1,3,z = 0} and S; = S\Sg Here ¢ is
time, x is a position, S is the surface of the adsorbent, and S, is a surface impermeable
to the reactants and product. It is evident that x5 > 0 for Sp. Let s(x) be the surface
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density of the adsorption sites and let u; (¢, z) = s(z)0;(t,x), i = 1,2, 3, be densities of
the adsorption sites occupied by the adsorbed molecules of reactants Ay, Ao, and product
B, respectively. Here 0; is a surface coverage. Then s(1 — 6; — 63 — 63) is density of
free adsorption sites. Since, according to the Langmuir-Hinshelwood hypotheses, one
reactant molecule adsorbs on only one adsorption site, functions u;, us, and ug also
present densities of adsorbed molecules at point = at time ¢ of reactants A;, A, and
particles of the product B. Reaction between one molecule of reactant A; located in an
adsorption site and one molecule of reactant A5 located in the other adsorption site forms
one product molecule located in one adsorption site. The other one becomes free. Let k11,
ko1 and k_11, k_21 be the adsorption and desorption rates constants for reactants A; and
A, respectively, k1 and ko — reaction rate constants in the ER reaction, k3 — reaction rate
constant in the LH reaction step. To simplify the model, we restrict ourselves to the case
where the adsorption sites density, s, depends only on variable x; and the initial values
a19 and agq of concentrations a; and as do not depend on x3. In this case, we can reduce
the three-dimensional problem into two-dimensional one.

In what follows, we consider the case where the product molecules desorb slowly from
the catalyst surface. To construct the model, we first employ the Langmuir-Hinshelwood
reaction mechanism

k‘]l k21 e
A +8 = AS, A+ S = ArS, AS+ ASFA 4,8+ 8.
k k

—11 —21

Here S is a free adsorption site. In principle, the product B = A; A may be formed via
one or both Eley—Rideal steps

A+ AsS™ A A8, Ay + A8 A, A,S.

Since product particles desorb slowly, we join the last step A1 A2S L2\ A1 Ay + S, where
k4 is a product particles desorption rate constant.

In what follows, we apply two surface diffusion mechanisms. In one of them, the
diffusion flux of the adsorbed particles of the ith species is described by the standard Fick
law,

Ji = _"{uivui (D
with constant surface diffusivity s,,, ¢ = 1,2,3, while in the other one the surface
diffusion flux is based on the mechanism of the particle jumping into a nearest vacant
adsorption site [4],

Ji = —FRy, ((s —uy —ug —uz)Vu; — u; V(s —up —ug — U3)) 2)

Here V is the gradient operator and k., ¢ = 1, 2, 3, is a constant surface diffusion coeffi-
cient. According to formula (2), flux .J; is sum of two fluxes. One of them is proportional
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to —Vu; while the other one is proportional to the gradient of the free adsorption sites.
To derive equations for densities u1, us, us, we employ the mass action law and Egs. (1)
and (2), getting

3 2

0 (5%

Oyuy = kiia1| s — E uj | —k_11u1 — ksuyug — kaaguy + Kuy —— 917 3
j=1

3
0%u
at’U,Q = ]{721(],2 (S — Zw) — k_21u2 — k3u1u2 — k1a1u2 —+ Hu2 8 22, (3)
j=1
82’&3
8tu3 = k3U1U2 + k1u2a1 + kg’u,lag — k4U3 + Hugw
1

in the case of Eq. (1) and

3
Our = k1iaq ( Z%) —k_11u1 — k3ugug — kaasuy
j=1
- 82u1 0?(s — ug — ug)
+ R ( 333% —u 0z? ) ’
3
Opug = 74321612( Z%) — k_21u2 — kguius — kyarug @
Jj=1

_ 0%us 0%(s —uy — u3)
+ R, ((s —up — ug) 22 — Uy 927 )7
Oruz = ksuiuz + kiugar + kouras — kaus
0%us 0?(s —ug — Ul))

+ Rug ((s — Uy — uy) o2 — us 22

in the case of Eq. (2). Here 7 € (0,1), o = 0, ¢ > 0, and 0 signifies the partial
derivative with respect to time.
We add to systems (3) and (4) the initial

Ut |t=0 = Ua|t=0 = Uzlt=0 =0 5)
and boundary conditions at points z; = 0 and 1 = [,

8u1 aUQ 8u3
— =—=—= t>0.
8371 0371 63?1 07 >0 (6)

We also formulate the conditions ds/0x; = 0 at points 1 = 0 and 27 = .

Systems (3) and (4) involve unknown values of concentrations a1 and a» at the catalyst
surface. To close these systems, we add equations for the bulk diffusion of both reactants.
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Diffusion of the reactants A; and As toward the adsorbent and the product B from the
adsorbent away into the same vessel is described by the systems:

82(11 826L1
Oy = Kay (ax% + am% ), (.Tl,.l?g) S (O,Z) X (O,l), t >0,
6na1\51 =0, t>0,
3 (N
Kalana1|52 = — <k11a1 (S — Zu3> —k_11ur + k1a1u2> , t>0,
Jj=1 Sa
aili=o = a0, (w1,22) € (0,1) x (0,1),
0%ay  0%a
02 = (5 + G )o (@rmn) € (0.0 0.0, £ 0,
Onas|s, =0, t>0,
3 3
Iia2ana2|52 = — <k21a2 <S - Z Uj> — k_21U2 + kQCLQ’Uq) , t> 0,
Jj=1 Sa
asli=0 = azo, (z1,72) € (0,1) x (0,1),
and
9%b  0°%b
6tb:f€b(ax%+ax%), (.’E17$2> (S (O,Z) X (0,[)7
0nb|5'1 =0, t>0, )

Hbanb|52 = k4u3‘527 t> 01
bli—o =0, (x1,22) € (0,1) x (0,1).

Here 0, f, f = a1, as, b, is the outward normal derivative. Each of systems (3), (5)—(9)
and (4)—(9) possess two mass conservation laws

l

/(ai +b)dx + /(uz +uz)dzy = /aio dz, i=1,2, (10)
o) 0 o)

and determines densities u; (or surface coverages 6;) for all x € S, and concentrations
ai, ag, and b of reactants A;, Ao, and product B for all (x1,z2) € (0,1) x (0,1) and
t>0.

We also study systems (3) and (4) with given constant concentrations a; and as at the
surface So. In the case of constant s and positive kinetic coefficients, the unique solutions
of systems (3) and (4) asymptotically tend to the positive steady-state point,

1 ski1a1 — gsuq
Uy = hi+ \/h2 + hs), Uy = ——M88
! 2(]1%( ! 1+ ha) ? qa + qsu1

1
ws = I?(k?’uluz + kiugay + kouyaz),
4
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where
hi = sqogqs — q1q4 + q243,

k
ho = 4sq1gski1a1ks(k_21 + k1a1) (1 + 1;:11 >,

qo = ks(ki1a1 — ka1a2),

k k
q = <1+ 2a2>(I0+k3(1+ 2];a2>(/€11+k2a2)7

k‘4 4
k k
g =1+ 14 qo— k3| 1+ L (k—21 + k1aq1),
ka ka

koas

g3 = kuiax (1 + A ) + k_11 + kaag,
4

qa = kuiar | 14 ul , g5 = ks| 1+ kua; .
k‘4 k4

The main characteristic that we study in this paper is the surface S, specific conversion
rate of molecules of both reactants into the product ones (turn-over rate or turn-over
frequency) determined by the formula

. fol k‘4U3 dxl

11
folsdxl (an

We also study the other function

fé(ng]_U;Q + k1aius + kgagul) dxq
fol sdx

(12)

zZ1 =

which describes the specific conversion rate of molecules of both reactants into product
ones but before their desorption from the surface So.

In the case where k11a; = kgjas and s = const, from the steady-state version of
system (3) it follows that (i) u; = s, ug = ug = 0if k_1; = ko = 0 and (ii) ug = s,
u; = ug = 0if k_o; = k1 = 0. Hence, by definition, z; and z are equal to zero. Applying
the Lienard—Chipard criterion [8] it is easy to prove that these steady-state points are
asymptotically stable. This means that the catalyst surface becomes poisoned by reactant
Aj or As. Numerical experiments show that z and z; increase in time, reach maximal
values, and then tend to zero.

In the case of only one ER step (k3 = 0), from system (3) it follows (mathematically
strongly) that z and z; do not depend on the specific continuous adsorption sites distribu-
tion preserving the same fol s(x1) dzq. Numerical experiments (see next section) exhibit
the same result for the LH or coupled LH and ER reaction mechanisms.

Using the dimensionless variables t = t/T, T; = z;/l, a; = a;/a«, 5 = s/(lax),

Eil = ]CMTGJ*, k—il = k'_ilT, ];13 = kgT, k’l = kiTa*, ’_{ai = IfaiT/IQ, I?Lb = HbT/IZ,
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/:@uj = Ry, T/l U = uj/(lay), Ry, = KlujT/lZ, wherei =1,2,5 =1,2,3,and T, I,
a, are the characteristic dimensional units, we rewrite Egs. (3)—(9) in the same form, but
in dimensionless variables.

3 Numerical results

To solve systems (3) and (4) with given values of a; and ao at the surface Sy, we
applied an implicit difference scheme. Systems (3), (5)—(9) and (4)-(9) were solved by
using an implicit difference scheme based on the alternating direction method [9]. For
all calculations, we used the following dimensional data: T = 15, [ = 10~1 cm,

ax = 107 molem ™3, s, = la, = 10712 molecm ™2, and
ki € [10,10"] em® mol ' s, ki, ks € [3-1073,1] s71, 13
Kags Kby Ku; € [5 . 10*7, 1073] cm? sfl,

where ¢ = 1,2, 7 = 1,2,3. The range of kinetic parameters given in (13) was taken

from [11] while the other parameters are the model ones. Particles of size 10~! cm can be
used in the design of the supported catalysts. In the case where values of k;1, Ky, Kq, for
all values of indices are equal, we use k = k;1, Ky = Ku,;, Ko = Kq, for short. Of course,
the case where k;;, ., do not depend on values of indices is not realistic. However, it is
useful for study of many different physico-chemical processes. In calculations, we used
k = 0.0166, k1 = ko = 0.5k1; or 0, and K, = K, (dimensional surface diffusion
coefficients are different), and

1
s=—(sin2 ™1 1 1) with natural m
2 2

and

1
/s(ml)dxl =0.75 or s=0.75,
0

(1 + aqy sin®(mzy)) (1 + i sin(rza/2)) 14 2a10

a0 = )
1+ 0.5aq1 71'
(1 + apy sin® (7)) (1 + agg sin(rx2/2)) 14 2020
ago =
1+ 0.50421 s

with a;; = 1. The model values of dimensionless k;1, &, are given in the captions of
figures. The use of initial functions of this type was motivated by the intention to get an
appreciable influence of the bulk diffusion of both reactants in the initial stage, i.e., to have
the initial distribution being far from of the equilibrium. Numerical results are illustrated
in Figs. 1-7 with «,, = 1 for Figs. 1, 2, ks, = k,, = 0.5 for Figs. 3, 4, and x,, = 0.5 for
Figs. 5-7. Plots in Figs. 1 and 2 correspond to system (3), (5)—(9). The comparison of z
determined by systems (3), (5)—(9) and (4)—(9) is given in Fig. 3, while Fig. 4 shows the
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Fig. 1. Influence of product desorption rate constant k4 on the behaviour of the turn-over rate z determined by
system (3), (5)—(9) for k1 = k2 = 0.5k11, k3 = 0.03, k_11 = k—_21 = 0.00166, kg = 0.1. k4 = 0.01 (1),
0.1(2),0.5(3).

0,000 ¥

T T T 1
0 200 400 600 800 1000

Fig. 2. Dependence of z from system (3), (5)—(9) on the diffusivity x, and constant k3 for k1 = ko = 0.5k11,
kg = 0.01, k_11 = k—_21 = 0.00166. k3 = 0.03, ko = 0.1 (1) and 0.01 (2); k3 = 1, kg = 0.1 (3) and
0.01 (4).

comparison of z corresponding to systems (3) and (4) with given a; and a5 at the catalyst
surface. Figures 5—7 correspond to system (3) with given concentrations a; and ag at the
catalyst surface.

Figure 1 illustrates the dependence of the turn-over rate z on the product desorption
rate constant k4 for the case where k1 = ko = 0.5kq1, k3 = 0.03, k_11 = k_91 =
0.00166, x, = 0.1. For small time, Fig. 1 depicts a notable decrease of the turn-over
rate z as product desorption rate constant, k4, decreases and a vice-versa behaviour as
time increases. This effect is evident because the product particles poison the catalyst.
This leads to a smaller uptake of reactants in the vessel compared to that corresponding
to a larger k4 and, hence, reaction proceed longer.
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Fig. 3. Effect of surface diffusion mechanisms (solid line — system (3), (5)—(9), dashed line — system (4)—
(9)) and parameter k1 = kg on the function z: k1 = k2 = 0 (a), k1 = k2 = 0.5k11 (b). k4 = 0.5,
k—11 = k_21 = 0.0166 (1) and k—11 = k—_21 = 0.00166 (2); k4 = 0.01, k_11 = k—21 = 0.0166 (3)
with kK, = 0.1 and k3 = 0.03.

Figure 2 depicts the influence of the bulk diffusivity x, and reaction rate constant ks
in the LH step on the behaviour of z for the case where k1 = ko = 0.5k11, k4 = 0.01,
k_11 = k_o1 = 0.00166. From this figure we see that, for small time, the growth of
ks or K, increases z. But for large time, it behaves vice-versa. To clarify this effect, the
argument used for explanation of the effect discussed in Fig. 1 can be also applied.

Figure 3 presents the comparison of the dependence of z determined by systems (3),
(5)—(9) and (4)—(9) on the parameter k; = ko which is equal to zero in Fig. 3a and to
0.5k1; in Fig. 3b. To construct both figures, we used k3 = 0.03 and x, = 0.1. Values
of the other parameters are as follows: k4 = 0.5, k_17 = k_21 = 0.0166 for curves 1,
k‘4 = 05, k_u = k'_gl = 0.00166 for curves 2, k4 = 001, k'—ll = ]{3_21 = 0.0166 for
curves 3. We see that, for small time, the function z grows as k_1; = k_o; decreases and
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Fig. 4. Effect of surface diffusion mechanisms (solid line — system (3), dashed line — system (4) with a1 =
a2 = 1) and parameters k4 and k—_11 = k_21 on zin case of k1 = k2 = O and k3 = 0.03: ks = 0.5,
k_11 = k_21 =0.0166 (1) and k_11 = k_21 = 0.00166 (2); k4 = 0.01, k_11 = k_21 = 0.0166 (3).

behaves vice-versa for long time. For small time, this effect is obvious due to growing
number of reacting particles. The long-time behaviour of z can be explained by applying
the argument used for Figs. 1 and 2. Comparison of plots depicted in these figures shows
that involving of the ER step for one or both reactants remarkably increases z compared
to that corresponding to the model based only on the LH mechanism.

Plots in Fig. 3 also demonstrate the influence of two different surface diffusion mech-
anisms on the the behaviour of z determined by systems (3), (5)—(9) and (4)—(9). The
diffusion mechanism [4] increases z only for small time and slightly decreases it for large
time. This increase is appreciable only in the case of the absence of the ER steps (compare
both Figs. 3). Calculations show that maximal increase is about 5.5-6.3%.

Figure 4 illustrates the influence of two surface diffusion mechanisms and parameters
k4 and k_11 = k_o;1 on the behaviour of z determined by systems (3) and (4) with given
a1 and as in the case of the absence of the ER steps. All plots corresponding to both
diffusion mechanisms are monotonic in time. As in Fig. 3, the diffusion mechanism [4]
increases values of z. Maximal increase is about 5%.

Plots in Fig. 5 illustrate the dependence of z on ks, k4, and k_1; = k_o;. Fig. S5a
corresponds to k1 = ko = 0, ks = 0.03 (solid line) and k3 = 0.01 (dashed line).
In Fig. 5b, all plots correspond to k1 = ko = 0.5k11, k3 = 0.03 (solid line) and k3 = 0
(dashed line). Values of the other parameters are as follows: ky = 0.5, k_11 = k_21 =
0.0166 for curve 1 and k_11 = k_o1 = 0.00166 for curve 2, ks = 0.01, k_11 = k_o1 =
0.0166 for curve 3. We stress that in the case where k3 = 0 reaction occurs via only ER
steps while in the case where k; = ko = 0 reaction is governed by the LH mechanism.
Figure 4 shows that, for k1 = ks, z monotonically tends in time to asymptotic values
depending on parameters under consideration and decreases as k4 decreases or k_1; =
k_o1 increases.
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Fig. 5. Influence of parameters k3, k4, and k_11 = k_21 on the behaviour of z determined by system (3) with
a1 = az = 1: (a) k1 = ko = 0, k3 = 0.03 (solid line) and k3 = 0.01 (dashed line), (b) k1 = ko = 0.5k11,
k3 = 0.03 (solid line) and k3 = O (dashed line). k4 = 0.5, k—_11 = k—_21 = 0.0166 (1) and k_11 =
k_21 = 0.00166 (2); k4 = 0.01, k_11 = k—21 = 0.0166 (3).

Figure 6 depicts the influence of parameters ko, k_11, k_21, and k4 on the behaviour
of z for ks = 0.03 in the cases k1 = ko = 0 (solid line) and k; = 0, ko = 0.5k11 (dashed
line). Values of the other parameters are the same as those used for Fig. 5. This figure
shows that in case of k1 = 0, ko = 0.5k;1; and large k4, function 2 is non-monotonic in
time. It increases, reaches a maximum value, which grows as k_1; = k_o; decreases,
and then tends to an asymptotic value that is smaller than that corresponding to a larger
value of ki_ll = ]{i_21.

Calculations show that z determined by system (3), (5)-(9) with constant initial
concentrations of both reactants and z; determined by Egs. (3) with given constant

Nonlinear Anal. Model. Control, 20(3):455-468



466 V. Skakauskas, P. Katauskis

0,002 4

0,000 T T 1
0 100 ; 200 300

Fig. 6. Influence of k1, k2, k—11 = k_21, and k4 on z from system (3) with a1 = a2 = 1 for k3 = 0.03
in the cases k1 = ko = 0 (solid line) and k1 = 0, k2 = 0.5k11 (dashed line). k4 = 0.5, k_11 = k_21 =
0.0166 (1) and k—11 = k—21 = 0.00166 (2); k4 = 0.01, k_11 = k—_21 = 0.0166 (3).

0,002 7 4
Z,2,
0,001 1
0,000 T T 1
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ths]

Fig. 7. Comparison of z (solid line) and z; (dashed line) determined by Eqs. (3) with a1 = a2 = 1 at the
catalyst surface for different values of k4: 0.01 (1), 0.02 (2), 0.05 (3), 0.5 (4) for k3 = 0.03, k1 = k2 = 0 and
k_11 = k_21 = 0.0166.

concentrations a; and as do not depend on the natural parameter m involved in the defi-
nition of s(x1) which preserves the same total number of adsorption sites and practically
do not depend of the diffusivity «,,. The same result was also achieved for s = 0.75. As
we mentioned in Section 2, in the case of only one ER step, the independence of z and z;
on the specific type of s can be proved strongly.

Fig. 7 illustrates a convergence of z towards 27 as the product desorption rate constant,
k4, increases. This figure also shows that function z; is non-monotonic in time for small
k4 and practically is independent of k4 for small time.
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4 Conclusions

To conclude the paper, we summarise the main results. In this paper, using a phenomeno-
logical (mean-field) approach in two-dimensional space, we studied numerically the model
of monomer-monomer surface reactions proceeding on the inhomogeneous catalytic sur-
faces coupled with the bulk diffusion of both reactants from the bounded vessel towards
the surface and the product bulk one from the surface into the same vessel. Adsorption,
desorption, and surface diffusion of the adsorbed and product particles and a slow product
desorption are taken into account. To describe the surface diffusion, two different mecha-
nisms were used: (i) the standard Fick law with a constant diffusivity, (ii) the mechanism
based on the particle jumping into a nearest vacant site [4]. The model where densities of
both reactants at the surface are given is also studied.

The main characteristic we studied was the catalytic surface specific conversion rate
(turn-over rate) of molecules of both reactants into the product ones. We analysed effects
of the desorption rate constants of adsorbed and product particles, bulk diffusivity of
reactants and mechanism of surface diffusion of both adsorbates and product particles,
reaction rate constants in the LH and ER steps on the turn-over rate and demonstrated
that:

1. In both models, the additional ER step for one or both reactants dramatically
increases the turn-over rate z compared to that corresponding to only one LH
mechanism.

2. In models (3), (5)-(9) and (4)—(9), the slow desorption of product particles re-
markably changes (decreases for small time but increases for long time) the turn-
over rate z. This is because the product particles poison the catalyst. This leads
to a smaller uptake of reactants in the vessel compared to that corresponding to
a larger value of k4 and, hence, reaction proceeds longer in case of small k4.

In models (3) and (4) with given concentrations of both reactants at the catalyst
surface, the slow desorption of product particles decreases z for all time. In the
case of these systems, the product particles also poison the catalyst surface but the
supply of reactants particles is constant.

3. Function z for system (3) or (4) with given a; and as at the surface S5 is monotonic
in time for k; = ko > 0 and non-monotonic if only one of k; and k5 is zero and k4
is large. In the latter case, z corresponding to system (3) or (4) and z corresponding
to Egs. (3), (5)-(9) or (4)—(9) with k1 = ko > 0 attain maximum values depending
on k4 and the other parameters and then tend to positive asymptotic values (in case
of systems (3), (4)) or zero (in case of systems (3), (5)—(9) or (4)—(9)) as time
grows. In case of systems (3), (5)-(9) and (4)—(9), z grows only for small ¢ and
behaves vice versa for large ¢. If one of k; or ko is equal to zero and product
desorption rate constant, k4, is large, then z corresponding to system (3) or z
determined by (4) grow for small time, attain maximal values and then decrease to
positive asymptotic values.

4. z and z; determined by systems (3), (5)-(9), (4)—(9), and (3), (4) for large time are
practically independent of k,,,, ¢ = 1,2, 3, and specific continuous (not stepwise)
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distribution of adsorption sites, s(xz1), which preserves the same total number of
adsorption ones.

5. The increase of at least one of k3, k4, Ka,, Ka,, OF decrease of k_11 = k_o;
increases z(t) determined by system (3), (5)—(9) or (4)—(9) and the increase of ks
or decrease of k_11 = k_o; increases z corresponding to systems (3) or (4).

6. The diffusion mechanism based on the particle jumping into the nearest vacant
site [4] increases z compared to that corresponding to the the Fick law only for
small time and slightly decreases z for large time.
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