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A description of self-crossing, isola and mushroom two- and three-stage schemes in the kinetics of catalytic reactions is given.

An investigation of critical phenomena such as the multiplicity -~ @ 5 (®)
of steady states (MSS) related to the particular structure ofo0. i ]
catalytic reaction mechanisms has been carried out in, for o 4
instance, refs. 1-3. In ref. 4, the MSS investigation criterion

was derived, and a classification of the various MSS realization 0.2 3
forms in the kinetics of catalytic reactions was given. S-forny;,
hysteresis was shown to be the most prevalent. The possibility 2

of describing such hysteresis in the kinetics of two- and 0.1
three-stage reactions was investigated in, for instance, refs. 5
and 6. Self-crossing, isolated and mushroom-shape kinetic
dependences take place along with the S-form. The mushroom-
like experimentally-obtained kinetic dependences of the catalytic
oxidation of carbon monoxide were given in a few papers
(for example, ref. 7). For the description of the mushroom angigure 2 The self-crossinga) and breakHf) for scheme (8) ataj k, = 2,
similar complex kinetic forms the authors offered in thesek,=2.344,k ;=0.143,k ,=0.175s%; (b) k, = 25,k, = 41.667,k_, = 6.25
papers the use of heterogeneous—homogeneous mechanidms 4.63 s

with a view to describing the mushroom and similar complex

forms of the kinetic dependences. The explanation of sucbhoose substan®; for the construction of the monoparametric
kinetic dependences based on heterogeneous stage schemss () vs.concentration dependence. The scheme (1) satisfies
seems to be of interest. In this report, we present the results thfe conservation law

an investigation of the self-crossing, isolated and mushroom-
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form dependences for elementary two- and three-stage catalytic F(r,Cg) =X +%-1=0 2
reactions proceeding in an isothermal gradientless differential
reactor. where r; —r_ =dr, rii:kﬂncg;' [Mxi, k,; are stage rate

The analysis has shown that the critical forms of the kineticonstants, anGBI andxj, respectively, are the concentrations of
dependence may appear for two reasons. The first relates BpandX;.
the existence of a singular poftand the second is the The singular point for reactions of type (1) exists under the
consequence of peculiarities of the kinetic curve projection on #llowing conditions:
plane as the ratgs. concentration dependentehe kinetic
curve of the same reaction may take various forms depending F; =Fg, =0 ©)
on the reaction conditions. We have established the stoichiometric
conditions of the existence of various forms of the complexThe conditions under which self-crossing and isola occur may
kinetic dependence for two- and three-stage catalytic reactiontherefore be written as
It was shown that changes in the reaction conditions lead to the
evolution and mutual transition of these kinetic dependences. (Frcg)? — Fir Fegey > 0 “
We shall consider two-stage reaction of the type (Fre)? — Fi Fyey < O (5)

S by By +a X+ A= Sy B+ an X taX, | d One of the schemes satisfying the conditions (2), (3) and (5) is
[ [

le2| By + @y,X; + ayX, = lele B +a_,X; +a X, d, (1) Byt X=X+ 38

B, + 3X; + X, =4X, + B, (6)
whereB, are basic substances; andX, are intermediatedy;, = The isolated kinetic dependence for this scheme is illustrated
b, @, a; = 0 are stoichiometric coefficient$ §; = >a ) in Figure 16). On this and subsequent figuresyds?) vs.Cg,
andd, >0 are the stoichiometric stage numbérs,'2). We shall  (c. u.) dependence is performed. When the kinetic parameters

3 change, approaching and merging of the isola and the lower
@ 3 (b) monotonous branch take place, and the S-form kinetic

dependence arises [Figureé)(

We have shown that self-crossing arises at equal reaction
% rates in two different stationary states. In two-stage reactions
= (1), the conditions of such self-crossing is

r/st
] >
-

A1187 > 8158 ™
0 ; 5 o i 5 Inequality (7) can be satisfied by the following scheme:
Cs, Ce, By + X, + X, = 2X,
Figure 1 The isola &) and S-form hysteresid)( for scheme (6) at:aj X+ 2%, = 3%, + B, (8)

k;=0.510 st (b) k; =0.519 s%; (a) and b) k; = 4,k, =77.5,k ,=54 sL.
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Figure 3 The isola &), self-crossinglf) and mushroomc] for scheme (9) ataj k; = 48 s1; (b) k; = 50.3 s%; (c) k, = 50.33 s?; (a)—(c) k ; = 12,k, = 180,
k,=144,k; =405k ;=81 sL
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particular, the reactioB, = 2B, that proceedsia the scheme 3 N. 1. Kol'tsov, V. Kh. Fedotov and B. V. Alekseeitinet. Katal, 1995,
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satisfies the conditions of the isola (3), (5) formation from the; '} gykov, Modelirovanie kriticheskikh yavlenii v khimicheskoi kinetike
singular point at certain values of rate constants of stages.(the modeling of critical phenomena in chemical kingtidéauka,

Figure 3@) illustrates the isola in this reaction. As the conditions Moscow, 1988, p. 263 (in Russian).
change, approaching and merging of the isola and a monotonowsvu. I. Pyatniskii, in Kataliz i katalizatory (Catalysis and catalysts
branch takes place, and self-crossing arises [Figug &(th Naukova Dumka, Kiev, 198@4, 3 (in Russian).
conversion into a mushroom [Figurec§( 8 Ya.B. Zel'dovich and Yu. A. Zysinzh. Tekh. Fiz.1941,11, 501 (in
Plotting and calculation of the curves presented in Figures 1-3 Russian). ) ,
were performed wih the Maple V mathematical package a8 © 1 ASieer, L Komemion b Tesony 20 LKooy,
follows. Based on the SySte.m of stationary equations fOHOWIr.]g (Proceedings of the 2nd Siberian Congress on applied and industrial
from th.e reaction mec.hamsm’ we developed_ a polynomial mathematics Novosibirsk, 1996, part 1, p. 51 (in Russian).
depending on the reaction rat¢ Py the intermediate concen-
tration exclusion method. The coefficients of the polynomial
are combinations of the stage rate constakfy &nd the
basic substance concentratiofig). Substituting the numerical
values ofk,; and tabulated values Gf we numerically solved
the kinetic equation obtained with respectrtorhe real and
positive values of the reaction rate were plotted or(sal) vs.
Cg, (c. u.).
Thus, the critical forms in the kinetics of catalytic reactions
can be described simply enough with nonlinear two- and
three-stage schemes. These forms change and pass from one
to another as the reaction conditions change. The results
obtained present new interrelations between the structure of
the mechanisms and the particular course of the two- and
three-stage reactions, characterized by different types of kinetiReceived: Moscow, 10th March 1998
dependence. Cambridge, 18th June 1998; Com. 8/02180E
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