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Abstract—The possible existence of multiplicity features, including ignition and extinction phenomena,
is theoretically examined for ethylene hydrogenation in the kinetic region with the exclusion of heat and
mass transfer limitations, and then the ethylene hydrogenation is compared with CO oxidation for which
it has been claimed in several studies that multiple steady states can come from a purely kinetic process.
From both theoretical and numerical analyses, it is concluded that if each chemisorbed ethylene occupies
less than two active sites of catalyst more strongly than hydrogen the multiple steady states can exist, but
the multiplicity features can not be obtained if an ethylene molecule adsorbs strongly upon more than two
active sites. From our experiment and another studies for chemisorptions, it is confirmed that the chemisorp-
tion of ethylene requires geometrically 3-4 active sites per each molecule and that is much more strong
than one of hydrogen. Therefore, the existence of kinetically induced multiplicity will not be possible for
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ethylene hydrogenation. On the other hand, the kinetically induced multiplicity for CO oxidation will arise
from the fact that carbon monoxide chemisorbs more strongly than oxygen upon less than two active sites.
In our study, it is found that the number of geometrically occupied active sites rather than the chemical
bonding number in the chemisorption of reactants might exert an important influence on the existence of
the multiplicity features in the reaction proceeding via Langmuir-Hinshelwood mechanism.
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Table 1. The frequency factors and activation energies for
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Fig. 2. Dependence of surface rate(R) on temperature(T)
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Fig. 3. Dependence of 6, A, Y;, and Z; on T in the case of one site-adsorption per each molecular B(n=1, C,;=20 vol

%, Cs=2vol%).
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Fig. 4. Dependence of surface rate(R) on temperature(T)
in the case of two site-adsorption per each molecu-
lar B(n=2, C.;=20vol%, Cpz=2 vol%).
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Fig. 5. Dependences of c(a) and A(b) on T in the case
of two site-adsorptions per each molecular B(n=2,
C2=20 vol%, Cz=2 vol%).
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molecular B(n=2).
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Fig. 7. Dependence of surface rate(R) on temperature(T)
in the case of three site-adsorptions per each mole-
cular B(n=3, C4:=20vo0l%, Cz=2 vol%).
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Fig. 9. Dependence of Z/Y,; on T in the case of three
site-adsorptions per each molecular B(n=3, C,,=
20 vol%, Cz= 2 vol%). (a) 0-200°C; (b) 300-600°C.
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graph(Simadzu Co. Model GC-9A) 2] H &, TCD, Auto SleJ 4 (Table 29] 30T o] *&), 3}3F Fabe w24
injector & o] 4-31%dch. ¥3 Bl 07 wt% Pt/boemite Mz 22 Yoyt 4 gck.
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Table 2. Adsorbed amount of gases on 0.7 wt% Pt/boehmite(ml/mg)
Temperature(C )

Adsorbate 30 50 70 90 110 140 170 200
CH, 85.5(1.2)" 826 790 724 702 635 589 55.0
H, 115.3(0.4)* 1133 1115 1119 10338 87.7 682 497
co 186.1(3.2)" 1843 1792 1743 1707 1672 161.7 1542
0, 72.105)* 738 762 781 80.1 82.1 84.6 87.0

*: adsorbed amount of gases on boehmite(ml/mg)

Table 3. Ratios of adsorbed amount of dissociated hydrogen atoms at 30°C to gases on 0.7 wt% Pt/boehmite

Temperature(C)

Adsorbate 30 50 70 90 110 140 170 200
H°/C.H, 270 2.79 2.92 3.19 3.28 363 392 419
H°/CO 124 125 1.29 1.32 135 138 143 150
H°/0 1.60 1.54 146 143 1.30 107 081 057

H°: amount of hydrogen atoms adsorbed at 30C.
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A : coefficient matrix with elements of a;
a;, :elements of matrix A in Eq. (7), i, j=1, 2

A,, B :reactants

AX, BX, : adsorbed species of A; B
C : product

Caz :concentration of reactant A,
Cz :concentration of reactant B

spsrast H323 Hed 19944 123

we g . 7197

Cax, Cax : normalized concentrations of AX, BX,
CX :adsorbed species of product C

C.  :normalized concentration of unoccupied active
sites

F : function related to Eq. (5a)

G : function related to Eq. (5b)

k; : rate constant

n :number of occupied active sites for reactant
B

0O, :function related to Eq. (15a)

P,  :function related to Eq. (15b)

R : surface reaction rate(mol/g sec.), R=k; Y-Z

R, :function related to Eq. (15¢)

T : temperature [C ]

t : time

Y : normalized concentration of adsorbed AX(=
Cax)

Y =Y-Y,

Y. :normalized concentration of adsorbed AX at
steady state

Z : normalized concentration of adsorbed BX,
(=Coaxa)

Z :=2—Z

Z. : normalized concentration of adsorbed B at
steady state

zj0jlA X}

A : determinant related to Eq. (9b)
A : roots of charateristic Eq. (8), i=1, 2
c : transport related to Eq. (9a)
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