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Abstract — The kinetics and reaction mechanism of the reverse water-gas shift reaction (RWGS) over CugZgruatAl

alysts were studied using a differential reactor. The experiments were carried out at 523 K and 2.9-5.7 atm. Effectsof reactant
composition on the reaction rate was checked by chanég}giﬁd I,’jz. When the %Oz and @2 were low, the reaction rate was
dependent on partial pressures of both reactants and there was a strong depenﬂgneyhu'ngI?;o2 and ﬁz, reaction order

with Pﬂz was zero, and order Witf@& was 0.23. The data was analysed using rate equations based on power law, Langmuir-
Hinshelwood mechanism, and surface redox mechanism in which Cu was considered as an active site. The reaction rate derived
from surface redox mechanism matched well with the reaction rate derived from power law, and the cglealats) based

on surface redox mechanism, was in good agreement with the experimental values. Also, a linear relationshileteen P
reaction rate indicated that the surface redox mechanism was operative under these conditions. Therefore, it was conclued that
the RWGS at 523 K proceeds by surface redox mechanism via oxidation and reduction of the Cu active site.
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Fig. 1. Schematic diagram of the apparatus.
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C : concentration of active sites of fresh catalysts [rrgt;h] g
Feo, :feed rate of CQ[mol h™]
i-S : active sites covered by species]i [
k : apparent rate constant of the RWGS reaction [mblgg,

atn (@A)



AE 57k ke

ki, k, :forward reaction constants of reactions (14), (15), respectively
[atm™ h7 4.

Ks : forward reaction constant of reaction (16) [gcat ™hfY]

ks, ks :forward reaction constants of reactions (17), (18), respectively
[h] 5

k., ko, : reverse reaction constants of reactions (14), (15), respectively
h]

K, : reverse reaction constant of reaction (16),fgol™ h™]

k_s, ks : reverse reaction constants of reactions (17), (18), respectively 6.
[atm™ h7

kn kg :forward reaction constants of reactions (21), (22), respectively
[atm—l h_l] 7.

k_a K_g:reverse reaction constants of reactions (21), (22), respectively
[atm—l h’l] 8.

Ky, K, :adsorption equilibrium constants defined in Eq. (19), respectively
[atm™]

K, Kg :desorption equilibrium constants defined in Eq. (19), respectively 9.
[atm]

Ka Kg : equilibrium constants defined in Eq. (23), (24), respectivdly [

Keg : equilibrium constant of the RWGS reactiof] [ 10.

PP : partial pressures of species i in feed [atm]

P : partial pressures of species i [atm]

Pr : total reaction pressures [atm]

r : reaction rate [mol 7 g1 1.

fo : initial reaction rate [mol # g-1]

~lco, reaction rate of CQmol h™ g1 1

S : vacant active sites|

W : catalyst loading [g,]

X : conversion of carbon dioxide-|

13.

J2loja EXt

a, 3 :reactions orders with respect to carbon dioxide and hydrogen,
respectively
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