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Abstract

The kinetics of benzene hydrogenation over a rhodium-a-alumina catalyst was studied in a
differential flow reactor with temperature range from 323 K to 536.5 K, benzene partial
pressures from (.67 kPa to 5.33kPa and hydrogen partial pressures from 24kPa to 96 kPa.
The main reaction product was cyclohexane and some cyclohexene was detected but its
amount was very small to be neglected. The apparent activation energies of the hydrogena-
tion reaction appeared 48.1KkJ/mol in the temperature range of 323-383 K, and unusually-
62.8 kJ/mol between 473~536.5 K revealing the existence of maximum rate at certain tem-
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perature range. The temperature of the maximum rate shifted from 453°K at 96 kPa hydrogen

pressures to 408 K at 24 kPa. All these phenomena are examined and the reaction mechanism

also suggested.
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Schematic diagram of the experimental apparatus
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2. Effect of the temperature(K) on the rate
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Fig. 3. Rate of benzene hydrogenation as a funct-
ion of hydrogen partial pressure (from
Fig. 2); Ps=05.33kPa
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Fig. 4. Order of reaction in hydrogen pressure as a function of temperature (from Fig. 3)
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Table. 1. Reaction rate constant and adsorption
equilibrium constant.
Temp. (K) k. k- ba, 173
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Nomenclature

Ak (bn,Pr) Y E

be : Adsorption equilibrium constant for ben-
zene, kPa™!

bx, : Adsorption equilibrium constant for hy-
drogen, kPa~!

F : Feed rate of benzene, mol-hr!

k,k1,k; . Reaction rate constant

k. : Reaction rate constant of the forward
reaction, molegcat 'hr-!

k. : Reaction rate constant of the backward
reaction, molegcat 'hr-!

m . Reaction order of hydrogen

» : Reaction order of benzene

Pr : Partial pressure of benzene, kPa

Py, : Partial pressure of hydrogen, kPa

r - Rate of reaction, mol gcat thr-!

W : Weight of catalyst, gcat

X : Fraction of benzene converted into cyc-
lohexane

dos; + Sum of squared difference in computer
fitting
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