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3. The reaction A——> B is carried out catalytically in an isothermal reactor. The
external mass transfer coefficient kmam is estimated to be 50 cm*/g-cat s. The
intrinsic reaction rate constant k is 40 cm’/g-cat s. The effectiveness factor is 0.8. If
the bulk concentration of A is 1x10™ mol/cm’, determine

(a) the reaction rate —r, (10%)
(b) the global effectiveness factor (5%)

4. The following data were obtained by Sinfelt and co-workers [ J. Phys. Chem., 64,
1559 (1960)] for the dehydrogenation of methylcyclohexane (M) to toluene (T) at

315°C:
Pu(bar.) Py, (bar) -1, (kmol/kg-cat h)
0.36 1.1 0.012
0.36 3.0 0.012
0.07 14 0.0085
0.24 1.4 0.0114
0.72 1.4 0.0126

In addition, they found that the product toluene had essentially no effect on the

rate. Based on the data,




(a) Propose a Langmuir-Hinshelwood rate model for the reaction. (5%)

(b) Suggest a reaction mechanism and indicates which of the steps- adsorption,
surface reaction, or desorption might be the rate controlling step. (5%)

(c) Estimate the kinetic parameters of the rate model proposed in (a) (5%)

5. The following rates were observed for a first-order irreversible reaction, carried out
on spherical catalysts of different diameters:

run dp (cm) —raobs (mol/g-cat h)
1 03 0.162
2 0.6 0.09

Determine

(a) the Thiele moduli of the reactions (You need only list the required equations
and assume a computer program is available to solve the equations and to
obtain ¢;=5.5 ¢,=11) (10%)

(b) the true rate of reaction. (5%)

(c) the effectiveness factor with dy=0.1 cm. (5%)

Additional information:

For spherical catalyst, the Thiele modulus and effectiveness factor are
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