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Total: 100 marks

Answer ALL questions.

Please use the answer booklet provided.

Question 1

(a)

A heterogeneous catalytic process takes place across multiple phases, typically
involving a solid catalyst while the reactants and products are in either liquid or
gaseous form. Identify the sequence of steps involved in a heterogeneous catalytic
reaction.

(7 marks)
Product C is obtained by the gas-phase reaction over a solid catalyst based on the

reaction mechanism as follows:

A+S< A-S
A-S+B«C-S
C-S<C+S8
Derive a rate law for this catalytic reaction if the surface reaction is the rate-limiting
step.
(18 marks)
Question 2

A gas-phase reaction 2A — B + C is carried out isothermally in a packed bed reactor (PBR)

with diameter of 1.5 m, operating at 300°C with an initial pressure of 300 kPa. An inlet gas

stream of pure A with the density and viscosity of 1.6 kg m® and 5.12 x 10®° kg m™ s,

respectively, enters the PBR at 30 mol s™'. The packed bed, which has a void fraction of

0.35, is composed of catalyst particles with a density of 1,250 kg m™ and a diameter of

0.12 cm. Calculate the catalyst weight (in kg) if the pressure drop in the packed bed is
expected to be 80 kPa.

(25 marks)
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Question 3

An isothermal gas-phase reaction of methane and chlorine: CHs + Cl, — CH3Cl + HCl is
carried out in a packed bed reactor (PBR) at a temperature of 850°C and a pressure of
12 atm. The reactor contains a packed bed with a length of 6.5 m and a void fraction of 0.38.
It is packed with cubic catalyst particles, each having a side length of 1.5 cm and a density of
1050 kg m®. An equimolar feed of methane and chlorine gas enters the reactor at a velocity
of 2.0 m s™. The gas mixture has a kinematic viscosity of 7.2 x 10®° m? s, a density of
290 g m3, and a diffusivity of 2.8 x 107 m? s™'. Assuming the reaction is limited by external
mass transfer and that pressure drop is negligible, calculate the conversion of methane.

(25 marks)

Question 4

A gas-phase reaction A — B is conducted isothermally in a packed bed reactor (PBR)
operating at a temperature of 520°C and an inlet pressure of 450 kPa. The feed stream
contains 90 mol% species A and the rest as inert, with a total molar flow rate of 48 mol s™.
The reactor is packed with spherical catalyst particles that have a diameter of 0.4 cm, a bulk
density of 1200 kg m?, and a bed void fraction of 0.36. The specific reaction rate is given as

1.6 x 10*m? kg™ s, and the effective diffusivity is 1.0 x 108 m? s,

(a) Verify that the reaction is limited by internal diffusion using the Weisz—Prater criterion.

(8 marks)

(b) Determine the conversion of A and the mass of catalyst (in kg) required to generate
50 mol m™ of product B.

(17 marks)

END OF EXAMINATION PAPER
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Appendix:

List of Equations
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