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1. An autocatalystic reaction, in which the product formed can itself act as catalyst for the

reaction, has a typical form:
A+Q—-Q+Q -Ia = kCpCq

(a) Please show the characteristics of the autocatalystic reaction using (i) rate(-ra) versus
concentration(Ca) curve and (ii) reciprocal rate (1/(-ra)) versus conversion(X,)
curve.(6%)

(b)How should we design a system using CSTR and/or plug flow reactor for this reaction (i)
to obtain the minimum total reactor volume; (ii) when unconverted reactant can be
separated and recycled? Explain your answer in detail. (12%)

(c) The following set of mechanistic equations is proposed to the reaction 2A — B + C

2A—*4 B4 C
A+B—*—s AR
2AB—% 3B 1 C

Verify that this mechanism gives rise to autocatalystic behavior. (8%)

2. For the mechanism
A+B <—f‘-—> C‘
C 45D

(a) Please drive the rate law; (5%)
(b) Assuming that k3 << kj, express the pre-exponential factor A and E, for the apparent rate

constant in terms of A;, A,, and A; and Ea1, Ex, and E,; for the three steps. (3%)

3. The following reaction sequence takes place in the liquid phase in a continuous stirred tank

reactor.
A—4—»B+C—%-2D
The feed concentration of A is Cag, and the reactions may be assumed to be irreversible

reactions proceeding by this mechanism. No B, C, or D are present in the feed. If the
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input volumetric flow rate is vy and the reactor volume is V, derive equations for the

effluent concentrations of B, C, and D. If species B is the desired product, determine the

space time that corresponds to the maximum production of B, (11%)

4. The gas-phase homogeneous oxidation of nitrogen monoxide (NO) to dioxide (NO,),
2NO +0, —£2N0,

is known to have a form of third-order kinetics which suggests that the reaction is
elementary as written, at least for low partial pressures of the nitrogen oxides. However,
the rate constant k actually decreases with increasing absolute temperature, indicating an

apparently negative activation energy. Because the activation energy of any elementary

reaction must be positive, some explanation is in order.

Provide an explanation, starting from the fact that an active intermediate species, NO;,

is a participant in some other known reactions that involve oxides of nitrogen. (10%)

5. Analyze the following statement: An adiabatic CSTR usually gives a shorter residence time

than a PFTR for the same conversion. (12%)
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(1) 3F & HMIERCORBYEFWZ AR (5 2)
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8. — ARt R W5 % o 238 T b B8 Fluid-solid reaction 44 % o
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