ChE 372 Exam 1 Wednesday, October 2, 2002

Instructions

1. Write your name at the top of each answer sheet and on the front page of the
exam questions.

2. Start each problem at the top of a new page.

3. The exam consists of three equally weighted problems.

4. Useful integrals and equations are listed beginning on page 3.

5. Return the exam questions or you will receive a grade of zero.
R = 82.06 cm3-atm/gmole-K; R = 1.987 cal/gmole-K

) : e OlnK _ AH®
The van’t Hoff relation is “5r~ = Tr

Problem 1 (34 points)
Hexane can undergo the following reaction

k
hexane ;\é methylcylcopentane + Ho
-1

The thermodynamic properties are

Component AHPK (kcal/mol) | AGPK
n-hexane -46.10 43.02
methylcylcopentane -31.69 45.76
hydrogen 0 0

in which AH?OOK and AG?OOK are the heats of formation and the Gibbs free energy of
formation of the compounds at 600 K from the elements, respectively. If a batch reactor
is charged with pure n-hexane determine the temperature required for the mole fraction
of n-hexane to equal 0.25 when

(a) the pressure is 1 atm.

(b) the pressure is 2 atm.
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Problem 2 (33 points)
The following first-order liquid phase reaction is presently carried out in an isother-
mal plug flow reactor.

A ﬁ) B k =0.5 min !

If the conversion of A is 4 = 0.95 in the plug flow reactor,

(c) Determine the minimum number of identical CSTRs-in-series required to get
within 95% of this conversion.

(d) Determine the minimum number of identical CSTRs-in-series required to get
within 99% of this conversion.

(e) Do your answers make sense? Why are they so different?

Problem 3 (33 points)
The gas phase, first-order reaction

A X B 4+C

will be carried out in a constant pressure, isothermal plug flow reactor. The feed consists
of A and an inert. The reactor is to be operated to give a conversion of A given by
z4 = 0.9 Consider two cases:

Case A The total feed is Nycoq and the molar ratio of A:Inert is 3:1.
Case B The same total feed is used,Nfeq and the molar ratio of A:Inert is 4:1.

By how much will the reactor volume change if the inlet is changed from Case A to
Case B?



Design Equations

Batch Reactor
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Continuous Stirred Tank Reactor (constant phase)
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Useful Integrals
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Simpson’s three-eighth’s rule for numerical integration:

Xs 3h
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where:
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Integration of N + 1 points, where N is even:
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