ChE 372 Exam 3 Wednesday, November 20, 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
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The van’t Hoff relation is “5r~ = Tr

Problem 1

Part A) For the heterogeneously-catalyzed reaction
A— B T = kcy k = k, exp(—Eyzn/RT)

show why Egpserved = Fron/2 when @ > 10.

Part B) For a heterogeneously-catalyzed reaction A — B, the concentration profile
within the pellet is c(R) = 8.34 x 10~*R? gmol/cm?, where R is the radial position
within the pellet.

If the effective diffusivity is D, = 0.005 cm?/s and the spherical pellet has a radius
R, = 0.20 cm, what is the rate in the pellet?

Problem 2

A heterogeneously-catalyzed reaction will be conducted in a spherical pellet loaded into
a fixed-bed reactor. The reactants and products are gases

A— B+C r=kd k = 1.2 x 10°cm?/gmol-s

Find the mass of catalyst required to reach a conversion of A of z4, = 0.85% if the
reactor is isothermal. You may assume the bulk fluid and surface concentrations are
equal and may neglect pressure drop within the reactor. The feed consists of pure A
at 750 K, a molar feed rate of Nsy = 1.2 gmol/s, and the reactor pressure is 2.5 atm.
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The pellet has a radius of Rp = 0.15 cm and a density of p, = 0.7 g/cm?. The bed has
a density of pgp = 0.4 g/cm3. The effective diffusivity of A in the pellet is D, = 0.007
cm?/s.

Problem 3

Part A) What is the fraction of A adsorbed at 425 K if the fractional coverage is 50%
at 385 K. Assume the concentration of A in the gas phase is the same at both

temperatures and the adsorption process is at equilibrium. The heat of adsorption
is AH = —15,000 cal/gmol.

ke
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Part B) Develop a Hougen-Watson rate exression for the production rate of CO4 for
the water gas shift reaction that is represented by the following mass action state-
ment

CO + HoO = CO2 + Ho

and consists of the following elementary reactions.

CO +5 ké C0,u
-1

k
HO +S k;Z‘Hg + Ougs

-2

k3
Hy +2S k: 2H 4

-3

COugs + Ougs —% COy + 28

You should assume the reactions shown as reversible are equilibrated.



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:

X3 3h
[T 00X = T {F(X0) + 3£(X0) + 3/ (Xa) + £(Xa)]

where:

X3 —Xp

h
3

Xi1=Xo+h X9 = Xo+ 2h

Integration of N + 1 points, where N is even:
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General Information on Mass Transfer with Reaction

For heterogeneous reactions one must determine the rate per unit volume of pellet.
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The dimensionless steady-state concentration within a symmetrical pellet is found with
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For a first-order reaction (A — B) with a spherical pellet surface concentration of c s
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where



