
ChE 372 Exam 3 Tuesday, April 22, 2003

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

The van’t Hoff relation is ∂ ln K
∂T

= ∆H◦

RT 2

Problem 1

The rate for a second order catalytic reaction was found to be 4.85×10−4 gmol/cm3-s ex-
perimentally when the concentration of A is 3.75×10−5 gmol/cm3 and the temperature
is 650 K.

A −→ B r = kc2
A k = 3.54 × 106 gmol/s-cm3

The catalyst is a spherical pellet of radius R = 0.15 cm, and the diffusion coefficient of
A in the pellet is De = 0.008 cm2/s.
What various transport limitations are likely under these experimental conditions? Be
sure to justify your answer.

Problem 2

Determine the mass of catalyst charge required in a fixed-bed reactor for the following
reaction

A −→ 2B r = kcA k = 1.65 s−1

if the reactor is fed with pure, gaseous A at a molar feedrate of NAf = 10 mol/s and
the desired conversion of A is 90%. (B is also a gas.) The reactor is isothermal (600 K)
and isobaric (1.5 atm). The catalyst pellet has a cylindrical shape with a radius of 0.25
cm and a length of 1.0 cm. The pellet density is ρp = 0.68 g/cm3 and the bed density
is ρB = 0.55 g/cm3. The diffusion coefficient for A in the pellet is DA = 0.0085 cm2/s.
You may assume the bulk and surface compositions are equal.
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ChE 372 Exam 3 Tuesday, April 22, 2003

Problem 3

(a) Consider the competitive adsorption of an equilmolar mixture of A and B2 on a
metal surface.

A + S
k1−⇀↽−

k−1

A − S

B2 + 2S
k2−⇀↽−

k−2

2B − S

If the heat of adsorption of A is ∆HA = −25, 000 kcal/mol and the heat of
adsorption of B is ∆HB = −30, 000 kcal/mol, what will happen to the relative
coverages of A and B as the temperature is increased and why?

(b) List two different assumptions that form the basis for the Langmuir adsorption
isotherm.

(c) Explain why the rate of a heterogeneously-catalyzed reaction that has an activi-
vation energy of 27 kcal/mol increases by 20% when the reaction temperature is
increased from 800 K to 900 K.
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Design Equations

Batch Reactor
d(VRcj)

dt
=

nrxns
∑

i

νijriVR

dT

dt
=

UA(Ta − T ) −
∑nrxns

i ri∆HRiVR

VR

∑ncomponents

j cjCpj

Plug Flow Reactor

d(Qcj)

dV
=

nrxns
∑

i

νijri

dT

dV
=

2
R

U(Ta − T ) −
∑nrxns

i ri∆HRi

Q
∑ncomponents

j cjCpj

Stirred Tank Reactor

d(VRcj)

dt
= Qfcjf − Qcj +

nrxns
∑

i

νijriVR

dT

dt
=

UA(Ta − T ) −
∑nrxns

i ri∆HRiVR + Qf

∑ncomponents

j cjf (Hjf − Hj)

VR

∑ncomponents

j cjCpj

Continuous Stirred Tank Reactor (constant phase)

0 = Qfcjf − Qcj +
nrxns
∑

i

νijriVR

0 = UA(Ta − T ) −
nrxns
∑

i

ri∆HRiVR +

ncomponents
∑

j

Qf cjf

∫ Tf

T
CpjdT
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Useful Integrals

∫

1

a + bx
dx =

1

b
ln(a + bx)

∫

(a + bx)n dx =
(a + bx)n+1

(n + 1)b
;n 6= −1

∫

dx

(a + bx)(a′ + b′x)
=

1

ab′ − a′b
ln

(

a′ + b′x

a + bx

)

∫

a + bx

a′ + b′x
dx =

bx

b′
+

ab′ − a′b

b′2
ln

(

a′ + b′x
)

∫

(a + bx)m

(a′ + b′x)n
dx =

−1

(n − 1)b′

[

(a + bx)m

(a′ + b′x)n−1 − mb

∫

(a + bx)m−1

(a′ + b′x)n−1 dx

]

∫

xm (a + bx)n dx =
xm+1 (a + bx)n

m + n + 1
+

an

m + n + 1

∫

xm (a + bx)n−1 dx

Simpson’s three-eighth’s rule for numerical integration:
∫ X3

X0

f(X)dX =
3h

8
[f(X0) + 3f(X1) + 3f(X2) + f(X3)]

where:

h =
X3 − X0

3
X1 = X0 + h X2 = X0 + 2h

Integration of N + 1 points, where N is even:
∫ XN

X0

f(X)dX =
h

3

[

f0 + 4f1 + 2f2 + 4f3 + 2f4 + . . . + 4f(N−1) + fN

]

where:

h =
XN − X0

N
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General Information on Mass Transfer with Reaction

For heterogeneous reactions one must determine the rate per unit volume of pellet.

Rjp =
1

Vp

∫

Vp

RjdV = −
Sp

Vp

Dj
dcj

dr

∣

∣

∣

∣

r=Rp

The dimensionless steady-state concentration within a symmetrical pellet is found with

5
2
c +

[

a2|Rjs|

cjsDj

]

R = 0 R =
Rj

Rjs

For a first-order reaction (A −→ B) with a spherical pellet surface concentration of cAs

cA = cAs
R

r
×

sinh
(

Φ(3r
R

)
)

sinh(3Φ)

RAp =
1

Φ

[

1

tanh3Φ
−

1

3Φ

]

× (−k1cAs)

Φ =
R

3
×

√

k1

De

For some heterogeneous cases it is appropriate to use

η =
Rj

Rjs

η ≈
1

Φ

[

1

tanh3Φ
−

1

3Φ

]

Φ =
Vp

Sp

[

n + 1

2
×

kncn−1
s

De

]0.5

where

tanhx =
ex − e−x

ex + e−x
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