
ChE 344
Chemical Reaction Engineering

Winter 1999
Final Exam

Solution



1
W’99FinalExam

(25 pts) 1) The gas phase irreversible reaction

A + B → C

is elementary. The entering flow rate of A is 10 mol/min and is equal molar in A
and B. The entering concentration of A is 0.4 mol/dm3.

a) What is the CSTR reactor volume necessary to achieve 90% conversion?
b) What PFR volume is necessary to achieve 90% conversion?

Additional Information

k = 2 dm3/mol•min
T0 = 500 K

Note: You do not need to use POLYMATH, but if you do write your program
below in case you do not obtain the correct answer.

a)   FA0 X = −rA( )V

  

FA0 = 10

x = 0.9

V = ?

−rA = kCACB = 2CA0
2 1 − X( )2 1 −

X
2

 
 

 
 

2

= 2 ∗ 0.4( )2 ∗ 0.1( )2

0.55( )2 = 0.01057

V =
10 × 0.9
0.01057

= 851 dm 3

b)   FA0  dX = −rA( )dV

  

0

0.9

∫
dX 1 − X

2
 
 

 
 

2

1− X( )2 =
kCA0

2

FA0
∗ V

2 −
1
2

 
 

 
 1−

1
2

 
 

 
 ln 1 − 0.9( ) + −

1
2

 
 

 
 

2

0.9 +
1 − 1

2( )2
0.9

1 − 0.9
=

2 ∗ 0.42 V
10

V =
3.63 ∗ 10

2 ∗ 0.44 = 113.3 dm3
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(15 pts) 2) The irreversible zero order gas phase dimerization
2A → A2

is carried out in a packed bed reactor with 5 kg of catalyst. The entering pressure
is 10 atm and the exit pressure is 1 atm. Pure A enters at a flow rate of 10
mol/min. The reaction is zero order in A.

P0 = 10 atm P = 1 atm

X = ?FA0 = 10 mol/min 

a) What is the pressure drop parameter α?
b) What is the exit conversion?

Additional Information

k = 1.5 mol/kg•min
T0 = 500 K

Note: You do not need to use POLYMATH, but if you do write your program
below in case you do not obtain the correct answer.

  

A  →  1
2

A2

FA0
dX
dW

= −rA( )

dX
0

x

∫ = k
FA0

W

X =
1.5
10

W = 0.15W

dy
dw

= −
d
2

1+ εX( )
y

2y dy
0

x

∫ = −α 1− 1
2

∗ 0.15W
 
 

 
 dW

0

5

∫

y2

1

0.1
= −α w − 0.15

4
w2 

 
 
 0

5

−0.99 = −α 5 −
0.15 ∗25

4
 
 

 
 

= −α∗ 4.0625

  α = 0.2437 kg −1

  X = 0.15 ∗ 5 = 0.75
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(10 pts) 3) The species A and B react to form species C, D, and E in a packed bed reactor.
The catalyst does not decay. The reaction is elementary.  The following profiles
were obtained

X .4

W0      

T
500

W

Circle the correct true (T) or False (F) answer for this system

T F a) The above profiles could represent an adiabatic system where the
addition of inerts will increase the conversion.

T F b) The above profiles could represent a system where decreasing the
flow rate will increase the conversion.

T F c) The above profiles could represent a system where if the feed
temperature is increased, one cannot tell from the above profiles
whether or not the conversion will increase or decrease.

T F d) There could be a heat exchanger on the reactor for which the heat
flow is

  

d ˙ Q 
dW

=
1000 kJ
kg s K

T − 500( )

T F e) The above reaction may be an excellent candidate for reactor
staging.

a) The reaction is exothermic and adiabatic. Addition of inerts will lower the exit
temperature and hence will increase the conversion.

b) Decreasing the flow rate will not change the exit condition because it is an
equilibrium condition.

c) Equilibrium is reached early in the reaction, so increase temperature, decrease
equilibrium conversion.

d) Because the ambient temperature is 500, same as final equilibrium temperature.

e) Yes, because it may be an exothermic reversible reaction.
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(3 pts) 4) The gas phase reaction

  2A + B  →  C

is carried out in a PFR. The feed is equal molar in A and B and the entering
temperature is 500K and the entering pressure is 16.4 atm. If the exit conversion
is X, then the exit concentration of B (in mol/dm3) is

a)   CB = 0.4 1 − X( ) 1 − .5X( )
b)   CB = 0.4 1 − X( ) 1− 1.5X( )
c)   CB = 0.4
d)   CB = 0.4 1 − 0.5X( ) 1 − X( )
e) None of the above
f) Cannot be calculated without knowing the exit conversion.

  

A +
1
2

B  →  
1
2

C

ε = yA0δ = 1
2

∗ 1
2

− 1
2

+ 1
 
 

 
 

 
 
  

 

= −
1
2

CB =
CA0 θB −

X
2

 
 

 
 

1 +εX( )
=

CA0 1 −
X
2

 
 

 
 

1−
X
2

 
 

 
 

= CA0 = 0.2
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(6 pts) 5) a) The following elementary liquid phase reactions are to be carried out

  

A + B  →  R

R + B  →  S

Species R is the desired product. Which of the following schemes should be
used?

A

B

B

A

A B

(a) PFR (b) PFR (c) CSTR

B

A

A B
t=0 A

B

(d) Semibatch (e) Batch (f) Semibatch
A B

A
A B

(g)

b) In the reactors

  

A  →  B rB = kBCA
2

A + B →  2C rC = kCCACB

What is the instantaneous selectivity of C to B? Which reactor or combination
of reactors and at what temperatures would you use for the following
reaction system?
C is the desired product.

Data for Part (b)

  

CA0 = 4 mol dm3  k B = 1 dm3 mol ⋅ min  at 300K with E = 4000cal mol

kC = 1 dm3 mol ⋅ min at 300K with E = 12000cal mol
A

High Temp.
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(a)

  

r1R = k1RCACB

r2R = k2RCRCB

SRS = rR

k2S
= r1R + r2R

r2S
= k1RCACB − k2SCRCB

k2SCRCB

 
k1R

k2R
=

CA

CR
− 1

We can maximize SRS by keeping CA high and CR low. For keeping CR low, keep
CB low because

  

rR = r1R + r2R

= k1RCA − k2SCR( )CB

  rR α  CB

Hence, use either (b) or (d).

(b)

  

SCB =
rC

rB
=

k CCACB

kBCA
2 − 1

2
KCCACB

=
1

kB

kC

CA

CB
−

1
2

= 1

exp
8000
RT

 
 

 
 

CA

CB
−

1
2

We can maximize SCB by keeping

T high
CA low
CB high

Use semibatch
A

and high reactor temperature.
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(8 pts) 6) a) The following plot of activity as a function of time was obtained.

    

1
a

1.0

t
What type of decay would best describe to data? (circle the correct answer)
1) Poisoning
2) Sintering
3) Coking
4) None of the above

b) The following profiles were measured in a PBR

W

X
t=0

     W

t=10 min
X

The type of catalyst decay can best be described by (circle the correct answer)
1) Poisoning
2) Sintering
3) Coking
4) None of the above

c) The following catalyst activity profile was measured in a PBR for the
isomerization of A to B.

The decay law that best describes this data is (circle the correct answer)

1) 
  

da
dt

= −ka

2) 
  

da
dt

= −ka2

3) 
  

da
dt

= −ka C A

4) 
  

da
dt

= −ka2  CB

5) None of the above

1.0

W

a

0
0

t = 40 min
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(8 pts) 7) (P10-4) The rate law for the hydrogenation (H) of ethylene (E) to form ethane (A)
over a cobalt-molybdenum catalyst [Collection Czech. Chem. Commun., 51, 2760
(1988)] is

  
− ′ r E =

kPEPH

1 + KEPE

Suggest a mechanism and rate-limiting step consistent with the rate law.
(Can be done by inspection.)

  

    E + S  →  
←   E •S

E • S + H2  →  A + S (rate limiting step)
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(5 pts) 8) Suppose the heat exchanger in Example E8-12 became fouled so that the overall
heat transfer coefficient was reduced by 50%?
What would be the new steady state temperatures inside the reactor?
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(20 pts) 9) The elementary liquid phase reactions

  

(1) A  →  B

(2) 2A  →  C

are carried out in a 100 dm3 PFR where species B is the desired product. Pure A
enters at a molar flow rate of 40.0 mol/min and at a concentration of 4.0
mol/dm3.

Additional Information

  

CPA
= CPB

= 20 cal mol K

CPC
= 40 cal mol K

∆HRx1A =+10,000 cal mol

∆HRx2A =−20,000 cal mol

Ua = 100
cal

dm3 ⋅ min K
 with Ta = 400K

k1A = 0.05 min−1 at 400K  with E = 10,000 cal mol

k2C = 0.0005 dm3 mol min at 400K with  E = 19,000 cal mol
a) For a feed temperature of 450K, what are the exit concentrations and

temperature
CA = ______, CB = ______, CC = ______, T = ______K

b) The feed temperature can be varied between 400 and 700. What feed
temperature do you recommend to maximize the exit molar flow rate of B?

T(K) FB (mol/min

400 12.03

500 18.06

600 2.29

550 3.78

525 5.73

505 15.49

495 16.81

75% Marks for setting up the problem correctly with all correct equations and
numbers in POLYMATH Notation

25% Final Answer

(9)

2.55 1.35 0.05 391
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a) True because initially the reactor temperature decreases.

b) False because in this case, the temperature should not come back to the initial
value.

c) True. The reaction is endothermic and it shows a decrease in temperature first
and then the heat exchanger take sit back to the initial temperature.

(a) (2) second order (sintering?)
(b) (3) coking
(c) activity profile missing
(d) 
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