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(5 pts) 1) (a) The following plot gives the square pressure drop parameter, y, as a function of catalyst 
weight, W for an adiabatic endothermic reaction and for an exothermic reaction. The 
flow is turbulent. The flow properties and catalyst properties are the same in both cases. 
Assume the absolute magnitude of the heats of reaction and heat capacities are identical 
as are the feed conditions. Which curve corresponds to the endothemic reaction? ______ 

 
 
 
 
 
 
 
 

Explain:  

    

    

 
(b) The Hercules explosion (P13-3B) could have been prevented by continually increasing 

the ratio of water to ammonia chloride in the feed to shut the reactor down. Circle the 
correct answer 

 
  True False Insufficent informtion to tell 
 

 
(c) For an endothermic adiabatic reaction, the addition of inerts up to a certain amount will 

increase the conversion for a first order reaction when the reactant flow rates, FA0, is held 
constant 

 
  True False Insufficent informtion to tell 
 

 
(d) For an endothermic adiabatic reaction, the addition of inerts after a certain amount has 

been added will decrease the converison for a first order reaction when the reactant flow 
rates, FA0, is held constant 

 
  True False Insufficent informtion to tell 
 

 
(e) In PFR counter-current heat exchange, as one moves down the reactor away from the 

reactant entrance the ambient temperature will decrease once it falls below the reactor 
temperature 

 
  True False Insufficent informtion to tell 
 

 

y2 

W 

A B 
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Solution 

(a)  Answer B 

dy
dW

= −
α
2y

T
T0
  >  dy

2

dW
= −α

T
T0

Slope

 

 
α =  
 

 
 
 
 
 
 
 
 
 
(b)  True 

(c)  True 

(d)  True 

(e)  True 

 
  

⇒   T  
T0 

Exo 

Endo 

T 
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(5 pts) 2) The elementary series reaction 
    A! → ! B! → ! C  

is carried out in a packed bed reactor. The following profiles were obtained. 

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

T F (a) The above profiles could represent a system where the reactions are carried 
out adiabatically. 

T F (b) The above profiles could represent a system where there is a heat exchanger 
attached to the system. 

T F (c) The above profiles could represent an adiabatic system where both of the 
reactions are endothermic. 

T F (d) The above profiles could represent an adiabatic system where only one of the 
reactions is exothermic 

T F (e) Assuming the activation energies are virtually the same for both reactions, the 
above profiles could represent an adiabatic system where increasing the feed 
temperature will increase the concentration of B in the exit stream. 

 
Solution 

(a) True. Possible if A → B is exothermic and B → C is endothermic. 

(b) True. Possible when either A → B is exothermic or B → C is endothermic or both. 

(c) False. Not possible because the temperature is initially increasing. 

(d) True. Same as (a) 

(e) False. Increasing the feed temperature will increase the rate of reaction of both A → B 
and B → C. Hence, exit concentration of B could decrease. 

 
  

T

5 kg  W 5 kg W

CA
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(5 pts) 3) Monsanto Explosion: (Circle the correct answer) 
(a) The addition of inerts will decrease the time between the time the heat exchanger came 

back on line and the time of exposion. 
 
  True False Insufficent informtion to tell 
 
(b) If inerts had been added to the reactor it is possible that the explosion would not have 

occurred. 
 
  True False Insufficent informtion to tell 
 
 
Solution 

(a) False 
(b) True 

 
Explanation: 

dT
dt

=
Qg −Qr

∑NiCPi
=

Qg −Qr

NACPA +NBCPB +NCCPC +NICPI
 

We see the rate of temperature increase, decreases as the amount of inert, NI, increases. 
Therefore, the temperature will not rise as rapidly during the adiabatic period (down time, td) 
and we can have longer down times without having an explosion. 
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(5 pts) 4) 

 
 
 
Solution 

P8-9 (a) 
Reactor selection 
A+B→D  AD rr 1−=   BAA CCTKr )/8000exp(101 −=  

A+B→U  AU rr 2−=   2/32/1
2 )/1000exp(100 BAA CCTKr −=  

SDU = rD
rU
=
10exp(−8000K / T)CACB
100exp(−1000K / T)CA

1/2CB
3/2 =

exp(−8000K / T)CA
1/2

10exp(−1000K / T)CB
1/2  

At T = 300K 

k1 = 2.62 x 10-11  & k2 = 3.57 SD/U = 7.35×10
−12CA

1/2

CB
1/2  

At T = 1000K 

k1 = 3.35 x 10-3  & k2 =36.78  SD/U = 9.2×10
−5CA

1/2

CB
1/2  

(2 pts) Hence In order to maximize SDU, use higher concentrations of A and lower concentrations of 
B. This can be achieved using: 
1) A semibatch reactor in which B is fed slowly into a large amount of A 
2) A tubular reactor with side streams of B continually fed into the reactor 

(2 pts) 3) A series of small CSTR’s with A fed only to the first reactor and small amounts of B fed 
to each reactor. 

 
(1 pt) Also, since ED > EU, so the specific reaction rate for D increases much more rapidly with 

temperature. Consequently, the reaction system should be operated at highest possible 
temperature to maximize SDU.  Note that the selectivity is extremely low, and the only way to 

increase it is to keep 
1
2

610B

A

C
C

−⎛ ⎞
<⎜ ⎟

⎝ ⎠
 and add B drop by drop. 
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(10 pts) 5) The curves below show the conversion or temperature profiles for the Problem 12-3B base 
case. Sketch the requested profiles for the parameters identified. Be sure to label which curve 
is the maximum and which is the minimum. 

 
(2 pt) (a) Sketch the conversion for the maximum flow rate, i.e., 8 mol/min, and for the minimum 

flow rate, i.e., 1 mol/min 
  Flow Rate: Base case shown below for FA0 = 5 

 
(2 pt) (b) Inert, ΘI: Sketch the temperature profiles for ΘI = 0.5 and ΘI = 4. The base case shown 

below is for ΘI = 1 
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 5) (continued) 

(2 pt) (c) Sketch the temperature profiles for Ua
ρb

= 0.1 cal kg•s•K  and for 

Ua
ρb

= 0.8cal kg•s•K . The base case profile Ua
ρb

= 0.5cal kg•s•K
"

#
$$

%

&
''  is shown below 

 
(2 pt) (d) Sketch the temperature profiles for an inlet temperature T0 = 310 and for T0 = 350 on the 

base case profile shown below for T0 = 330K 
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 5) (continued) 
(2 pt) (e) Sketch the temperature profiles for constant coolant temperatures of Ta = 300K and for 

Ta = 340K on the base case profile shown below for Ta = 320K 

 
 

 
Solution 
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(10 pts) 6) The irreversible reaction 
      A + B! → ! C + D  

is carried out adiabatically in a CSTR. The “heat generated” [G(T)] and the “heat removed” 
[R(T)] curves are shown below 

 
(a) What is the ΔHRx of the reaction? 
 

 

ΔHRx = ________________________ cal/mol 
 

(b) What are the inlet temperatures for ignition and extinction? 
 

 
Ignition = ________________________ °C 

Extinction = ________________________ °C 
 

(c) What are all the corresponding temperatures in the reactor corresponding to the inlet 
ignition and extinction temperature? 

 

 
Ignition 

 T = ________°C, ________°C 

Extinction 
 T = ________°C, ________°C 

 

(d) What are the upper and lower conversions corresponding to at the ignition and 
extinction temperatures? 

 

 
X (Ignition) = _____________, ______ 

X (Extinction) = _____________, ______ 
 

(e) In the above figure, what is the conversion at the unstable steady state? 
 

 
X = _____________ 
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Solution 

Assume Adiabatic 

(a) –12,000 cal/mol 

(b) Ignition = 260°C 
Extinction = 190°C 

(c) Ignition, T = 300°C, 475°C 
Extinction, T = 215°C, 375°C 

(d) X (Ignition) = 0.281 

X (Extinction) = 0.86 

(e) X = G
ΔHRx

=
7,000
12,000

= 0.583  
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(10 pts) 7) The reaction 

€ 

A+ B→←2C 

is carried out in a packed bed reactor. Match the following temperature and conversion 
profiles for the four different heat exchange cases adiabatic, constant Ta,  
co-current exchange and counter current exchange. 
 
 Figure 1 Figure 2 

 
    

 Figure 3 Figure 4 
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 7) (continued) 
 Figure A Figure B 

    
 Figure C Figure D 

    
 

(a) Figure 1 matches Figure ___ 
(b) Figure 2 matches Figure ___ 
(c) Figure 3 matches Figure ___ 
(d) Figure 4 matches Figure ___ 
 
 
Solution 

(a) Figure 1 matches Figure _C_ 
(b) Figure 2 matches Figure _A_ 
(c) Figure 3 matches Figure _D_ 
(d) Figure 4 matches Figure _B_ 
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(a) Adiabatic 
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(b) Constant Ta Heat Exchange 

 
 

   

 

←  Constant Ta 
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(c) Variable Ta Co-Current Heat Exchange 
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(d) Variable Ta Counter Current Heat Exchange 

 
 

    

    
  

Matches 



 

 
344/W13MidTermExamII.doc 

(15 pts) 8) The temperature and conversion in a very long (i.e., virtually infinite) PFR are shown below 
as a function of the reactor volume. The reactor is surrounded by a jacket for heat transfer. 
The value of Ua is 100 cal/(sec • m3 • K) with Ta being constant. The elementary gas-phase, 
reversible reaction is 

2 A 

€ 

→
←  B + 2C 

and pure A is fed to the reactor at 0.05 mol/dm3. The absolute value of the heat of reaction is 
20,000 cal/mol of A at 500K, and the heat capacities of A, B, and C are 10, 10, and 5 
cal/mol/K, respectively. 

 

(7 pt) (a) What is the rate of disappearance of A at V = 10 m3? 
 
 –rA = ____________ mol/m3•s 
 

(7 pt) (b) What is the total amount of heat removed (in cal/mol) from the entire reactor per mol of 
A fed in cal/mol? 

 
 Q = ____________ cal/mol A 
 

(1 pt) (c) What is the equilibrium conversion at 300 K  
 
 Xe = ____________ 
 
 
Solution 

(a) –rA = ____________ 

 At maximum 

 Qg = Qr 

 

€ 

˙ Q r = Ua (T – Ta) = 100 (500 – 300) = 20,000 cal/s•m3 

 

€ 

Qg = −rA( ) −ΔHRx( )  

 

€ 

−rA( ) −ΔHRx( ) =Qr  = 20,000 cal/s•m3 
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€ 

−rA =
20,000

cal
s•m3

20,000
cal
mol

=1
mol
m3 •s

 
 

(b) 
  

€ 

˙ Q −FA0 ∑Θ iCPi
T−T0( )− ΔHRx

 +ΔCP T−Ta( )[ ]FA0X = 0  Eqn. (8-28) 

 Per Mole A 

 

€ 

˙ Q 
FA0

= CPA
T−T0[ ] + ΔHRx +ΔCP T−TR( )X[ ]  

 

€ 

A
→

←

B
2

+C 

 

€ 

ΔCP = CPC
+

CPB

2
−CPA

= 5 +
10
2
−10 = 0

= 0

˙ Q 
FA0

=10 300− 400( ) + −20,000[ ] 0.6[ ] = −1000−12,000 = −13,000
cal
mol  

 
(c) At ∞ reactor length Xe = 0.6 
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(15 pts) 9) Circle the correct answer  
(3 pt) (a) The reaction A → D is carried out adiabatically. The heat capacities of A and D are 

approximately equal at 20 J/mol-K. When a conversion of 50% is achieved in a PFR, the 
outlet temperature is 50 K higher than the inlet. What the heat of reaction? 
A) ΔHRx = 0.5 kJ/mol 
B) ΔHRx = –0.5 kJ/mol 
C) ΔHRx = 2 kJ/mol 
D) ΔHRx = –2 kJ/mol 
 

(4 pt) (b) The conversion and temperature are shown below as a function of catalyst weight for 
three sets (1, 2, 3) of cooling or heating rates 

   
Circle the correct answer. 
A) One of the curves could correspond to an exothermic irreversible reaction with too 

high of a cooling rate. 
  True False Insufficent informtion to tell 

B) One of the curves could correspond to an endothermic reversible reaction with too 
high of a heating rate. 

  True False Insufficent informtion to tell 
C) The reaction could be second order exothermic and carried out adiabatically. 

  True False Insufficent informtion to tell 

(4 pt) (c) The elementary isomerization of A to B was carried out in a packed bed reactor. The 
following profiles were obtained 

 
If the total entering volumetric remains constant the addition of inerts to the feed stream 
will most likely 
A) Increase conversion. 
B) Decrease conversion. 
C) Have no effect. 
D) Insufficient information to tell  

T

W

2

X 3
2
1

W

1

3
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 9) (continued) 
(4 pt) (d) 

 
Which of the following statements are true? 
A) The above reaction could be adiabatic.  
B) The above reaction could be exothermic with constant cooling temperature. 
C) The above reaction could be endothermic with constant heating temperature.  
D) The above reaction could be second order.  

 
 

Solution 

(a) D) ΔHRx = –2 kJ/mol 
  −ΔHRx = CP(ΔT) 
  (−ΔHRx) 0.5 = (20)(50) 
 
(b) A) True. k(T) smaller ∴ X smaller 

  
dX
dV

=
k
v0
1−X( )

v0 = constant   B) False. For endothermic reactions conversion always increases with heating rate up to 
isothermal conditions. 

 C) False. For exothermic adiabatic reaction T always increases with increasing W. 
 
(c) A) Increase conversion. 

  

dX
dV

=
k
v0

1−X( )

−ΔHRx =
CPA

T−T0( )
X

=
20( ) 50( )

0.5
=

2kJ
mol

 , ΔHRx = −
2kJ
mol

 

 
If it is an adiabatic system, then it has to be endothermic, because 
the temperature decreases and the heat of reaction is positive. 
Increasing inerts increases the temperature, increasing k, 
increasing the rate and hence increasing conversion. 
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(d) Answer: C and D 
 A) The above reaction could be adiabatic. False.  
  Xe could not increase if adiabatic. 
 B) The above reaction could be exothermic with constant cooling temperature. False. 
 T would increase then decrease follow slope temperature curve.  
 C) The above reaction could be endothermic with constant heating temperature. True. 
 D) The above reaction could be second order. True. 
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(20 pts) 10) The following elementary reactions are to be carried out in a PFR with a heat exchange with 
constant Ta  

  

€ 

2A + B→C ΔHRx1B = −10 kJ
mol  B

      A→D ΔHRx2A = +10 kJ
mol  A

B+ 2C→E ΔHRx3C = −20 kJ
mol  C

 

The reactants all enter at 400 K. Only A and B enter the reactor. The entering concentration 
of A and B are 3 molar and 1 molar at a volumetric flow rate of 10 dm3/s 
 
Additional information 

 

€ 

Ua =100  J dm3 s K

k1A 400  K( ) =1 dm3

mol

" 

# 
$ 

% 

& 
' 

2

s

k2A 400  K( ) = 0.5  s−1

k3B 400  K( ) = 2 dm3

mol

" 

# 
$ 

% 

& 
' 

2

s

 

CPA
=10 J mol K

CPB
= 20 J mol K

CPC
= 40 J mol K

CPD
= 20 J mol K

CPE
=100 J mol K

 

(15 pt) (a) What coolant temperature is necessary such that at the reactor entrance, i.e., V = 0, that 

€ 

dT
dV

= 0? 
 

Ta = ____________K 
 

(5 pt) (b) Repeat part (a) when an inert stream with a molar flow rate of 20 mol/s with CPI  = 100 

J/mol/s is added to the feed stream. 
 

Ta = ____________K 
 
 

Solution 

(a) 

€ 

dT
dV

=
r1BΔHRx1B + r2AΔHRx2B + r3CΔHRx3C −Ua T − Ta( )

FACPA + FBCPB + FCCPC + FDCPD + FECPE
 

at V = 0, T = T0 = 400 K for 

€ 

dT
dV

= 0  

€ 

Ta = T − r1BΔHRx1B + r2AΔHRx2A + r3CΔHRx3C

Ua
$ 

% & 
' 

( ) 
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€ 

−r1A = k1ACA
2CB

−r2A = k2ACA

−r3B = k3BCBCC
2

 

 
(1) 

 

€ 

r1B
1

=
r1A
2

ΔHRx1Br1B = ΔHRx1B
r1A
2

= −10,000( ) − 1
2
k1ACA 0

2 CB 0
$ 

% 
& 

' 

( 
) 

= 5,000( ) 1( ) 3( )2 1( ) = 45,000

 

 
(2) 

 

€ 

ΔHRx2Ar2A = −ΔHRx2A( ) −r2A( )
= −10,000( )k2ACA 0 = −10,000( ) 0.5( ) 3( )
= −15,000

 

 
(3) 

 

€ 

ΔHRx3Cr3C
r3B
1

=
r3C
2

ΔHRx3Cr3C = ΔHRx3C 2r3B = −20,000( ) −2k3BCB 0CC 0
2( ) = 0

Ta = 400 − 45,000 −15,000
Ua

$ 

% & 
' 

( ) 
= 400 − 30,000

100

 

 

€ 

Ta =100 K  
 

(b) No change, 

€ 

dT
dV

= 0  
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