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1.  CSTR vs. Batch reactor  A—> M, exothermic reaction (60 points)


Consider a simple first order reaction of A—>M.  A batch reactor will be compared to a CSTR 
with the required conversion, fA = .9  (that is, the exit CA concentration/molar flow will be 10% 
of the feed, CA0.)  


Consider first the batch reactor.  Suppose that its volume of  V = 100 l is filled with reactant A 
that has a concentration, CA0 = 1 mole/l.  The heat capacity of the A and M are the same: CpA = 
CpM = 100 J/(mole  K).  The initial temperature is Tfeed = 300 K.  The reaction rate constant is k = 
1015 Exp[ -12000/T] (1/s) and the heat of reaction is ΔHr = - 4,000 J/mol. 


a. What batch time will be needed for the requisite conversation of 90% of the A into M if the 
temperature is kept at 300K?


b. What quantity of heat must be removed to keep the reactor at 300K?

c. If the reactor were operated adiabatically, what would the final temperature be? 

d. For an adiabatic reactor, the maximum reaction rate does not always occur at fA =0.  

Explain why this is so.

e. Sketch the reactor temperature as a function of time for the adiabatic case.

f. Under what conditions could the reactor temperature rise and then decrease during the 

course of a reaction?


Now, independently consider a CSRT with a feed stream of 1 l/s at 300K, where CA0 = 1 mol/l.  
The heat capacity of the A and M are the same: CpA = CpM = 100 J/(mole  K).  The reaction rate 
constant is k = 1015 Exp[ -12000/T] (1/s) and the heat of reaction is ΔHr = - 4,000 J/mol. 


g.  What reactor volume is needed to accomplish the requisite conversion of 90% of the A 

      into M if the temperature is kept at 300K?

h.  If the reactor is operating at 300K, what is the heat removal rate?

i. If the reactor is operated adiabatically, what is the steady state temperature?

j.   For this case, what is the necessary residence time?


Now compare the batch and CSTR reactors:


k.   How does the temperature rise of the adiabatic batch compare to the CSTR?  Will this  

      relation always be the same for other reacting systems?

l.    For an equal amount of M produced, which reactor requires the greater amount of heat 

      removal to remain isothermal?  Explain why.
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2.  Example 9.3.3 in Davis and Davis — revisited….  (20 points)


You will recall the homework problem which considers the adiabatic case, UAH=0 for which the 
reactor heats up to 389K in 462 s and the conversation increases to 0.90.  
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However, the last part of the question refers back to this problem and asks for the heat that is 
removed during the batch reaction.


There are two ways that this might be computed.  First is to integrate the heat removal 
expression,


 

,


when this is done, the result is Q = - 742 kJ.


You might also expect to be able to get the heat removed by knowing the heat produced by 
the reaction and the change in enthalpy of the products and reactants.


heat released = ΔH fA nA0  = -15000 kJ/mol  100 mol  0.8 = -1.2X106 kJ


Then add the heat soaked up by the final mixture compared to the feed


nA0  ( (1- fA) CPA + (1.2- fA) CPB +  fA CPC)  (332-300), 


The result is -698 kJ.


For this last part we take advantage of enthalpy being a state function and assume the reaction 
occurs at T = 300.  Then we heat the final products up to 332K.


We see that these answers don’t match.  A check of the numerics verifies that the Q from the 
numerical integral is not significantly in error.


We would like to resolve the difference between these two numbers. 


Note that:


1. The concept of getting the enthalpy change to measure heat removed is correct.

2. The error persists even if k is assumed not a function of T.

3. The error persists even if the initial feed of A and B is such that they are both 100 

moles.

4. The error goes away if the heat capacity of C is changed to 130 J/mole-K 


a. Write down the differential equation that gives the change in temperature as a function 
directly of fractional conversion.  


b. What is the conceptual error with the example and how can it be fixed?
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3.  Plug flow reactor problems problems.  (20 points)


Because of available space in the plant, two supposedly identical gas-phase, plug flow 
reactors were installed as one that is oriented horizontally (i.e., its flow is perpendicular to 
gravity) and one that is vertical with its flow downward in the same direction as gravity.


Both are 5 meters long and consist of 20, 3 cm diameter tubes filled with a spherical catalyst 
packing.


The reaction is A->M with a design specification of 99% conversion of A to M. 


For the first few years of service, (including regular catalyst regeneration with hydrogen) both 
reactors performed up to spec giving essentially identical conversions.


However after some time, the horizontal reactor began produce substantially (>20%) lower 
conversion. 


a. What could be going wrong with the horizontal reactor?

b. What measurement other than inlet and exit concentrations could give some insight into the  

nature of the problem?
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Test 3 additions 


Exit time distribution:


   


Energy balance a batch reactor;  


Energy balance for a plug flow reactor:





rl V =
Fl0 dfl
-�l

Mark McCready
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Energy balance for a CSTR:   
 rl V =
Fl0 flf

-�l
, fl0 = 0

Mark McCready
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Test 2 additions to the formula sheet
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Potentially useful formulae:
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V d Ci
dt

= qi Ci0 - q Ci + �i r V
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