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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, Cao.)

Consider first the batch reactor. Suppose that its volume of V =100 | is filled with reactant A
that has a concentration, Cao = 1 mole/l. The heat capacity of the A and M are the same: Cpa =
Com = 100 J/(mole K). The initial temperature is Trees = 300 K. The reaction rate constant is k =
10'5 Exp[ -12000/T] (1/s) and the heat of reaction is AH: = - 4,000 J/mol.

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

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

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

For an adiabatic reactor, the maximum reaction rate does not always occur at fa =0.
Explain why this is so.

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

Under what conditions could the reactor temperature rise and then decrease during the
course of a reaction?
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Now, independently consider a CSRT with a feed stream of 1 I/s at 300K, where Cao = 1 mol/l.
The heat capacity of the A and M are the same: Cpa = Com = 100 J/(mole K). The reaction rate
constant is k = 105 Exp[ -12000/T] (1/s) and the heat of reaction is AH, = - 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?
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