CBE 142: Chemical Kinetics
& Reaction Engineering

Midterm #1
October 1312015

This exam is worth 120 points and 30% of your course grade. You have 80 minutes
to complete this exam, so please manage time wisely. Please read through the
questions carefully before giving your response. Make sure to SHOW ALL YOUR
WORK and BOX your final answers! Answers without a clear and legible thought
process will receive no credit.
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Problem # 1. Basic Concepts in Reactor Design [25 pts]

Consider the irreversible liquid-phase reaction A + B = C. The reaction rate can be described by
the rate law

r=kiCa”Cp for X, <0.5

r= kZCB for XA =>0.5
were X, is the overall conversion of A, Ca and Cg are the concentrations of A and B
respectively, and k; and k; are rate parameters.

(a) What are the units of k; and k. [5 pts]

(b) We desire to obtain a conversion less than 0.5 in an isothermal, steady state reactor with
equimolar feed of A and B (no C present in feed). For a given reactor volume, which type of
reactor would give a higher conversion? [5 pt]

(A) An ideal PFR

(B) An ideal CSTR

(C) Both are equivalent
Explain physically why this is the case in a single sentence. Answers without explanation will
receive no credit.



(c) The stream exiting the steady-state reactor in part (b) consists of 1 mol/s of A, 1 mol/s of B,
and 1 mol/s of C. It is directly fed into a second steady-state isothermal reactor.

Reactor Far=Fgy=?
part (b) > Rengctor part (c) Fco= 1.5 mol/s
Fro=Fgo=7? 2 reactor) Xy = ?
— FA1= FBl =1 moI/s A2
Feo=0 vo=1L/s
Vo= 1 L/S FC1= 1 mOI/S
vo=1 L/S
XAl = ?

(1) Which one of the rate laws describes the kinetics for this second reactor? [5 pts]



(i1) The volumetric flow rate into the reactor is 1 L/s. The rate constant in the second
reactor has a value of 1 (units are the relevant ones you found in part (a)). For the second reactor,
what is the volume needed to achieve an exit stream of 1.5 mol/s of C in a steady state CSTR
vs. a steady state PFR? If the volumes are different, please explain physically why they are
different. [10 pts]



Problem #2. PFRs in series reactor design [25 pts]

Two identical steady-state, isothermal PFRs of unknown volumes V; = V, =V are connected in
series as shown in the following figure:

. ) VPFR,l =V ) O VPFR,Z =V )
A0

FAl FAZ
CAO CAl CAZ

The following elementary, liquid-phase equilibrium reaction occurs:
K
A B

where the equilibrium constant for this reaction, K, is equal to 5.8 and pure A is fed to the first
reactor.

(a) The conversion of the first reactor, X, has been measured to be 0.55. What is the overall
conversion of A, Xy, at the outlet of the second reactor? [20 pts]






(b) Now, a very efficient separations unit is added in between the 2 PFR units such that a// of the
B is removed from the feed entering the second reactor.

O VPFR,l =V )
FAl

Fao
Cho Ca1 \l/ Caz Caz

What do you expect to happen to X,y in this case, compared to the case you evaluated in part (a)?
Explain in one sentence why this is so. Answers without a valid explanation will not receive
credit. [5 pts]



Problem #3. Semi-batch reactor operation [35 pts]

The liquid phase, elementary, bimolecular rearrangement reaction 2A -> B + C with rate
constant k; occurs in a cylindrical semi-batch reactor with cross-sectional area Ac. The initial
liquid height is at hy. Fao mol/s of A flows into the reactor with a constant volumetric flow rate
Vo. Unfortunately, the circular bottom of the vessel is leaky causing the contents to drain at a
certain volumetric flow rate, v;,qp:

Fao, Vo

Vleak

The volumetric flow rate of the leak is proportional to the height of liquid in the tank:
Vieak = ah
where a is a positive proportionality constant with proper units.

Note: All species are the same molecular weight and have the same liquid phase density



(a) Find an expression for the height of the liquid level in the tank as a function of time. [15 pts]
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(b) Derive an expression for the evolution of the concentration of species A in time, d—;‘, n

terms of Cy, & and its derivatives, and other constants. Do not worry about integrating it. [5 pts]
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(c) After a very long time, what concentration of A do you expect to have in the tank? Show all
work and explain all assumptions to receive credit. [15 pts]
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Problem #4. PSSH and Reaction Mechanisms [35 pts]
The gas-phase reaction of chlorine with chloroform is described by the equation:
Cl, + CHCl; = HCl+ CCly

A proposed mechanism involves the following elementary steps:

Ch, «——— 2Cle (step 1)
K,
k2
Cle + CHCl,—2— HCl + CCly* (step 2)
CClLe+Cle _ K, ccl, (step 3)

Species Cl® and CCls® are reactive intermediates.

(a) Assume that the first reaction step shown is quasi-equilibrated. Determine the rate law, rccia,
in terms of the rate constants and the concentrations of reactants and products. [15 pts]
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(b) Now relax the assumption of quasi-equilibration on step 1. Using only the pseudo steady-
state hypothesis for all reactive intermediates, determine the rate law, rccu, in terms of the rate
constants and the concentrations of reactants and products. [15 pts]
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(c) What must be true in order for the expression from (b) to collapse to the expression in (a)?
This answer provides the rigorous justification for QE on step 1. Draw a rate arrow diagram and
provide a specific inequality. [5 pts]
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