ChE 372 Exam 3 Wednesday, November 28, 2007

Instructions

1. Write your name at the top of each answer sheet and on the front page of the
exam questions.

2. Start each problem at the top of a new page.

3. The exam consists of three problems; they are equally weighted.
4. Useful integrals and equations are listed beginning on page 3.

5. Return the exam questions or you will receive a grade of zero.

R = 82.06 cm3-atm/gmole-K; R = 1.987 cal/gmole-K

OlnK _ AH°
0T — RT?

The van’t Hoff relation is

Problem 1
The first-order, heterogeneously catalyzed reaction

A—B r = kcy

will be carried out in a spherical pellet.

Using the data tabulated below, predict the isothermal fixed-bed reactor volume
needed to convert 95% of A if the feed is pure A at 2.5 atm, 585 K, N4s = 12 mol/s,
and the spherical pellets have a radius of R = 0.25 cm. The experimental rate data
(Texperimental) Were collected at 585 K and P4 = 2.5 atm over spherical pellets of different
diameters. At the experimental conditions and at the conditions for the fixed-bed reactor
the diffusivity of A in the pellet is D4 = 0.004 cm?/s and you can assume the bulk fluid
and the pellet exterior concentrations are equal. The pellet density is p, = 0.68 g/cm?
and the bed density is pg = 0.40 g/cm? (i.e., ep = 0.412).

Pellet radius | Experimental rate
Texperimental
(cm) | (gmol/cm3-s)
0.01 | 1.98 x 103
0.02 | 1.70 x 1073
0.03 | 1.41 x 1073
0.04 | 1.18 x 1073
0.05 | 1.01 x 1073
0.1 |5.67x1074
0.2 ] 299 x 1074
0.3]203x1074
0.4 ] 1.53x1074
0.5 ] 1.23 x 1074
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Problem 2
An equimolar, gaseous mixture of A and B is in adsorption-desorption equilibrium on
a catalyst surface. The adsorption-desorption reactions can be represented as

ka
A+S &= A AH,qs = —18,000 cal/gmol
k_a

kp
B+S = Bags AH 45 = —26,000 cal/gmol
k_B
where S represents an adsorption site. At a total pressure P = 1 atm and 425 K the
fractional coverages of A and B are 64 = 0.214 and 0p = 0.643.
What is the fractional coverage of A (64) and the fractional coverage of B (6p) for
the same gas mixture and pressure but a temperature of 500 K?

Problem 3
A cylindrical catalyst pellet is used for the following reaction in a fixed-bed reactor

A—B r=kcy k=23s"!

The catalyst pellets are too fragile and there is too much breakage when repacking
the bed with fresh catalyst so you have asked the catalyst vendor to make the pellets
more mechanically robust. In making the catalyst more robust mecahnically the vendor
decided to change the aspect ratio of the pellets and the cylinder is now shorter and the
diameter is larger. The changes have also changed the effective diffusivity of A in the
pellet and the bed density. The relevant parameters are listed below.

Parameter | Current catalyst | New catalyst
pp (g/cm?) 0.68 0.68
pp (g/cm?) 0.53 0.58
Dy (cm?/s) 0.008 0.0065
pellet radius (cm) 0.25 0.50
pellet length (cm) 1.0 0.60

By how much will the catalyst charge need to change (as a percentage fo the current
mass of catalyst in the reactor) if the feed gas, operating temperature and pressure, and
the conversion of A are held constant? The feed is pure, gaseous A. You should also
determine if the existing reactor is large enough to hold the new catalyst charge.



Design Equations

Batch Reactor

dI' _UA(T, —T) — 37" riAHR; Vg
dt - VR Z?components C]Epj

Plug Flow Reactor
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Stirred Tank Reactor
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Continuous Stirred Tank Reactor (steady-state and constant phase)
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Useful Integrals
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Simpson’s three-eighth’s rule for numerical integration:

X3 h
[ 100X = T2 17 (X0) +3£(X0) + 37 (Xa) + £(Xo)]
where: Yo X
h="2""0 Xy =Xo+h  Xo=Xo+2h

3

Integration of IV + 1 points, where N is even:

XN
. f(X)dX = g {f0+4f1 +2fo+4fs+2fs+ ... +4f(no1) + N

where:
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h N



General Information on Mass Transfer with Reaction

For heterogeneous reactions one must determine the rate per unit volume of pellet.

1 S de;
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The dimensionless steady-state concentration within a symmetrical pellet is found with
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For a first-order reaction (A — B) with a spherical pellet surface concentration of cas
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For some heterogeneous cases it is appropriate to use
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where



