CHFEN 3553 Chemical Reaction Engineering
April 28, 2003; 1:00 PM — 3:00 PM

Answer all questions
1. Afirst-order reaction A — B is taking place in a recycle reactor. The initial concentration is 4 mol/liter, the
reactor volume is 200 liters and the volumetric flow rate is 20 liters/s. For a recycle ratio of 5, a conversion
of 60% is obtained. This configuration is to be replaced with a CSTR-PFR combination. A 50-liter CSTR
is followed by a PFR of unknown volume. What volume of PFR is required is achieve the same conversion
as in the recycle reactor?
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Recycle Reactor
kr - CA0-|-RCAf
R+1 (R+1Cy,
Chp=4X=06,C ,=16R=517=10
kZ' —In CA0+RCAf —In 4+5-1.6
R+1 (R+1)C, (5+1)-16
k =0.1339s™

CSTR first, 7, =50/20 =2.55

X, = kr _ 0.1339-2.5 _ 0.2508
1+kr 1+0.1339.25

}: 0.2231

PFR following the CSTR

ni=Xs _1p 1202508 _ 6976
1-X, 1-0.6

Tper = 4.6866

Vs = 4.6866-20 = 93.73 lit

k=1




2. Rate versus concentration data for a reaction is given below. Find the order of the reaction and the reaction
rate.

Con. (mol/liter) 1.5 1.3 1.1 0.9 0.7 0.5 0.3

Rate (mol/lit-sec) 28 20 12.8 7.7 4.1 1.8 0.5
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n=2.52
k=10.1



3. An elementary irreversible liquid-phase reaction A+ B — C is carried out ina CSTR. A and B are fed at
molar rates of 1.25 mol/s and 1 mol/s respectively, at a temperature of 300 K. The reactor is jacketed and
the jacket temperature can be assumed to be 310 K. An agitator contributes a work of 20.9 kW to the

reactor. The volumetric flow rate is 5 lit/s. Additionally:

H?(298K) =—20kcal/mol HJ(298K) =-25kcal/mol HZ (298 K) =-60kcal/mol

cal cal
C,=C.=40 ——, C _.=55
A~ TrB mol-K' " mol - K
lit cal
k =0.01 at300K, U-A=75——, E =8 kcal/mol
mol-s s-K

Determine the volume of the reactor for 60% conversion of A.

Use equation 8-50 from the text +
Q-W

- XAH szzeié (T-T)

pi
A0

AH,, =-60+ 20+ 25 =—-15kcal/mol

S 'A'(T;‘T)_W) X (AHg (T) +AC, (T ~T) ) =30, (T ~Ty)

FaoX (~AH g (Ta) +AC, To 4 Fyg (0,Cu + 6,C )T, +UAT, -V
Fao(0,Con +6:C ) +UA+F, XAC,

cal
mol — K

AC, =55-40-40=-25

T 1.25-0.6(15,000 - 25-298) +1.25- (- 40 +0.8- 40) - 300 + 75-310 + 5000
- 1.25-(1-40+0.8-40) + 75+1.25-0.6 - (—25)
T =4165K

|nﬁ=£(l_ij=‘8000( 11 j

k., RI(T, T,) 1987|4165 300

k, = 0.4268

FoX C VX B vX

1y KC, (L= X)(Gs = X)  KCpol—X)(0s — X)
mol lit

C,=125/5=0.25——,v=5—
lit S

v 5.0.6
0.4268-0.25- (1—0.6)(0.8—0.6)

=351.43 liters
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4. Mechanism of a catalytic reaction A— B is shown below.

A+ST=2A'S
A-STEB-S
B-ST=B+S
Write down the rates of adsorption, surface reaction and desorption and derive an effective rate when, surface

reaction is rate controlling.

16 points

C

Mo :kA(pACV_ KM)
A
Mo _g
Ka
C

s :ks(CAs - KB‘S)

s
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s =HsKalPs Kp) (1+K,pa+KgPg)

ks KACI ( pA _EB)

P

L+ K,apa+Kgpg)

s




5. Afirst-order reaction A— 3B is taking place in a PBR. The particles are 10 mm in diameter and the
intrinsic rate constant (k' )is 0.8 lit/kg-cat-s. A conversion of 75% is desired. Feed at 4 mol/s, containing
40% A and 60% inerts enters the reactor at 127°C and 5 atmospheres. The engineer designing the reactor
neglects to consider that there might be internal diffusion to consider.

a. What weight of the catalyst does the engineer pack the reactor with?

b. If the diffusion coefficient is 0.08 cm?/s ad bulk density of the catalyst is 2.8 kg/liter, what
conversion would actually result with the catalyst packed?

c. What weight of the catalyst did he need to use to meet the design specifications of 75% conversion?
Assume that the reactor operates at constant pressure.
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0=2,Y,=04,=08
PBR Equation without the effectiveness factor
dX : 1-X)
Fo—=-1,=kC,=kC,,——~—
Maw M T TR (LX)
ax kCAO -X) _k @-X)
dW  F,, (@+eX) v, 1+&X)

I(1+gX) KW @re)n—t —ex 18953
(l x) V0 1—X

Pv, = F RT

5-v, = 4-0.082-400 :>v0—2624"—t

ﬁw 1.8953

26.24
W =62.17kg

PBR with internal diffusion

6= R‘/k” 05,2828 _ 6457
0.08

n=— [ 1j 0.5912
#*  tanh ¢

3 (2.6457
2.6457%\ 0.9878
Conversion with 62.17 kg

—1) =0.7193

KW = (14 2) In—2— — X
v, 1-X
0.7193-0.8
26.24
X =0.66

Weight to acheive 75% conversion = 62.17/0.7193=86.4 kg

62.17=(1+0.8) Inﬁ—gx =1.3634



m0|1/2
mol/lit and the rate constant is 2 —

lit*? —min
flow model.

6. The residence time distribution function for a reactor is given below. The reaction is % order, Cao= 1
— . Determine the conversion in the reactor using the segregated-

05
E(t)

t(min) 2
The performance equation is

17 points
C :(C
—=| | = E(t)dt
CO .! (C ]batch

0

For a general n-th order reaction

1-n
C
n-LkCit=| = | -1
(n—DkCq (Coj

For 1/2 order reaction,
1
2
(=[]
2 C,
CO batch

13

1 1
=—1+) ==
6( ) 3
=0.6667

2 , 05, .
o - ! (1-1)?(0.5)dt _?(1—0 2
X



