CHME 312 Midterm I Name: Mar/28/2011

CHME 312, Reaction Engineering, 2011 Spring

Exam 11, Open Text (H. Scott Fogler, Elements of Chemical Reaction Engineering, 4" Ed.)

Note: For partial credit, please write your answer clearly and legibly.
For better credit, do all algebra and substitute digits, and check final figures
carefully.

1. A homogeneous liquid phase second-order irreversible reaction
A+B—-C+D

is to be carried out in a PFR volume of 6.0 ft’. It is proposed that to increase conversion, a
CSTR of 100-gal capacity be installed just before the PFR. Calculate the new conversion.
The values are given by F5o = Fgo = 1.50 Ibmol/hr, Temp. = 300 °F, vao = vgo = 4.5 ft3/hr, and
X =0.5. Assume that the reactors are operated isothermally. (50)

Sol)

X
- Mole Balance on the PFR: V,,, = F I rax

0

- Rate Law: -rp = kCaCg
- Stoichiometry: Equal Molar @ = 1
C,=C,(1-X),Cy =C,(1-X)

- Combine
P %
R:-U - X)
- Evaluate: rearrange to solve for k
L

] . * ]
Cf.Vm(l-f) ﬂ‘.l’mtl—.\.']

after mixing

k

v, =V, +v, =45t /hr+4.5ft°/hr = 9.0 ft*/hr

¢, =Lfun _LSlbmolVhr o ot
0T 90 hr
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~ (9.0 ft*/hr)(0.5) _gog
(0.167 Ibmol/ft*)(6.0 ft*)(1-0.5)  Ibmol-hr

Place CSTR before original PFR reaction

- Combine : Vi g =

- Evaluate - X %
CSTR
Fu Fga
p;m_ﬂL 13378 = —4'5 L L1 () e )

T RG1-XY "~ kColl- X

v X

[ |
kCy, (1 - X, Y
V _ vﬂ‘:fl
kG, (-2, 4+ X7

A0

TR

Ve °C, — 2V kT X + 7 kC’X—vX

407 A0TTI

X?—[2+L]XI+1=D
Voo KT,

2
[2 + L} t {2 + v—':'J -4
Vo 00 Ve BT

2

3
where Vo, =13.37 %,k =8.98— 1, =0.167 Ibmol/ft’, v, = 9.0 ft*/hr
Ibmol - hr

2
2+ 9.0 +|| 2+ 9.0 -4
13.37x8.98x0.167 13.37x8.98x0.167

b 2
~0.52
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Toooax v, f dr v, [ 1 !
};FR=F‘“'[FGCE 1-XF k¢ '[(1—)(]2=Fcﬁ’ 1-X, 1-X
X Al Al X, Al 2 1
rearrange
1 L BG40 Vora

3
where X; =0.52, V., =6.0 ft’, k =8.98 ft ,C 0 =0.167 lbmol/ft®, v, =9.0 ft*/hr
Ibmol - hr
| 1 N (8.98)(0.167)(6.0) —508+1=3.08

1-X, 1-0.52 9.0

X,=1-1/3.08 =0.675

2. A is converted to B, C, and D according to the following reactions.

A—->B r,=kC) k, = 0.05(mol/dm’)""* - min
A—>C r.=kC, k, =0.3/min
A—>D r,=kC; k, = 0.24dm*/mol - min

Where the £ values are specific reaction rates at 27°C. If the reaction is operated at 27°C and 4
atm with pure A entering of volumetric flow rate 10 dm®/min. C is desired product and B and

D are undesired product and are very costly to separate from B.
(a) Sketch the instantaneous selectivities (Sc¢/s, Scp, and Scp = rc/( ¥ + rp)) as a function

of the concentration of Ca_ (20)

Sen =2 CL =60C}"

1

S,=r2 b o5 1
k C, C,

kLCy 0.3C,

S =
PR C 1 k,C2 0.05C +0.24C2

Ll ey

- Since only C is desired the selectivity of C over B and D should be the maximum.

lim S5, =0 and lim S, =0
Cp—0 Cp >

2/3

das
It has maximum value at —=2> =0 or C, = L
A 2k,
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(b) What is the conversion of A in the first CSTR and how many CSTRs will be needed to get
over 90% conversion for the process to be profitable? (30)

With k; and &, values given, Ca = 0.221

P
Crp == 8?? ~ 0.326mol/dm’
0.082 2™ M 300K
mol -
v _ vo(C o —C)) _ vo(Clo—C))
T -7, kC\* +k,C, +k,Cy
10(0.326 — 0.221) 1.05

=10.19dm*

(0.05)(0.221)"2 +(0.3)(0.221) + (0.24)(0.221)>  0.024 +0.067 +0.012
(Cho—C,)  0.326-0.221
C, 0326
At 90% conversion C4 =1 -0.9Cx0 =1 - (0.9)%(0.326) = 0.033

=0.322

X, =

For the 2™ reactor,

Vesmy = vo(Cpy—C,) _ 1/‘;0 (Cy-Cp) = 10.19
— Ty ki Cy +k,Coy +k,C,
0221-C
1.019= = A2 5
0.05C,5 +0.3C,, +0.24C,,
By trial & error, Ca, = 0.150, likewise
v, (C,, —C ;) v, (C,, —C ;)
Vesras = ° jz £ = i C1/20 kAZC A3k C? =10.19
Ty3 1Cas TR0 5 +i650
1019 0.150-C,,

T 0.05C2 1 0.3C,, +0.24C2,
By trial & error, Ca3 =0.101, likewise

0.101-C,,
0.05C}; +0.3C,, +0.24C>,

1.019 =

By trial & error, Caq = 0.066, likewise

0.066—C,,

1.019 = -
0.05C12 +0.3C,, +0.24C,

By trial & error, Cas = 0.042, likewise

0.042-C,,

1.019 = -
0.05C12 +0.3C,, +0.24C,

By trial & error, Cag = 0.026 < 0.033
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