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Octave Levenspiel, Chemical Reaction Engineering, Third Edition, 1999.

Home works:
Chapter 7: Design for Parallel Reactions

Chapter 7: 6, 7, 8, 9, 10, 11, 12, 13, 16, 17, 18, 19, 26
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Figure 7.3 Shaded and dashed area gives total R formed.
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The Selectivity. Another term, the selectivity, is often used in place of fractional
yield. It is usually defined as follows:

moles of desired product formed )

electivity = : "
selechivity (malesnf undesired material formed

1'. Cﬁ.p Cﬂ.m -

{a) (k)

Figure 7.4 The contacting pattern with the largest area produces most R: (a) plug flow
is best, (b) mixed flow is best, (¢) mixed flow up to C,, followed by plug flow is best.

o (a)als o ad s LR Sl s)ls ) e ity 5 Shae o o] s a8 ulas 25, =¥ IS
oz ol Jbs 4 5 Cpq 4l b mixed oL (€) .ol ¢ e Mixed oL = (b) .ol ¢y 2 plug

el op e plug



&)

<=t
-,951, C)bggﬁ.g;tw—‘sql"JH,’SJ—}@gw‘w’bstoMb—QUmnb@b

$3lse sle 2815 ST, b eiin Juad
ot 3 e asls Bl a5 50 sl s 3 te b LSy 55 5m 5o azsl b Y 58T e arelos
Mﬁ)’p—*—”.‘bToxé)Qxﬁj\éu s g yaze bl G281 G D3 sdate G s 3 e G o)

JEEETR W P
T=T1+T2+"'

é}‘}n éLﬁ uf..:f‘_gjb Q’Yj..a.’u CJJ}:_YJL'{.A

kl dCR 03 . .
A+ B >R, k. Tk 1.0C,Cg” mol/liter.min
K dC.
A+B5S, _ bkt d_ts = 1.0C)°CE® mol/liter.min

A~5 g_)\......a» Con a.,\.aT Caw iy Y. m0|/||tr

plug )jST) »+(a)

mixed , 4T, 55 +(b)

V= Jle s plug (A)-mixed(B) sl 58T, Jols 5 J8 Als 55 51 2 oot Lo 5(C)

Cor= Cgr=1
= Car
ﬁ Cry+ Css=9

In separate streams

Cig = 20
Cig= 20

Figure E7.22




&)

<=t
-,951, C,bgw—swlth,:sa—}lfgw‘wbww:;.x.(&ilo—gl.z«»diﬁla

ilse g 281y ¢l sST A ST
:J>

g ool 53 adal, LR @T JSas (a8l cal 3,50 53

dCR kchCg'g 1

¢ = dCR + dCB = kchCIOS'g + kzcg.Scé.S = 1+ CKO'SC%"S

By A pls 51218 a alyl 5o e Sl s a5 5 B2, anes JS2 il L —Plug flow (a)
L‘w\ CA = CB J"'ﬁ"\“‘“\‘d‘CAO = CBO = 10mOl/lltT‘ j.‘;.' S99 J\)}:- L}l@'u).’

Casls ‘,'...h‘}s- (A) dolas ) solazd
-1 Car -1 1dcy, 1 10
b o= dc, = = —In(1+C
P CAO—CAfj ¢ dha 10—1]101+CA g+ A){1

Cao

=0.19

rels eal s (4) dolas 5l eslizal 5 E2b JSa 4 aaxl 1« L ~Mixed flow (b)

1 1

CI) = = = =
m=9 1+Cy 141

0.5

el 70+ ) o ol 53 RS Jgama o b b oyl L



&)

<=t
-,951, C)bggﬁ.g.;tw—‘sql"JH,’SJ—}@gw‘w’bstoMb—QUmnb@b

$3lse s (215 sl 58T, b cpiin Jud

M Cag = Cgg = 10
2
Con =20
B0 - Cp,r {ﬂf_l
¢ CQJ""'{’Sf:E
Figure E7.2b

oS, dsb s ol clile S 8T, el 5 4 B &Sl s 3 L plug (A)-mixed (B) (c)
S 5o assl gllae b cBle ey o) Ve VA B 5 5ps e 55 Cp = 1 mol/litr

..,\,‘..st sl g sa eals olis E20

il el 5 5581 el e 53 Cg s alona

L dee | kG 1
P T dCk +dC; Kk CACY® + kpCQ5CL® 1+ CR05CE

_1 jCAf _ _1 Jl dCA _ 1 10 dCA
C19-1),14+ %55 18); 1+4¢°°
1++10
[(10 —1)-2(V10-1) + 2ln———— z ] = 0.741



&)

e
-5, C}g@w-@'@ff)—}@gwsw‘b W N 05856 13- Oliows ol

$3lse s (215 sl 58T, b cpiin Jud

Cp'[] = 19

Cﬁu= 20 Cﬁf'l' Cgf=g

Assume Cgp= 1 everywhere

Cgp = 20

Figure E7.2¢

PRODUCT DISTRIBUTION FOR PARALLEL REACTIONS

Consider the agueous reactions

s dCy 15 03 - .
K, R, desired - 1.0C " Cg ,mol/liter-min
A+B k
2 dc,
\S, unwanted —d;-s- = 1.0 C‘: Cé‘“, mol/liter-min

For 90% conversion of A find the concentration of R in the product stream.
Equal volumetric flow rates of the A and of B streams are fed to the reactor,
and each stream has a concentration of 20 mol/liter of reactant.

The flow in the reactor follows.

{a) Plug flow
(b) Mixed flow
(c) The best of the four plug-mixed contacting schemes of Example 7.1.
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SOLUTION
As a warning, be careful to get the concentrations right when you mix streams.

We show this in the three sketches for this problem. Also, the instantaneous
fractional vield of the desired compound is

(E) o dCy  kCeey G,
P\A) T dCy +dCy KCPCYE + k,CPCE  Cy + CF

Now let us proceed.

(a) Plug Flow

Referring to Fig. E7.2a, noting that the starting concentration of each reactant
in the combined feed is C,; = Cg, = 10 mol/liter and that C, = Cy everywhere,
we find from Eq. 9 that

-1 r CadCy 1w _dCy
WG+ O 901 1+C%

_1 _
{I}Pﬁ C.Al:l_ Cﬁ;f". quca - 1{]_ 1
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Let C% = x, then C, = x? and dC, = 2xdx. Replacing C, by x in the above

expression gives
w100 Vin dx
[J i dx J 11+ x]

_ 1 Vi 2xdx _ 2
'I’P_QL 1+x 9
=032

- Cg=9(0.32) = 2.86
Cy=9(1 - 032) =6.14

(b) Mixed Flow
Referring to Fig. E7.2b, we have from Eq. 10, for Cy, = Gy

K 1
‘:I'm (I) = qpat exit == 1 - {:'%5 = {1,5
Therefore Eq. 13 gives

Cry= 9(0.5) = 4.5 mol/liter
Csr=9(1 — 0.5) = 4.5 mol/liter

Figure E7.2H
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(c) Plug Flow A—Mixed Flow B
Assuming that B is introduced into the reactor in such a way that Cy = 1 mol/
liter throughout, we find concentrations as shown in Fig. E7.2¢. Then accounting

Cm = 19
CB|:|=]'.

Chﬂ:?ﬂ CR}'_" CS_f':g

Cho = 20 Assume Cpe= 1 everywhere

Figure E7.2c

for the changing ', in the reactor, we find

Ry _ -1 o C,dC,
‘D(A)*cﬁ_ﬁ CMJLMM( 1 m‘: + ()13

1 19 dCy 20
__U LAH} [(19—1)—111?] 0.87

Therefore

Cry = 9(0.87) = 7.85 mol/liter
Cgr=9(1 — 0.87) = 1.15 mol/liter

To summarize

For plug flow: & (i—) =032 and Cye= 2.86 mol/liter
For mixed flow: @ (%) =050 and Cge= 4.5 mol/liter

For the optimum: @ (%) =087 and Cgy= 7.85 mol/liter

Note. These results verify the qualitative findings of Example 7.1. —



