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Types of multiple reaction

B

k1
A+ B

N A+ C

Complex reactions

C+ D
E

Parallel reaction

A— B——C A B+ C
D —— E

Independent reactions

Series reaction



| @UTM ‘—' D, desired product

A—>D
A —> Reactor ___ s
A =3 U SyStem eparator
A—>D-—->U | _
U, undesired product
Instantaneous g _To_rae of formationof D
Selectivity "M r,  rateof formationU
Overall ~ F,  exitmolarflowrate of desired product
Selectivity """ F,  exit molar flow rate of undesired product

S, v (batch reactor) = %
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Reaction Yield

I
Instantaneous Yield Yp = [;
Y.
h Y, o
For Batch system : D~
/ N A0 N A
Overall Yield
\ - FD
For flow system : Yp =
Fao = Fa

P~

Q For CSTR: Sp,y =Sp4 Y, =Y,

0 To maximize the selectivity of D with respect to U run at high

concentration of A and use PFR
‘@ ®®©|
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Reactor Selection

 Selectivity

d Yield

d Temperature control
 Safety

d Cost

O Different reactors and schemes for minimizing the
unwanted product:

U CSTR - liquid phase reaction

Q PFR

U Batch

U Semibatch

U Series of small CSTRs

U CSTR with recycle — exothermic reaction

U Tubular reactor with recycle — gas phase reaction
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A— D (desired) o =Kl
A—>U (undesired) =k €

Rate of disappearance of A:

—I, =15t

—r, =k,C2t+k,C%?

Ny r, k,C%* Ky .
Rate selectivity Spy =2 =—2A =D @12
Parameter : L k,Cio ky

O If a; > a, use high concentration of A. Use PFR.
If carried out in the gas phase — run it without inerts at high pressures
If carried out in liquid phase — use of diluents should be kept to a minimum
O If a; < a, use low concentration of A. Use CSTR and dilute feed stream‘@9 ®®@|
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6 Stoichiometry (dilute concentrations: F, =C,V,

Ya0=0.001):
dC - W pV
» Combine: V dV\? =—k,C, T = Ve = Ve = PpT

° Integrating with C, =CpoatW=0: C, = CAOe‘kﬂ'
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Series Reaction — reaction in PBR

A—->B->C

G Rate law : Igoet = g1 T Va2 6 Mole balance : 9Fs _ r

. dW ~ "Bnet
MBret = k1CA - kZCB
6 Stoichiometry: F, =CgV,
dC,
Combine: V,—— =k.C,—k,C
4 0 dW 1~A 2B
. . . e g . dCB —klz'l
Substituting for C,, dividing v, into W : e +k,C; =k,.C, e

e_klrl e, e_szl

ksl [©lecle]
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° Integrating: Col=ilGEn
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T(I)pt = : |I’]ﬁ Wopt — Vo |nﬁ
kl = kz kz kl = k2 k2
X (e CAO _CA :1_e—klr(',pt
opt
p CAO
i ky /(K —k5) ] ky /(Ko —ky )
Xopt =1—€Xp| —In L% —1- K
K, K,
Mole balance of C: dC? =r. =k,C, = KiKCag [e—klr‘ _e_sz']
dr k., —k
2 1
CAo —ky7 —k,7
Cc = [k, [1-e™ ]-k[1-e ™ ]]

kz _kl

Cc :CAO _CA_CB

[©lecle]
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Multiple Reactions

G Number every reaction :
A+B—>3C+D @
A+2C — 3E (2)

a Rate Law for every reaction :

Reaction (1) : — rlA — klACACB

2
Reaction (2): — rzA oy szCACC

[©lecle]
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e Relative Rates for every reaction :

Reaction (1) : Reaction (2) :
14 _ g _ e _ Ip oA _ o _ IoE
-1 -1 3 1 -1 -2 3

g =ha= _klACACB

e = 3(_r1A) — 3k1ACACB
3

o =N =KaCCqg e = __]_(rzA) =3k,,C,C¢

—2
e = __1 (rZA) — _2k2ACAC(23

[©lecle]
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a Net Rates of Reaction :
My =Ta+ha =—KaChCq kZACAcé
I = =—K\ChCyq
re = e + e = 3K,C,Cq — 2k,,C,CC
b =hp = KiaCaCys

e =l = 3szCACCZ:

Innovative.Entrepreneurial.Global
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G Reactions — follow 4 STEP Alg()rithm

a Mole balance — write mole balance on each species

C,=C.,2y C,=C. By F =F+F+F+F
F, F
° Pressure Drop:  dy o K T y:B
dW 2y R, T, R

° Combine ° SOLVE for the Profiles of F, C, and P for example
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