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Homogeneous reactor

Chapter 5: Study of homogeneous isothermal chemical reactors with several reactions

Chapter 1: General

- Stoichiometry: Concept of conversion rate; Concept of advancement; Case of a single reaction; Case of
several reactions.

Chapter 2: Classification of chemical reactors

- Perfectly stirred batch reactor;
- Perfectly stirred stationary continuous reactor;
- Stationary tubular continuous plug flow reactor.

Chapter 3: Material balances in ideal reactors

-Single reaction:

-Perfectly agitated closed reactor;

-Continuous perfectly stirred reactor in steady state;
-Piston reactor in steady state.

Chapter4: Study of homogeneous isothermal chemical reactors with one reaction

-R.D.P.A; R.C.P.A; R.C.P;
-Chemical Reactor Association:

=> Association of stationary continuous reactors in plug flow (series/parallel);

=> Association of perfectly stirred stationary continuous reactors (series/parallel);
-Comparative performances of ideal reactors.

Chapter 5: Study of homogeneous isothermal chemical reactors with several reactions

- Consecutive irreversible reactions;
-Competitive reactions;
-Selectivity and yield;

Chapter 6: Ideal non-isothermal reactors

-Notions of thermal balances in ideal non-isothermal reactors.
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Chapter 5: Study of homogeneous isothermal chemical reactors with several reactions

- Consecutive irreversible reactions;
-Competitive reactions;
-Selectivity and yield;

V.1. Introduction

For a single stoichiometry reaction, knowledge of the conversion rate or progress chemical is
sufficient to determine the distribution in relation to all the constituents involved in this reaction.
However, in the case of a reaction with multiple stoichiometry, the simple Knowledge of these parameters
is not sufficient to obtain the distribution. To do this, it is necessary to add other quantities, mainly
selectivity (S) and yield (Y)

V.2. Definition
Consider a reaction with multiple stoichiometry:

v.C +vpD
vaA + vsB <:
VveE +vgG
o Selectivity:

For a closed system, the overall selectivity for a product X compared to a reagent A (Sx/a)
is defined by:

¥V Anx : Quantitv of X formed

Sxia=77"== Ap,

4
AI’IA Vy Quantity of A reacted

For an open system, the Sx/a selectivity is defined by:

AFX vV, AFx : Flow of X formed

S =
X/4 AF 4 :Flow of reacted A
AF, vy *

Remark:
For two very close instants t; and t,, the instantaneous selectivity is defined as follows:

g = dny v,

Xi4 ~
dn, v, — Closed system
_dFy v,
Xi4

B dF, vy — Open system
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rx: X formation speed
-ra: speed of disappearance of A

UVdngldtv, (r) v
V/Vdn,/dt vy (-r,) vy

Sx/A =

o Yield:
For a closed system, the overall yield for the production of product X relative to reactant A (Sx/a) is defined
by:

Y An, lv,|  Anx'Quantity of X formed

x4 R, Vy DLA0 nitial quantity of A

For an open system, the overall yield is defined by:
AF, |v,|  AFx:flow of X formed

F, v, Fae flow of A at entrance

Yria =

The instantaneous yield is obtained by substituting A by d

o Relationship between selectivity and yield

Y An,, |VA| An, An,6 An, |V_4|
Kid - = =X XSy 4
o An n,, An, v ’ o
Mo Vyx 4 A0 4 Vx

V. 3. Series reaction

K I
v, A——>v,B———v.C

V. 3.1. Closed reactor

We consider that |ua |= |us |= |uc| =1 and that the reactions are elementary (partial order equal to 1).
The aim is to obtain, as a function of time, the concentration profiles of the species as well as the selectivity
and yield of B and C based on material balances.

Constituent A

Disp + Acc = 0
(-r)V + dny/dt = 0
kiCaV + dnydt = 0
ki1Cq+ dCydt = 0
dCy/Cy = -kidt — Cyi=ce™
Att=0, Ca=Cao > a=Cao > Ca= Cactkit ...(1)




Constituent B

App = Disp + Acc
(rg)V =(-rg)V + dns/dt =0/ _
kiCaV = k2CsV +dng/dt =0 knowing
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that (rg) = (-ra)

dCs/dt + koCg = kiCa= k1CAoe'k1t...(2)

=> Solution :
dCs/dt + k2Cs = 0 > Cp = Be™** ..(3)
dCp/dt = 8’e™*%t —k,8 et ...(4)

We replace (3) and (4) in (2) we obtain:

B' = k1CAoe(k2'k1)t 9 B: [kcho/(kz-kl)]e(kz'kl)t + Y

Cs = [[k1Cao/(kr-ky)Je™" + 3 Je?

Att=0, Cg =0 > v = -kCao/(kz-k1)
CE kl

(v : constant of integration)

)

_ —kyt _ p—kot 1_ k2-kDjt 4
Pt (e it — =iz )[k;C,mf’r’k_ ki)]e + ¥

Substituting 7y by its expression, equation (3) is written:

Cy ki .
—Z = (gt gt (6)
CAO kZ - Ik‘1 ( )

Constituent C

App = Acc

(TC)V = dnc/dt
kgCBV = dncldt
dCc/dtz kZCB

CC _ klkz —e'klt e'kzt
c_m‘kz—kl( ok ) L
This last equation can be obtained directly from the equation:

Cao=Ca+Cs+Cc
Cc=Cao—Ca—Cs

knowing that (rc) = (-rs)
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o Concentration profile and optimal conditions for “B”

The concentration profiles of A, B and C are shown in the figure below. An optimum by
relation to constituent B is observed. If B is the desired compound, the reaction should be
stopped at topt, moment when the concentration of B is maximum (Cg max).

Cao

CBmax~

fopt

"topt" as well as "Cemax" can be determined analytically by equating the derivative of Cs by

relative to time to zero, as follows:

C.k

Blmim _

Qﬂ_h-ﬁ

—If]rﬂpr

e -¢€

-kt

Vgt

=] =5

e %2
‘1
ey, — K

Similarly, the concentrations of A and C at topt can be determined as follows:

C/ Cyp= e™lort

C.  kk,

—Fit e
- £

—kat
e

C.m B kz _‘rﬂ

kl

k,
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o Selectivity Sg/a and Yield Yg/a

C
o _dmnpv, _dCv, C;-0 -1_ G, _ C, __k (e — ™)
Yt odn,ve dC vy C,=C, 1 Cu=C, _Ci K-k 1-e®
k, (e—hrof_,, _e—kzrﬂ_,,,.) Cup
(S84 )max = I —k | — g fter
2 TR -
R. = dny |VA| _dCy |VA| Ce—01_Cp _ k, (e—hr _E,—k:r)
BiA = = = = '
gy vy Cuvy Cp 1 Cp K-k
C k —igt, —k.t
(RBIA)M=[—BJ = 1 (e e zm)
C.m max kz _kl

V. 3.2. Piston reactor

Constituent A

V. 3.3. Open reactor

Constituent A

In = out + disp
Fa=Fa+dFa+ (-ra)dV
-dFa = (-rA) dv
Fa=QCa = dFs=QdCs and dV=Qdt (t passage time)
-QdCA = (-I'A)le'
-dCa = (-ra) dt or dCs/dt = (-ra)

E =S5+ Disp
Fae = Fas+ (-ryV

Or: F1= QCaet V=0t (1estle temps de passage)

D’ou

OCae = OCas +(-r4)QOt = OCas +k1C4:0t = QCus (I +kz)
Cis/Cae= 141 +ki17)




Constituent B

Constituent C
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Bila de matiere/B : E + App = S+ Disp
Fge + (rg)V =Fps+ (-1r3)V

Or: Fp=QCget V= 0Ot (testle temps de passage)
OCBe + kic4:Ot = OCss + kaCssOr1

Pour Cz. = 0 :
Fon
1_1 =
e o — Ay

Bila de matiere/C : E + App = §
Fce + (ro)V = Fes

Or: Fc=QCcet V= QOr (testletemps de passage)
OCce + k2Cp:0t = OCcs

Pour Cee =0 :

CE ‘max _ F:"1 (E_klrap.' _E‘}:wa}

C, k-k

de

Concentration profile and optimal conditions compared to “B”

Cae

| C
CB, max

Cs

- Ca

Topt
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Topt as well as Cg max can be determined analytically in the same way as we did for the closed reactor, by
equating the derivative of CB with respect to t to zero. we get:
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S 1
opt — 7 1
kk,
oL
CE.IIJ.HK _ 1 -q,lllklkz
c, 1 1
e (1+k —=)1+k, —)
"k, Jkk,
opt = 17K
o Siki=ke=k: Fopt
CB,mnx = ].J"r4
o Selectivity Sg/a and Yield Yg/a
KT
¢ - G _(+kpl+kr) 1
e, -C, L (+kD)
1+ k1)
1 1 1
(SBJ’A)mﬂx = = =

N A P A

k.k, k,

C, kt

Y e s
A Cn U+ kD)1 +ky7)

oL

C, " JkE,
(YBJ’A )max = C = 1 1
40/ max 1+ k| —=)(1+k, —=)

kk, * [k,




