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Chapter Description

Aims

* To differentiate batch and flow system in terms of equation
* To convert design equation in concentration to conversion based design equation

Expected Outcomes

* Set up stoichiometric table for batch and flow system, for constant or variable
density of material (liquid or gas)

References & other information

* Elements of Chemical Reaction Engineering’,
by H. Scott Fogler
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Subtopics

Batch System

Flow System:
Liquid Phase Reaction

Flow System:
Gas Phase Reaction
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Useful Definitions

b C d
Reaction: A+—B—>—-C+—D
a a a
1. Parameter ®
_ N G _ Yo
|
NAO CAo Y a0
2. Net mole change for the reaction
d ¢ b
S=—+--—-1
a a a

3. Relationship between ‘6’ and initial mole fraction of A

_ Change in total number of moles when complete conversion of A is attained

E =

Total number of moles of all species fed to the reactor

N, Ny +6-X-Ny

— NAO —
&= N 5_ yAO 5 |:> NTO NTO

TO

=1+¢-X
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Batch System

Reaction: A+EB—>EC+9D

a a a

Stoichiometric Table for a Batch System

Species | Symbol Initial Change Remaining Concen-
trations
A A Nao “NaoX NaA=Nao(1-X)
B B Ngo=Nac®g | -b/a NyoX | Ng=N,o®g-b/a N X ?
C C Nco=Nao®c | €/a NpyoX | Ne=NpoBct+c/a NyogX
D D Npo=Nao®p | d/a NpoX | Npg=N,o®p +d/a Ny X
Inert I N,o=N,00, - N,=Np00,
N1o N=Nro + SNpoX
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Constant Volume Batch System

* With a condition that reaction occurred in liguid form or gas phase
that occurred in rigid (e.g. steel) batch reactor, V=V

Ca= l:I/A = NAO\(;LO_ *) =Cpod-X)
c _NB_NAO(®B_ZX)_C (@ _EX)
B V - VO - ~YAO B a
Stoichiometric Table for a Constant Volume Batch System
...... Remaining Concentrations
....... N =N ,o(1-X) Ca=Cao(1-X)

....... Ng=Npo®g-b/a N,oX Cg=C,0((®g-b/a*X)
...... Nc=Npo®c+c/a NppX C=Cpo(®+c/a*X)
....... Np=N,o®p +d/a NyoX Cp=Cao(0p +d/a*X)
....... N,;=N,0, C=Cr09,

N=Nro + dNpoX
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Variable Volume Batch System

e Usually involve gas phase reaction, V # V.

e The reactor volume may be related to initial reactor volume (V,) and
other operating parameters (P,, T,, P, and T)

N, P.T ,6Z
V=V, —(2)=— ()
I\ITO P To Z0

=vo(1+e><)(FF’;’)TT (ZZ)

e

N (PO)T
N, P T,

V =V,

—V. (1+5X)(%)l
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| |
Consider reaction where A is a limiting reactant in a flow reactor with the

reaction,
A+—B—->—-C+—D where @, = -9 =-21°
a a a AO yAO
Stoichiometric Table for a Flow System
Species Initial Change Remaining Concen-
trations
A Fao -FaoX Fa=Fao(1-X)
(: F:(:C)::FEA()(:)(: (:/Ei F:/\C))( F:(:::F:?\()(:)(:*-(:/Ei F:/\C))(
D Foo=Fac®p | dla FyoX Fo=FAc®p +d/a FyoX
Inert F, - F,
Fro Fr=Fro + 8Fp0X
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Flow System: Liquid Phase Reaction

* F,=F,o(1-X) * Fy=F,o®g-b/aF,X
Since F,=C,v Co=Cao(@g-b/a™X)
C,v=C,,V(1-X)
Ca=C,o(1-X)
Stoichiometric Table for a constant volumetric flow rate system
Change Remaining Concentrations
...... Fa=Fao(1-X) Cy=C,o(1-X)

...... FB:FA0®B'b/aFA0X CB:CAO(®B'b/a*X)

...... Fo=Fao®@ctc/a FyoX C=Cpo(®+cl/a*X)
...... Fo=FaAc®p +d/a FapX Cp=Cro(Optd/a*X)
------ FI CI

Fr=F10 * 0Fp0X
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Flow System: Gas Phase Reaction

In a gas phase flow system,

V=V (1+gX)l%

0

* Thus, c _Fa_Fol@-X)TP_. @-X)T,P
v v,@+eX) TR P A+eX) T PR

b b

Fo(®, —— X O —— X
C:B:Ao(sa)TOP: @ - X)1 p
Y Vo(l+eX) TP " (1+eX) TP

At constant temperature and pressure, if the rate of reaction was
21
—I = kCACB i Chro = RT
3 2
kKC o (1—X) (@B—gX) @B_YBo:CBo:FBo
yAO CAO |:AO
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