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Batch Reactors

m Batch reactors are the simplest reactors used In
chemical processes.

m Reactants are first placed inside the reactor and then
allowed to react over time.

m Applications: typically used for liquid phase reactions.

When only a small amount of product is desired (process in
testing phase OR product is expensive)
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CSTR

m CSTRs are very well mixed » contents
have uniform properties (temperature,
density, etc)

m Reactants are continuously introduced
iInto the reactor, while products are
continuously removed.
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PFR (Tubular)

Plug flow or tubular reactors consist of a hollow pipe or tube
through which reactants and products to flow through.
Applications: wide variety of operations (gas or liquid
phases)

Gasoline production

Qil cracking
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General Mole Balance Equation

IN - OUT + GENERATION = ACCUMULATION
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IN - OUT + GENERATION = ACCUMULATION

{Rate of flow of A into {Rate of flow of A out {Rate of Generation of A by
the system (mole/time)} - of the system + chemical reaction within the
(mole/time)} system (mole/time)}
I:AO
|:AO GA

_ {Rate of accumulation of A
within the system (mol/time)}

dN,/dT
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Generation v

e

AG,,=r,, AV,

Gp=2 AG,= 2 1y AV i G, = I r,dVv i



" JE CHE 402- Dr. Eid Al-Mutairi

IN - OUT + GENERATION = ACCUMULATION

b
m] ]
F'.g.'D —F'.g.l + -I-r'.g.lljl"-.-"' = —'ﬂ'
! dt
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Batch Reactor Mole Balance

m General Mole Balance on System Volume V

In — Out + Generation = Accurmnulation e e
dIv,, L R
Fﬂﬂ = F.tﬂh + Irﬂdﬁf = _—
dt
[:oiie ol
-No inflow or outflow Fﬂlil = Fﬁ =0 —
Assumptions
Wellmixed | mdV=raV  ______ _
|
d,, |
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CSTR Mole Balance

m General Mole Balance on System Volume V

In — Out + Generation = Accumulation
dI
I A dv = — &
AD A _[ T, a4t
Assumptions v
| —Fuo
Steady State i 0 —

dt

Well mixed [ tadV=r,V i s )

J

NO spatial variations in r, v Yoo~ Fa
)
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PFR Mole Balance

General Mole Balance on System

Volume V
In — Out + Generation = Accurnulation
dI
Fog — Fr + dv = a3
AD A _[ T, dt
AT
Steady State =20 Fan—Fa +| tadV=0

Differentiate with respect to V

dF,, ) dFﬁ The integral form is:
il dv ™ V[ e

This is the volume necessary to reduce the entering molar flow rate (mol/s) from F,, to the

exit molar flow rate of F,.
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Packed Bed Reactor Mole

Balance

PBR %)D 93":' 0 )—)FA
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Packed Bed Reactor Mole
Balance

W
PBR %)D 93":' o J—’Fﬂ*

dN,
dt

Fro—F.+ | rdW =
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Packed Bed Reactor Mole

Balance

W

PBR 46)%8&@ IO
0 2%

dN,
dt

Fro—Fat | ridW =

Ay

Steady State
dt

FPLD _Fﬁ +IrAdW =10
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Packed Bed Reactor Mole

Balance

PBR 46)%8&’@ I
02 %%

dN,
dt

Fro—Fot | rdW =

My,

steady State
dt

FP&D _F;"-'i +IrAdW = [:'

Differentiate with respect to W and rearrange
dF . _

Ty
AW
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Packed Bed Reactor Mole

Balance

W
_ /
oa%h g
PBR Fo 46)55 g5 )—)FA
UGN
Fao—Fat _[ rndw = th

Steady State —= =1

FHU _Fﬂ +IrAdW =

Differentiate with respect to W and rearrange
dF
AW

s

Fa dF,
Fao T4

The integral form to find the catalyst weight is: W :I
A0



ol CHE 402- Dr. Eid Al-Mutairi
Reactor Mole Balance

Summary

Reactor DifTereniial Algebraic Integral
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JE—
Reactor Mole Balance
Summary

Reactor Differential Algebraic Integral

M, N.-"J'\
dh 4, oM g,
Sk t= [ =&
Batch el N-[ Mo ‘ —
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Reactor Mole Balance

Summary

Reactor Differential Algebraic Integral

I N.-"J'\
dM, & g,
_ t=
Batch o oY NI roV
1

t

CSTR y = a0 s
_rA
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Reactor Mole Balance

Summary

Reactor Differential
Batch dl;tA =1
CSTR
PFR % =Ta

Algebraic Integral
il N.-"J'\
- f dM 4
" '
t
o — a0 —Fa
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Reactor Mole Balance

Summary

Reactor Differential Algebraic Integral
M, N.-"J\
dhl 4, oM g, ‘ i
=r," ft=
Batch - o N_L Fov
i
CSTR o= M
N

F Fa
doF, _ ' oFa \
35S ™ V-1
v

Fa F.-":"\
T I ik \
PBE. =T W= ] ——
ST, F{G a

LhY




