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Objectives

m Define conversion and space time.

m Write the mole balances in terms of conversion for a
batch reactor, CSTR, PFR, and PBR.

m Size reactors either alone or in series once given the
molar flow rate of A, and the rate of reaction, - r,, as a
function of conversion, X.
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Reactor Mole Balance

Summary
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Conversion

Consider the general equation

al + bB——cC +dD

We will choose A as our basis of caleulation.

a+2p—%c+%p
[=] a a
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Conversion

Consider the general equation

ah + bE——eC +dD

We will choose A as our basis of calculation.

A2 Soens
b a a

The basis of caleulation is most always the limiting reactant. The conversion of species A in a reaction is equal to the number of moles of
A reacted per mole of A fed.

_moles reacted
moles fed

Batch Flow

b (Nag =Na) o Fao —Fa)
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Conversion

Consider the general equation
ah + bB——cC +dD

We will choose A as our basis of calculation.
Aap e CEady
b a a
The basis of calculation is most always the limiting reactant. The conversion of species A in a reaction is equal to the number of moles of

A reacted per mole of A fed.
_moles reacted

moles fed
Flow Batch
(Nag—Ma)
H=|IF.&D_F.&J Ay

Fag

For irreversible reaction, the maximum value of X is that for complete
conversion, i.e. X=1.0
For reversible reactions, the maximum value of X is the equilibrium
conversion, i.e. X=Xe
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Definition of Conversion

_onsider the following reaction. aA+bB —»cC+dD

where a, b, ¢ and d are the stoichiometric coefficients of species A, B, C
and D respectively. If species Als is the limiting reactant, the equation can
be arranged on a "per mole of A" basis.

aA+ bB—» c C+ dD

Click Continue...

[ ren
—— A




CHE 402- Dr. Eid Al-Mutairi

Getaklu Simulator, Inc.
Feview benu  GoTo  Exit

Definition of Conversion

_onsider the following reaction. aA+bB —»cC+dD

where a, b, ¢ and d are the stoichiometric coefficients of species A, B, C
and D respectively. If species Als is the limiting reactant, the equation can
be arranged on a "per mole of A" basis.

o B—}%C+ 9.5
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Click Continue...
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Getaklu Simulator, Inc. _:'a
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Definition of Conversion

_onsider the following reaction. aA+bB —»cC+dD
where a, b, ¢ and d are the stoichiometric coefficients of species A, B, C

and D respectively. If species Als is the limiting reactant, the equation can
be arranged on a "per mole of A" basis.
b d

C
A+ ?B%?C+ ?D

With this relationship, species A can now be used to define

CONVERSION of the system. Conversion for a flow system can be
stated as:

X = MWoles of A reacted
~ Moles of Afed

Click Continue...
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Getaklu Simulator, Inc.
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For a plug flow reactor, conversion varies along the length of the reactor.

— Mote that the exit
Comversion does
not match any
point inside the
FPFE.

Ina C5TR, the conversion at the exit of the reactor is assumed to be equal
to the conversion inside the reactor.

D Mote that the conversion
A at the exitis and always

o was the same as the

ABABABABABA COrversion in the tank.

BABABABABAB

ABABABABABA BABBAEB

Click Continue...
Repeat
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Getaklu Simulator, Inc. ”
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i_onsider the following simple flow system:

Question: \What is the fractional conversion of Athrough this tubular reactor?

o | em | e | e | e | om | am | am |
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Getaklu Simulator, Inc. ”
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i_onsider the following simple flow system:

Question: \What is the fractional conversion of Athrough this tubular reactor?

Zorrectll Great Job! There were 8 moles of A fed into the reactor and two of
those moles reacted to form B.

_ Moles of Areacted 2 . :
X= Moles of A fed g 0.25 (25% conversion)

Click Continue...

=
—




ol CHE 402- Dr. Eid Al-Mutairi

Batch Reactor Conversion

m For example, let's examine a batch reactor with the following design
equation:
dN .

a 'aY
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Batch Reactor Conversion

m For example, let's examine a batch reactor with the following design
equation: dN ,
dt

=r,V
m Consider the reaction:

ah + bE——cC + 4D
We will chooszse A asz our basiz of caleulation

d
a+2B—Zc+lp
| a a

The basiz of calculation 13 most always the limiting reactant

moles reacted
moles fed

moles remaining = moles fed - moles fed
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Batch Reactor Conversion

m For example, let's examine a batch reactor with the following design
equation:

dN ,
dt

=r,V

mConsider the reaction:
ad + hB——cC + 4D

We will choose & as our basis of calculation

d
a+2p—fc+lp
&) a a

The basiz of calculation 1z most always the lmiting reactant

moles reacted
moles fed

moles remaining = moles fed - moles fed

Ny =Npg ~MppX
dM g =~ ypdX
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Batch Reactor Conversion

m For example, let's examine a batch reactor with the following design
equation: iN

qt =r,V

m Consider the reaction:

af + bE——=cC +dD
We will choose & as our basis of calculation
a+2p—fcdp
b a a

The basiz of calculation 13 most always the lmiting reactant

- moles reacted
moles remaining = moles fed - moles fed
moles fed

Ny =Nyp ~NppX

Differential Form: ﬁ”% = -1, V
T dx
: t =1
Integral Form: 80, v
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CSTR Conversion

CSTRE
Fy =Fpp —FupX

o Fao “Fs _ Fap —(Fag —Fu0)
~f =

. F, X
Algebraic Form: [V ==21

~ty

There is no differential or integral form for a CSTR.
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PFR Conversion

PFR
dF,

av oA
Fa=Fao (1_ X)
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PFR Conversion

dF , '

PFR av oA
Fa=Fao (1_ X)

d.FE = _Fﬁnd}:
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PFR Conversion

dFA
_:rA
PFR av
Fao=Fao (1_ X)
dF j =—FppdX
Differential Form: E E S
A0 T b

Eearranging

X dx  XF,,dX
e e

Integral Form:
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Design Equations

The following design equations are for single reactions only. Design equations for multiple reactions will be discussed later.

Reactor Mole Balances in Terms of Conversion

Reactor Differential Algebraic Integral
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Design Equations

The following design equations are for single reactions only. Design equations for multiple reactions wll be discussed later.

Reactor Mole Balances in Terms of Conversion

Reactor Differential Algebraic Integral
¥
o o X
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Design Equations

The following design equations are for single reactions only. Design equations for multiple reactions wall be discussed later.

Reactor Mole Balances in Terms of Conversion

Reactor Differental Algebraic Integral
L X
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Design Equations

The following design equations are for single reactions only. Design equations for multiple reactions wall be discussed later.

Reacior Mole Balances in Terms of Conversion

Reactor Differental Algebraic Integral
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Design Equations

The following design equations are for single reactions only. Design equations for multiple reactions wall be discussed later.

Reacior Mole Balances in Terms of Conversion

Reactor Differential Algebraic Integral
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