Lecture 4

Chemical Reaction Engineering (CRE) is the
field that studies the rates and mechanisms of
chemical reactions and the design of the reactors in

which they take place.
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Levenspiel Plots
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PFR

Area = Volume of PFR
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Reactors in Series

X - molesof A reactedup to point i

molesof A fedto firstreactor

Only valid if there are no side streams
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Two steps to get —74 = f(X)

Step 1: Rate Law —I, = Q(Ci)

Step 2: Stoichiometry (Ci ) = h(X)

Step 3: Combine to get —T, = f(X)
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Building Block 2: Rate Laws
Power Law Model:

—r, = kCZC§ o orderin A
S orderin B

Owerall RectionOrder=oa+

2A+B —>3C

A reactor follows an elementary rate law if the reaction

orders just happens to agree with the stoichiometric
coefficients for the reaction as written.

e.g. If the above reaction follows an elementary rate law
2
—Ia = kACACB

2nd order in A, 1st order in B, overall third order
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Arrhenius Equation

k= Ae =™

E = Activation energy (cal/mol)
R = Gas constant (cal/mol*K)
T = Temperature (K)

A = Frequency factor (same units as rate constant k)

(units of A, and k, depend on overall reaction order)
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Reaction Engineering

Mole Balance - Stoichiometry

These topics build upon one another
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Algorithm

How to find -r, = f(x)

Step 1: Rate Law —TI, = g(Ci)
Step 2: Stoichiometry (Ci ) = h(X)

Step 3: Combine to get —T, = f(X)

12
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Building Block 3: Stoichiometry

We shall set up Stoichiometry Tables using species
A as our basis of calculation in the following
reaction. We will use the stoichiometric tables to
express the concentration as a function of
conversion. We will combine C, = f(X) with the
appropriate rate law to obtain -r, = f(X).

A+2B 9D
a a a

A Is the limiting reactant.
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Stoichiometry
Ny=Nyy—NyX

For every mole of A that reacts, b/a moles of B react. Therefore
moles of B remaining:

i 0
NBZNBO—QNAOX:N QNBO éX
a eNAO a g
Let Og = Ngo/Nyg
Then:
b
NB:NAO(G)B_EXJ

N.=N. +=N, X = NAO(@)C L& Xj
14 a a
% Y
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Batch System - Stoichiometry Table
Species Symbol Initial Change Remaining
A A N, N, X N,=N,,(1-X)
B B Ny»=N,,0, -b/aN , X N,=N,,(0,-b/aX)
C C N o=N,,0. +c/aN X N=N,,(0 ~+c/aX)
D D N,o=N,,0, +d/aN,,X  N,=N,,(0,+d/aX)
Inert I NIO:NAOQI —————————— NI:NAO@I
Fro N=Npy+ON o X
N, Cio, C i d c b
Where: ©, == _~io _Jo 45 8,5 D 4
Nao Calo Cao Yao a a a
® = change in total number of mol per mol A reacted

/
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Stoichiometry Constant Volume Batch

Note: If the reaction occurs in the liquid phase
or
If a gas phase reaction occurs in a rigid (e.g. steel)
batch reactor

Then V' =V,
N N, (1—-X
CA — VA — AO(VO ):CAO(l_X)
N N b b
o= -Salo, 20)-c.fon 28
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Stoichiometry Constant Volume Batch
Suppose —r, =k,C5C,
Batch: V =V,

-7, :kACj((l—X) SQB ;XIS

Equimolar feed: O =1

Stoichiometric feed: ®, = E

d
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Stoichiometry Constant Volume Batch

If —r, =k,C:C, ,then

—r,=C,, (1- X )2(@)8 b Xj Constant VVolume Batch

and we have —r, = f(X)

d
1 /
— I




19

Batch Reactor - Example

Calculate the equilibrium conversion for gas phase
reaction, X, .

Consider the following elementary reaction with
Kc=20 dm3/mol and C,,=0.2 mol/dm3.
Find X, for both a batch reactor and a flow reactor.

2A < B

Chapter 4\
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Batch Reactor - Example

Calculate X, C,, =0.2mol/dm’
K. =20 dm*/mol
Step 1: dx _hY
it N,
Step 2: rate law: —r, =k,C5 —k,C,
] .-
—r, =k,|C, =&
A A_ A KC_
A
kB

Chapter 4\
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Batch Reactor - Example
Symbol Initial Change Remaining
A NAO 'NAOX NAO(l'X)
B 0 1o N X N o X/2
@ equilibrium:  -r,=0 0=c2 —Se
Kc
CBe Ae
Ke CZ CAe = :CAO(I_Xe)
Ae
Xe
ot CBe — CAO ’
J
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Batch Reactor - Example
Solution:

= L » Chge C,
At equilibrium —rA—O—k,{CAe — } Ke==¢

KC CAe
Stoichiometry: A—>B/2
Constant Volume: V =V,
Batch
Species |Initial Change |Remaining
A Nao “NaoX NA=Npo(1-X)
B 0 +N Lo X/2 | Ng=N,X/2
N70=Nao N1=Nag-NaoX/2
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Batch Reactor - Example
Xe
K — CAO? _ Xe
e [CAO(l_Xe)]2 2(:A0(:|'_><e)2
2K Cpo = e 2(20)0.2)=8
o (1_Xe)2
X, =0.703
23 /
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Flow System - Stoichiometry Table

Entering Leaving
Fyp Fy
Fry Fp

. b C d
F'El:l ‘q-l_{EE—}{EC—'_{ED 'F[:'
Fro Fp
Fio Fi

Species Symbol Reactor Feed Change Reactor Effluent

A A Fao FaoX Fy=Fpo(1-X)
B B Fpo=F\®p  -b/aF, (X  F,=F,,(04-b/aX)

Fl _ Co0y _ Cio Vi

Where: @ =

Foo Ciby Cyho Yao
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Flow System - Stoichiometry Table

Species Symbol Reactor Feed Change Reactor Effluent
C C Feo=Fag®@c  HClaF X F=F,(O+c/aXx)
D D Fpo=Fa®p +d/aFu X Fp=Fao(@p+d/aX)
Inert | Fo=a®  -—-- F=F,,0,
Fo Fr=F1o+0F5oX
Where: Q, = Fo — CioY = Cio _ Yio and 5:Q+E_E_1

Fao Cave Cas Yao d d a4

Concentration — Flow System C, = Fa
L
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Flow System - Stoichiometry Table

Entering Leaving

Fap Fy

F F

F:E * ﬁs+gB—}§C+§D Fi

Fpyp Fp

Fiy Fy

Species Symbol Reactor Feed Change Reactor Effluent
A A Fao “FaoX FA=Fao(1-X)
B B FBO:FAOGB 'b/aFon FB:FAo(eB'b/aX)
C C Feo=Fao®c +c/aF,pX Fo=Fao(Oc+cl/aX)
D D Foo=Fac®p +d/aF, X Fo=F(0+d/aX)
Inert I FIO:FAOGI """"" F|:FA06|
Fro Fr=F1gt0F 50X
Where: o, = Fo _ Ci% _Cio _ Y0 gnd s29.°_P_4
a0 CaVo Cao Yao a a a

- F
6 Concentration — Flow Syst€m=—+*

\C ) Y,
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Stoichiometry

Concentration Flow System: C,

Liquid Phase Flow System: v =y,

C, = £ — Eyo(l=X) =C,,(1-X) Flow Liquid Phase
v v,
C, = N _ NAO((@B —QXJ :CAO(@B —QXJ
v U, a a
etc.

We will consider C, and Cg for gas phase

- reactions in the next lecture
- Y,
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|Isothermal Design ’
Stoichiometry
Mole Balance
28
/
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End of Lecture 4




