Lecture 5

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.




Lecture 5 - Thursday

Block 1:
Block 2: Rate Laws
Block 3: Stoichiometry
Stoichiometric Table: Flow
Definitions of Concentration: Flow
Gas Phase Volumetric Flow Rate
Calculate the Equilibrium Conversion X,
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Review Lecture 2
Reactor Summary
In terms of conversion, X
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Review Lecture 3

Algorithm

How to find -r, = f(x)

Step 1: Rate Law =l = Q(Ci)
Step 2: Stoichiometry (Ci ) = h(X)

Step 3: Combine to get —T, = f(X)
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Review Lecture 3

Reaction Engineering

Mole Balance - Stoichiometry

These topics build upon one another
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Flow System Stoichiometric Table

Entering Leaving

Fap Fy

F F

-F:E * ﬁ+§B—}§C+§D -Fi

Fpo Fp

Fip Fi

Species Symbol Reactor Feed Change Reactor Effluent
A A Fao “FaoX FA=Fao(1-X)
B B FBO: AO@B 'b/aFon FB:FAo(eB'b/aX)
C C Fco=Fac®c +c/aF,oX Fo=Fao(Oc+c/aX)
D D FDO:FAOG)D +d/aFA0X FD:FAO(G)D+d/aX)
Inert I FIO:FAO@I """"" F|:FA0®|
Fro Fr=F1ot0FpoX
Where: @ =t -Gt _Cio Yo gpng  5-9.6_P_4
Fo Caec Cao Yo a a

s concentration — Flow System C, = Fa
v
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Stoichiometry
I:A

Concentration Flow System: C,=—
v

Liquid Phase Flow System: v =0,

Liquid Systems
C,= Fa - Fall=X) _ C,(1—X) Flow Liguid Phase
v U,
=N Moo, D), 0,-0x)
Vv V, a a
etc.




Liquid Systems

If the rate of reaction were

then we would have —T, = CAOZ(l— X )(@B -—X

This gives us —r, = f(X)

—r, =kC,C;

|:AO

_rA

b
a

-

(\

)




Stoichiometry
for Gas Phase Flow Systems

Combining the compressibility factor

equation of state with Z = Z,
Stoichiometry: ¢ =——
ZRT

P
Cr=7RT
0"0°0
F =C;v

Fr o =Cr o0,

We obtalin: F P T
L=V,
I:TO P TO




Stoichiometry
for Gas Phase Flow Systems

o PR

Fs

Since C;,=F;,/v,,

F(PY(T
C,=F,/uv=C A( ](°j
A A T0 FT PO T

Using the same method,

co-cal 2 %)
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Stoichiometry
for Gas Phase Flow Systems

The total molar flow rate is: F =F,+F,oX

Substituting F; gives:

U:UO(FTO+FAO5X]T P —uo(1+': 5XJT P

Fo T, P F T, P
T P, T P,
=0 (1+V,O0X)—=p (1+&X)—=2
NEER )TO > o ( )TO

Where &=Y,,0
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For Gas Phase Flow Systems

Concentration Flow System: C, = Fa

Gas Phase Flow System: v =uv,(1+ &X )l i

0

FA: FAO(l X) Ao(l_X)To P
L uo(1+gx)1T P (@+eX) T PR

0

b b
FAO((H)B —ng CAO((*DB _ngTo B

v uo(1+gx)l5 l+eX) TR
T, P

0
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For Gas Phase Flow Systems

If —r,=kC,Cqg

_ ) _

O, ——X
—r, =k,C: (1_X)( " a j P T, 2
AT 1+ eX) (+eX) (P T

This gives us

FAO/-rA/

X
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For Flow Systems
where
5=9+£—E—1

d 4da d

_ change In total number of moles
mole of A reacted

& =Yp0

. change in total number of moles for complete conversion
total number of moles fed to the reactor

/
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Example: Calculating the equilibrium
conversion (X,) for reaction
in a flow reactor

Consider the following elementary reaction where
Kc=20 dm3/mol and C,,=0.2 mol/dm3.

Calculate Equilibrium Conversion or both a batch
reactor (X.,) and a flow reactor (X.).

2A < B ~ra=ky G =
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Gas Flow Example (X,)
2A<B
X, =0.703
X, =2

Solution:

Rate Law: —-r,=k,| C2

A— lB
2




Example (X.)
Species |Fed Change |Remaining
A Fao -FaoX Fa=Fao(1-X)
B 0 +F o X2 | Fg=F,X/2
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Example (X)

A Fao FyoX Fy=Fpo(1-X)
B 0 F, X/2 F,=F, X/2

Stoichiometry: Gas i1sothermal =T,
Gas iIsobaric P=P,

=0, (1+&X)
FAO(].—X) B CAO(l—X)

U, (1+&X)  (1+&X)

o _ FuX/2 _Cp(=X)
S p(1+eX)  2(1+eX)
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Example (X.)
_ CAO(l_X) 2 CAoX _
_rA:kA_( (L+eX ) j 201+ XK,

Pure A 2 y,,=1, C,=YAcP/RTy Cro=P/RT,

E=Yp0 = (1)(£—1j = 2

2 2

At equilibrium: -r,=0

X, ([1+eX,)

ZKCCAO ) (1_ Xe)2
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Example (X)

3
2K.C,, = 2[20 dm j(o.z mol j :

mol dm

| |
gzyw5:{5‘J:‘5

X, -0.5Xx°

5= (1-2x,+X.7)

8.5X°—-17X,+8=0

Recall

Flow: Xef =0.757

Batch: X, =0.70
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Chapter 1

Chapter 2

Chapter 2

Chapter 3

Chapter 4

Chapter 5

H]ﬂ}\

The penersl mole halance equsiion:

~

v
Fun —I“A‘FJ‘ Ty d"l"-d::k
"y
i
f’g Apply mede halance i specilic nescton
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ch
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dx
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A
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of the conceniration of the
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Evaluste the alpehrae (CSTR) or integral
{tuboter, hetch) equstions eithes niore rcally
o analytical ly Lo e he rescton
v, processng s, Of Gonver o

5

Llse sloachiometry 1o express concenlralon & a

Tumetion of eonyeraan.

Laguid-prhase ar
comstant volume baich:
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Chapter 5

Chapter 5
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Choices

1. MOLE BALANCES
PFR CETH

V= F""}:.: ﬂ_.:': _ —r',.,"-"
=g i | Hm

LIQUID ** ﬂ“" IDEAL GAS
Corstantilow rate  Variable fow rale

Fa T
IR HIERY -I_1+J:I]—ﬁ—
e e P T,
Canll -
Cg=Cap(1—X Gy - 80U =
a= Cag (12X} (s YT

4. COMBIME {Fimt Ordar Sas-Phase Reacton

Fraen male baknes | Frern rate law
dXx _ —Fg o hﬂ"
dy Fan Fap

dX  k(1-X  Tg
dV gl T

2. HATE LAWS :
- - — |--*-=
Wi, -

UL g =k [c;ﬁ_ < |
‘I..-. paa=T pea=T g
3. STOICHIOMETRY -.

N
Cam ?ﬁ
Fa=Fagll —X) ¥ ]

IDEAL GAS PR LIGQUID Of GAS

Wananla violims

Vo=V (1 4+ 2X)

Pl
BT,

Constant wlurms

V=

{1 +eX

Gy Sl -X1 P To

P B T

Cam g (1-X)

in a PFR)

| From siolehiomenry |

= [Cm:-
Fa

1-x)
{1+ X}

BT
fa

A

1=
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End of Lecture 5




