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TYPES OF REACTION

« Homogenous reaction — one phase reaction
 Heterogeneous reaction — more than one phase
 lIrreversible reaction:

A+B—->C+D
(one direction)

» Reversible reaction:

A+B<C+D
(foward or backward)
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Relative rates of reaction

aA+bB —->cC+dD

A+b

B >CC+

d

d

%D
a

For every mole of A that is consumed/reacted, c/a moles of C appear

e _Ip

c d

IrA r'B rC r'D
or =
-a -b ¢ d
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RATE LAWS Zero—order:

1, =k, {K}=mol/(dm).s
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The rate law:
_ ar b
— Iy = kACACB

* Order with respecttoA=a

First-order
-1, =k,C, Lk} =s

« Order with respect to B = Second - order
» Overall reaction order, -1, =k,C? {K}=(dm)*/mol.s
n=a+
« k= (Concentration)in :
. Third —order
Time

-1, =k,C> :{k}=(dm’/mol)*.s™

NSO

o/
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Elementary rate laws

« The stoichiometry coefficients are the same as the
Individual reaction order of each species.

* [For the reaction:

A+2B—->C+D

 The rate law would be:

-r, =k,C,C;
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NonElementary rate laws

* The stoichiometric coefficients are not the same as
the individual reaction order of each species.

e For the reaction: A+B—o>C+D
e The rate law would be:
2
— Iy = kACACB

Then the reaction is said to be 2nd order in A, 1st order in B,
and 3rd order overall.
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REACTIONS

» For general reaction: aA+bB «>cC +dD
 The net rate of formation A

rA = I"A,net — rA, forward + rA, reverse

A forward = _kACjCIg and FA reverse — k—ACcC:Cg
« At equilibrium, r,.,=0. Thus,

k,C°Cp =k_,CECy f—i = Keguitibrium

K = thermodynamic equilibrium constant
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rA = rA,net N rA, forward + rA, reverse

= —kACng LG

« Multiplying both sides of equation by (-1), we obtain the rate law for the rate of
disappearance of A:

—r, = kACng ~-k_,CSCs

K K 1
* Replacing with K KAA = Kequi"brium k_AA — ”
k CCCd
b — d
A

[©lecle]
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OPENCOURSEWARE

* At equilibrium, -r, = 0:

crd
kA[Cf\Cg s J =0

K

CeCo _

ciCl - 0

CeCo
K

cicl =

_CiC
CiC}
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« Specific reaction rate or the rate constant

« kis temperature dependent, described by Arrhenius
equation:

k,(T) = Ae &/%

where

A = pre-exponential factor or frequency
factor

E = activation energy, J/mol or cal/mol T
R = gas constant= 8.314 J/mol.K
= 1.987 cal/mol.K

T = absolute temperature, K

U The activation energy is a measure of the minimum energy a that the
reacting molecules must have in order for the reaction to occur.
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d From Arrhenius equation:

 Activation energy Is

determined experimentally:

Ink, =1In A—E[ij
R\T

k,(T)=Ae ="

In k,

High E

/T
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b C d
A+-B—>-C+-D
STOICHIOMETRY TABLE - BATCH SYSTEMS r&talntsaiule en
Species Initially (mol) Change (mol) Remaining (mol)
A Nao — (N X) Np=Ny—NyX
B Ngq b b
_~(N..X N, =N, —— N, X
“(NwX) | Ne=Ng = Ny
C
c Neo “(NwX) | Ng=Ney+ SN, X
a a
d
D Noo _(NAOX) ND:NDO+9NAOX
a a
| (inerts) Nio ) N, =N,
TOTALS Nrq N, =N +oN, X . s=3,8_0_4
a a 6@@9

* -ve = disappearing from the system
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1. To express the concentration of each
component in terms of the conversion X:

2. Therefore,

C NA NAO_NAOX _ NAO(l_X)
N = =
Vv Vv
C _ Ng _ Ngg—(b/a)N ;X
5 = =
V Vv
Ne  Ngo+(c/a)N, X
Co=—==
V Vv
Ny, Np,+(d/a)N,,X
Co=—2= v

3. Simplify,
®i = NIO i C:iO = le
NAO CAo Y a0
N, % b
NAO( 20 '_*X)
Cp=—> /\*/@\
o - N
B
NAO
N (e % € x)
C _ \NAO/, a
C_ N
V
N o 'INDO\;*dX)
Gt A




V

Vo

CONSTANT-VOLUME

BATCH SYSTEMS

AO_NAOX _ NAo(l_X) Ao(l X)

Vv

NBO _(b/a)NAoX _

Vv V,

NAO(®B —(b/a)X)

Vv

Vo

Neo +(C/a)Njp X Ny (O +(c/a)X)

vV

Vo

Npo +(d/a)Nu X _ N, (O +(d/a)X)

c, -
L
S
S

Vo

b
- CAO[®B T Xj

AO (1 X)

C
CAO(® +an

d
CAO(G)D +5Xj
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EXAMPLE

-r, =kC,C,

Cr=Cp-X)
Cs =CAO(®B —EX)

a

-1, =kC,,(1- X)CAO(G)B —g X)

—r, =kC,, (1- X)(@)B —g xj
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STOICHIOMETRY TABLE - FLOW SYSTEMS

AR RS G2
a d a

Feed rate to Change within Effluent rate from reactor
Species reactor (mol/time) reactor (mol/time) (mol/time)
A |:AO _(FAOX) FA = FAO(]'_X)
b
B Foo =OsF,, _E(FAOX) F, :FAO(@)B _xj
a d
C C C
Foo =0OcFy g(FAOX) Fo = FAO(®C+axj
D d d
Foo = OpFa E(FAOX) F, ZFAO(@)D +ng
| (inerts) F,=0,F, ) F =F,0,
Al Fro Fr =Fro+0FX 5:9+£_g_1
1 4 B8
)
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To express the concentration of each component in terms of the
entering molar flow rate, F, the conversion X, and the volumetric

flow rate, v:
C = Fy _ Fro = FaoX _ FAO(l_X)
Ay v v
c _Fa_ moles/time _ moles
c _Fo _Feo—(b/a)F,X A v liters/time  liter
B Vv N
C - F. _ F.,+(c/a)F,,X 0, = Fs, _ OFTA _ Cqo _ Yo
¢ Vv Vv FAO CAoVo CAo Y o
C - Fo i Foo +(d/a)F,, X
D Vv N
1@®@©|
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LIQUID-PHASE
REACTIONS
V=V,
Cy=p= 028 _Fl28) ¢ x)
Vv Vv V,

d
a
*similar with constant-volume batch systems I@ @@@|
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| ©@UTM BATCH REACTORS with
e, VARIABLE VOLUME

U Equation of state:
N
T =1+&X
PV = ZN,RT Nro

P=total pressure (atm)
V=volume d c b N .o
Z=compressibility factor &= (g+g_g_1) N.. Y a0
N,=total number of moles 0
R=gas constant=0.08206
dm?.atm/mol.K Q At any time t, the volume of gas (Z,=2):
T=temperature (K)

PYT(Z )N
Q At t=0: vzvo( Oj ( j 1

P To Zo NTO

PV, = Z,N;,RT,

Vv =vo(%j(1+ gX)Tl
0
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VARIABLE VOLUMETRIC
FLOW RATE
U Total concentration found from
the gas law:
CT = T = P O At t=0:
v ZRT
Cro= —2 = it
O At any time t, the volume of gas (Z,=2): VO Zo RTO
F., ) PUIT;
v=V,(1+ gX)%(TLJ
: [@lele)
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TERMS
OF THE CONVERSION X
F P (T
C‘:Tj  Fi=Fy(©;+v;X) , V:VO(HEX)FO(ﬂj
- FAO(®j+va)
;=
P, T
Vol 1+ X)) —
o|:( + & )PTO}
C_:CA0(®j+VjX) P T,
. (L+&X) P )T
®089
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We now have —r, as a function of X and
can use the methods in Chapter 2 to design
reactors.

1/-ra
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Expressing concentration in terms
other than conversion

« Membrane reactors and gas-multiple reaction:

crerf 2[5 )%,

Forj=A,B,C,D,l

F=F+FK+F+F +F

[@leiel

I ocw.utm.my



| @ UTM REFERENCES

Main Reference:

1. Fogler,H.S., “Elements of Chemical Reaction Engineering”, 4
Edition,Prentice Hall, New Jersey, 2006.

Other References:

1. Davis, M.E and Davis, R.J, “Fundamentals of Chemical Reaction
Engineering”, Mc-Graw-Hill, New York, 2003

2. Schmidt, L.D, “The Engineering of Chemical Reactions”, Oxford,
New York, 1998

3. Levenspiel,O., “Chemical Reaction Engineering”, 39 Edition,
Wiley,New York, 1998

4. Smith,J., “Chemical Engineering Kinetics”, 3" Edition, McGraw-
Hill, New York, 1981

[@leiel

I ocw.utm.my



