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Why a Rate Law?

m |[f we have F V

m Then we can size a number of CSTR and
PFR reaction systems
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Summary

Differential Form Algebraic Form Integral Form
dX _ _ X dX
Batch Nyo i RV t = Ny fo - and
X dX

[ vy di=n,| =

CSTR v
(_rA )out
: dx Xou dX
PFR FAOE"ﬂv:_rA V=Fy Jx t—_rA
PBR F d—X = wp! W — F out dX
A0 W Fa = ap JX —_r"j\
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Why a Rate Law?

m If we have

m Then we can size a number of CSTR and
PFR reaction systems

CSTR 2 CSTRs

‘- E
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Why a Rate Law?

m |f we have Fao

_rA

X

m Then we can size a number of CSTR and PFR reaction systems

PFR CSTR 2 CSTRs
I:AO I:AO I:AO
“Ta “Ta “Ta
X X X
= Tofind -r,= f(X)

Need the rate law, -r,=f(C,, Cg)
Need the reaction stoichiometry, C,=C,,(1-X)
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Rate Law Basics

m A rate law describes the behavior of a reaction.
The rate of a reaction Is a function of
temperature (through the rate constant) and
concentration.
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Rate Law Basics

m A rate law describes the behavior of a reaction.
The rate of a reaction Is a function of
temperature (through the rate constant) and
concentration.

m Power Law Model

oL order in &
—ry = HCECFE [ orderin B
Orverall Reaction Order = o+[3

K Is the specific reaction rate (constant)
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Rate Law Basics

m A rate law describes the behavior of a reaction. The
rate of a reaction is a function of temperature
(through the rate constant) and concentration.

g order in &

_ =|,{.:“.:E' order in B
m Power Law Model [ =KGiCe | Domern® s

Kk is the specific reaction rate (constant)
k is given by the Arrhenius Equation: k = Ao EET

Where:
E = activation energy (cal/mol)
R = gas constant (cal/mol*K)
T = temperature (K)
A = frequency factor (units of A, and k, depend on overall reaction
order)
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THE REACTION RATE CONSTANT

For irreversible chemical reactions, such as

AT DA — O+ D

the rate of dissappearance of A, - ra, may be written as:
et reaction rate function of the concentrations of the
5 constant species involved in the reaction
-fa = function { Ca, Ce, Cc ... )

The relationship between the reaction rate constant kiT), also known as the
Arrhenius constant, and temperature is given by the Arrhenius eguation:

-EfRT
=

k(T) =

wihere = frequency factor [ same units as kiT), to be determined |
E = activation energy [ J/mol or calimol ]
F = gas constant [ 8.314 J'maol K or 1.987 calimol K ]
T = absolute temperature [ K ]

Repeat

Continue
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Rate Law Basics

m To find the activation energy, plot k as a function of
temperature: Where:

T — k— A
T—=0 k—0

T A=10"
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THE REACTION RATE CONSTANT (cont.)

MKTi= In(Ae ™) =inA+ CERUT)
In K(T) = (- ERIAT) + In

The and activation energy can be obtained experimentally
from a plot of In kiT)vs. 1/T

Ee carefull (1K)

— Make sure T is in absolute temperature units.
— Ifyou use a semilog scale plot, don't read off the values on the y-axis in
determining your slopel (That wiould be the slope of k(T ws. 1/T). Make

m sure you measure the actual slope of the line. Repeat
onens
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THE REACTION RATE CONSTANT (cont.)

k(T]l = & -E/RT

moles

Eecause the reaction rate, - ra, 15 expressed inunits of —
time » reactor volume

the units of (T} (and those of ~ ) will depend on the form of the concentration

function, as shown in the following examples:

RATE EXFPRESSION -ra=Kk{T) Ca e = KT CACHE

i 2
mees  moles
el ol 2

fime = val 2 e~y - KT

2

LUMITS OF k(T) time = mol 2

Repeat

e




ol CHE 402- Dr. Eid Al-Mutairi

Reaction Order

m You can tell the overall reaction order by the units of k

C, -y Reaction Order Rate Law k

(moI/dm?’) (moI/dmé*s) zero -1, =k (mol/dms3*s)
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Reaction Order

m You can tell the overall reaction order by the units of k

C, -y Reaction Order Rate Law k

(moI/dm?’) (moI/dmé*s) zero -1, =k (mol/dms3*s)

1st -1, =kC st
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Reaction Order

m You can tell the overall reaction order by the units of k

C, -y Reaction Order Rate Law Kk
(moI/dm?’) (moI/dmé*s) zero -1, =k (mol/dms3*s)
1
1st -r, =kC , S
_ 2 3
2nd -r, =KC (dm3/mol*s)
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THE REACTION RATE LAWY - elementary rate laws

For irreversible reactions that follows an elementary rate law, the reaction order
for each reactant matches the stolchiometnc coefficient of the reactant

ks
: B —
AT . First orderin A

S Second orderin B
-ra=ka Ca Ca

If the reaction is reversible and follows an elementary rate law, the overall
reaction rate is equal to the sum of the fonsard and reverse reaction rates

k
1A + 2B F“j 15 Forward reaction: First arderin A
k.4 Second order in B

Sfa= |{1c,: [:E.E_ 1{_1&1 Fewverse reaction: First orderin C

The reaction rate for the reversible reaction can also be expressed using the
concentration equilibrium constant Ke = k, f k!

_ta=k,CaCe -k.Co=k,(CaCs - %1@: )=k, (Ca CEE-%)

1 G Repeat

('"
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THE REACTION RATE LAWY - non-elementary reactions

For many catalyzed reactions, such as the heterogeneous reaction of
carbon monoxide and nitrogen oxide gas (from automobile exhaust) over
a solid catalyst yields harmless nitrogen and carbon dioxide,

2C0 + 2NO = N_+ 2CO,

the rate laws i5 often not elementary. In addition, since the reactants are
gases, itis often preferable to express the rate law in terms of partial
pressures. At high temperatures, the non-elementary rate law for this
heterogensous reaction, - 'no, 15

k Fuo Feo
1+ K, FPro + W, Feo ) ?

-I'no =
(

Mote that - r'vo for the heterogeneous reaction (written with @ prime to
distinguish it from the homogeneous reaction rate term) has units of

moles rather than moles
sec=grams of catalyst Sec = reactor volume

In this module we will focus on homogeneous elementary reactions.
Repeat

('"
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Examples of Rate Laws

o First Order Reactions
(1) Homogeneous irreversible elementary gas phase reaction with

C,Hy >C,H, +H, 82kcal(1_1j
r= kCCZHG k — 00725—1e mol (1000 T
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Examples of Rate Laws

e First Order Reactions
(1) Homogeneous irreversible elementary gas phase reaction
C,H, >C,H,+H, 82k03'(1_1)
1, =KCop with  k =0.072s"'e ™

1000 T

(2) Homogeneous reversible elementary reaction
n-C,H,«<i-C,H,
-l = klCnc4 _CiC4/KCJ

. T-360 ) . o(T-333
with k:31,1exp{7906( 3 ﬂ and Ko —3.03exp{ 830.3( —
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Examples of Rate Laws

e First Order Reactions
(1) Homogeneous irreversible elementary gas phase reaction
C,H, >C,H,+H, 82k03'(1_1)
—r, = kCCZHG with k — 0.0725—1e mol (1000 T

(2) Homogeneous reversible elementary reaction
n-C,H,«<i-C,H,
-l = klCnc4 _CiC4/KCJ

T-360 T‘333J
_ _ K =3.03exp| —830.3
with k—31-1exp{7906( 360T H and © p[ ( 333T

 Second Order Reactions
(1) Homogeneous irreversible non-elementary reaction

g Cl N NHz \
| : +2NHs —» + NH4Cl m cal .
@ ith k=0.0017———— _
ONCB with kmolmin and E=11273_—= At188°C

—fa= kCONCBCNH3

This is first order in ONCB, first order in ammonia and overall second order.
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Examples of Rate Laws

» Second Order Reactions

(2) Homogeneous irreversible elementary reaction
CNBr+CH,NH, — CH,Br+NCNH,

2.2dm°®
—_— f— 1 k:
rA - kCCNBrCCHg,NH2 with s.mol
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Examples of Rate Laws

 Second Order Reactions
(2) Homogeneous irreversible elementary reaction

CNBr + CH,NH, — CH,Br+ NCNH, with — _ 2.2dm?
s.mol

—fa= kCCNBrCCH3NH2

This reaction is first order in CNBr, first order in CH;NH, and overall second order.

(3) Heterogeneous catalytic reaction: The following reaction takes place over a solid
catalyst:
CH(CHs)

Cumene Benu:ne Proplene
(P)

l‘ﬁﬂl’rf Kr

1+ KBFB




