Catalysis — continue
(Adsorption resistance
controlling)



For the catalytic reaction A+B &< C

We will have four main intermediate steps; adsorption of A and B by the surface of the catalyst, surface reaction of both adsorbed A and
B, and desorption of the produced C from the surface of the catalyst.

This class we will consider the adsorption of A is the controlling step:

Adsorption (controlling) A+X o AxX
B+Xeoe BxX
Surface Reaction A+ X+tB*X s CxX+X

Desorption CxXoC+X



The rate of reaction for controlling step (Adsorption of A) is

CA*X
~TAds.A = kAf (CA Cy — K, )

But the surface concentration for B and C were developed previously as

Cp.x = KgCpC,
Cex = KcCcCy

But from the surface reaction step we have:
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The site balance is

CT —_ CA*X + CB*X + CC*X + Cv

 KcCeCy

or Cr =
'™ K.KgCp

+ KzCsCp + K-CeCp + C,

KcCc
CT —_ Cv (KSKBCB + KBCB + KCCC + 1)

Ct
Cv = 7 K~C
( CC+KC+KC+1)
KCCCCv

C A« KgKgC K C

A A




Ct
+KpCp+KcCct 1)

C C.— Kc CC) Cv = RoCp
~Tads.a =karCy ( Ca KaKsKp Cp (m

Ct

(C Kc CC)
= A Kg C
B e v —— 1) KaKsKp Cp
KSKBCB

KC CC
CA_KKK C
AKsKp Cp
or

“Taasa =RarCrmee 1)
KsKpCpg




Catalysis — continue
(Desorption resistance
controlling)



Adsorption AtX o AxX

B+Xe BxX
Surface Reaction AxX+BxX o CxX+X
Desorption (controlling) CxXoC+X

The rate of reaction for controlling step (Desorption of C) is

CcC
~Tpes.C — kcf (CC*X - Kcv )

But the surface concentration for A and B were developed previously as

Cp.x = KgCpC,
Caxx = KaCsC,,



And the surface equilibrium reaction

C C Ks Caxx Cp«
Ko = —<2 Re-arrange to get Croy = ——2XBX
CA*X CB*X Cy
C. ., — KsKaCaly KpCpGy Cpx = Kplply
CxX Cy Casx = KaCyCy

or CC*X :KS KAKB CA CB C‘U

CC Cv
—Tpesc = Kep | Ks KaKp €4 Cp Gy — K,

—Tpesc = kchv (Ks KuKp C4 Cg — K_c>



The site balance is

Cevx = Ks KqKp Cy Cp G,
CT —_— CA*X + CB*X + CC*X + Cv

CT —_ KACACU + KBCBCU + KS KAKB CA CB Cv + Cv

CT —_ Cv (KACA + KBCB + KS KAKB CA CB + 1)

C, = °T
v (KACA+KBCB+K5KAKB CypCp+ 1)




Substitute the vacant site in the rate equation

Cc
~Tpes.c = kchv (Ks KaKp C4 Cp — K_c>

CT CC
— =k Ke K, K - =
"Des.c = Kef K,Cq+ KgCp + Ks K4;Kz C4 Cg + 1) ( s KaKp Ca Cp K, )

C
(Ks Kaks Ca Cs — 3
—Tpes.c — kcf Cr <
- (K Cu+ KgCp + Ks K4Kg C4 Cg + 1)




Conclusion

[f the denominator in the rate expression is raised to a power of 2 and contains the
expressions K,C,, KgCg, and K C., then the controlling step is surface reaction of type I

[f the denominator contains only K,C4 and K.C., then the controlling step is surface
reaction of type Il where B is reacted in gas phase with adsorbed A

If the denominator contains a fraction of concentration of a species with respect to other
species such as C—C, then adsorption of the remaining species is controlling, here the
B

remaining species is A

[f the denominator contains multiplication of concentration of more than one species such
as C4 Cg,then a desorption step of the remaining species is controlling. Here the
desorption step of the missing species C is the controlling.



