APPENDIX—1
Derivation of Langmuir-Hinshelwood Type Models
The dehydrogenation of n—dodecane falls in the general class
of reactions,
A Eo R + s e (1)
The following three steps can be assumed to occur during the
course of conversion of "A" to "R" and "S5".

{1) Adsorption of reactant on to active site,

c
A
A + z =* Az, At equilibrium, K, = S —— (2)
(9) A
PA % Cz
{2) Surface reaction,
. CRZ x PS
Az = Rz + 8§, 8Single site mechanism: Kng -— {(3)
CAz
Crz * Cg,
-Az + z = Rz + Sz, Dual site mechanism: KR§ i, - {4)
Caz X Cz
(3) Desorption of products from the active sites,
Rz & R + 2z, At equilibrium, KR = (q?x C;)/Cp, ————————r (3)
Sz = S + 2z, At equilibrium, Kg = (Fgx Cz)/Cq, —————=——== (6)

For further simplification it is assumed that only one of these
steps 1s rate controlling. Thus, it is implicit that the other
steps are at chemical equilibrium. Agssuming that the dual site
surface reaction step is rate controlling, the rate equation can

be written as follows,

-1
fep = kgpX CAzx €, - kSRx Crz* CSZ (7)
Since all the other steps are assumed to be at equilibrium, the
unknown surface concentration of adsorbed species A, R and 8§ can

be eliminated by means of the equilibrium relationships for these

equations.
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Therefore,

From equation (2) CAZ = KAPACZ ~~~~~~~~~~~ (8)
icz
From equation (3) CRz T em— e ——— (9)
Kr
ESCZ
From equation (6) CSz = e— e (10)
K
S5

Substituting into equation (7)

PLC P.C
2 -1 "R%z stz
s - “sr¥afaCz ~ kg < % <
R S
S
- 2 SR 2
= kgpK FaCz — x  PRPCy
R"s
P.P
2 R'S 2
= kspKa [PACZ - x Cz] ——— - (11)
Keq

The concentration of active sites is determined as follows:
Total number of sites,Z=C, + Cy, + Cp, + Cg;  —=——=—==——= (12)

Again using the equilibrium relationships of eq. (2), (3) & (6)

P.C P.C
z z
Z =G, + KPC, + —% 4+ 2
Kr s
Z =C, (14 KaPy + KBy + KgPy)

K & Kg now represent adsorption equilibrium constants.
Therefore, C, = Z/ (1+KpP, + KgPp + KS%) —————————— (13)
Substituting in equation (11),

2

r =
SR 2
ksrKa (Fa— FrPg/Keq)
'SR © TmmmmmmmTeT (14)
2
where kSR= kSRx F4
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Thus, equation (14) représents the rate equation for the reaction,
A &= R + 5,

with dual site surface reaction as the rate controlling step.

Similarly, rate equations with the other three steps as rate

controlling can be derived. The final forms of the equations are

given below.

Model/Rate controlling step Rate equation
k(F, — PyPa/K,.)
Dual site adsorption ro= A RS ea
of reactant (1+KpPpPg /Keq+ KgPp + KgPg)
i i kKA(PA - PRPS/Keq)
Dual site surface reaction ro= v
(1+KpPA+ KpPp+ KgPg)
kKeq Ka(F, /Pg — Ry /Kgg)
Dual site desorption r = a A_S R d
of product "R (1+K B + Kgq KgPy /Fg + KgRg )
Dual site desorption r =
of product "S" ) (1+KAPA"" Keq KSPA /PR+ KRPR)
Single site adsorption r =
of reactant (1+KPPR Ps"/’(eq + Kgpfg)
kKy(Py — PLP. /K,n )
A A e
Single site surface reaction r = RS d
(1+KAPA + KRPR)
Single site desorption ro= A RS d
of product "R . - i%+%&%+Km“ﬂ
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