




















Table 3.2 Reaction site requirements on platinum crystallites [27,28].
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Crystallite
Generic size range Effect of Minimum
reaction (where increasing ensemble
Example mechanism mechanism dispersion require- Coordination
Reaction compound code dominant) on rate? ment requirement
Hydrogenolysis 1. Methylcyclo- Nonselective, <20 i - 1 Corner/edge
pentane cyclic
Bond ‘shift Full range - 1 Corner/edge
Selective, >25 A - 2 Corner/edge
cyclic and face
2. Alkanes Small + 1 Corner/edge
Large = 3 Face
Isomerization 1. 3-Methyl- Nonselective, <20 A + 1 Corner/edge
pentane cyclic
Bond shift Full range - ¥ Corner/edge
Selective, >25 A - 2 Corner/edge
cyclic and face
2. 2-Methyl- Nonselective, 12-200 A + 1 Corner/edge
pentane cyclic
Bond shift 12-200 A s 1 Corner/edge

Dehydrocycliza- Hexane Nonselective, Small + 1 Corner/edge
tion (with 1,5- cyclic
closure) Bond shift Small + 1 Corner/edge

Selective, Large - 2 Corner/edge
cyclic and face

Ring (enlarge- Methylcyclo- Full range Negligible 1 Corner/edge
ment (after pentane and face
1,5-closure)

Dehydrocycliza- Heptane Full range Negligible 1-2 Corner/edge
tion (with and face
1,6-closure) (higher on

corners)

Dehydrogena-  Alkanes Full range Negligible 1 Corner/edge
tion Naphthene and face

Self-poisoning  Alkanes >10 A = 2 Face

a &
+, increase of rate; -, decrease of rate.
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CzgHg <— CgHe + H2 (3.3)

The reaction (3.3) did not go by the simple removal of two hydrogen atoms to give
propylene, since there was extensive H-D exchange between the hydrogen of C3Hg
and Do from the research by Turkevich et al. [36]. This exchange indicates that the
elementary reaction steps are reversible and forms the basis of the following proposed

reaction mechanism (asterisks represent surface sites) :

H
|
CHy + 2° ===  H-C-CH,-CH, + H (3.4)
- HHH
I ki -l
H-C-CHy-CH + 20 s==  H-C-C-C-H + M (3.5)
i 11 |
H ®
HH H
L
H-C-C-C-H ===  2* + H,C=CH-CH, (3.6)
I :
- - H
2H == 2¢ + H, (3.7)

There is another type of dehydrogenation, illustrated by the surface-reaction

steps :

H H CH, H
e —_— S
HyC-C-C-H c=C + H (3.8)
il FN |
* ok . H .
CH H CH H
< A
CsC +2° === c=C + H (3.9)
A |
- H - -

Here there is furthur C-H bond scission, leading to what is essentially an adsorbed
propyne molecule. This was shown to be the cause of a self-poisoning of the catalyst
[37]. Since propyne is more strongly adsorbed than propylene, propylene formed on
the surface would have a short residence time before desorbing because of
competition with the more strongly adsorbed propyne. This would keep the surface
concentration of propylene low, consequently propylene will be produced under the

dehydrogenation conditions.
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Figure 3.6 Effect of coke on dehydrogenation activity [44].
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Figure 3.7 The evolution of the relative activity of 1 g. of catalyst as a function of the

number of metal site carbon atoms deposited per platinum atom [44].
(a) Benzene exchange: Pt/AloO3, 0-1%(A), ®;Pt/Al203,1%(C), .
(b) Cyclopentane hydrogenolysis: Pt/Alo03,13%(D), ¢ ; Pt/Al203,

1% (C),0 ; Pt/AlIo0O3 (A), o..
(c) Benzene hydrogenation: Pt/Alo03, 0.1% (A), %Pt/Alp03, 1% (C),
A
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Figure 3.9 Fraction of irreversible (graphitic) coke on the metal sites of a Pt/Alo03

catalyst at different temperatures [51].
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Figure 3.10 Effect of pure helium cycle (time = x min.) on activity recovery of
Pt/Alo03 (feed = cyclohexane, T = 480 "C, Hp/H.C. = 5,
WHSV = 30, P = 1 atm) [51].
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