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ORJECT OF THE WORK_

The hcterogensous catalysis using transition metals on supports
as catalysts 18 frequently applied at present. The object of the design

of a complex catalyst for a new process is to prescribe a set of selid

phases suitable in their specificity, their manner of association, their

physical form and their methods of preparation and use.

In a previous study three bimetal nickel-silver supported on alumina
were prepared with different degrees of dispersivity of metals and
were studied in model reaction of dehydrogenation of cyclohexane by
flow technique under normal pressurc. A set of reclations werce found

depending on metal, metal support interaction.

In the present investigation two bimetal nickel-molybdenum suppor ted
on alumina were prepared In an attempt to improve the catalytic activity
of nickel alumina. The catalytic activity of the prepared solids was
studied in the vapour phase conversion of cyclohexane and disproportiona-

tion of ¢yclohexene by flow system under normal pressure.

The textural proporties, thermal gravinielcle  analysts and X-ray
ditfraction were studied for the solid samples and the mechanism was

nroposed.
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CHAPTER 1

INTRODUCTION

LA, Bimctallic Catalysts:

The subject of the Two OF ore ¢omponents in catalysts
as can allect their activity and  selectivity has been well
known for a long tre 1. irmetakl e catalysts, however,
have been of interest to workers 1D heter ogencous catalysis.
Since mifunctional catalysts play an impor tant  part mn hasic
petroleum refining processes such as catalytic reforming and CS

aromatic isgmerization.

Many of the early works In this area were conduct ed with con-
ventional metal alloys prepared In a suitable form for catalytic studies.
A major theme of the works was the investigation of the relationship
between catalytic activity and the electronic structure of metals
[2]. The studies were conducted on unsupported metal alloys and

involved only few selected reactions.

The synthesis or preperation of bimetalilc catalysts, as with
catalysts 0 general, 1s a highly 1mportant aspect of research and
technology in the field, Since techniques for catalyst preparative
variables have been useful 1n understanding the effects for catalyst
characterization {stability, selectivity and ac tivity).  The preparation
of bimetallic catalysts is divided into two parts, on¢ on unsupported
bimetaliic systems and the other on supported systems.

Many commercial catalysts , however, supported on high surface

are carriers [3-7). These catalysts arc characterized by having higher
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surface areas than unsupported metals, and are more resistant o
wurtace arca loss by sintering. The preparatton of such highly  dis-
persed bimetallic catalysts can be carried out by 1mpregnating a
high surface area carrier with an agueous solution containing the
approprlate concentrations of salts of the two metals. If the two
metals do not interact v the highly dispersed state, onc would expect
to see an additive catalytic behavior ol the individual metallic entitics,
However, 1t the metals do interact, onc might cxpect to find a
different behavior, especially if the individual metals have very
different catalytic activities for a given reaction [4,5]. The term
bimetallic cluster was chosen rather than alloys in referring to highly
dispersed supported bimetallic systems in which significant interaction

between the metailic components i indicated (Sinfelt et al.].

Indeed, for supported metals 1n particular, the support was
initially perceived only to disperse the active metal, increasing
and preserving its effective surface area. More recently [8], 1t has
been accepted that the support can influchce the activity of the

metal by strong metal support interaction (s [2].

1t was found that the catalytic properties of bimetallic system
of a group Vil metal of the periodic table {iron-cobalt- nickel) with
a group |B metal (copper-silver-gold) is of Interest for hydrogena-
tion and many conversion reactions. Owing to that the electronic
structure of the group VI metal in such that the band is only partially
filled, whereas the d band of the group 1B 15 completely filled. Accord-

g to the ecarly hypothesis, the addition of group IR metal gave
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an alloy with a more completely filled d band 2], Besides, the group
VIII-Group 1B metal systems arc stifl mghly interesting catalysis,
since they cxhibit a high degree of specificity with regard to the

type of reaction being catalyzed.

Many of the researches which have been done with bimetallic
catalysts have involved combinations of two metals of group vIll
(Fe-Ni and Co-Ni), or ol group iy {Ag-Au and Cu-Ag), these are
of special interest for the partial oxidation ol olefines, and of com-
bination of a group VIII metal with a metal of group i (Cu-Ni)

[3-6]

The states ol the two components In bimetallic c¢atalysts are
often poorly characterized and It 1s therefore difficult to settle
how one of the components affects the catalytic propertics of the
other. Progress can be achieved by studying precisely Dullt bimetallic
systems with smaller particle sizes than those obtaincd by reducing

mixtures of metal oxides or salts [4#].

The composition of an alloy surface, as well as Its structure,
plays an important role in its catalytic activity. Gibbs [9] showed
a century ago that the composition of an alloy surface 18 not NeCes-
sarily identical to it bulk composition; rather one element may
segregate 1o the surface. This has becn accepted recently by many

authors (6,8).

Bimetallic systems have been the subject of growing interest

in catalysis [6,10,11) In par ticular with bimetallic catalysts composed
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by alloying two group VIIl metals, recent accounts describe a wide
ranglng sct ol experiments concerning their preparation. characteriza-
tion and stability [11-13). The reactivity of these alloy catalysts
has also been tested In isomerization [14], hydrogenolysts [15], deuterium

exchange {16] and hydrogenation reactions 17,18

One of the factors which has renewed interest in catalysis
by alloys was the finding that for various hydrocarbon conversion
processes, the canventional  platinum catalysts could be substantially
jimproved by the addition of certain metals, such as Re, Ge, Sn

[19], Pdl}5,20]), Mo {217 and Te [22]

Bimetalllc systems Ni—Mo/A1203 have been studied for various

hydrocarbon decompositions [23-28].

I.B. The Mechanism of the Heterogeneous Catalytic Dehydrogenation
The conversion of cycichexane (1) is onc of the catalytic reactions

with numerous contradictory statements [29].

Dehydrogenation catalysts are, In principle, the metals  of
Group VUI in the periodic table, copper oxides and sulphides of
metals which are active in hydrogenation reactions. [t 15 known
{ 30 ] that the gehydrogenation process takes place at a temperaturc
higher than that of hydrogenation. The catalysts of dehydrogenation
are prepared by such methods to be active at a temperature range

from 400°C-500°C.
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cvclohexane (1) benzenc (1V)

Since dehydrogenation recactions arc endothermi:  reactions,
then according to Le €hatelier principle the decrcase of pressure
and increase of temperature should accelerate the rate of dehydrogena-

tion reactions.

The first study of catalyti dehydrogenation was discussed
by Berthelot (31) in {1866) and by Sabatier et al. (32) in (1897,

on studying aliphatic compounds:

- Fe
CH C2n ! nHz,
Ni

CHZ--—————-— HC= CH + H2.

nCH

11

H2C

The catalytic dehydrogenation of six-membered cyclic hydro-
carbons using various catalysts, was discussed, by Zelinskii (33,34).
On studying the dehydrogenation of cyclohexane over nickel catalyst,
Zelinskii proposed the dissociation of C-C bond besides the dehydro-

genation reactions:-

O e O e

l 1Y

However, the conversion of cvclohexane was studied on nickel/
glinsa catalyst at 330-350°C by Zelinski (34,35) and Shuiken (35.36).

The produc 15 were benzene, methane, toluene, xylene, methylcyciohexane
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and dimethvicyoiohexane, Zelinskir and Shuiken proposed the tormation
of methyl rudicals among the intermediate compounds, and gave

the following reaction scheme:

— CeHe + 3,

6 CHZ;

2. CH2+H2#———-9 CH ;3
3, C6H6 + CH,
b, CeHg + 2 CH, —_—— CGHQ—(CHB)z;

_— CéH5 - CH3;

5. CGH]Z ¥ CHZ——*——*9 C6Hll - CHB:’

6. CeHyp 2CH2 —_— C6H10-(CH3)2.

The radical mechanism was supported by Kiperman et al.

(37-39).

A(‘(‘ordmg to the multiplet theory of heterogencous catalysis
proposed by Ralandin (40-49), the dehydrogenation reactions of aliphatic
hydrocarbens contain in their indeces two hydrogen atoms. Resides,
the index c¢ontains one more horizontal bond {(which passcs Into 4
double bond during the reaction). The reaction is monomolecular
and therefore more convenient for kinctic measurcments. In  the
doublet mechanism of the dehydrogenation of alcohols, amines and

hydrocarbens, the indeces are accordingly:
C— 0O C— N C

I
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