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CHAPTER I

INTRCOUCTION

T.A, Tre mecharism of heterogeneous cetelytic dehvoro-

zenation of cycloheXene:

One of the essentisl problems in chemistry is the
elucidetion of resction meecneniszs by meaus ¢f tle
undisturbed esmelysis, end through the description of tke
resciion intermedistes. I1n tne recent years, however,
new techniques have leasd to conceiveble principles wkich
permit a reaction ‘¢ be described =s & "radicel mechaniam”
or & "cerbonium ion mechanigm™, These clegssificetions ere
still insufficient for predicting cetelytic systems. A
rore detsiled expleinestion of surlece reections 1s still
fer from beinz ccmplete, enéd tze predictien cof caetalytie
meenanisms in terms of rmolesular scilon feces nume rous
wncertainties. ZIvidently, reection intermedietes ere
descrited primerily ss chemical erntities with definite
cremicel composition. lorecver, the degree of intremolecular
excitetion end *he bemeviour of moleculer energy excreace

as sn intermoleculsr property ere cecisive, Since these

funcsmentel questions of excitetion are zencrelly unknown
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evenfor aouwogeneous resctions, investigstions in
heterogeneous catulysis pave Iirst to be restricted to

simple structwrsal problems cof intermediste compositions.

The deayarogenstion of cyclopnexans {1I) is opne o1 the

catalyiic recctions with nuwwerous contredictory siziezents.,

Deaydrogenation cetalysis are, in principie, the metals
of Group VIII in tne periodic table, copper oxides and
sulphides of metals wi:ich are active in rycrogenation
recctions, 1t is known tzet the aerydrogenation process
tekes place et & tempersture nigner tu=n thzt of hydrogena-
tion. The catel yats of dehydrogenation ere prepered by such
methods to te sciive at & tempersture renge I 4uivi=-

s500-¢(2)

\ Ca
f—— 3 Hp
cyclopexene (I) benzene (IV)

3ince cehyerogenetiun re.ciions sre enccthermic reactions,

then tpne decrezse of pressure sna incre.se cf tempersture
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should accelerste the rate of dehydrogenation reactioas.

Ppe first study of eatalytic dehydrogenation was
discussed by Bertnelot ¢’ in (1866) snd by Ssbstier et al.(3)

in (1897), on studying aliphetic compounds:

Fe
= —-—-ﬂ -
n HC = CH Cp,, + HHy 3

H i -
= _—; =

The cetalytic dehydrogenation of siz-membered cyelic
hydrocarbons using various cetalysts, weas ciiscussed, by
Zelinskii‘4+5). on studying the dehydrogenation of
cyclohexane over nickel catalyst, Zelinskii proposed the
dissocietion of C-C bond besides the dehydrogenation

reection: -

N W
i
3 —— 2 + 6 CE,.
< > N\ / 4

I IV
However, the conversion of cyclohexane wes studied on
nickel/glinsa catalyst st 330-350°C by Zelinskii(?+®) ana
Shuiken(s'?). The products were benzene, methene, toluene,

Xylene, methyl cyclohexane &nd dimethyleyclohexane,Zelinskii
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and Shuiken(6'7) proposed the formetion of methylene
redicals among the intermediste compoundis, snd gave the
following reaction scheme:-

1. GH,  >%f% + 3

'——’5032;

2. CH; + Hy — CH,;

4. CcHg + 2CH,——> CgH, - (CHy), ;

Nowedays, the radicel mecharism iz gupported ty Eiperman
et 51(8-10)

According to the multiplet taeory of heierczeneous

e
catalyslis proposed by Balandin'~1=20J

» “he dehydrogenation
resctions contain in their index {wo hydirogen stoms.
Begides, the index conteins ocne more harizontal bond (which
pesses into a double bond during the rsaction)., The resction

is monomelecular and therefore mare convenient for kipetie

megsurements. In the doublet mechernism denydrogenation of
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glcohels, amines and hydirocardbons, the indices are

accordingly equal:

The multiplet theary(11'20) first geve the sextet
model of the dehydrogenation of cyclohexane. and its
derivetives. The resction takes place nesrly at 300°C
on metal cetalysts.The transitions of hydrogen atoms are

shown by arrows in the following Figure,

>0
N, d

/

Oham

N/

o

There is & correspondence btetween elemente of symmetry of
the molecule end the catalyst. 4 six membered ring is
superimposed flatly on the (III) face., The atoms of the
latter are arranged in the manner of eguilsteral triangles.

The cormmon bagis of these discussicns wes the shsence of
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-6 -
intermedistes like cyclohexene (II) and cyclohexmdiene
(III). 7The reacting molecule (I) was postulated to split
the six hydrogen atoms after just one adsorption step.
Benzene and hydrogen remein, then, as the only desorbing

reaction producta.

Another indirect argument requiring intermediates is
connected with isomerization reactions which are observed
during the dehydrogenation of naphthenesczl) . Carbonium

ions, @8 the intermediates of these igomerization reactions,

are easily formed by olefin traces.

.‘Block(eg) proposed the following general scheme of

dekydrogenation of cyclohexane,

Igas IlIges %gas IfI;\Iges

n E !

! o '

| [ |

i Vi + v \,IE M
Iads.\——— IIads. H2’ IIIads
2}H2 ges I{(gas 33!\2 gasg

f |

Vi J + |
2Hp = IVgq,, 3H,

If follows from this scheme thet the dehydrogenstion of
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cyclchexsne (I} proceeds by forming the intermedietes:
cyclohexene (II) and cyclchexadiene (III). Koreover, lenic
radicals which are expleined by the half-hydrogenated state

of sdscrbed hydrocarbons sre found.

Richardson et al.(23) studied the dehydrogenation of
cyclohexane in & flow reactor on a number of oxide catelysts.
Rete constants and apparent sctivetion energlies were
determined in the temperature renge 400-465°C., It was shown
thet the reection is essentially first order with respect to
eyclohexsne pressure. Conmperiscn of the ra£e constants et
450°C for the studied oxides indicetes thet the catalytic
sctivity is determined by the 3d 2lectron configuration of
the metel ica. The resulis support the sgclicetion of
cryetel fileld theory tc the fcrmafion of su}fece complexes,
This point of view is previously givern by Jermen(24) end

Krilov(ES).

Horescu end Rudenko‘Eb) discuzsed tne kinetics of
deshyirogernetion of cyclchexsne snd m:thyl-cyclohexane on

Pt/C cetalyst using s flow teckhnique with the verietion of
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the pressure from 700 mm Hg tc 70 mm Hg. They found that
the gpeed of dehydirogenation of methylcyclohexane was
decreagsed 9 times, while thst of cyclohexene wes not
affected by lowering the total pressure. Tmv i1ggestied
thet the dehydrogenstion resction tekes plece . a the
formation of polymoleculsr catelytic complex. Thig complex
is formed owing to the condensstior products on the catalyst
surfece. The limiting .stmge is the formation of this

polymolecular catalytic complex.

The role of Pt/elumins snd P&/alumins catalysts in the
tehycrogenetion of cyclchexsne were sgtudied ty Keatmen et
a1(27’28). It wae shown thst tne reaction’if T~ .k nmore
coupliceted end the results sre cocnsistent wit :he eviderce
thet cyclohexene is e necesssry intermediste. The degredetion-
dehyirogenation mechesnism wes suprorted elsc Tty Hishida et
e12%) ang clena et 220397,

It should be mentioned thet irn all the cases of stepwise

)
(31’, g dcublet mechsnism (edgewise orientstion)

denydrogenastiocn
tekes plece, a8 in the slresdy given study by m ltiplet

theory.
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