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Abstract

Benzene is a known carcinogen and can cause serious health and environmental effects. EPA
(Environmental Protection Agency) is constantly reducing the limit of benzene content in gasoline
due to its health effects. To meet the EPA regulations, most refiners are saturating benzene in
gasoline to cyclohexane. Benzene saturation not only consumes useful hydrogen but also leads to
considerable octane loss for gasoline stream. In view of this, refiners are forced to explore alternate
ways to valorize the benzene produced in the refinery. Cyclohexylbenzene (CHB) is a versatile
chemical with numerous industrial applications. It is used as electrolytic additive in lithium ion
batteries, liquid crystal displays and as non-carcinogenic fuel blending additive. Furthermore CHB
is also excellent precursor for production of petrochemical intermediates like phenol
cyclohexanone and biphenyl. Thus, converting benzene to CHB is more profitable option in view
of the numerous benefits of CHB. This research is focused on development of a highly selective,
stable and cost effective catalyst for hydroalkylation of benzene to CHB. This study also reports
green route for the preparation of CHB avoiding the traditional two step alkylation of benzene and
cyclohexene, using hazardous acid catalysts such as sulfuric acid and aluminium chloride.
Theoretical understanding along with experimental studies on the effect of different physical and
chemical properties of the catalyst on the hydroalkylation activity and selectivity is vital for
designing efficient and cost effective hydroalkylation catalyst. Present study is attempted to
evaluate hydroalkylation activity of different metal supported zeolites and discuss the results in
terms of the effect of catalyst properties like zeolite acidity, zeolite pore structure, type and amount
of metal and acid to metal ratio of the catalyst on the catalytic activity and CHB selectivity. Thus
platinum, palladium, ruthenium and nickel modified zeolites (ZSM-5, ZSM-12, MOR, MCM-22,
Y and Beta) were prepared and tested for hydroalkylation of benzene using fixed bed reactor at
various operating conditions relevant to the industry. Activity of different metal loaded catalyst
followed the sequence Ru>Pt>Pd>Ni whereas, CHB selectivity of different metal loaded catalyst
was governed by the interaction of the reaction intermediate cyclohexene with the metal surface.
Furthermore, hydroalkylation reaction pathway was steered by the pore geometry of the zeolites
employed in the catalyst preparation. Among all the zeolites tested, palladium modified FAU type
zeolite showed highest hydroalkylation selectivity. In addition to this, activity and CHB selectivity
of the hydroalkylation catalyst were also governed by the acidity and acid/metal mole ratio of the
catalyst. Among all the catalysts tested, Pd(0.2 wt.%)/USY 12 showed highest selectivity for CHB



at commercially viable benzene conversion due to its optimum acidity, acid to metal mole ratio
and uni-modal large pore system. In spite of being mono metallic catalyst with lower metal
loading, this catalyst system gave CHB selectivity of 75% in comparison to 71% for the best
patented/ literature reported catalysts at similar benzene conversions. Furthermore, in order to
demonstrate the proof of concept for the conversion of benzene to CHB, kinetic modelling, process
modelling and scale up studies were carried out on the optimum catalyst formulation employing
in-house designed process demonstration unit. Finally, it is discussed how hydroalkylation process
will pave way for refinery petrochemical integration assisting in the production of useful
petrochemicals like phenolic resins, bisphenol A, caprolactam, alkylphenols, biphenyl, adipic acid,

cyclohexanone oxime, cyclohexanone resins and nylon.
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n Effectiveness factor

Fhyd Reaction rate of hydrogenation step ( mol/hr g-catalyst)
Ihydalk Reaction rate of hydroalkylation step ( mol/hr g-catalyst)
Talk Reaction rate of alkylation step ( mol/hr g-catalyst)

F Molar flow rate of feed, mol h-?

wW Mass of catalyst, gm

Ki Adsorption coefficient

Ri Rate of transformation of the componenti (mol g' h™!)
Ki,o Reaction rate constant for reaction i, mole/g catalyst hr
Eio Activation energy for reaction i, kJ/mol
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