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ABSTRACT

The significance of isopropyl benzene has made isopropylation reactions the most widely studied using a wide
range of catalysts such as Lewis acids (metal halides) i.e. aluminum chloride, and inorganic acids (Bronsted
acids) i.e. sulphuric acid, hydrofluoric acid, supported phosphoric acid, and zeolite. Therefore, in order to
produce higher yield of isopropyl benzene from di isopropyl benzenes which are the results of the above
isopropylation processes, a series of isomerization and trans alkylation reactions of p- and m-di isopropyl
benzenes in the presence of trifluoromethanesulphonic acid (Triflic acid) as catalyst with different molar ratios
1:1, 1:3 and 1:6 of catalyst to each isomer were carried out in liquid phase under atmospheric pressure and room
temperature. The results shows that the isomerization and trans alkylation reactions gives higher yield of cumene
(46 mol%) at 1:1 molar ratio with both isomers. When the molar ratio of isomer to benzene increases, the
conversion of di isopropyl benzene isomers and the yield of cumene also increase.
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INTRODUCTION

Cumene (CAS no. 98-82-8;46;,) 2-phenylpropane, isopropylbenzene, 1-methyleblgyizene is a volatile,
colorless liquid at room temperature with a chamastic sharp, penetrating, aromatic odor. It iarheinsoluble in
water but is soluble in alcohol and many other nigaolvents. Structurally, cumene is a memberhef alkyl
aromatic family of hydrocarbons, which also inclsideluene (methylbenzene) and ethyl benzene. Ipgfirenzene
is a naturally occurring substance present in taaland petroleum, insoluble in water, but is stduim many
organic solvents. It is used as a feedback foptbeuction of Phenol and its byproduct acetones &lso used as a
solvent for fats and raisins. It is a constituehtrade oil and refined fuels. It is a flammabldaetess liquid that has
a boiling point of 152 °C. Nearly all the cumenattlis produced as a pure compound on an indusitake is
converted to cumene hydro peroxide, which is aerimediate in the synthesis of other industriallypdariant
chemicals, primarily phenol and acetone [1].

Cumene is a naturally occurring constituent of erod and may be released to the environment framaraber of
anthropogenic sources, including processed hydoocafuels. Crude oils typically contain approxintate.1 wt%
of cumene, but concentrations as high as 1.0 wit9e baen reported.1 Measurements of various gradestml|
revealed that cumene concentrations range from0.0451 vol% and that the average cumene cond&mtraias
0.3 vol%. Premium diesel fuel contains 0.86 wt%comene; furnace oil (no. 2) contains 0.60 wt%.levegal
technological changes have occurred in the petnolefining industry with the aim of improving thenformance
of these processes, which highlights the developmEoatalysts that provide higher activity andesgivity in the
conversion of oil derived products with high aggregvalue [2-5]. Trifluoromethanesulphonic acidsoaknown
as Triflic acid, TFMS, TFSA, HOTf or TfOH, is a $oihic acid with the chemical formula gFO;H. It is one of the
strongest acids. Triflic acid is mainly used ine@sh as a catalyst for esterification.[1-2] Itashygroscopic,
colorless, slightly viscous liquid which is soluldfepolar solvents [6-7].

Gas-liquid partition chromatography was first uégdJames and Martin in 1952 for the separationaaradysis of
mixtures of volatile fatty acids. Gas Chromatograpis a convenient method for the separation antysiaaf
gases and volatile materials has been acceptedsaxety in the field of chemistry. Chromatographiethods have
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the advantages that the separating equipment issgifnpler, the operation is easier and it is @arably less time-
consuming. The main uses of chromatography indherhtory are : (a) as an analytical method fontifieng the
constituents of a mixture qualitatively and deterimi them quantitatively, (b) as a research metbodetermining
certain physical quantities, such as partition ffiients and adsorption isotherms, Gas Chromafagya07 (c) as
a preparative procedure for isolating componemfmixtures. As an analytical method, chromatogydpds been
accepted extensively during recent years. Chromapty has most of the advantages of the physic#thads of
separation. It is carried out in such a manner ileatonstituents of the mixture are lost and no eabstances are
formed by chemical reactions. Consequently, if lassance has been isolated by that method, it isstleertainly
present in the original sample [8]. Transalkylatisna chemical reaction involving the transfer of adkyl
group from one organic compound to another. Theti@ais most commonly used for the transfer oflkegroups
between benzene rings and is widely used in the@stmical industry to manufacture p-xylene, stgreand
other aromatic compounds. Motivation for using s@hkylation reactions is based on a differenceradpction and
demand for benzene, toluene, and xylenes. Trarlatitlky can convert toluene, which is overproducieo
benzene and xylene, which are under-produced.tésdre often used as catalysts in transalkyla@antions.

In most of the above processes, several competilegreactions take place to greater or lesser egegpending on
the conditions of alkylation, and the greater diffty of trans alkylating of higher substitutedpsopylbenzene such
as diisopropylbenzene (isomers, triisopropylbenzdii¢PB) isomers and tetraisopropylbenzene (TetlBBiners.

During the alkylation, about 7-10% of the aboveymapropylbenzenes referred to as high-boiling poésidue is

unavoidably obtained as byproduct which mainly aorg 50-60% DIPS (ortho-, meta-, and pars-). taspossible

to recycle these products to the alkylation reactdransalkylation of DIPS isomers with benzenearesffective

way for utilizing this byproduct and increasing tbemene yield again. Therefore, it was of somerésteto

investigate the efficiency and catalytic behavibi dflic acid as catalyst for cumene synthesishwat higher yield

from DIPS isomers (p-, and m-) by isomerization radsalkylation reactions at room temperature.

MATERIALSAND METHODS

p-DIPS and m-DIPS were used directly without fartlpurification. Benzene was purified using thendtad
method, and dried prior to use over sodium wirexate which was used as a solvent for GLC analyais lgh
grade and spectroscopically pure. Its purity anoizbae purity was checked by GLC. Talc acid wasrancercial
sample purified by double distillation (B.P. 68-@)°under dry nitrogen at reduced pressure immdgliatéor to
use.

ANALYTICAL PROCEDURES

A Varian CP 3400 Gas Chromatograph, equipped wi@PaSil 5 column (60-m length x 0.32-mm ID) andI® F
detector was used to quantify the products in dicgamples. Peaks were identified by retention tima¢ching with
known standards. Isomerization and transalkylateactions were carried out in a closed system wdtfitinuous
stirring under nitrogen atmospheric pressure anchremperature.

RESULTSAND DISCUSSIONS

Transalkylation reaction of DIPB (p-, and m- isog)eilo cumene is of industrial interest as somevalue products
can be converted to cumene, which is in higher deiend higher value. While the aluminum chlorid¢alyest
enables the reaction to be carried out at 80-1@6fi(perature, there are inherent problems withdialyst such as,
complex formation with polyisopropylated productbort catalyst life, require large amount of catglyt is not
recycled, problem in disposing the waste catalgshlex, and polluting problems. Using solid cattdythere are
also inherent problems such as rapid catalyst dkadicin, poor transalkylation capabilities, and rgyeconsumption
is high since the transalkylation reaction caraetiat 200-240°C and high pressure.

A lot of research work has been carried out onsta#ieylation of DIPS isomers with benzene using mkings of
zeolites at high temperatures and pressures, Imineocial use of these zeolites could not be madénlyndue to
its fast deactivation. However no reports were labée in the literature, for the use of triflic dcs catalyst for the
transalkylation of DIPS isomers with benzene. Tfoeee the objective of the study reported in thizrkwas to test
the activity and the efficiency of triflic acid asitalyst for the transalkylation of DIPB (p-, and isomers) with
benzene in order to obtain higher yield of cuméFige activity of the catalyst was evaluated in tewhanole
percent of DIPS isomers converted and mole pergefd of cumene formed. We have investigated tHecéfof
various molar ratios of isomer to benzene to catdlye. 1:1:1, 1:3:1, and 1:6:1 respectively).

Transalkylation of p-DIPB isomer with Benzene:
Reactions of p-DIPS isomer, benzene and triflicl adgth different molar ratios of 1:1:1,1:3:1 and 1L respectively
at room temperature caused mainly rapid isomeadras well as transalkylation to cumene at thé ffiegf an hour.
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Then there was rapid transalkylation and littlepdigortionation to mainly cumene and TIPS as showfigures
(1,2, and 3). When the mole percentage values wicree and p-DIPS were normalized, it was observatithe
conversion of p-isomer (77.5 mol%) and the moleceer of benzene remained (22.5 mol%) after 0.5th Wil
molar ratio. The conversion of p-isomer graduatigreased until approximately 4 h to reach aboumn®2%). The
same trend was found with 1:3 and 1:6 molar rétith the rates of isomerization and transalkylati@ne slower.

Mole%

Fig.1 Product distribution from isomerisation and transalkylation of p-DIPB isomer with benzene (1:1) in presence of triflc acid catalyst

Mole®%

Fig.2 Product distribution from isomerisation and transalkylation of p-DIPB isomer with benzene (1:3) in presence of triflc acid catalyst
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Fig.3 Product distribution from isomerisation and transalkylation of p-DIPB isomer with benzene (1:6) in presence of triflc acid catalyst
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Fig.4 Yield of cumene from isomerisation and transalkylation of p-DIPB isomer with benzene (1:1, 1:3 and 1:6 molar ratio) in presence

of triflc acid catalyst at room temperature

It can be seen from the figures (1,2 and 3) thabmer gave predominantly m-isomer during theyestdges of the
reaction as expected of 1,2-shift mechanism schBme(

. o s

p-DIPB

-+ : +
1,2-Shift -H
H
m-DIPB
(Schemel)
Fig.5
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It is interesting that m-isomer is the only prodatisomerization reaction with a very little trac€o-isomer. The
absence of 0-DIPB, it might have been predictedteric grounds. The rate of transalkylation, aftér h is faster
than the rate of isomerization. The formation aiheme is possible either by transalkylation reachietween DIPB
isomers and benzene or dealkylation of DIPB isorasrshown in reactions (1) and (2) respectively.

O -0 =0

P or m-isomer benzene cumene
Fig.6 )
tfo
CHwQ
P or m-isomer cumene isopropyltriflate
Fig.7 (2)

The formation of TIPS is possible by very littlespioportionation of DIPS isomers as shown in reactB).

e o

p or m-isomer cumene TIPB
Fig.8 3)

Transalkylation of m-DIPB isomer with Benzene

meta-Diisopropylbenzene (m-DIPB) is a chemicalrimiediate for the preparation of stabilizers, polygneynthetic
lubricants, hydro peroxides, and a variety of ofmeducts. Reactions of DIPB include side chain ification by
oxidation, dehydrogenation, and bromination. Rinpssitution reactions include nitration, sulfonatit®eromination,
and acetylation.

The same trends were observed when m-DIPB isoneel wisder similar conditions as shown in figure§ @nd 7).
It can be seen that the rate of isomerization aadsalkylation of m-isomer are slower than thatnfbwvith p-

isomer, but both gave mainly cumene. This was erpeoecause of the thermodynamically more stabisomer.
When the mole percentage values of benzene andRB-Dbrmalized, the conversion of m-isomer(67 moiith

1:1 molar ratio after 0.5 h. This value continuesise throughout the reaction to reach (70 mo@tgr 4 h. It can
also be seen from figures that there is a markeit@se in the conversion to cumene with an incrgatiee molar
ratio of isomer to benzene. The maximum vyield obwth(46 mol%) was observed at 1:1 molar ratio wifil8

mol%) with 1:6 molar ratio after 6 h of the reaati@s shown in fig. (8).

The activity of triflic acid was similar to that dod in our previous studies such as alkylation efizene with
ethene, isopropylation of benzene with propenené&ation and disproportionation of diethyl berezésomers,
and isomerization and transalkylation of diethyhbene isomers.
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CONCLUSIONS

The following conclusions can be drawn from thisrkyoThe isomerization and transalkylation reactigae
higher yield of cumene (46 mol%) at 1:1 molar ratith both isomers. - When the molar ratio of isowebenzene
increases, the conversion of DIPB isomers and itld gf cumene increases.
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