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Abstract. Equal volumes of n-hexane and mesitylene: HCI:2AICl, when shaken together for 16 hours a1
MrCyield some 6% hexane isomers (on n-hexane). No HCl or other gas was formed. The resulting phases
appeared to be stable. Mesitylene: HCL:2AKCY, is an active isomerization catalyst for paraffins,

Introduction

The conversion of normal chain paraffins to their isomers is an important catalytic
process. The isomate process was developed by Standard Oil of Indiana to upgrade
by isomerization the light straight run fraction of oil (LSR). This process isomerised
n-hexane with a complex hydrocurbon-aluminum chloride sludge catalyst. The con-
ditions used were 115-120°C, HCI gas pressure of 1.37 MPa, a hydrogen gas pressure
of 3.4 MPa and a space velocity of 1 to 2 volumes of n-hexane per volume of catalyst
per hour. The hydrogen was used to suppress cracking side reactions. The HC! was
necessary to maintain the catalytic activity, To maintain the catalyst activity it was
necessary to add fresh aluminium chloride at about 0.3 wt. % on the n-hexane fed
[1,2].

The present commercial process for isomerization of LSR is limited in the qual-
ity of the product octane number because it must operate near 2(0°C in order to have
reasonable activity. A catalyst which is active at room temperature can isomerize the
LSR naphtha cut to a much higher quality gasoline than the presently used commer-
cial catalyst,

Lieser and Pluger [3] first reported the existence of the ternary compound
Mesitylene:HCIL:2AICl,;, where mesitylene = 1,3,5-trimethyl benzene. This com-
pound appears to be a close analoguc of the complex sludge catalytst of the isomate
process. It was decided to syathesize this compound and to measure some of its phys-
ical properties. If it was sufficiently stable it was planned to test it for its catalytic
activity on n-hexane.
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Methods

The compound was made by shaking solid anhydrous aluminium chloride
together with mesitylene while passing a stream of dry HCI gas through the slurry at
ambicnt pressure and temperature. The reaction went smoothly and was complete in
3 hours.

Mesitylene,,, + HCl,

g T AL Clg— Mesitylene: HCL2AICT

Compound characterization and handling

The liguid compound was stored over excess solid aluminium chloride under a
mitrogen blanket. Aliquote samples were withdrawn by pipette under a nitrogen
purge. Compound density = 1.36 g/ml. A chloride analysis was done by hydrolyzing
a weighed aliquote with excess water and dilution of the resulting water to a standard
volume. A standard silver nitrate solution was used to determine the chloride con-
tent of the sample, Weight % chloride found = 57.3, while the weight % chloride cal-
culated for mesitylene: HCLZAICL, = 58.7,

The compound was further characterized by a neat NMR specirum. Threc
peaks were obtained at 6.05, 3.05 and 1.12 (PPM from TMS). The areas of these
peaks were respectively in a ratio of 2:2:9.4.

The NMR spectra and the chloride content suggest that the structure is that of
a protonated aromatic compound. Small amounts of free mesitylene when added to
the sumple cause the NMR spectra to collapse to a spectra typical of a distorted
mesitylene. Sume proton cxchange mechanism causes this. From this one concludes
that no free mesitylene is present in the synthesized sample.

The following structure is indicated by the NMR data:

CH, CH, CH,
H H H H H H
e gl e
CH, CHu CHy (:‘H3 CH, CHE
H H H H H H
P +1
H H
CH, CH, {ALCy



Catalytic Isomcrization ... 117

where the 3 different kinds of hydrogen should be in th ratio 2:2:9.

The compound is very sensitive to moisture but under nitrogen is stable for long
periods of time at ambient temperature. High vacuum may be pulled over the com-
pound for hours without detectable evolution of HCl or other gas.

Isomerizalion reaction

Equal volumes of an n-hexane containing 5.4% of benzene (an inhibitor) and
the catalyst were mixed in u dry glass tube under nitrogen. The sample was then
cooled with liquid nitrogen and sealed off by [usion with a lorch under high vacuum.
The sealed plass reactor was shaken continuously at 70°C for 16 hours. The sample
was then cooled and opencd. The system was two-phase: a paraffin-rich upper phase
and a catalyst-rich lower phase. An aliquote of the upper liquid phase was analyzed
by gas chromatograph (GC) to determine paraffin phase composition in terms of
hexane isomers.

Results and Discussions

The results of the GC analysis are shown in Table 1.

Table }. Resulis of the G(: by si

I[sobutance 0.07
2,2-dimethyl butane 0.11
2,3-dimethyl butane and 2-methyl pentane 3.83
3-methyl pentane 1.40
n-hexane 02.72
benzene 1.87

The pure compound mesitylenc:HCEZAICL, has a slow but definite caralytic
activity for the isomerization of n-hexane at 70°C when cqual volumes of catalyst and
n-hexane arc employed. The catalyst needs no HCl gas pressure and is undecom-
posed under the conditions of the experiment. It has an intrinsically lower catalytic
activity than the previously studied phascs containing dimethyl ether:2AlIBr; and
methyl bromide: AlBr, [4].

Approximately after 16 hours we did not reach the equilibrium, indicating a
slow reaction, This low rate of the reaction may be attributed to benzene which is
deliberately added as an inhibitor to n-hexane initially and to the low temperature,
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Itis planned to study this catalyst at higher temperatures (100-125°C) where the
catalytic activity should be much higher than at 70°C. The catalyst is homogeneous
liquid and of simple structure. The hexane solubility in the catalyst phase can be
determined. After this is done simple clean kinctic interpretations can be made on
this catalyst for the isomerization of paraffins.
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