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SPECIFICATION

BE IT KNOWN THAT Eric Willlam Musther Fawcett
and Gwllym Islwyn Jenkins, both of P,0, Box No. 1,
Chertsey Road, Sunbury-~on-Thames, Middlesex, Englend,
Research Chemists, heving made an invention'entitled
"Improvements relating to the synthesls of hydrocarbons",
the following 1s & full, cleer and exact dlsclosure of
thé naiure of the seid invention and of the best mode of
realising the asdvantages thereof.

This inventign_relates to prooesses for the

alkylation of pareffinic hydrocarbons with olefines to

producé saturated hydrocarbons of higher molecular weight,

using & hallde catalyst such as an aluminium halide.

. Hydrocarbona synﬁhesiaed by such proceases normally have

& brenched chein stfﬁdture'by virtue of which valuable
components of fuel are produced of a hlgh ootane rating
for internal combustion engines.

The alkylation of isoparsaffins with olefines ma&
be réadily‘bréught about  in the presence of one of many
catalysts, but the dorreépondingrsynthes;s usiﬁg a normal
paraffin is excéedingly difficﬁlt, and where such a Te-

action heas been observed it probably- takes place through

'the primary stagé’of.isomgriSétion of the normél pérarfin.

I tne#efore]it‘is desired to:alkylata 8 normal pearaffin

with an olefine'iﬁ-is usua1;y necessary first to subject

" the nbrmﬁl ﬁﬁraﬁfin_to-isomerisation, end to isolate the

branched chai@ hydrocarbon by fractlonation or other means

from the reaction product in a substentislly pure stete and

then carry out the alkylation reaction in a separate stage.
In order to avoid polymerlsatlon of the olefine and other
‘undesirable side.resctions the molecular retlio of iso-
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paraffin to olefine in the feed to the alkylation unit 1s
made substsntially greater than unity,'such excess of
isoparaffin ecting as a diluent to the hlphly reasctive
olefine.

It is known thet helides such as ferric chloride,
boron trifluoride, zinc chloride, eluminium bromide and
aluminium chlorlde are asctive catalysts for the isomeri-
sation of normal paraffin hydrocarbons as well as for the
alkylation of lisoparaffin hydrocarbons with olefinés, and
that hydrogen chlorlde is 2 catalyst activator for both
the isomerisation end alkylatlon reactions.

' We have now found that the alkylation of = nbrmal
reraffin with an olefine may be effectively carrled out in
a two staée continuous flow 1somerisation-alkylation
process whereby a2 substantiel economy of catalyst and
caterlyst actlivator is achieved and both ﬁrocesaes operated
under thelr optlmum conditlona of pressure, temperstiure
and contact time. By such mesns the Intermediate frac-
tionation of the isomerisation reaction product to obtain
the lsoparaffin 1s avoided, as we have found that the
presence of the normal paraffin 1é not detrimental to the
‘subsequent alkylation rsaction, but that the paraffin scts
as a diluent to suﬁpress the undesirably high tendency of
. the olefine to polymerise. S

| Owing to the velatility of +the halide catalyst
at usuel isonmerising temperatures, catalyst vapour is
normally present 1n the exit hydrocarbon vapour stream
rfom the isomerisation reaoctors or in the case of liquid
phagse lsomerisation processes is dlssolved in the issuing
liguid product. The reaction mixture containing e sub-
stantlial proportion of isoperaffin together with the halide
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catalyst and hydrogen halide catalyst activator, if used,
is in the menner of our invention passed direstly to an
alkylation reactor, which is packed with catalyst support
ing materiel such as activated carbon, activated alumina,
naturally occurring Bauxites or other highly porous
carrier in granuler state. The olefine in substantially
less than equimolecular proportion with respeet to the
total saturated hydrooarbons is slso passed over the

inert carrier in the alkylation reaction. In this way
alkylation of the isoparaffins present in the isomerisa-
tion reaction product is brought about by the supported
halide catalyst formed when the halide catalyst present
in the isomerised hydrocsrbon stream 1s brought on to

the catalyst support in the alkylation reactor.

The process of the invention is hereinafter
dessribed with reference to one speciflec appliocation com-
prising a two stage continuous flow process for alkylating
normal butane with ethylene to produce a fuel of high anti-
khock velue. One arrangement of the flow system is shown .
in the accompanying drawing. The process in the isomerisa-
tion stage is carried out according to the advantageous
method of operation &escribed in the Specification filed
pursuant to the priox Appliecation for Patent 1ln Canada,
Serial No. 493,270, in the presence of a catalyst con-
sisting of a hlghly porous supporting material con-
tinuocusly impregnated with aluminium chloride by vapour
phase transference from & saturation vessel packed with
granular aluminium chloride.

The conditions are so determined that the con-
centration of aluminium halide wapour ln the hydrocarbon

stream does not exceed a oconcentratlon equivalent to the
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saturation pressure at the reaction temperaturs, so that
thus there 1s no deposition of solid aluminium chloride
in the reaction vessel.

Normal butane or a hydroocsrbon fraction consisting
substantially of normel butane is passed from the storage
tank 1 by means of the pump p through the saturation
vessel 4, whloch is packed with granular aluminium
chlorlds. Hydrogen chloride catalyst activator is added
to the butane stream as and when required from the tank ¢.
The isomerisation reactor a is packed with e highly
porous supporting material and both the reactor g and
the saturation vessel d are maintained under such con-
ditions of temperature and operating pressure that the '
hydrocarbon is in the condition of wapour, the preferred
values of these operatlng oconditions being given in the
Specification filed pursuant to the said prior Applica-
tion in Canada. The saturation vessel d is melintalned
at a determined %emperature to introduce the desired
proportion of aluminium chlorlde vapour into the
vapourized hydrocarbon. The temperature may be de-
termined from the wvapour pressure-temperature ourve for
alwninium chloride prepared from the data avallable in
the International Critical Tables, Vol. 3, pp. 207 and
208. The butane stream leaving the saturator d carrying
with it a proportion of aluminium chloride wvapour is
pagsed through the reactor a where isomerisation of the
normal butene takes place in the presence of the supported
aluminium chloride ocatalyst formad. After a comparatively '
short operating perlod the support im the isomerisation
raaopor a becomes fully 1mpregnéted with aluminlum chlor~

ide and henceforth the exit stream from the reactor a
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contains aluminium chloride vapour in an amount equal
to that entering the reactor a from the saturator 4.
Complete igomerisation of the normal butane 1s not
posaible, as the reactlon proceeds to an equilibrium,
and the conditions of contact time, temperature and
pressure are generally so chosen that the butane stream
leaving the reaotor @ conslsts of approximately an equi-
moleculer mixture of normal butane and iscbutane. This
mixture together with its content of aluminium chloride
catalyst vapour and hydrogen chloride activator is
passed directly to the alkylation reactor 2 imto which
is also fed the ethylene from the storage vessel g by
the pump j. The ethylene feed is only a ninor molecular
proportion of the total hydrocarbon feed.

The conditions in the reactor b are preferably
50 chosen that practiecally no ethylene remains unrsacted.
The product from the alkylation vessel b passes to the
fraotionating column f from whioh the butanes and hydrogen
chloride are taken as overhead and returned by the pump h
to the lsomerisation vessel a, the alkylate belng taken
ag bottoms from the column ;; If reaction with the
ethylene 1s not complete a second fractionation is
necessary to remove thls component, before recyeling the
butane.

It is to be understood that although the jinven-
tion 1s described in detail with reference to the alky-
lation of normal butane by ethylene, it is equally
eppiicable to other combinations of olefines and paraffins
and especially those boiling in the gasoline range.
Further, either isomerisation or alkylation, or both may

be carrisd out elther under liquid or vapour phase con-
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ditions and with atmospheric or superatmospheric
operating pressures, which need not necessarily be the
same for both iscmerisation and alkylation. As to the
operating temperature, isomerisation wili generally
cperate in the range 50-150°C. and alkylation at a
somewhat lower temperaturse in the range 0 ~ 100%.

The following i1s an example of the process col-
ditions that may be employed:-
EXAMPLE:— Normal butane such as 18 commereially available
was passed at the rate of 20 volumes of vapour per minute
in admixture with hydrogen chloride gas at the rate of 0.4
volumes per minute through an aluminium chloride saturator
maintained at 1lo°c., and thence through an isomerisation
reactor packed with granular roasted Bauxite maintalned at
110°c. The exit stream from this reactor which contalned
45% of isobutane was passed together with its aluminium
ehioride vapour (2.8% by welght of the total exit gas
stream) and hydrogen”chloride into the alkylation reaptor
into which was also fed ethylene gas at the rate.of 5
volumes per minute. The alkylation reactor was packed
with granular roassted Bauxite mainteined at 85°C. The
liguid alkyléte product from the system contained 10%
by volume of isopentanes and 60% of hexanes which con-
sisted osgsentially of 2 + 3 diméthylbutana, the remainder
being higher boiling psraffinic hydrocarbons.
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Having regard to the foregolng disclosure, the
patent of which this specification forms, part confers,
subjeoct to the conditions preseribed in the Patent Act,
1935, the exolusive right, privilege and liberty of making,
constructing, using and vending to others to be used, the
invention as defined in claims submitted by the patentees
as follows :-

1. A two atage continucus flow process of isomerisa-
tlon and alkylation of norms)l paraffins for the production
of saturated hydrocarbons of higher moiaoular welght, using
a halide catalyst, which comprises tﬁe steps of intro-
ducing into a hydrocarbon stream having a normal paraffin
content a small proportion of halide catalyst not exceed-
Ing a oongentration sufficient to saturate the feedstock
‘P‘ at the isgomerisation reamction temperature; passing the
catalyst contalning stream through an isomerisation re-
aotlon zone and contactlng said stream therein under ocon-
ditions of temperature, pressure and contact time favouring1
1somerisation of the normal paraffin content of the stream
with a highly porous adsorptive material fully impregnated
with the hallde catalyst; directly commingling the cata~
lyst containing stream of reaction mixtiire with an olefine
gtream and pagsing the combined stream with its olefine-
catalyst content through an alkylation reaction zonse and
contaoting the combined stream therein under conditions
of temparafure, pressure and contact time favouring
alkylation of its isoparaffinic content with a highly
porous adsorptive material; and fractionating the exit
gstream of alkylation reaction mixture to separate the
alkylate from the substances adapted for recyeling to

the iscmerisatlion stage.
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2. A two stage continuous fliow process of
isomerisation and aslkylation of normal paraffing for
the production of saturated hydrocarbons of "higher
molecular weight, using a halide catalyst, whieh com-
prises the steps of introducing into a hydrocarbon vapour
stream having a normal paraffin content a émall pro-
portion of halide catalyst vapour not exceedlng a concen-
traiion equlvalent to the saturation pressure of the
catalyst at the isomerisation reaction temperature by
passing said vapour stream through a catalyst saturating
zone and over a body of solid halide catalyst contalned
therein under conditions of temperature and pressurs
effective to establish the desired concentrationrof
catalyst vapour in said stream; passing the catalyst
'lht containing vapour stream through an isomerisation reaction
zone and contacting said stream therein under conditions
of temperature, pressure and ocontact time favouring vapour
phase isomerisation of the normal paraffinic content of
the stream with a highly porous adsorptive material
fully impregnated with the halide catalyst; pgizgggg[
combining the catalyst-containing vapour stream of re-
action mixture issuing trom sald isomerisatlon zone with
an olefine stream and passing the combined vapour strean
with 1lts olefinn-catalyst content through an alkylation
reaction zone and contacting it under conditions of
tempe rature, pressure and oontact time favouring wvapour
phagse alkylation of its isoparaffinic content with al
highly porous adsorptive material; and fractlonating the
vapour stream of reaction mixture jssuing from said
alkylation zone to separate the alkylate from the sub-

stances adapted for reoycling to the isomerisation stage.
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3. A two stage continuous flow process of lsomerisa-
tion and alkylation of normal butane for the productlon
of saturated hydrocarbons of higher molecular weight,
which comprises the steps of passing a stream ofvgaseous
normal butane at the rate of about 20 volumes per minute
in admixture with hydrogen chlorids gas at the rate of
about 0.4 volumes per minute through an aluminium ehloride
saturator containing solid aluminium chloride maintained
at about llOOC. and thencs through an isomerisation reactor ;
packed with granular roasted Pauxite malnteined at about
11000.; pagsing the exit stream from the reactor together
J?L with its alumlnium chloride vapour and hydrogen chloride
jnto an alkylation reactor packed with granular roasted
Bauxite maintained at about 85°C. together with gaseous
ethylene added at the rate of about 5 volumes per minute;
and separating the saturated hydrocarbons of higher

molecular weight from the unreacted butane.
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