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Case 9290 cog. (2)

METHOD AND APPARATUS FOR THE PREFARATION OF TRIPTANE AND/OR
TRIPTENE

This invention relaics to a process and apparatus for preparing hydrocarbéns, in
particular branched chain hydrocarbons.
2.2, 3-trimethylbutane, also called iriplane, is a branched chain hydrocarbon of
5 high octane number, which can be used in unleaded aviation gasoline and unleaded
molor gasoline (see e.g. WQ 9822556 and WO 9949003). Most known processes for
making it start from exp ensive.starﬁn g materials or give very crude mixtures, ofien
containing low proportions of triplane.
A process has now been discovered for making triptane, capable of giving a high
10  vyield of triptane and/or a high selectivity to triptane. |
According to one aspect, the present invention provides a continuous or semi-
. continuous process for the production of triptane and/or triptene from methanol and/ot

dimethyl ether in the prescnce in a reactor of an effecﬁvc;:pqcen’a'aﬁ on of catalyst active

9

for the conversion of methanol and/or dimethyl cther to Sreme and/or triptene in which
15 process co-produccd water is separated from the catalyst as a vapour phase whilst the
catalyst is retained in a liquid or solid phase, The separafion of water in the vapour
nhase from catalyst in a liquid/solid phase may be performed in the reactor or in
downstream product recovery Stziges with recycle of catalyst to the reactor.
| According to another aspect of the present invention, there is maintained in said -

20  reactor an active form and an cffective conceniration of said catalyst, which preferably

compriges zinc halide.
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The present invention also provides a continuous or semi-continuous process for
preparing a product comprising a branched chain hydrocarbon of 7 carbons, which 1s at
least one of triptane and triptene, which process comprises heating an organic feed
comprising at least one of methanol and dimethyl ether in the presence ot a catalyst
comprising zinc halide at a temperature of at least 100°C to produce a mixture
comprising (i) methanol and/or dimethyl ether and (i1) a hydrocarbon reaction product
comprising said hydrocarbon and in which process the catalyst is maintained in the
reactor in an effective form and in an effective concentration. The hydrocarbon 1s then
usually separated from the mixture.

The present invention also provides a process for preparing a product comprising a
branched chain hydrocarbon of 7 carbons, which is at least one of triptane and triptene,
which process oompriées heating an organic feed comprising at least one of methanol
and dimethyl ether in the presence of a zinc halide at a temperature of at least 100°C to
produce a mixture comprising (i) methanol and/or dimethyl ether and (11) a reaction
product comprising said hydrocarbon. The said hydrocarbon is then usually separated
from said mixture.

The present invention also provides a process for preparing a product which
comprises a branched chain hydrocarbon of 7 carbons, which 1s at least one of triptane
and triptene, which comprises heating an organic feed comprising at least one of
methanol and dimethyl ether (DME) in the presence of a zinc halide to effect reaction
and stopping the reaction beforé complete conversion of the methanol or dimethyl ether,
and recovering the said hydrocarbon.

According to the present invention, there is provided a continuous process for the
production of triptane and/or tripfene, said process comprising :
feeding a reactant stream comprising methanol and/or dimethyl ether into a reactor, and
contacting the reactant stream with a zinc halide catalyst in the reactor to produce a
product mixture comprising triptane and/or triptene;
characterised in that the product mixture comprises a first liquid phase and a second
liquid phase.

Preferably, in the process of the present invention an organic feed comprising at

least one of methanol and dimethyl ether (DME) is heated in the presence of a zinc
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halide to effect reaction and the reaction is stopped before complete conversion of the
methanol or dimethyl ether, and the hydrocarbon product is recovered.

Preferably, a mixture of methanol and dimethyl ether 1s used in the present
invention. This has an advantage that the dimethyl ether produces less water than is
produced from the methanol. Preferably, some of thﬂe dimethyl ether produces methanol
in the reactor. If methanol 1s used in downstream processes of the process, for example
1in scrubbing gaseous effluent or aiding separations, then there may be a limit to the
amount of methanol which can be substituted with dimethyl ether in the process if
methanol/dimethyl ether are recycled from the downstream processes to the reactor.

The zinc halide 1s usually zinc 10dide, or bromide or a mixture thereof, but may be
zinc chloride or fluoride. Most preferably, the zinc halide 1s zinc 10dide. A suitable salt
of zinc halide is preferably anhydrous but it may be used 1n the form of a solid hydrate.

The catalyst comprising zinc halide may be maintained in an active form and in an
effective concentration in the reactor by recycling to the reactor, halide compounds,
such as for example hydrogen 10dide and/or methyl 10dide from downstream product
recovery stage(s).

Alternatively, or additionally, there may be introduced to the reactor hydrocarbons
such as for example methyl-substituted compounds which stimulate the reaction. Such
compounds may comprise methyl substituted compounds selected from the group
consisting of aliphatic cyclic compounds, aliphatic heterocyclic compou;lds, aromatic
compounds, heteroaromatic compounds and mixtures thereof. In particular, such
compouncis may comprise methyl benzenes such as hexamethyl benzene and/or
pentamethyl benzene. Preferably, such hydro carbons are recovered from the reaction
composition in downstream product recovery stage(s) and recycled to the reactor.

According to another aspect bf the present invention there 1s provided a
continuous or semi-continuous prbcess for the production of triptane and/or triptene
which process comprises feeding an organic feed comprising methanol and/or dimethyl
ether into a reactor, and

' heating the organic feed with the zinc halide catalyst 1n the reactor to produce a
product mixture comprising triptane and/or triptene;

characterised 1n that the product mixture comprises a first liquid phase, a vapour

phase and an optional second liquid phase.
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The two liquid phases if present, may be separated by simple separation
techniques, such as decantation. This separation step may be carried out continuously or
semi-continuously at periodic intervals.

The first liquid phase is typically a hydrophilic phase comprising at least one of
the follo;wing compounds: water, methanol and dimethyl ether. The first liquid phase
may also comprise the zinc halide catalyst. The catalyst may be completely dissolved or
there may also be a solid phase present and the catalyst may be partially dissolved 1n the
first liquid phase. Preferably the first liquid phase and any solid phase is retained in the
reactor. Alternatively, it may be removed and processed to recover water prior to
recycle. Alternatively or additionally, the catalyst may be recovered from the first
phase, and optionally, regenerated for re-use.

The second liquid phase if present, is typically a hydrophobic phase comprising
the triptane and/or triptene product. Optionally, other oily products, such as-by-products
of the reaction may also be present in the second phase. Examples of possible by-
products include paraffinic and olefinic hydrocarbons, particularly branched paraffinic
and olefinic hydrocarbons, and aromatic hydrocarbons. The hydrophobic phase 1s
generally less dense than the hydrophilic phase. The hydrophobic phase may also have
dissolved therein one or more of methanol, dimethyl ether, methyl halide (e.g. 10d1de)
and water.

In a preferred embodiment, the second liquid phase if present, 1s separated from
the first liquid phase, and recovered from the reactor. The second liquid phase 1f
present, generally comprises the desired triptane product and/or triptene, which may be
converted to the desired triptane product. Triptane is useful in the production of motor
and aviation gasoline, especially, unleaded motor and unleaded aviation gasoline. Some
or all of the by-product hydrocarbon compounds in the second phase may also be usetful
in the production of motor and aviation gasoline. Thus, the process of the present
invention may further comprise the step of recovering the second liquid phase from the
reactor and recovering therefrom hydrocarbons which may:comprising triptane and/or
triptene. Optionally, at least one motor or aviation gasoline additive may be added to - -
the hydrocarbons recovered from the recovered second liquid phase. The recovered
triptane and/or triptene product may be employed as, or as an additive for, a motor.or.

aviation gasoline, preferably, an unleaded motor or aviation gasoline. Preferably the
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second liquid phase may be purified, for example by distillation, to enhance 1ts
concentration of triptane and/or triptene.

In addition to the first liquid phase and optional second liquid phase, the product
mixture comprises a vapour phase. The vapour phase may comprise at least one of the
following compounds : hydrogen, water vapour, triptane and triptene, methanol and/or
dimethyl ether. In a preferred embodiment, water 1s separated from the catalyst by
withdrawing at least some of the vapour phase from the reactor. In a preferred
embodiment, the vapour 1s condensed and 1s purified, for example, by distillation, to
enhance its concentration of triptane and/or triptene. The vapour phase may be purified
by condensation and distillation to provide a product water stream clean enough for
disposal, a hydrocarbon product comprising triptane and/or triptene and a recycle stream
containing unreacted feed components.

In a preferred embodiment the process of the present invention may be performed
in a reactor which is suitably an adiabatic reactor or with heat-removal cooling coils
which may remove up to 20 % of the heat of reaction. The reactor 1s provided with a
feed inlet through which in use passes con-joined recycle gases, fresh methanol and/or
dimethyl ether and recycle methanol. In use, in the reactor the methanol and/or dimethyl
ether reacts in the presence of a catalyst comprising zinc halide to produce a mixture
comprising water, hydrocarbons (including triptane and/or triptene) and unreacted

methanol. In use, the reactor contains a hydrophilic liquid phase comprising the zinc

~ halide catalyst and a vapour phase comprising water and triptane products and

optionally a second, upper hydrophobic phase comprising hydrocarbons. Water 1s
removed from the reactor by removing vapour phase from the reactor. Tripfeiﬁe product
is recovered from the reactor by removing vapour phase and optionally from liquid
phase(s) removed from the reactor. Catalyst components (halide and optionally zinc)
removed from the reactor in process streams removed for product recovery are recycled
to the reactor to maintain in the reactor an effective concentration of catalyst comprising
zinc halide.

The triptane and/or triptene recovered from the reactor (from the vapour phase and
optionally from the liquid phase) may be used in the production of motor or aviation
gasolfne, especially, unleaded motor or unleaded aviation gasoline. At least one motor .

or aviation gasoline component may be added to the recovered triptane/triptene product.
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The resulting mixture may be employed as, or as an additive for a motor or aviation
gasoline, preferably, an unleaded motor or aviation gasoline.

Methanol and or dimethyl ether present in the recovered vapour phase may be
recycled to the reactor.

The presence of water and methanol 1n the products recovered from the reactor
may facilitate separation by distillation of triptane/triptene from impurities such as 2,4
dimethyl pentane.

The contents of the reactor may be mixed. This mixing step may be carried out
using any suitable technique, for example, by using a mechanical stirrer and/or by
introducing a gas or liquid into the reactor. Any suitable mechanical stirrer may be
employed. Preferably the gas which may be bubbled through the reactor to agitate its
contents includes recycled unreacted dimethyl ether. Additionally or alternatively, the
mixing may be achieved simply as a result of the reactants and/or catalyst being
introduced 1nto the reactor.

Although mixing is important for facilitating reaction, it can also inhibit the
separation from the first liquid phase of the second liquid phase, if present in the
reactor. This-problem may be alleviated by reducing the rate of agitation. Preferably,
however, at least a portion of the product mixture 1s at least partially shielded from the
full force of the agitation, so that 1t can separate into at least two liquid phases.

Thuas, according to a preferred embodiment, there 1s provided a continuous or
semi-continuous process for the production of triptane and/or triptene, said process
comprising;

providing a reaction zone and a separation zone,

feeding an organic feed comprising methanol and/or dimethyl ether into the
reaction zone, o

contacting the reactant stream with a zinc halide catalyst, to produce a product
mixture comprising triptane and/or triptene;

said process being characterised by having at least a portion of the product
mixture in the separation zone, so that it can separate into at least two liquid phases.

The reaction zone and separation zone are preferably in fluid communication with
each other. The reaction zone and separatioﬁ zone may be provided’in a single piece of

apparatus, for example, by using a reactor having a reaction zone and a separation zone.

o
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Alternatively, it is possible to provide the reaction zone and separation zone using
separate pieces of apparatus, for example, by coupling a reactor to a separation tank.
Multiple reaction zones and/or separation zones may be employed. For example, a
reactor having a reaction zone and a separation zone may be coupled to a separate
separatidn tank.

In preferred embodiments of the invention, a reactor having at least one reaction
zone and at least one separation zone is employed. Preferably the configuration of the
reactor and separation zone will provide good vapour/liquid contact and mixing but at
the same time good liquid/liquid separation. For example, the reaction and separation
zones may be separated using a grid or perforated plate. In use, the product mixture 1s
allowed to flow freely between the reaction and separation zones through the apertures
or perforations in the grid/plate. When the contents of the reactor on one side ot the
plate/grid 1s mixed, the reactor contents on the opposite side of the plate/grid 1s shielded
at least in part from the full force of the mixing. Thus, the reactor contents on the
opposite side of the grid 1s in the separation zone, and can separate into at least two
phases. The stirrer may be employed in combination with one or more baffles, which
may be located in the reactor to enhance the calming effect of the separation zone while
maintaining gas/liquid mixing.

The grid or perforated plate may be located in the reactor and placed 0 to 60°,
preferably, 0 to 45°, more preferably, 0 to 30° and most preferably, O to 15° to the
horizontal. In one embodiment, the grid or plate is positioned substantially horizontally.
The reactor contents below the grid or plate is agitated, allowing the separation zone to
form above the grid or plate. Preferably, the edge(s) of the grid or plate is adjacent to
the inner walls of the reactor. The edge(s) may be spaced or in physical engagement
with the inner walls of the reactor.

In the embodiment descriBed above, the contents of the reactor is allowed to

flow relatively freely through the apertures or perforations of the grid /plate. In an

* alternative embodiment, the flow of pfoduct mixture from the reaction zone to the

separation zone may be driven by a mechanical impellor or by the gas lift effect of the
bubbles in the reactor. Flow through the separation zone in this mode may be
controlled, for example, by positioning a barrier or weir between the reaction zone and.-.

separation zone and controlling the driving force across it by controlling the

7/
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liquid/vapour or liquid/liquid interface levels on either side. Thus, in use, product
mixture 1s allowed to flow from the reaction zone to the separation zone either -
continuously or at periodic intervals.

In one embodiment of the invention, the contents of the reaction zone are
introduced into a further reaction zone before they are introduced nto the separation
zone. By using more than one reaction zone in this manner, the concentration of
unreacted reactants in the product mixture may be reduced to below a threshold value
before the product mixture 1s introduced 1nto the separation zone. This may be
advantageous in certain circumstances, as high concentrations of unreacted reactants
such as methanol and/or dimethyl ether may inhibit the separation of the product
mixture into two liquid phases. Thus, a preferred aspect of the present invention
involves the step of ensuring that the water, methanol and/or dimethyl ether
concentration of the contents of the separation zone 1s suitable to ensure that the
contents of the separation zone compﬂses at least two liquid phases.

The process of the present invention may be performed 1n a reactor provided with
heat addition means and/or with heat removal means such as cooling coils. Preferably,
such heat removal means may remove up to 20 % of the heat of reaction. The process
of the present invention is preferably performed in an adiabatic reactor.

In the process of the present invention the methanol/DME 1s usually heated with
the zinc halide at a temperature of at least 100°C. Preferably, the methanol/DME 1s
heated with the zinc halide at a temperature of 100 to 300 °C, preferably 100-250°C,
more preferably 150 to 250 °C. For example, the temperature may be 100-170°C, or
180-230°C. The reaction time is usually 0.1-6 hrs, for example, 0.3-3hrs. Lower

temperatures tend to require longer reaction times. Thus, a reaction carried out at 190 to
220°C may require a reaction time of 5-100mins, for example, 10-80 mins. A reaction

carried out at 120 to 170°C, on the other hand, may require reaction times of 0.2-2.0hr,
for example, 15-60mins. Reaction times or temperatures are usually lower fot DME .
than methanol. The times may be the reaction times in a semi-continuous. reaction, or
residence time (including average residence time) for continuous processes. The
reaction may be monitored for conversion of the methanol or dimethyl'ether by periodic
sampling in the reaction (for a semi-continuous or continuous process) or in reaction .. . .

effluent for a continuous process, and then analysis by an appropriate techniquee.g. :gas

8
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liquid chromatography or mass-spectroscopy. The conversion may be 75-95%, but 1s
preferably less than 75%, more preferably, less than 50%. Preferred conversions are 5-
75%, for example, 10-50% or more specifically, 20-40%.

The reaction of the present invention is usually performed at elevated pressure
such as 5 — 100 barG, preferably 10-100barG, such as 50-100barG. The pressure may
be autogeneous, or may by provided also by the presence of an added imert gas, such as
nitrogen or argon, and/or preferably by the presence of added hydrogen. Blends of
hydrogen with gases inert to the reaction may be used. A mixture of hydrogen and
carbon monoxide may be used. The molar ratio of hydrogen to any carbon monoxide
present may be at least 5:1. Preferably, the hydrogen 1n the reaction 1s in the substantial
absence of added carbon monoxide.

The reaction of the present invention may also be performed in the absence or
presence of ethylene, propylene and/or butenes such as 2-butene.

The reaction of the present invention is preferably performed in the presence of at
least one olefinic initiator or co-reactant, suitably having 2 to 6 carbon atoms. Suitable
sources of such olefinic initiators and/or co-reactants are lightly-cracked naphthas such
as catalytically cracked spirit and steam cracked spirit. |

The ratio of methanol and/or dimethyl ether and water to each other and to the
zinc halide catalyst employed in the reaction may vary widely. Since methanol,
dimethyl ether and water may be present in one or more liquid phases in the reactor and
the vapour phase, and the zinc halide may be present in liquid or solid phase it 1s
convenient to express the concentrations of methanol, dimethyl ether, water and catalyst
components as relative weight parts in the reactor excluding any hydrocarbon
components or phase. For example, for a total (excluding hydrocarbon components or
phase) of 100 weight parts of methanol, dimethyl ether, water and catalyst, the catalyst .
is preferably greater than 50 parts and less than 99 parts, more preferably greater than 70
parts and less than 95 parts and most preferably greater than 80 parts and less than 90
parts. The water 1s preferably less than 50 parts and greater than 0, more preferably less
than 25 parts and most preferably less than 10 parts. The balance of methanol and
dimethyl ether will be to make 100 weight parts. The hydrocarbon components/phase

will be additional to this. The ratio of methanol to dimethyl ether may vary from being. .-

all dimethyl ether through to all methanol. If preferred, the composition may be chosen., -

3
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to maximise the solubility of the catalyst in the liquid phase or phases at the reaction
temperature but operation of the invention 1s not limited to reactor compositions where
no solid phase 1s present.

The reaction of the present invention may be performed in the absence or presence
of an organic diluents. Suitable diluents include liquid alkanes. Such alkanes may be
linear, and comprise 9-20, for example, 10-18 carbon atoms. Examples of suitable
alkanes include decane or dodecane. As an alternative to linear alkanes, cyclic
hydrocarbons may also be employed. Such hydrocarbons include cycloaliphatic
hydrocarbons such as cyclohexanes, and liquid aromatic hydrocarbons, such as benzene
and 1ts alkyl substituted derivatives, such as toluene or xylene. The diluent may also be
an oxygenated hydrocarbon such as a carboxylic acid or carboxylate ester. Suitable
esters may be derived from an alkanoic acid of 1-6 carbons and an alkanol of 1-6 carbon
atoms. A specific example is of a suitable carboxylic acid is acetic acid. A specific
example of a suitable carboxylic ester 1s methyl acetate. Most preferably, the reaction of
the present invention 1s performed in the presence of aromatic compounds such as
methyl benzenes, for example hexamethyl benzene and/or pentamethyl benzene.
Preferably, such methyl benzenes are recovered and recycled to the reactor from
downstream product separation stage(s) to maintain their standing concentration in the
reactor at a steady state. Suitable diluents may mclude hydrocarbon by-product
components separated from the hydrophobic liquid phase or the vapour phase as
described above which are then returned to the reactor. Such recycled hydrocarbons
may comprise aromatic compounds such as methyl benzenes, for example hexamethyl °
benzene and/or pentamethyl benzene; naphthenes; olefins and alkanes.

The reaction of the present in\fentipn may be performed in the presence of added
\x}ater. It may be useful to recycle some of the water product as a wash stream to wash
out any catalyst dissolved in the second liquid phase.

Preferably, the process 1s performed in the substantial absence of added water,

 The process in the absence of added water is especially valuable with methanol as

reactant. Water concentration in the reactor must also be limited by removing product
water 1n order to maintain an effective concentration of catalyst. As water is a by--
product of the process, it may be removed from the reactor as the reaction proceeds

suitably to maintain a steady state concentration in the process.

10
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Thus according to the present invention there is prdﬁded a process for the
production of tnplane and/or triptene ﬁ‘om methanol and/or dimethyl ether in the
presence in a reactor of an effe;;ﬁve concentration of catalyst aclive forr the conversion
of methanol and/or dimethyl ether 1o %d/or triptene in which Process Co-

5  produced water is separated from the catalyst as a vapour phase whilst the catalyst is
retained in a liquid or solid phase. The separalion of water in the vapour phase from
catalyst in a liquid/solid phase may be performed in the reactor or in downstream
product recovery stages with recyele of catalyst to the reactor.

It may also be possible to remove water from the reactor using techmiques such as
10 for example, with desiccants, such as maghesium silicate or molecular sieves e. g
zeolites such as 3A or 13X usually in a non acidic form, e.g. in a metal form when the

metal may be an alkali metal (e.g- Na or K) and/or zinc e.g. Na/Zn form.
When the reachon 18 performed in the absence of water or in the presence of a

desiccant, the zine halide may be supported as an inert support, such as active carbon or
15  another of those listed below as supports for the base, with e.g. 1-10% (wt) zinc halide
on the support. The zine halidc may be applied fo the SUppért by impregnation and then
drymg.
The process of the present invention may be performed in the absence or presence

of a basc, which may be organic. Suitable bases include secondary or tertiary amincs,

20 such as a di or trialkyl amine, in which cach alkyl has 1-6 carbons, such as ethyl or
butyl. Examples of snitable bases include dibutylamine, tributylamine, and arorpatic
| dialkylamine. Where an aromatic amine 18 employcd, the aromatic group may be a
substituted phenyl group, such as tolyl or xylyl.
The base may also be inorganic. Suitable inorganic bases include metal oxides,
25 hydroxides, alkoxides (e.g. methoxide, ethoxide or t-butoxide), and carboxylates. The
metal in the base may be an alkali or alkaline earth metal, for example, Na, K, Ca, and
Mg, Preferably, however, the metal is Zn. Thus, particularly useful bases include zine
oxide, zine methoxide and zinc acetale, If desired the base may be supported on an inert
support, €.g. an Qrgamic or inorganic one such as silica, alumina, silica{alumina or active
30 carbon; an'example is zinc acetate on active catbon. The base may be introduced into

the reactor with the methanol and/or dimethyl ether, or as a separate feedstream. If is

possible to inlroduce the base into the reactor continuously or at periodic intervals.
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"Ijhe reaction of the present invention may be performed in the presence of
hydro gen. Hydrogen may be introduced into the reactor as fresh feed and/or as a
component 1n a recycle stream. Thus, hydrogen may be introduced to the reactor as a
separate feed stream, or together with the catalyst and/or one of the other reactants.
Alternatively or additionally, the reaction may also be performed in the presence of a
hydrogenation catalyst, which may be soluble or insoluble. The catalyst usually
comprises a Group VIII metal (of the Periodic Table in Advanced Inorganic Chemistry
by FA Cotton and G Wilkinson), for example, N1, Ru, Rd, Pd, Os, Ir, Pt, and Ru.
Preferred examples include catalysts consisting essentially of, or containing ruthenium,
nickel and/or palladium. Preferably, a Ru catalyst is employed, optionally, in the
presence of Re. The Group VIII metal 1s, preferably, on an inert support, such as active
carbon, for example, charcoal, or alumina, silica or silica/alumina. Amounts of the
Group VI metal in the supported catalyst may be 0.01-30% by weight (expressed as
metal): for example, a supported Ni catalyst may comprise 0.01-10% or 10-30% wt Ni.

Preferred catalysts include Ru, N1 or Pd on carbon, Ru on alumina and Ru and Re
(in relative wt amounts of 2-6:1) on C. A most preferred catalyst is Ru/C, for example,
where the amount of Ru 1n the catalyst 1s 0.01-10 wt%.

The reaction of the present invention may be performed in the presence of the
hydrogenation catalyst, in the substantial absence of hydrogen when the temperature is
below 100°C. However, when the témperature 1s above 100°C, the reaction is preferably
carried out i the presence of hydrogen. Thus, 1n a semi-continuous reaction involving
heating up the reagents to temperature, the hy&ogen can be added once the reaction
mixture reaches a threshold temperature. Similarly, in a continuous process involving a
lower and a highei‘ temperature phase, the hydrogen may be added once the higher
temperature phase is reached. |

The methanol and/or dlmethyl ether fed to the reactor may be introduced
COIltlIlllOl;Sly or semi-continuously. Preferably, the methanol and/or dimethyl ether is
fed to the reactor continuously. The methanol and/or dimethyl ether may be pre-heated
before being introduced to the reactor. Suitable pre-heat temperatures range from 30 to-
200°C. The process of the present invention may be performed with the methanol/DME
heated in the presence of the zinc halide either with direct contact first at the reaction

temperature, or with a preheating step in which methanol 1s heated with zinc chloride at
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a temperature of less than 100°C, before the heating at the reaction temperature. The
reactant feed stream may optionally contain zinc halide catalyst. Alternatively or
additionally, the reactor may be pre-loaded with the catalyst. As a further alternative,
the catalyst may be introduced into the reactor via a separate feed stream.

The process of the present invention may be performed in a semi-continuous
operation, in which the methanol/DME 1s heated with the zinc halide 1n a sealed vessel,
usually with agitation of the liquid phase and especially with nitrogen and/or hydrogen
in the vapour phase. Preferably the vapour phase constitutes less than one third of the
volume of the liquid phase especially less than one fifth e.g. 5-30% such as 5-20%. The
reactants are usually added into the vessel, which 1s then pressurised and thereafter
heated, the stepwise operation occurring during the heating of the vessel contents up to
operating temperature. The progress of the reaction may be monitored as described
above. At the end of the reaction period the vessel can be cooled and 1ts contents
worked up as described below. Alternatively, the low boiling components of the vessel
contents can be distilled off to leave a slurry of solid product comprising zinc halide in
methanol/DME and optionally water. The solid product may be ready for reuse in a
further batch reaction, after addition of further methanol or DME. The low boiling
component distillate may then be purified if desired to recover a fraction rich in triptane
and/or triptene.

Preferably, the process of the present invention 1s performed continuously. The
reaction may be in a continuous stirred tank reactor with continuous feed of
methanol/DME into an agitated reactor eontaining the zinc halide or a continuous feed
of the methanol/DME and zinc halide either together or separately into the agitated
reactor. In both cases, a portion of the product 1s continuously removed. The process
may be performed continuously in a plug flow reactor or a reactor with a moving
catalyst bed, passing through a heated zone of a reactor. The mixture made by either
continuous process may then be worked up as described.

The recovery of the desired hydrocarbons from the reaction mixture comprising
zinc salt may be as follows. If the zinc salt is in solution and there are two hiquid layers,
an upper hydrophobic one and a lower hydrophilic one (containing the zinc), the two

layers may be separated, and the upper layer fractionally distilled to separate any

methanol from liquid hydrocarbons. The methanol may be recycled for reuse, and the---. - -
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liquid hydrocarbons may be used as a blending ingredient for gasoline. Alternatively, the
liquid hydrocarbons may be purified further by fractional distillation to produce a
distillation cut richer in the triptane or triptene. Optionally, the hydrophilic layer may
also be distilled to remove methanol or DME, (optionally with some water), which may
be recycied for reuse. The residual zinc material in the hydrophilic layer 1s usually still
active in the process and can be recycled for reuse at least once, for example, for 1-4
times. In due course, the zinc halide may become less effective and may require
regeneration. This may be done by isolating a zinc containing solid from the
hydrophilic layer, for example, by concentrating the layer to leave a slurry of solid. The
solid may then be separated, and optionally, extracted with a hydrophobic liquid to
extract any organic contaminants present. This extraction process leaves fresh zinc
halide which may be reused in the process with methanol or DME. Suitable liquids for
the extraction step include alkanes of 5-20 carbons, such as hexane.

If, on the other hand at least some of the zinc salt in the reaction mixture 1s already
in suspension in reaction mixture removed from the reactor, the solid in the suspension
may be separated (e.g. by filtration) and extracted as described above to give reusable
zinc halide. The liquid separated from the solid in the suspension reaction mixture 1s
usually in the form of two liquid layers, which may be separated and processed as

described above.

If the reaction mixture as such, or after separation of insolluble solids, contains
only one liquid phase, then the liquid phase may be concentrated by distillation to form
a suspension and/or 2 liquid phases each of which can be processed as described above.

In a continuous process, the hydrocarbon reaction product is preferably flash

distilled or separated as a liquid layer to leave an hydrophilic layer containing the zinc

'halide and methanol if the latter were a feed either or both of which can be recycled to

the reactor or retained in the reactor, especially after removal of any water.

The methanol or DME is partly converted to a hydrocarbon reaction product,
which usually contains alkanes, especially branched alkanes, of 4-8 carbons, 1n amount |
of 20-70% preferably, 30-65, more preferably, 40-60%, and higher boiling alkanes
and/or aromatics in amount of 80-30%, for example, 70-35% or preferably, 60-40%, all

% being expressed on the basis of weight of hydrocarbon reaction product.
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The hydrocarbon reaction product usually contains at least 10%, for example, 10-
60%, preferably, 20-50% of trimethyl substituted aliphatic hydrocarbon of 7 carbons, in
particular triptane optionally mixed with triptene. For example, the hydrocarbon
reaction product may comprise 10-50%, preferably, 20-50% triptane and up to 20%, for
example", 1-20% preferably, 5-15% triptene.

The hydrocarbon product may also comprise 1soalkanes of 4-8 carbons, such as
1sobutane and/or 1sopentane. Naphthenes, olefins and aromatics may also be present.
These include hexamethyl benzene. A preferred hydrocarbon reaction product is a blend
of 20-50% triptane, and 5-15% triptene. The hydrocarbon reaction product may contain
a total of 25-60% of trimethyl substituted hydrocarbons of 7 carbons, 35-5% of iso C4
and Cs alkanes, and 35-50% of higher boiling aliphatic and aromatic and/or or
cycloaliphatic hydrocarbons. Such blends constitute another embodiment of the
iventions.

After removal and recycle to the reactor of halide (to maintain an effective
concentration of catalyst in the reactor), if desired the hydrocarbon reaction product or
blend may be used as such as a blending ingredient in gasolines e.g. unleaded aviation
gasolines, but may be distilled first to concentrate the triptane and triptene fractions.
Preferably, however, before use for this purpose the hydrocarbon reaction product or
blend is hydrogenated to convert triptene into triptane; details of the conditions etc. are
described above.

There are a number of preferred ways in which the process may be
commercialised, some of: which are described below.

(A) The process of the present invention may involve reacting methanol and/or

" DME and the zinc halide, to form a mixture of methanol and/or DME and the

hydrocarbon reaction product. The hydrocarbon reaction product may then be separated
from the methanol/DME, from the zinc halide or both, for example, by separation as a
different liquid phase or by distillation. The hydrocarbon reaction product niay then be
separately hydrogenated with hydrogen over a hydrogenation catalyst as described
above, for example, at a pressure of 1-10 bar and a temperature of 10-100°C, preferably,
10-50°C. The hydrogenation converts the triptene (and other alkenes) to triptane (and

other alkanes).
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(B) Alternatively, instead of separating the hydrocarbon reaction product before
hydrogenating the product, the hydrogenation can be performed prior to separation.
After hydrogenation the triptane and other alkanes can be separated by distillation from
the methanol or DME, which can be recycled for reuse.

(C) In yet another alternative, the reaction of the methanol/DME with the zinc
halide may be performed at least in part in the presence of hydrogen, either in the
presence or absence of the hydrogenation catalyst. At the desired conversion point, the
hydrocarbon reaction product can be separated from the zinc halide, and optionally from
the methanol/DME, preferably followed by hydrogenation over the catalyst especially if
no hydrogenation catalyst were used in the zinc halide reaction step. If desired, the
hydrogenation catalyst may be used in both steps. If the hydrocarbon reaction product
contains no triptene, then the hydrocarbon reaction product 1s preferably separated from
the zinc halide, and optionally the methanol/DME without any further hydrogenation.

In all these three alternatives (A) to (C), co-product water is separated in a vapour
phase from zinc halide catalyst which is retained in a liquid or solid phase.

If desired, the reaction of the present invention may be performed in two steps.
This is particularly useful when methanol is employed as the starting material, or when
the zinc halide catalyst is of a low activity. The first step may be performed at less than
100°C, to effect conversion of the methanol starting material. The second step may be
carried out at more than 100°C, to form at least some C4-Cg branched hydrocarbons. It
desired, the methanol may be heated at less than 100°C 1n the presence of a dehydrating
agent, prior to the first reaction step. This is particularly useful when the reaction 1s
carried out in a semi-continuous reactor, or when a continuous reactor having only one
fixed zinc halide bed 1s employed.

In a further embodiment, the present invention provides a process for
hydrogenation, which comprises hydrogenating with hydrogen and hydrogenation
catalyst, a blend comprising triptane and triptene in a weight ratio of 20-50:1-20, such 4s
20-50:5-15. The blend preferably also comprises isoalkanes of 4-8 carbons, (e.g. In
amount of 10-60% of the total of the triptane, triptene and other isoalkanes), and
especially also contains alkanes, cycloalkanes and aromatic hydrocarboiis of bp greater
than 85°C, in weight amount of 35-50% based on the total of blend, 1soalkanes and = -

higher boiling components.
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Preferably said blend 1s made by reaction of methanol and/or DME with the zinc
halide in the process of the invention with or without separation of the hydrocarbon
reaction product.

The 1nvention 1s illustrated in the following Examples and with reference to the
drawingé in which Figures 1 and 2 are schematic diagrams of apparatus suitable for
carrying out the present invention. Figure 3 shows in graph form analyses on
compositions taken during continuous reactions. Figure 4 represents in schematic form
apparatus for the continuous production and recovery of triptane.

Referring to the drawings, Figure 1 depicts an apparatus suitable for carrying out a
first embodiment of the process of the present invention. The apparatus comprises a
cylindrical reactor 10, which is divided into a reaction zone 12 and a separation zone 14
by a series of plates 16 and 18. Plate 18 1s a baffle positioned vertically on a chord to
the reactor’s horizontally circular cross-section. Plate 16 is a sloping plate set at an
angle to the horizontal. The separation zone 14 1s 1 fluid communication with the
reaction zone 12 via an upper inlet 22 and a lower outlet 24.

In operation, a reactant stream comprising methanol is continuously fed through
inlet 20 to the reaction zone 12. A gas comprising for example hydrogen and re-cycled

dimethyl ether is bubbled through inlet 25 into the reactor 10. The reaction zone 12 1s

maintained at 200°C and a pressure of 13 bar. Under the reaction conditions, methanol
reacts in the presence of catalyst comprising zinc 10dide to produce a mixture
comprising water, hydrocarbons (comprising triptane) and unreacted methanol.

The reaction zone 12 is in fluid communication with the separation zone 14.

Accordingly, once the contents of the reaction zone 12 reaches level P, at least a portion

- of the product mixture produced in the reaction zone 12 is free to flow into the

separation zone 14 via inlet 22. In the separatibn zone 14, the product mixture 1s
shielded from the agitation caused by the gas stream. Thus, the product mixture in the
separation zone 14 is allowed to settle and separate into a light hydrophobic phase, and a
heavier hydrophilic phase. The hydrophobic phase comprises hydrocarbons including
some of the triptane product, and is continuously recovered from the separation zone via
line 26 for further purification (not shown). The hydrophilic phase comprises the

unreacted methanol, and is returned to the reaction zone 12 for re-use via outlet 24.;.. ... -
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A vapour phase is also present above the hydrophobic phase. This vapour phase
also comprises most of the triptane and water products. Thus, the vapour is recovered
from the reactor 10 through outlet 27 and condensed (not shown), and purified by
distillation (not shown). |

Figure 2 depicts an apparatus suitable for carrying out a second embodiment of the
process of the invention. The apparatus comprises a reactor 110, which 1s divided into a
first reaction zone 112 and a separation zone 114 by a horizontal 1 mm grid 116. The
reactor 1s provided with a set of baffle plates 118, 120 and a mechanical stirrer 122, The
stirrer 122 extends into the reaction zone 112. The reactor is provided with two inlets
124 and 134 for liquid feeds and an optional inlet 136 for gas. The reactor 1s also
provided with an outlet 140 for first liquid phase, an outlet 130 for gas phase (and
second liquid phase, if present) and a second optional gas outlet 138. The outlets 138
and 130 are co-joined and feed to a product pot 144. The gas/second liquid phase outlet
130 1s provided with an organic flush (n-hexane) 142

In operation, a reactant stream comprising methanol and/or dimethyl ether (DME)
is continuously fed to the reaction zone 112 through inlet 124. The contents of the

reaction zone 112 is agitated by the mechanical stirrer 122. The reaction zone 112 is

maintained at 200°C. Under the reaction conditions, methanol and/or DME react 1n the
presence of catalyst comprising zinc iodide to produce a mixture comprising water,
hydrocarbons (including triptane) and unreacted methanol.

The contents of the reactor 110 is free to flow between the reaction zone 112. and .
the separation zone 114 through the apertures 132 of the grid 116. The zgrid 116,
however, shields the product mixture in the separation zone at least in part from the full
force of the agitation caused by the stirrer 122. Thus, the product mixture in the
separation zone 114 is allowed to settle and separate into a heavier hydrophilic phase
128 (first liquid phase) and an optional light hydrophobic phase 126 (second liquid
phase). The hydrophobic phase 126, if present, comprises heavier hydrocarbons and 1s
continuously recovered from the separation zone via line 130. The heavier liquid phasé
comprises zinc iodide catalyst, water, methanol etc. The reactor also contains a Qépour |
phase 146, comprising dimethyl ether, water and hydrocarbons including triptane. This

vapour phase (comprising water and triptane) is removed through outlet 130 together™. .
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with second liquid phase if present, or though line 138. The triptane product may be
recovered from the vapour phase by condensation distillation (not shown)

Using equipment as shown in Figure 2, (Once Through Unit — OTU) continuous
experiments were performed m which dimethyl ether reactant was fed continuously and
reaction products (including water and triptane) and unreacted dimethyl ether were
removed continuously. Figure 2 illustrates the equipment, with the optional provision to
the reactor through inlet 134 of hydrogen 1odide solution to maintain in the reactor, an
effective concentration of catalyst comprising zinc halide. The reactor (110), internal
equipment {agitator (122), baffles (118) and gnd plate (116)} and product take-off line
(130) were constructed in Hastelloy™ B2. The remaining lines were of 316L stainless
steel. The reactor was of 300 ml volume; with a normal operating volume of 200 ml.
Heating was provided by means of a heating jacket (not shown) with the temperature
controlled using an internal thermowell/thermocouple. The reactor pressure was
measured by a pressure transmitter on the optional feed gas line and controlled using
either the valve on liquid/vapour/gas take-off line 130 and/or the valve on the
vapour/gas take-off line 138. A nucleonic source/detector (not shown) was used to
indicate the liquid interface in the reactor. A gas dispersion agitator (122) was emplojred
to ensure intimate mixing of the catalyst phase and reactants. The combination of
agitator design/rotation speed, grid plate size and baffle configuration ensured mixing in
the first reaction zone (112) and separation of the catalyst phase and hydrophobic
product phase (126) above the grid plate. The product removed from the reactor was.
cooled to allow separation from the off gas and collected in a product pot (not shown).
The two-phase product was drained and analysed by standard analytical techniques.

Example 1

The reactor was charged with 200 ml of a mixture of zinc iodide and méthanol in
a 1:2 molar ratio. After sealing the reactor, the agitator speed was set to 1000 rpm and
the contents heated to 200°C. After leaving under these conditions for 2 hours dimethyl
ether feed into the autoclave was commenced at a rate of 53 g/h. Liquid/vapour/gas was
removed from the reactor along line 130 to control the pressure and hence maintain
liquid contents in the reactor at constant feed rate and temperature. After 24 hours =
operation the unit was shut down, the feed of dimethyl ether was stopped and the reactor. -

cooled. The off gas from the OTU was primarily unreacted dimethyl ether. Results from- -
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this example are given in Tables 1 and 2. The cumulative yield of triptyl products

(triptane plus triptene) with time is shown in Figure 3.

Example 2

This example was carried out using the same procedure as for Example 1, except
that aquéous hydroiodic acid was co-fed with the dimethyl ether into the reactor. Also,
the dimethyl ether feed rate was 59 g/h. After 44 hours operation dimethyl ether feed
was stopped. The off gas from the OTU was primarily unreacted dimethyl ether. Results
from this example are given in Tables 1 and 3. The cumulative yield of triptyl products
with time 1s shown in Figure 3. This example demonstrates adding iodide to the system
counteracts the loss of methyl 10dide from the system and hence maintains in the reactor
an effective concentration of catalyst comprising zinc iodide. This improves yield to

triptyl species.
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Table 1
Example 1 | Example 2
Duration, h 24 38
Average Reactor Pressure, barg | 12.6 10.4
Temperature, C 200 200
Dimethyl ether feed, g/h 33 59
HI feed, g/h 0 1.3
Off-gas rate, g/h 46 47
Agueous Product
Weight, g 108 262
Water, wt%o | 59 49
Methanol, wt% 34 37
Dimethyl ether, wt% S 5
Hydrocarbon Product
Weight, g 54 116
Triptane, wt% 7.5 7.1
Triptene, wt% 8.1 9.9
Table 2
Example 1"
Elapsed | Triptene| Triptane Cumulative Make
Time | Make | Make Tﬁpie“ﬁe i“ripténé Triptyls
h g g g g g
4| 01 | o1 0.1 0.1 0.1 |
8 | 1.1 1.0 1.2 1.0 2.2
12 | 1.0 0.9 2.2 1.9 4.1
16 | 1.1 1.0 3.3 29 | 6.2
20 0.7 0.6 3.9 3.5 7.5
24 | 05 0.5 4.4 4.0 8.4
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Table 3
Example 2
Elapsed | Triptene | Triptane Cumulative
’fime Make Make | Triptene | Triptane | Triptyls
H g e g g g
6 1.9 | 06 1.9 0.6 2.6
10 2.0 1.6 4.0 2.2 6.1
14 0.8 0.6 4.8 2.7 7.6
18 2.3 1.7 7.1 4.4 11.5
22 1.9 1.5 9.0 5.9 14.9
26 1.3 1.1 10.3 7.0 17.3
30 0.6 0.6 10.9 7.6 18.5
38 0.5 - 0.6 11.5 8.2 19.7

Figure 4 represents in schematic form apparatus for the continuous production and
recovery of triptane. Referring to Figure 4, the apparatus comprises a reactor (30) which
is suitably an adiabatic reactor or with heat-removal cooling coils (not shown) which
may remove up to 20 % of the heat of reaction. The reactor (30) 1s provided with a feed
inlet (33) provided with a feed pre-heater (31) through which in use passes con-joined
recycle gases provided by process line (32), fresh methanol and/or dimethyl ether
through process line (34) and recycle methanol through process line (35). In use, in the
reactor the methanol and/or dimethyl ether reacts 1n the presence of a catalyst
comprising zinc iodide to produce a mixture comprising water, hydrocarbons and
unreacted methanol. In use, the reactor contains an upper, hydrophobic liquid phase, a
lower, hydrophilic liquid phase comprising the zinc 10dide catalyst and a vapour phase
comprising water and triptane products.

The reactor 1s provided with an outlet (36) for hydrophobic liquid phase. The
reactor is provided with an outlet (37) for vapour phase which 1n use, passes through the
feed pre-heater. In use, the hydrophobic liquid phase from the reactor passes out of
outlet (36) through intercooler (38) to wash column (39) where 1t 1s washed with recytle °

water provided from process line (40). The wash water extracts iodide compounds

22



10

15

20

25

30

CA 02439571 2003-08-28
WO 02/070440 PCT/GB02/00843

which are recycled 1n use to the reactor through line (41) to maintain in the reactor an
effective concentration of catalyst comprising zinc 1odide. The washed liquid phase 1s
passed through line (43) to flash unit (42) from which 1s extracted a heavy liquid
product along line (44). In use, the vapour from the flash unit (42) 1s passed to decanter
(45).

The vapour phase comprising water and hydrocarbons including triptane 1s
removed from the reactor through feed pre-heater (31) to distillation column (46).
Condensed liquid from the pre-heater (31) 1s returned through process line (74) to the
head-space of the reactor as spray to suppress foaming and/or sublimation of
hexamethyl benzene. From the head of column (46) is taken recycle gas along line (32)
to the reactor. The recycle gas comprises hydrogen, dimethyl ether methyl iodide and
large quantities of hydrocarbons. Also from the head of column (46) 1s taken
condensable material which is returned as reflux to the column (46) along line (47) and
part of the condensed material is taken to butane flash (48), liquid from which being
recycled in part along process line (49) to conjoin the condensed material at the head of
the column (46) and part being purged to remove impurities such as dimethyl pentane
along line (50). The vapour from butane flasher (48) is passed along process line (51) to
a butane wash (52) from the head of which is removed butane product along process line
(53). The wash is provided in use along line (54) with recycled water. The base from
the butane wash is recycled along process line (55), through oil decanter (56). Decanted
oil phase from decanter (56) is conjoined with base from the butane flash (48). The
aqueous phase from the decanter is sent elsewhere (“water still” (64)).

In use, the upper phase from decanter (45) is passed along process line (57) to
extractor (5 8) which is a multistage counter-current liquid-liquid extractor and where 1t
is extracted with methanol provided along process line (59), aqueous methanol provided
along line (68) and water provided along line (66) to produce a head product which is
passed along line (60) to “pure still”, distillation column (61) and to produce a base
product which is taken along line (73) to decanter (56) . From the head of “pure still”
(61) is taken a mixed C5/C6 hydrocarbon product along process line (62). From the -
base of the “pure still” is taken a crude triptane product stream process line (63).

A “water still” distillation column (64) is provided to receive material along

process line (65) from o1l precipitatdr (56) and water phase from decanter (45). The
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base from the “water still” 1s used 1n part to provide wash along process line (40) to the
liquid phase wash (39), in part to provide wash along process line (54) to “butane wash”
unit (52), in part to provide water feed along process line (66) to extractor (58) and the
remainder 1s rejected as waste along process line (67). A liquid side draw is also taken
from column (64) along process line (68) as feed to extractor (58).

In use, crude triptane 1s taken from the base of “pure still” (61) and passed along
process line (63) to the “triptane still”” distillation column (69). From the head of
column (69) 1s taken pure triptane product along process line (70). From a side draw
(71) of the distillation column (69) 1s taken a C8 hydrocarbon product. A recycle stream
is taken from the base of the “triptane still”” (69) along process line (72) to the liquid
phase flash (42).

The apparatus illustrated 1n Figure 4 may be used to produce and recover triptane

from methanol.

Further Experiments

In these experiments batch reactions were performed. They are therefore not
according to the present invention. However they can be used to illustrate the ways of
maintaining an effective concentration of the catalyst comprising zinc halide.

The following experiments illustrate reactions of methanol in the presence of zinc
oxide, the effect of zinc oxide on the formation of hydrocarbons and a reaction starting
from methyl iodide and zinc oxide. The last experiment 1llustrates the importance of
returning 1odide to maintain the catalyst in an active from or in an effective
concentration.

A Hastelloy B2 autoclave was charged with reactants in weight parts as shown in
Table 4. The autoclave was pressurised with nitrogen to 13 barg, heatedto 200 C and
maintained at this temperature whilst stirring the reaction mixture. The total reaction
time from the start of heating the reaction to starting of cooling the reaction is shown in.
Table 4. After cdoling to ambient temperature the reaction products were recovered and
any hydrocarbon layer 1solated and analysed. The amount ot hydrocarbon layer and the
overall selectivity to triptane based on methyl species charged to the autoclave are

shown 1n Table 4
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Table 4
Ref MeOH Z1inc Methyl | Zinc Time Total Triptyl
iodide | 1odide | oxide hydrocarbon | selectivity
g g g g h g 7o

G100899 | 14.7 75 0 0 2 4.1 26

D280700 | 15.0 75 0 1 2 2.9 13

D080600 | 15.0 42 0 10 2 0.0 0

G12299 | 0.0 0 . 60 20 4 3.7 12

The following experiments illustrate reaction in the presence of added aromatic
hydrocarbons as initiators and therefore as componerts which can be used to maintain
the zinc halide catalyst in an active form or in an effective concentration.

A thick walled glass reaction vessel was charged with zinc 10dide, methanol and
aromatic hydrocarbon in weight parts as shown in Table 5. The reaction mixture
consisted of a clear liquid phase and a solid phase. The reaction vessel was sealed and
placed in an oven maintained at the reaction temperature. In these experiments the
reaction tubes were not agitated. At the end of the reaction time the reaction tube was
removed from the oven and allowed to cool to ambient temperature. After reaction and
cooling the reaction mixture consisted of a solid phase and one or two liquid phases.
The tube was further cooled, opened and the contents extracted with chloroform (5
parts) and water (3 parts). The two homogeneous liquid phases were analysed and the
results are shown in Table 5. The analyses for (MeOH + DME), total hydrocarbons and
triptyl species are wt% values derived from normalising the components extracted into

the chloroform phase.
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The following experiment illustrates reaction in the presence of added reaction product

as 1nitiator and therefore as components which can be used to maintain the zinc halide

catalyst 1n an active form or 1n an effective concentration.

A thick walled glass reaction vessel was charged with zinc 1odide (10 parts), methanol

(2 parts) and reaction product, being the hydrocarbon product from a continuous

reaction such as described in Example 1, (0.1 parts) as shown in Table 5. The reaction

mixture consisted of a clear liquid phase and a solid phase. The reaction vessel was

sealed and placed in an oven at the reaction temperature. At the end of the reaction time

the reaction tube was removed from the oven and allowed to cool to ambient

temperature. After reaction and cooling the reaction mixture consisted of a solid phase

and one or two liquid phases. The tube was further cooled, opened and the contents

extracted with chloroform (5 parts) and water (3 parts). The two homogeneous liquid

phases were analysed and the results are shown 1n Table 6. The analyses for (MeOH

DME), total hydrocarbons and triptyl species are wt% values derived from normalising

the components extracted into the chloroform phase.

Table 6.
Ref Zinc | MeOH | Added | Time | TC | MeOH | Total Triptyl ﬁTriptyl‘
iodide Hydro | min + Hydro ; Sel
o g carbon DME | carbons | wit% Yo
g wt% wit%
WE37/02 | 12 2.4 0 74 200 | * * * D
WF54/02 | 10 2.0 0.1 37 200 | 8.78 7446 | 13.62 |18

* No hydrocarbon layer formed during this reaction time

The following experiments illustrate reactions 1n the presence of added alcohols

as initiators and therefore as components which can be used to maintain the zinc halide:

catalyst in an active form or in an effective concentration.
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A thick walled glass reaction vessel was charged with zinc 10dide, methanol and
an alcohol or ether as shown in Table 4. The reaction mixture consisted of a clear liquid
phase and a solid phase. The reaction vessel was sealed and placed in an oven at the
reaction temperature. At the end of the reaction time the reaction tube was removed

5  from the oven and allowed to cool to ambient temperature. After reaction and cooling
the reaction mixture consisted of a solid phase and one or two liquid phases. The tube
was further cooled, opened and the contents extracted with chloroform (5 parts) and
water (3 parts). The two homogeneous liquid phases were analysed and the results are
shown in Table 7. The analyses for (MeOH + DME), total hydrocarbons and triptyl

10  species are wt% values derived from normalising the components extracted into the

chloroform phase.
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Ciaims :
1. A continuous or semi-continuous process for the production of triptane and/or
triptenc from methanol and/or dimethyl ether in the presence in a reactor of an effective
concentration of catalyst.active for the conversion of methanol and/or dimethyl ether to
. triptane and/or triptene in which process co-produced water is rem oved from the reactor
5 as the reaction proceeds and is scparated from the catalyst as a vapour phase whilgt the
catalyst is retained in a liquid or sohd phasc;
2. A process as claimed in claim 1 in which the separation of water in the vapoﬁr phase
from catalyst in a liquid/solid phase is performed in the reactor. |
3. A process as claimed in claim 1 in which the separation of water in the vapour phase
10 from catalyst in a Jiquid/solid phase 1s performed in downstream product recovery stages
with recycle of catalyst o the reactor.
4, A précess as claimed in any preceding claim in which there is maintained in said
~ reactor an active form and an cffective concentration of said catalyst.
5. A process as claimed in claim 4 m which the catalyst comprises zine halide.
15 6. A process as claimed in claim 5, which process comprises heating an organic feed
comprising at least one of methanol and dimethyl ether in the presence of a catalyst
comprising zinc halide at a temperature of at least 100°C to produce a mixiure |

comprising (i) methanol and/or dimethyl ether and (i1) a hydrocarbon reaction product

30
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comprising said hydrocarbon aanc'l in which process the catalyst is maintained in the
reactor in an effective form and in an effective concentration.
7. Alprocess for preparing a product comprising a branched. chain hydrocarbon of 7
carbons, which is at least one of triptane and triptene, which process comprises heating
5  an organic feed comprising at least one of methanol and dimethyl ether in the presenée
of a zinc halide at a temperature of at least 100°C to produce a mixture comprising (i)
methanol and/or dimethyl ether and (ii) a reaction product comprising said hydrocarbon
and in which process co-produced water is removed from the reactor as the reaction
proceeds. |
10 8. A continuous or semi-continuous process as claimed in claim 7 for preparing a
product comprising a branched chain hvdrocarbon of 7 carbons, which is at least one of
triptane and triptene, which process comprises heating an organic feed comprising at
least one of methanol and dimethyl ether in the presence-of a catalyst comprising zinc
hatide at a ternperature of at least 100°C to produce a mixture comprising (i) methanol
15  and/or dimethyl ether and (ii) a hydrocarbon reaction product comprising said
hydrocarbon and in which process the catalyst is maintained in the reactor In an effective |
form and in an effective concentration and co-produced water is removed from the
reactor as the reaction proceeds.
9. A process for preparing a product which comprises a branched chain hydrocarbon of '
70 7 carbons, which is at least one of triptane and triptene, which comprises heating an
organic feed comprising at least one of methanol and dimethyl ether (DME) in the
presence of a zinc halide to effect reaction and stopping the reaction before complete
conversion of the methanol or dimethyl ether, and recovering the said hydrocarbon and
in which process co-produced water is removed from the reactor as the reaction
25  proceeds.
10. A continuous process for the production of triptane and/or triptene, said process
comprising :
feeding a reactant stream comprising methanol and/or dimethyl ether into a reactor, and
contacting the reactant stream with a zinc halide catalyst in the reactor to produce a
30 .product mixture comprising friptane and/or triptene; |
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characterised in that the product mixture compnses a first ]iquid phase and a second
liquid phase and co-produced waler is removed from the reactor as the reaction
proceeds. |
11. A process as claimed in any one of the preceding claims m which a mixture of
5 methano!l and dimethyl ether 1s used. :

12. A brocess as claimed in any one of claims 5 to 11 in which the zinc halide is
selected from the group consisting of zinc iodide, zinc bromide and mixtures thereof.
13. A process as claimed in any one of claims 5 to 12 in which the catalyst 1s
maintained in the reactor in an active form and in an effective conceniration by

10 recycling to the reactor, halide compounds, from dnﬁrnstream_ product recovery stage(s).
14. A process as claimed in any one of the preceding claims m which there is
introduced to the reactor hydrocarbons which stimulate the reaction.
15. A process as claimed in claim 14 in ﬁvhich said hydrocarbons comprise methyl
substituted compounds selected from the group consisting of aliphatic cyclic

15  compounds, aliphatic heterocyclic compounds, aromatic compounds, heteroaromatic
compounds and mixtures thereof, preferably they comprise methyl benzenes such as
heﬁamethyl benzene and/or pentamethyl benzene.
16. A process as clammed m claim 14 or claim 15 in which said hydrocarbons are

5 recovered from the reaction composition in downstream product recovery stage(s) and

20 recycled to the reactor. ’
17. A process as claimed in any one of claims 5o 16 In which the organic feed
comprising at lcast one of methanol and dimethy! ether is heated in the presence of a
zinc halide in the reactor at a temperature of 100 to 300°C, preferably 100 to 250°C,

- more preferably 150 to 250°C,

25  18. A process as claimed in any one of the preceding claims in which the reaction is
performed in the presence of at least one olefimc initiator or co-reactant, suitably having
2 10 6 carbon atoms. |
19. A process as claimed in claim 18 in which the olefimc initiator or co-reactant is
sourced from a lightly-cracked naphtha such as catalytically cracked spirit or steam |

30 cracked spirit.
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. 20. A pfocess as claimed in any one of the preceding claims in which the reaction is
| perfdrmed in the preéence of hydrogen and/or in the presence of a hydrogenation | |
catalyst. | : | |
21. A process as claimed in any one of claims 5 to 20 which process comprises feeding
5. an organic feed comprising methanol and/or dimethyl ether into a reactor, and
: heating the organic feed with the zinc halide catalyst in the rcactor to produce a product
mixture comprising triptﬂane and/or friptene; characterised in that the product mixturc
comprises a first liquid phasc, a vapour phase and an optional second hquid phasc. . |
22. A process as claimed in claim 21 in which the liquid product comprises first and
10  second liquid phases, the second liquid phasc being 2 hydrophobic phase compﬁsing
triptane and/or triptene product.
23, A process as claime;ﬂ in claim 22 compnsing:
providing a reaction zone and & separation zone;
feeding an organic feed comprising methanol and/or dimethyl ether into the

15 reaction zone; * | ;

contacting the reactant stream with a zinc halide catalyst, to produce a product
. mixture comprising triptane and/or triptenc; |

said process being characterised by having at least a portion of the product

mixture in the separation zone, so that it can separate into at least two liquid

20 phases.

24. A process as claimed in claim 23 in which the reaction zone-and separation zone are
provided in a reactor haviﬁg a reaction zonc and a separafion Zone.

25. A process as claimed in claim 24 in which the reaction and separation zones are
separated using a grid or perforate plate.

25 26. A process as claimed in any one of claims 22 to 25 which further comprises the step
of recovering the second liquid phase comprising triptane and/or triptene from the
reactor.

27. A process as claimed in claim 26 which further comprnses bprifying the second -
liquid phase, for example, by distillation, to enhance 1ts concentration of triptane and/or

30 tripténc.
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28. A pmceés as claimed in ény one of claims 21 to 27 in which the vapour pha:;e 18
" condensed and is purified, for example by di s;tillétion, to enhance its concentration of

triptane and/or iriptene. : |

29. A process as claimed in claim 28 in which the vapour phase is purificd by

5 condensation and distillation to provide a product water stream clcf;n enough for
| | disposal, a hydrocarbon product comprising triplane and/or triptene and a recycle stream

containiﬁ g unreacted fced components.

30. A process as claimed in any one of the preceding claims in which at least onc motor
or aviation gasoline additive 15 added fo the .recovered‘triptane and/or triptene product.

10  31. The use of the mixture produced in claim 30 as, or as an additive for a motor or

-aviation gasoline, preferably, an uﬁleaded motor or aviation gasoline.
32. Apparatus for use in the process of any one of claims 1 to 30 whic.:h comprises a
reactor having at leasi onc reaction zone and at least one separation zone.
33, A process as claimed in any one of the preceding claims in which the reaction is

15  performed in the presence of aromatic compounds such as methy! benzenes, for example
hexamethyl benzene and/or pentamethyl benzene.

34. A process as claimed in claitm 33 in which the methyl benzencs are recovered and
recycled to the reactor from downstream product separation stage(s) to maintain their
_standing concentration in the reactor at a steady statc.

20 35. A process as claimed in claim 22 in which the reaction is performed in the
presence of hydrocarbon by-product componcents separated from the hydrophobic liquid
phase or the vapour phase which are then returned to the ¥Cactor.

36. A process as claimed in claim 35 in which the recycled hydrocarbons comprise
aromatic compounds such as methyl benzenes, for example hexam ethyl benzene and/or

25  pentamethyl benzene; naphthenes; o] efins and dlkanes.
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