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@ Upgrading gasoline derived from synthesis gas.

@ The present invention relates to a process for upgrading
low grade gasoline made from synthesis gas, especially the
gasoline made from coal-based processes. The process com-
prises contacting in the vapour phase the low-grade gasoline
either alone or admixed with a C3/C, hydrocarbon feed with a
gallium/aluminosilicate catalyst.

The product gasoline so formed has an octane rating
RON (clear) above 100 and a bromine number below 2. The
process enables synthesis gas and coal to be used as a
source of high grade gasoline.
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Upgrading gasoline derived from synthesis gas

The present invention relates to a process for upgrading low
grade gasolines derived from synthesis gas, especidally those derived
from synthesis gas made from coal.

Processes for converting coal into gasoline are well known. For
example Kirk-Othmer's Encyclopedia of Chemical Technology, vol 4,
Second Edition, 1961, pp 450-486 describes several methods of
producing gasoline from coal including the Fischer-Tropsch synthesis
using iron and cobalt catalysts at normal pressure. The processes
used hitherto have however been unable to compete with the production
of gasoline from crude oil especially in respect of the quality of the
product. For instance, gasoline derived from coal via synthesis gas

is of a low grade, having a research octane number (RON) of less than

40 and a high olefin content as is indicated by a bromine number of
about 35. Moreover, crude oil hitherto was comparable as a raw !
material in cost with coal. These factors together with the failure |
of the conventional techniques for upgrading low grade gasoline from
coal resulted in crude oil being the main source of high grade
gasoline. ' ' |

~ However, the enormous increase in the price of crude o0il in '
recent years has made coal-based synthesis gas a viable alternative to
crude oil as a source of gasoline, provided that low grade gasoline is
upgraded. |

The low grade gasoline derived from coal-based synthesis gas

contains, in addition to olefins, alcohols especially primary
alcohols. The presence of these alcohols makes it particularly

difficult to upgrade the gasoline by standard distillation techniques.
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It is therefore an 6bject of the presént invention to upgrade
gasolines derived from synthesis gas by increasing the aromatic
content thereof and by reducing the olefin content thereof using a
catalytic proceés.

Accordingly, the present invention is a process for upgrading a
feedstock comprising low grade gasoline made from synthesis gas
characterised in that the feedstock is brought into contact in the
vapour phase at an elevated- temperature with a catalyst composition
comprising an aluminosilicate having a gallium compound deposited
thereon and/or an aluminosilicate in which cations have been exchanged
with gallium ions, said aluminosilicates having a silica to alumina
ratio of at least 5:1.

According to a further embodiment, the present invention is a
process for upgrading a mixed feedstock comprising (a) low grade
gasoline made from synthesis gas and (b) saturated and/or unsaturated
C3 - Cs hydrocarons, characterised in that the mixed feedstock is
brought into contact in the vapour phase at an elevated temperature
with a composition comprising an aluminosilicate having a gallium
compound deposited thereon and/or an aluminosilicate in which cations
have been exchanged with gallium ions, said aluminosilicates having a
silica to alumina ratio of at least 5: 1.

The low grade gasoline made from synthesis gas in the feedstock
may be that made by the Fischer-Tropsch normal pressure catalytic
process, In this process four main steps are involved. These are:

1. Synthesis gas manufacture by passing steam and oxygen

over coal.

2. Purification of synthesis gas to remove e.g. sulphur

compounds,

3. Synthesis of hydrocarbons from synthesis gas in the presence

of an iron or cobalt catalyst, and

4. Condensation of liquid products and recovery of gasolihe from

the product gas.

The gasoline thus produced is the 8o called "low grade gasoline”
and usually has a RON of lesgs than 50, contains substantial quantities
of C5 = C19 unsaturated hydrocarbons with a bromine number of 35 - 40
and also contains oxygenated compounds especially alcohols.
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In the case where saturated and/or unsaturated C3 — C4
hydrocarbons are present in a mixed feedstock, the source of the C3 -
Cy4 hydrocarbons may be any stream which contains these hydrocarbons in
major proportions. A particularly suitable source of these
hydrocarbons accompanied by small amounts of CI/CZ hydrocarbons is
e.g. by-products frdm the Fischer-Tropsch synthesis of liquids from
synthesis gas, by-product gases from thermal, catalytic or steam
cracking of wax distillates, residues and deasphalted oils either
before or after hydrotreating. The source of C3 and C; hydrocarbons
may also be liquified petroleum gas found in nature or derived from
straight run distillation or from catalytic reforming and
hydfocracking processés.

The relative proportions of the low grade gasoline and the C3 -
C; hydrocarbons in the mixed feedstock is suitably between 1:2 and 6:1
by weight. ' .

The gallium in the catalyst composition may be present as gallium
oxide and/or as gallium ions if cations in the aluminosilicate support
have been exchanged with gallium ions. In the case where the cationms
in the aluminosilicate have been exchanged for gallium ions, the
gallium ion is suitably provided as an aqueous solution of a gallium
salt such as for instance gallium nitfate, gallium chloride or gallium
sulphate. Such catalysts may be produced by conventional ion exchange
techniéues and the catalysts so produced are subsequently dried. For
example and aqueous solution of a gallium compouhd such as gallium
nitrate may be placed in contact with the aluminosilicate at ambient
or elevated temperature, e.g. by refluxing. The exchanged alumino-
silicate is then separated by decantation followed by filtration,
washed several times with delonised water and finally dried. Before
addition to the aqueous solution of the gallium compound, the
aluminosilicate may be treated in various ways e.g. as described in
our published copending European Patent Application ﬁo. 0024930.

The present invention may also be carried out using catalysts in
which the gallium deposited is impregnated on the surface of the
aluminosilicate or is incorporated in the intra-crystalline zeolite

cavities as a gallium compound which gives rise to gallium oxide
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during activation of tHe cétalyst prior to contact with the
hydrocarbon ‘feedstock. An example of a suitable gallium compound is
gailium nitrate. Conventional impregnation techniques may be used to
produce these catalysts.

The impregnation may be achieved by pPreparing a solution,
suitably an aqueous solution, of a gallium compound such as for
example gallium nitrate and adding a conventional aluminosilicate to
this aqueous solution with thorough stirring to form a paste. The
paste'is subsequently dried at an elevated temperature un@er vacuum.

Where the catalyst composition is prepared by using a compound of
gallium which ionises in aqueous solution, for example gallium
nitrate, it is inevitable that some of the gallium ions will be
exchanged with the cations in the aluminosilicate even if the
preparation was by impregnation of the aluminosilicate.

The aluminoéilicates which have gallium oxide deposited thereon
and/or in which an exchahge with gallium ions may be carried out,
suitably have a silica to alumina ratio of between 20:1 and 200:1 and
have the general formula MZ/nO.A1203.ySiozzH20 wherein M is a cation
which is a positively charged ion selected from a metal ion or an
organic ion of valence n and a proton, y is an integer greater than 5
and z is from 0 to 40. The metal cation, M, is preferably an alkali
metal or alkaline earth metal lon, preferably sodium or potassium
ions. The organic cations may suitably be represented by the formula
RIRZR3R4NT of by an ion derived from the amine RIR2R3N or diamine
RIRZN(CHZ)XNR:;R4 or pyrrolidine where RIRZR3 ang R4 may be -H, -CH3,
-CyHs, ~C3Hy7,-C4Hg or =CHpCH)0H and x equals 2, 3, 4, 5 or 6. The ZSM
variety of zeolites, for example ZSM-5, ZSM-8, ZSM~11 and ZSM-12 may
be used. Theée zeolites are usually produced from a silica source, an
alumina source, an alkalimetal hydroxide and an organic nitrogen

containing cation. However, the zeolites may also be derived directly

using a nitrogen-containing base, instead of a cation, such as an

alkanolamine, e.g. diethanolamine. These types of alumiﬁosilicates
are preferred and are described in our European Patent Application
Publication Nos: 0002899 and 0002900. '
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Whichever method of catalyst preparation is used, the amount of
gallium present in the catalyst compositions may vary for instance
between 0.05 and 10% by weight of the total aluminosilicate in the
catalyst comnosition. The gallium exchanged or impregnated zeolite
thus obtained may be combined with a porous matrix, e.g. silica or
alumina or other inorganic compositions to improve the mechanical
strength'of the catalyst.

The catalyst composition is Shitably activated prior to contact
with the low grade gasoline feedstock whether used alone .or admixed
with C3 - C4 hydrocarbons. The activation may be carr;ed out by
heating the catalyst at a temperature of between 400°C and 650°C,
preferably between 500°C and 600°C. -Activation may be carried out in
an atmosphere of hydrogen, air or gas inert under the reaction
conditions such as nitrogen, but most preferably in an atmosphere
containing oxygen. The activation may be carried out in the reactor
itself prior to the reaction. The catalyst composition is suitably
used as a fixed bed, a moving bed or fluidised bed.

The low grade gasoline feedstock or mixed feedstock is thereafter
contacted in the vapour phase with the catalyst composition at a
tempefature between 300°C and 700°C preferably between 400°C and
600°C. An inert atmosphere may be provided by a gas inert under the
reaction conditions such as nitrogen. The products of the reaction
are then isolated by distillation.

The principal advantages of the present invention are:

(a) the production of highly aromatic products useful as a

gasoline blending component or as a petrochemical feedstock

(b) the improvement of the RON aﬁd particularly the motor octane

number (MON), whilst reducing the olefin content of the low
grade gasoline feedstock for use as gasoline blending
components, and ' 7

(c) the generation of hydrogen as a useful co-product.,

The invention is further illustrated with reference to the
following examples;

Examples 1 and 2

The catalyst used in these Examples was obtained by ion-

exchanging a high silica zeolite'having a silica to alumina ratio of
(';
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40:1, prepared in its hydrogen form, with gallium nitrate solution
(0.05 g Ga/ml). The dry product was mixed with a silica binder, dried
and siéved to 12 to 30 BSS mesh. The resulting catalyst contained
1.6% by weight of gallium and 29% by weight of the silica binder. 200
ml of this catalyst was charged to a fixed bed reactor and air was
passed over sthe bed at 550°C for 2 - 3 hours. Thereafter, the reactor
was flushed with nitrogen for 0.5 hours to remove any traces of air,
The respective low grade gasoline (Example 1) and mixed feedstock
(Example 2) were then preheated to the respective reaction
temperatures as shown and then passed over the catalyst bed. Thé Jow
grade gasoline used in the Examples was a 'Cg to Cyp' Fischer-Tropsch
Product and had the following product spectrum and physical
characteristics:

The low grade gasoline had the following carbon no. distribution

by weight (%) as determined by gas—liquid chromatography.

wt7

C3 0.08

Cs 0.62

Cs 2.52

Cq 6.81

Cy 12.84

Cg 17.27

Cq 19.05

Cio 18.77

C11 15.55

Ci2 5.58

Ciz 0.64

Total 100.03 .
The other physical characteristics of this low grade gasoline
were: ‘

Density (at 15?@) 0.7275
Sulphur content (ppm) less than 4
Nitrogen (ppm wt/vol) 0.4
Bromine No. approx 35
ROM (clear) less than 40
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Olefins (% vol) 29.3

Saturated hydrocarbons (% vol) 70.7

Aromatics Nil

The C3 = G4 hydrocarbon stream used in Example 2 was liquidifed

petroleum gas (LPG) which consisted by weight of 7.7% propane, 32.8%
butanes and 30.3% butenes. The reaction conditions used and the
results achieved with each feedstock is shown below.
Example 1 (low grade gasoline alone as feedstock)

Reaction conditions:

Temperature 525°C \
Pressure 7 bar absolute
Feed rate 4,0 LHSV

Under the above conditions the reaction yielded at 477% by weight
of liquid product which had an aromatic content of 97.7% by weight

made up as follows:

Benzene 16.0 by weight
Toluene 33.6
Cq 8
. Polycyclic
aromatics 6.4

The remainder of the reaction products 7% by weight were:-

Hydrogen 1.2
C _ 9.1
Cy 9.5
C3 28.0
C, 5.0

The product also contained 365 pg/g of water.
The final liquid product had a RON (clear) of 110, a MON of 100
and a Bromine No. of 1.5. |
Example 2 (mixed feedstock containing the low grade gasoline and LPG
in the.ratio of 1.0:0.58 by weight).

Reaction conditions:

Temperature 530°C
Pressure 7 bar absolute
Feed rate - 4.3 LHSV
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Under the above conditions the reaction yielded 797 by weight of
a product based on liquid fed. The liquid product contained 99.0%

aromatics which had the following product spectrum

Benzene 21 % weight
Toluene 34
- Cg 27
‘ Cq 5
Polycyclic
aromatiecs 12

The remainder of the reaction products % by weight were:—-

Hydrogen 1.7
Cy 17.3 \
Co 9.9
C3 : 17.4
C4 3.7

The product also contained 280 ng/g of water. The final liquid
product had a RON (clear) of 109, a MON of 101 and a Bromine no. of
1.8.
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Claims:

A process for upgrading a feedstock comprising low grade gasoline made
from synthesis gas characterised in that the feedstock is brought into
contact in the vapour phase at an elevated temperature with a catalyst
composition comprising an aluminosilicate having a gallium éompopnd
deposited thereon and/orran aluminosilicate in which cations have been
exchanged with gallium ions, said aluminosilicates having a silica to
alumina molar ratio of at least 5:1.

A process according to claim 1 wherein the feedstock comprises a
mixture of (a) low grade gasoline made from synthesis gas and (b)
saturated and/or unsaturated C3 = C4 hydrocarbons.

A process according to claim 1 or 2 wherein the low grade gasoline has
a RON of less than 50, contains substantial quantities of Cg5 - Cjj
unsaturated hydrocarbons with a bromine number of 35-40 and also
contains oxygenated compounds.

A process according to claim 2 or 3 wherein the source of C3 - Cy4
hydrocarbons mixed with the low grade gasoline is the by-products from
the Fischer-Tropsch synthesis of liquids from synthesis gas,
by-product gases from thermal, catalytic or steam cracking of wax
distillates, residues or deasphalted oils either before or after
hydrotreatment.

A process according to claim 2 or 3 wherein the source of Cy —= C4
hydrocarbons mixed with the low grade gasoline is selected from
liquified petroleum gas (i) found in nature and (ii) derived from
straight run distillation, catalytic reforming or hydrdcracking

. processes.

A process according to any oné of the preceding claims 2 to 5 wherein
the relative proportions of the low grade gasoline and the C3 - C4
hydrocarbon in the mixed feedstock is between 1:2 and 6:1 by weight.
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A process according to any one of the preceding claims wherein the
aluminosilicate in the catalyst composition has the formula

M5 /n0.Al903,y5105.2H50 wherein M is a cation of valence n or a proto
Yy is an integer greater than 5 and z is from O to 40.

A process according to claim 7 wherein the value of y in the
aluminosidicate is between 20 and 200.

A process according to any one of the preceding claims wherein the
catalyst composition is activated by heating at a temperature betweer
400 and 650°C prior to contact with the feedstock.

A process according to any one of the preceding claims wheréin the
feedstock is contacted with the catalyst composition at a temperature
between 300 and 700°C in an atmosphere inert under the reactlon

conditions.
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