
;e3ek8h|F6T8DO|WO 112I0793.19 PROCESS FOR TREATING FUEL   f ..... !~~,~
PCT/GB02/11133~ The present invention relates to a process for treating
fuel and in particular to a process for decolourising a gasoline
hydrocarbon fuel. Hydrocarbon fuels, commonly sourced from crude oil, are
used in many applications, for example as transport fuels, power
generation, heating and lighting. 5 Typically, the products available from
the simple distillation of crude oil undergo further processing to provide
materials of sufficient quality for market use. Examples of such processes
include a) cracking and hydrocracking of high boiling material to lower
boiling products; b) reforming and isomerisation to provide better
combustion quality, and c) alkylation/polymerisation to convert gases to
liquids. 10 In addition to these standard processes, a number of methods to
improve product quality by the removal or transformation of impurities
exist, fox example, d) hydrotreatment to remove sulphur species; e) Merox
and copper sweetening to convert/remove sulphur species; and f) clay
treatment to remove surface active species. The utilisation of current
processing and purification processes yield products of 15 appropriate
quality for market use. However, as the products originate from a natural
source, often trace amounts of coloured species remain ox are formed
through further processing, giving the finished product a yellow/green or
other colouration. Such a colouration may be detrimental to the product's
market acceptance as a high quality material, or cause complications where
dyes must be added to give a specific colour for 20 customs or duty
purposes. It is known to produce water-white gasoline using distillation to
remove high boiling, colour-forming compounds.   W O 112/0793.19
PCT/GB02/0133~ The decolourisation of asphalt-kerosene solutions is
described by Ken-ichi Yamamoto et al in CA 32:4761 a and GA 32:476l c. A
variety of adsorbents including activated carbon are used. The
decolourising power of acid clay is also described in CA 25:2840.
Decolourising kerosene, gasoline and petroleum distillates using clay is 5
described in CA 23:698a. Removal of lead tetraethyl and colouring matter
from leaded gasoline using hydrated A1 silicate is described in CA
39:3659z. Use of activated clay is also described in CA 39:4470h.
Decolourising and deodorising cracked gasoline with aluminium
chlorosulphate is described by CA 22:498a. Decolourisation of light oil by
contacting with activated carbon is described in JP6136370. 10 A novel and
simple industrial method for the removal of trace amounts of coloured
species from gasoline has been found. According to the present invention,
there is provided a process for decolourising a liquid hydrocarbon fuel
which is a gasoline, the process comprising contacting at least part of the
liquid gasoline with a decolourising carbon. 15 It has been found that
contacting the gasoline with the decolourising carbon removes at least some
of trace impurities selected from the group consisting of indanes,
naphthalenes, phenanthrenes, pyrene, alkylbenzenes and mixtures thereof.
Thus according to a further aspect of the present invention there is
provided a process for removing from liquid hydrocarbon fuels, especially
gasoline, at least some 20 of trace impurities selected from the group
consisting of indanes, naphthalenes, phenanthrenes, pyrene, alkylbenzenes
and mixtures thereof, the process comprising contacting at least part of
the liquid hydrocarbon fuel, especially gasoline, with a decolourising
carbon. The fuel may be a diesel fuel or preferably, a gasoline. Where the
fuel is a diesel fuel, the fuel may be suitable for fueling any known type
of diesel 25 engine, for example, a motor diesel engine or a marine diesel
engine. Where the fuel is a gasoline, the fuel may be a motor gasoline or
aviation gasoline for use in any spark ignition engine. The fuel may be a
kerosene for use in an aviation turbine engine as jet fuel ox for use in a
ground based turbine engine. Alternatively, the kerosene may be used as a
fuel for heating or lighting and the clear product may have a dye
introduced to 30 differentiate it as such. It has been found that the
present invention produces a gasoline product which in use, produces less
engine deposits compared to untreated gasoline. In particular, in use, the
gasoline product unexpectedly produces significantly reduced combustion
chamber 2   



w0 02/0793.19 PCT/G B02/0133-4 deposits. W one experiment at least, the
deposits were found to be reduced to a level below that which is achieved
using a known gasoline detergent additive. Furthermore, the gasoline
product in use produces reduced inlet manifold deposits. These benefits may
reduce or even eliminate the need for the use of gasoline deter gent
additives. Thus, according to another embodiment of the present invention
there is provide the use in a spark ignition engine, of a gasoline
according to the present invention to reduce engine deposits, preferably to
reduce the engine deposits formed in at least one location selected from
the group consisting of the engine inlet system, engine inlet valves,
engine combustion chamber and engine exhaust system. 10 Also, the present
invention provides a method of reducing engine deposits which comprises
combusting in a spark ignition engine, a gasoline produced by a process
according to the present invention preferably in which reduced engine
deposits are formed in at least one location selected from the group
consisting of the engine inlet system, engine inlet valves, engine
combustion chamber and engine exhaust system. 15 The gasoline of the
present invention has been found to particularly reduce deposits in the
engine combustion chamber. Thus advantageously, the gasoline of the present
invention may be used in a direct injection gasoline engine where it is
introduced directly into the combustion chamber. The present invention also
reduces the sulphur content of the liquid gasoline 20 which may assist in
achieving very low sulphur contents in the gasoline product. The present
invention also provides a method of producing water-wlute gasoline without
the need for distillation to remove high-boiling, colour-forming compounds.
Preferably, the liquid fuel (gasoline) is passed through a carbon filter
bed to remove trace colouration. However, it may also be possible to
introduce particles of the 25 decolourising carbon into the fuel
(gasoline), and then remove these particles from the fuel (gasoline) after
treatment. Any carbon source may be used to prepare the decolourising
carbon employed in the present invention. However, carbon sourced from
wood, coconut or coal is preferred. The carbon may be activated for
example, by acid, alkali or steam treatment. Suitable decolourising carbons
are described in Kirk 30 Othmer Encyclopedia of Chemical Technology, 3rd
Edition, Vol 4, pages S62 to 569. Preferred decolourising carbons can be
obtained from Norit, General Filtration, CPL Carbon Link and Fengroup.   W
O 112/07939 PCT/GB02/II133-t The fuel (gasoline) may be sourced from crude
oil: for example, the gasoline may comprise a crude oil distillate.
Preferably, the fuel or gasoline comprises a crude oil distillate which has
been treated by one or more of the following processing steps: a) cracking
and/or hydrocracking; b) reforming and isomerisation, and c) 5
alkylation/polymerisation. The crude oil distillate may also have been
treated to improve product duality by the removal or transformation of
impurities. Such treatment steps include d) hydro-treatment to remove
sulphur species; e) Merox and copper sweetening to convert/remove sulphur
species; and f) clay treatment to remove surface active species. The fuel
(gasoline) may also contain components which originate from 10 other
sources, such as chemical processes for the manufacture of aromatics,
ethers or material derived from biomass such as ethanol or methanol.
Preferably, the fuel (gasoline) comprises at least one paraffinic fraction
of crude oil or derived from crude oil. The fuel (gasoline) may comprise at
least 20 vol%, more preferably, at least 40 vol% of this paraffinic
fraction. Typically, the paraffinic fraction 15 comprises at least one
saturated aliphatic hydrocarbon of 4 to 20 carbon atoms. Preferably, the
aliphatic hydrocarbon comprises 4 to 12 carbon atoms. These aliphatic
hydrocarbons may be linear or branched. Suitable linear hydrocarbons
include n-butane, n-pentane, n-hexane, n-heptane, n-heptane, n-octane,
n-nonane, n-decane, nundecane and n-dodecane. Suitable branched chain
hydrocarbons include alkanes of 4 20 to 8 carbon atoms having at least one
branch (e. g. 2 or 3 branches) in their alkyl chain. Examples of suitable
branched alkanes include iso-butane, iso-pentane, iso-hexane, and
iso-octane. The fuel (gasoline) may also comprise at least one olefin.
Preferably, however, the olefin content of the fuel {gasoline) is less than
20 vol%, more preferably, less than 10 25 vol%. Where an olefin is present
in the fuel (gasoline), the olefin may be an alkene of 5 to 10, for
example, 6 to 8 carbon atoms. Such alkenes may be linear or branched.
Suitable examples include pentene, iso-pentene, hexene, iso-hexene, heptene
or 2methyl-pentene and a mixture thereof Such alkenes may be produced by
any suitable method known in the art, for example, by catalytically or
thermally cracking a residue 30 from crude oil. The fuel (gasoline) may
also comprise aromatics. Preferably, however, the aromatic content of the
fuel (gasoline) is less than 50 vol%, more preferably, less than 35 vol%,
even more preferably, less than 25 vol% and most preferably, less than 10 4
WO 02/07139 PCT/GB(12/0133~ vol%. Suitable aromatic compounds that may be
present in the fuel include toluene, o-, m-, p-xylene and
trimethylbenzenes. Mixtures of aromatic compounds may also be present. Such
mixtures may be derived from catalytically reformed or cracked gasoline
obtained, for example, from heavy naphtha. Preferably, the fuel (gasoline)
is 5 substantially free of benzene, for example less than 1 vol%. The fuel
(gasoline) may also contain at least one oxygenate. Suitable oxygenates
include alcohols .and ethers, such as ethanol and dialkyl ethers.
Preferably, an asymmetric ether is employed. Examples include methyl
tertiary-butyl ether (MTBE), ethyl tertiary-butyl ether and methyl
tertiary-amyl ether. Preferably, the amount of 10 oxygenate in the fuel
(gasoline) is less than 15 vol%. Preferably, the final boiling point of the
fuel (gasoline) is less than 200C, more preferably, less than 180C, for
example, between 155 and 175C. - The sulphur content of the fuel (gasoline)
is preferably less than 10 ppm, more preferably, less than 5 ppm, even more
preferably, less than 1 ppm, and most preferably, 



15 less than 0.5ppm. The fuel (gasoline) of the present invention may have
a Motor Octane Number (MON) of at least 82, and a Research Octane Number
(RON) of at least 92. Preferably, the fuel (gasoline) has an MON of 85 to
90, and an RON of 95 to 100. The fuel (gasoline) of the present invention
may have a Reid Vapour Pressure 20 (RVP) of 30 to 110 kPa, preferably 30 to
60 kPa. The density of the fuel (gasoline) may be greater than 0.60 g/cm3,
preferably greater than 0.70 g/cm3, more preferably, greater than 0.72
g/cm3. Preferably, the density of the fuel(gasoline) does not exceed 0.775
g/cm3. The fuel (gasoline) may be prepared by any suitable method, for
example, by 25 blending appropriate components together. In one embodiment,
the fuel (gasoline) is prepared by blending iso-paraffin (alkylate),
hydrocrackate and isomerate together. The amount of iso-paraffin employed
may be such that it forms 20 to 80 vol%, preferably, 50 to 70 vol%, for
example, 60 vol% of the final fuel (gasoline) composition. The amount of
hydrocrackate employed may be such that it forms 5 to 35 vol%, preferably,
30 10 to 30 vol%, for example, 20 vol% of the final fuel (gasoline)
composition. The amount of isomerate employed may be such that it forms 10
to 50 vol%, preferably, 20 to 40 vol%, for example, 30 vol% of the final
fuel (gasoline) composition. It may also be desirable to include reformate
and/or Full Range Catalytically Cracked Spirit 5   WO U2/0793-19
PCT/GB02/11133-1 (FRCCS) in the fuel (gasoline) composition. The former may
be employed in an amount of 0 to 40 vol%, for example, 20 vol%; the latter,
in an amount of 0 to 30 vol%, for example, 15 vol%. Part of the fuel
(gasoline) may be treated according to the present invention by 5
contacting one or more of the components which comprise the fuel (gasoline)
separately or together with the carbon before combining them to produce a
fuel (gasoline) final product. Alternatively, the fuel (gasoline)
comprising one or more components may be treated as a whole. The fuel
(gasoline) may be a motor gasoline or aviation gasoline for use in any 10
spark ignition engine. The fuel (gasoline) gasoline may contain
conventional additives, such as gasoline detergent additives. An example of
a detergent additive is a PIB amine detergent additive. Prefer ably, at
least some of the additive remains in the fuel (gasoline), or is added to
the gasoline after treatment with the present invention. Preferably
gasoline 15 prepared by the present invention is substantially free of
gasoline detergent additive. Prior to treatment by the method of the
present invention, the gasoline may have an IPI7 yellow/blue rating of
greater than 5 yellow/greater than 5 blue, for example, greater than 7
yellow/greater than 7 blue. In one embodiment, the gasoline has an IP 17
rating of 9 yellow/10 blue. After treatment by the present invention, the
gasoline may 20 have an IP 17 yellow/blue rating of less than 5 yellow/less
than 5 blue, for example, less than 3 yellow/less than 3 blue, preferably,
less than 1 yellow/ less than 1 blue. In one embodiment, the gasoline has
an IP 17 rating of 0.7 yellow/0.5 blue after treatment. In another
embodiment, the gasoline has an IP 17 rating of 0.1 blue after treatment.
The gasoline is preferably water-clear after treatment by the present
invention. (N.B. IP17 is 25 the Institute of Petroleum Standard Test for
colour determination). According to the process of the present invention,
the Saybolt colour rating of the gasoline prior to contacting with the
carbon may be less than 10 and after contacting with the carbon may be
greater than 20. These and other aspects of the invention will now be
described with reference to 30 Figure 1, which is a schematic diagram of an
apparatus suitable for carrying out an embodiment of the present invention.
Figure 1 depicts an apparatus comprising a gasoline tank 10, a filter unit
12 and a monitoring unit 14. The gasoline tank 10 contains 2500 litres of
gasoline. The filter 6   VVO (12/07939 PCT/GBI12/(1133-t unit 12 consists
of a 205 litre drum, which houses a filter bed of acid-activated carbon
granules {180 kg). The monitoring unit 14 comprises an additional filter,
which is suitable for removing trace carbons and water. In operation, a
pump 16 is used to pump the gasoline from the tank 10 into the 5 filter
unit 12. The gasoline flows through the filter bed at a r ate of 1.1 m3 per
hour. A differential pressure is applied across the bed, and is maintained
at less than 15 cm water as measured by the gauge 18. On start-up, the
temperature of the filter unit 12 is monitored by a thermocouple 20. It is
desirable to maintain the temperature of the filter unit 12 below a
threshold of 10 30C, to ensure that the lighter gasoline components do not
boil. However, if the threshold temperature is exceeded, a pressure relief
valve 24 may be opened to vent any excess pressure safely. Once the
gasoline has completely filled filter unit 12, steadystate operation is
achieved, and no further temperature rise is experienced. Once filtered,
the gasoline is passed to the monitoring unit 14, where any traces of 15
carbon granules or water entrained in the product are removed. A
differential pressure is applied across the monitoring unit 14, and this is
maintained at less than 15 cm water, as measured on gauge 22. The
decolourised product is then removed from the monitoring unit 14, and
transferred to a storage tank or drum. 20 Example 1 In this example, 500 ml
of normal gasoline (with typical green colouration) was tested according to
the Institute of Petroleum standard test method 17 for colour determination
(IP17). This test compares the sample to a series of red, yellow and blue
reference colours. The higher the number, the more coloured the sample. 25
The gasoline was then passed through a filter column, ca. 20 cm long, 2 cm
in diameter with a glass sinter to retain the carbon. The colour of the
filtered gasoline was then measured according to IP17. The results are
shown in the table below. 'TestBase Fuel, GasolineBase Fuel Post
GranulatedCarbonColour IP179.0 Yellow /10.0 Blue0.7 Yellow/0.5
BlueDetergent additives6843mg/100m1 7  



WO U2/U793~9 PCT/GB02/0133~ The test demonstrated that post the carbon
filter, the green coloration was practically a11 removed from the sample.
In addition, and surprisingly, the carbon filter ' did not remove a11 of
the detergent additive (of the PIB amine type), demonstrating particular
affinity for the fuel-derived coloured species. Example 2 Example 1 was
repeated the acid washed, activated carbon: TestBase Fuel, GasolineBase
Fuel Post ActivatedCarbonColour IP179.0 Yellow /10.0 Blue0.1 BlueDetergent
additives6832mg/100 ml 10 Only a trace of blue colouration remained and
again, not a11 the PIB detergent additive was removed. Further experiments.
I S The following further decolourisation experiments were performed using
a 500 ml flask fitted with a condenser, stirrer and temperature indicator.
150 g of gasoline was originally used along with a dose of various
activated carbons from various sources. This size preparation allowed a
visual check of colour removal to be carried out before larger samples were
processed. The results are shown in Table 1 below. 8   WO 02/0793-49 a~ H
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02/U7939 PCT/GB(12/U133.t 



The Saybolt analysis of the starting material was +2. The results in Table
1 show that it was necessary to dry the Aldrich carbon at 140 degrees
Celsius for 7 hours prior to use. When the experiment was repeated a
Saybolt colour of +23 was achieved after a residence time of only 1 hour. 5
The most successful carbon sample, in terms of colour improvement, is
evidently the Norit CA3. At a dose of 0.5% w/v of gasoline a Saybolt of +24
was achieved after only 1 hour. Handling of this grade of carbon may prove
slightly problematic due to the presence of fines. The next most successful
result was a colour of +20 achieved by a sample 10 obtained from Sutcliffe
Speakman in about the same length of time but at a lower dose of 0.35 % w/v
of gasoline. The CPL granular carbon sample, supplied by BP Oil, produced a
Saybolt colour of +19 after a residence time of 14 hours at a dose of 0.17%
w/v: When more of this carbon was added, there was no improvement in
colour. This suggests that the carbon was already present in excess at the
original dose. 15 It might be possible to use a mixture of carbons, for
example a mixture the Sutcliffe Speakman and Norit carbon samples Engine
Tests. 2000 litres of gasoline was divided into two lots each of 1000
litres. 1000 litres 20 was contacted with an activated carbon to give a
decolourised product. 1000 litres was put to one side as a baseline fuel.
The two fuels were compared for engine deposit forming tendency using an
industry standard test featuring a Mercedes engine (M102E Test) running on
300 litres of fuel. The results are shown in Table 2. Visual rating of
deposit formation in the inlet system (manifold, inlet port, inlet 25
throat and inlet valve tulip) were recorded. Deposit weights were recorded
for the inlet valve (tulip deposits, tulip solubles, face deposits and
valve wear) and for the combustion chamber (piston crown and cylinder
head). Deposit thickness measurements were made for the combustion chamber
(piston crown and cylinder head). 10   WO 02/U793-19 0d:1~ N CO ~I7 00 ~
rCO O~ 00 Q)CO r f9 to 00 s rCN [ InL~'Cr )noav  'D~ ~ ~ N00 00 00 ~L+.~J
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Q) M 00 M(fl CD ~ hIn lt7~ f~E~ N ~ O~Nf1 MN r O r"'IaNUf0hIllCOL C_7N'C41d
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PCT/GB02/0133-t The results in Table 2 show that the decolourised gasoline
fuel provides better engine cleanliness than the baseline fuel. The process
of the present invention has not only decolourised the fuel, it has
selectively removed species which form deposits in the engine. 5 The
decolourised gasoline fuel provides similar performance to the base fuel
plus a known gasoline detergent additive (330 mls /m3 of a conventional
additive such as BASF Keropur 3540 KS) with the additional benefit of also
reducing combustion chamber (piston crown and cylinder head) deposits (this
is highly unusual). The gasoline detergent additive provided little
additional benefit to the already clean' 10 decolourised fuel and in some
instances make deposits worse (additive causing carbon in the combustion
chamber). The process of the present invention has therefore produced a
gasoline fuel which is of low deposit forming nature and no longer
necessarily requires a gasoline detergent additive. The process of the
present invention has reduced combustion chamber deposits which
conventional detergent additives can 15 not achieve. Careful sulphur
determinations for the two fuels indicated that the baseline contained 49
ppm sulphur whereas the gasoline product had 47 ppm sulphur The process of
the present invention has therefore provided a useful 'polishing step'
where sulphur species have been removed. This may be important in achieving
very 20 low sulphur specifications of l0ppm maximum sulphur. Since it
provides a further potential 20% reduction in sulphur content. The spent
carbon from the decolourisation reactor was removed and analysed by
desorption mass spec. Results showed the carbon had adsorbed species such
as indanes, naphthalenes, phenanthrenes, pyrene and alkylbenzenes. Only
trace quantities 25 of these materials would be present in gasoline and the
use of carbon for their selective removal has given benefits in reduced
engine deposit formation. 12   



WO (12/11793-19 Claims PCT/GB()2/11133~ 1. A process for removing from
liquid hydrocarbon fuels, at least some of trace impurities selected from
the group consisting of indanes, naphthalenes, phenanthrenes, pyrene,
alkylbenzenes and mixtures thereof, the process comprising contacting at
least part of the liquid hydrocarbon fuel, especially gasoline, with a
decolourising carbon. 5 2. A process as claimed in claim 1 in which the
fuel is a gasoline. 3. A process for decolourising a liquid hydrocarbon
fuel which is a gasoline, the process comprising contacting at least part
of the liquid gasoline with a decolourising carbon. 4. A process as claimed
in claim 3 in which the sulphur content of the fuel is reduced. 10 5. A
process as claimed in any one of the preceding claims in which the fuel is
passed through a carbon filter bed to remove trace colouration. 6. A
process as claimed in any one of the preceding claims in which the
decolourising carbon is prepared from wood, coconut or coal. 7. A process
as claimed in any one of the preceding claims in which the carbon is 1 S
activated. 8. A process as claimed in any one of claims 2 to 7 in which the
gasoline is a motor gasoline or aviation gasoline. 9. A process as claimed
in any one of claims 2 to 8 in which the gasoline has a density which does
not exceed 0.775 g/cm3. 20 10. A process as claimed in any on of claims 2
to 9 in which the Institute of Petroleum Standard Test IP17 for colour
rating for the gasoline prior to contacting with the carbon is greater than
5 yellow/greater than 5 blue and after contacting with the carbon is less
than 5 yellow/less than 5 blue. 13   WO 112/11793.19 PCT/GBU2/0133-t 11. A
process as claimed in any one of claims 2 to 10 in which the Saybolt colour
rating of the gasoline prior to contacting with the carbon is less than 10
and after contacting with the carbon is greater than 20. 12. A gasoline
produced by any one of claims 2 to 11. 5 13. A gasoline as claimed in claim
12 substantially free of gasoline detergent additive. 14. A method of
reducing engine deposits which comprises combusting in a spark ignition
engine, a gasoline as claimed in claim 12 or claim 13. 15. A method of
reducing engine deposits which comprises combusting in a spark ignition
engine, a gasoline produced by a process as claimed in any one of claims 2
to 10 11. 16. A method as claimed in claim 14 or claim 15 in which reduced
engine deposits are formed in at least one location selected from the group
consisting of the engine inlet system, engine inlet valves, engine
combustion chamber and engine exhaust system. 17. Use in a spark ignition
engine, of a gasoline as claimed in claim 12 or claim 13 to 15 reduce
engine deposits. 18. Use as claimed in claim 17 to reduce the engine
deposits formed in at least one location selected from the group consisting
of the engine inlet system, engine inlet valves, engine combustion chamber
and engine exhaust system.  14
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