SPOOR & FISHER FORMP.8
(To be lodged in duplicate)

REPUBLIC OF SOUTH AFRICA
PATENTS ACT, 1978
PUBLICATION PARTICULARS AND ABSTRACT
(Section 32(3)(a) — Regulation 22(1)(g) and 31)

OFFICIAL APPLICATION NO. LODGING DATE ACCEPTANCE DATE
21.1.01 | : . - 22 16 MAY 2005 43 g
1" hops/03916 (§- (2 - 2608
INTERNATIONAL CLASSIFICATION NOT FOR PUBLICATION
51 C10G; C07C CLASSIFIED BY: DENMARK PATENT OFFICE

FULL NAMES OF APPLICANT

71 HALDOR TOPSOE A/S

FULL NAMES OF INVENTOR

72 [ HOUZVICKA, JINDRICH

EARLIEST PRIORITY CLAIMED

COUNTRY NUMBER DATE

33 DK 31 PA 2004 00795 32 18 MAY 2004

TITLE OF INVENTION

54 | PROCESS FOR PRODUCTION OF HIGH-OCTANE GASOLINE

57 ABSTRACT (NOT MORE THAT 150 WORDS) NUMBER OF SHEETS g;ﬂ 2 U—

If no classification is finished, Form P.9 should accompany this form.
The figure of the drawing to which the abstract refers is attached.



16
z@@5/®33

ABSTRACT

The invention provides a process for production of high-
octane gasoline from a C¢—Cyio hydrocarbon feed stream by se-
lective dehydrogenation of cycloparaffins without substan-
tially affecting aromatics and paraffins present in the
feed. It involves a catalyst comprising a Group VIII metal
supported on a substantially non-acidic porous material
with concentration of acidic sites lower than 1 umole/g.
The catalyst in the selective dehydrogenation typically
comprises palladium, platinum, rhodium, iridium or mixtures
thereof in an amount of 0.1 wt% to 1.0 wt% supported on a
carrier material selected from silica, alumina, zirconia,
titania, or mixtures thereof, other oxides, carbons, car-

bides and nitrides. The process for the production of

high-octane gasoline from a Ce¢—Cip hydrocarbon feed can be a
combination of a cata-lytic dehydrogenation step, a catalytic

isomerisation step and one or more separation steps. -
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BACKGROUND OF THE INVENTION
1 Field of the Invention

The invention relates to a process for upgrading a Cg-Cig

paraffin/cycloparaffin refinery stream.

The invention is specifically directed to a process for se-
lective dehydrogenation of C¢-Cjp cycloparaffins in presence
of C¢~Cyo paraffins and aromatics for use in high octane

gasoline.

2 Description of related Art

The C¢-Cyo fraction of crude oil consists basically of three
main groups of components: aromatics, linear or mono-
branched paraffins and cycloparaffins. While aromatics are

valuable gasoline blending components due to their high oc-

.tane numbers, the octane numbers of the components in the

other groups are too low to be used without upgrading.

A process for upgrading gasoline-type hydrocarbon mixtures

to fuels having a higher octane rating is disclosed in US
patent No. 4,644,089, where alkanes and cyclo-alkanes are
converted to alkenes, aromatics and hydrogen in presence of
a catalyst, which comprises vanadium oxide and aluminum
phosphate. However, alkenes are not desired components of a
high octane gasoline, further, the catalyst deactivates and

a reactivation process is disclosed as well.
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In US patent No. 6,338,791 a process for producing high oc-
tane number gasoline is described. The process is a hydro-
isomerisation of\Cs - Cg cuts comprising paraffinic,
naphthenic, aromatic and olefinic hydrocarbons followed by
at least one separation and a recycling of low octane num-
ber paraffins. The process converts straight chain paraf-
fins to branched paraffins, however, nothing is mentioned

about cycloalkanes.

In the description of US patent No. 4,607,129, a catalytic
conversion of alkanes up to Czy is disclosed, which up-
grades a gasoline type hydrocarbon mixture. The catalyst
comprises vanadium oxides and silica, and it converts
cycloalkanes and cycloalkenes and aromatic hydrocarbons by
reforming. However, alkenes do not increase octane number

of gasoline.

A catalyst for conversion of hydrocarbons into aromatics 1is
described in US patent No. 6,007,700, where the conversion
is a reforming process and the catalyst comprises alumina,
a doping metal, a noble metal, a promoter metal and a halo-
gen. By this method, hydrocarbons are converted into aro-

matics, however, some cracking also occurs.

EP 1 233 050 discloses a process for upgrading naphtha by
increasing the content of aromatics. The process involves
dehydrogenation of paraffins to olefins and further dehy-
drogenation of cycloparaffins in this mixture to aromatic
compounds. The aim of this process is to create aromatics,
the catalyst, which is used for the aromatization, is a
catalyst on a refractory support, which provides acid sites

for cracking, isomerization and cyclozation.
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This means that C¢-Cip fraction is currently mostly proc-
essed by catalytic reforming, where majority of the feed is
converted to arqmatics. There are three disadvantages of
this solution. First, aromatics are very health-hazardous
compounds and their maximum content is under legislation
pressure. Second,'aromatics are the densest compounds out
of the three groups. Aromatisation of paraffins and cyclo-
paraffins results in a significant volumetric shrinkage of
up to 25%, which decreases economic benefit of the process.
Third, volumetric yield is further decreased by low selec-
tivity of aromatisation of shorter paraffins. Cg paraffins
in particular tend to crack to gas under the reaction con-

ditions used in the reforming process.

Due to economy reasons, the most efficient solution would
be to up-grade only cycloparaffins to aromatics, while the
paraffinic fraction is converted by isomerisation to multi-
branched isomers. However, paraffins are very susceptible
to cracking under the typical conditions during such reac-

tions at elevated temperatureé.

It has now been found that process conditions and catalyst
subjected to this invention allow selective dehydrogenation
of cycloparaffins in presence of branched paraffins without

their dehydrogenation or cracking to gas.

SUMMARY OF THE INVENTION

The invention provides a process for production of high-
octane gasoline from a Cg-Cip hydrocarbon feed stream by se-
lective dehydrogenation of cycloparaffins without substan-

tially affecting aromatics and paraffins present in the
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feed. It involves a catalyst comprising a Group VIII metal
supported on a substantially non-acidic porous material

with concentration of acidic sites lower than 1 umole/g.

The catalyst in the selective dehydrogenation typically

comprises palladium, platinum, rhodium, iridium or mixtures
thereof in an amount of 0.1 to 1.0 wt% supported on a car-
rier material selected from silica, alumina, zirconia, ti-
tania or mixtures thereof, other oxides, carbons, carbides

and nitrides.

The process for the production of high-octane gasoline from
a C¢—Cio hydrocarbon feed can be a combination of a cata-
lytic dehydrogenation step, a catalytic isomerisation step

and one or more separation steps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a schematic flow sheet showing a process for pro-
ducing high RON gasoline from a feed containing low amounts

of aromatics.

FIG 2 is a schematic flow sheet showing a process for pro-
ducing high RON gasoline from a feed containing large

amounts of cyclic compounds.

DETAILED DESCRIPTION OF THE INVENTION
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The invention comprises a process, its process conditions
and catalyst suitable for selective conversion of cyclopar-

affins to aromatics and hydrogen in presence of paraffins.

The paraffins must not be affected by the dehydrogenation
reaction. However, they may be converted to high-octane
multi-branched isomers by other processes already known in
the art. Consequently, any reaction of paraffins during the

dehydrogenation step is undesired.

Multi-branched isomers are defined as compounds containing
more than one carbon atom having more than one side chain
on the main hydrocarbon chain. Mono-branched isomers are

defined as compounds having solely one such side chain.

Dehydrogenation according to the invention proceeds selec-
tively without affecting paraffins present in feed when in-
volving a catalyst comprising a Group VIII metal supported
on a substantially non-acidic porous material with concen-
tration of acidic sites lower than 1 pmole/g as e.g. deter-

mined by known ammonia TPD desorption.

The invention is suitable for a process with a Cg — Cig hy-
drocarbon fraction feed consisting mainly of aromatics,
paraffins and cycloparaffins. The feed might originate from
distillation of crude oil, from hydro cracking or from
other refinery units. Thus, various ratios between the com-
ponents can occur and the process is designed for operation
with both very high and very low content of cycloparaffins.
While aromatics and paraffins pass the process substan-

tially unchanged, cycloparaffins are selectively dehydroge-
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nated to aromatics and hydrogen by the process of the in-

vention.

Dehydrogenation reaction should proceed under thermodynami-
cally favourable conditions, i.e. temperatures at least
300°C. As regards the catalyst stability, it might be bene-
ficial to proceed at temperatures not above 700°C and in
the presence of hydrogen with a molar hydrogen to hydrocar-
bon ratio between 0.1 and 10. Other favourable conditions
are a total pressure varying between 1 and 100 bar and lig-
uid space velocity LHSV between 0.1 to 1000 h™'. The pre-
ferred conditions are temperatures between 350-550°C, LHSV
between 5-50 h™!, pressure between 5-50 bar and a molar hy-

drogen/hydrocarbon ratio between 1 and 5.

The catalyst used for dehydrogenation of cycloparaffins in
presence of branched paraffins without their cracking com-
prises Group VIII metal on a support, which is not acidic
or which has only very moderate acidity, lower than acidity
of for example silico-alumina. The concentration of strong
acidic sites on a catalyst is defined by ammonia desorption
at temperatures higher than 200°C. This concentration of
the catalyst of the invention must be lower than 1 p
mole/g. The support used for this application can be for
example silica, alumina, titania, zirconia or mixture of
these or other oxides as well as various carbons, carbides,

nitrides etc.

Any metal of group VIII of the periodical system of ele-
ments can be used. However, the most typical materials

would be Pt, Pd, Ir, Rh or a mixture thereof. The loading
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of the metal can vary between 0.01% and 5% by weight, pref-
erably between 0.1% and 1% by weight.

Dehydrogenation selectivity of the catalyst under the above
specified favourable reaction conditions approaches 100%
with substantially no effect on present paraffins, which

pass reactor non-effected.

Dehydrogenation of cycloparaffins can be combined in a
multi-stage process with isomerisation without substantial

cracking of produced multi-branched hydrocarbons.

In such case, the multi-stage process comprises dehydroge-
nation of the invention for conversion of cycloalkanes to
hydrogen and aromatics without cracking paraffins, forma-
tion of branched isomers, isomerisation, and separation of
multi-branched isomers and aromatics using e.g. distilla-
tion, molecular sieve membranes, simulated moving bed or

pressure swing adsorption.

In addition to formation of multi-branched paraffins in the
isomerisation process, also conversion of cyclo-pentane

derivates to cyclo-hexane derivates takes place.

The typical examples of suitable catalysts for isomerisa-
tion of C¢+ paraffins may comprise pcrous materials based
on tungsten oxide or tungsten containing compounds both
supported and unsupported. The materials are porous having
a pore size of 2-50 nm, i.e. mesoporous. The tungsten con-
tent is typically between 5% and 50% by weight. Tungsten
oxide catalysts supported on zirconia, alumina, silica,

hafnia, titania or SnO; or mixtures of these are of main
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interest. However, in principle, all oxides of group VI
elements supported on group IV oxides are potential candi-
dates for the application. Yet another group of materials
applicable are heteropoly acids consisting of Keggin-ion-
structures. The most typical examples are phosphotungstic
and silicotungstic acids. Friedel-Crafts catalysts based on
AlCls can also be used for this application. Also various
zeolites such as zeolite Beta and Sapo-11 can be used.

The catalyst for Ce+ isomerisation must contain 0.01 wt% to
2 wt% of noble metal. The noble metal would be most typi-
cally Pt or Pd or a mixture thereof. The reaction proceeds
in the presence of hydrogen with a molar hydrogen to hydro-
carbon ratio between 0.1 to 5 at the temperature range from
150°C to 300°C with total pressure vaiying between 1 and 40
bar and liquid space velocity LHSV between 0.1 to 30 h7*.

There are several methods to separate aromatics and multi-
branched isomers from the low octane components like mono
and linear paraffins. For example, US patent No. 6,156,950
describes two-stage unit, which uses zeolite A to separate
linear isomers and MFI zeolite in the next stage to sepa-
rate multi-branched products and cyclic compounds. Although
the main purpose was to remove cycloparaffins and aromat-
ics, a product stream was obtained where linear and mono-
branched molecules were only 10% of thé paraffins fraction.
U.S. Patent No. 4,925,459 describes use of ieolite incorpo-
rated in polymer for separation of pentanes. U.S. Patent
No. 6,156,950 shows that linear molecules can also be sepa-
rated on zeolite layer supported on ceramics. Yet another
process is the use of chromatography on various zeolite ad-
sorbents. The separation proceeds by passing the hydrocar-

bon mixture through the column filled with molecular sieve
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and the separated streams of products are withdrawn in the
end of the column. US patent Nos. 5,770,783 and 5,744,684
describe a process based on reactive chromatography, when
molecular sieve is mixed with the isomerisation catalyst to
combine separation and reaction step together. Simulated
moving bed is the similar option. Both these methods pro-
vide higher selectivities, but are more difficult to oper-
ate than the other mentioned methods. The choice of the
suitable separation technology is not limited to the above

mentioned examples.

DETAILED DESCRIPTION OF THE DRAWINGS

The total process scheme can be based on the combination of
the two reaction steps described in the above paragraphs
and at least one separation step. All these steps can be

combined in various ways.

In order to further illustrate the invention, two embodi-
ments are described below on FIG. 1 and FIG. 2, where Rl 1is

the dehydrogenation step and R2 is the isomerisation step.

The first embodiment is shown schematically in FIG 1. This
process is especially suited for feed containing low

amounts of aromatics. The hydrocarbon feedstock is passed
via line 1 to the isomerisation unit R2. In R2 linear par-

affins and mono-branched paraffins are isomerised to multi-

-branched paraffins simultaneously with cyclo-pentane deri-

vates being converted to cyclo-hexane paraffins. The efflu-
ent from R2 comprising multi-branched isomers and cyclo-
paraffins is passed in line 2 to the dehydrogenation unit

R1.
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In Rl the dehydrogenation process of the invention will
convert cyclo-alkanes to aromatic compounds without any
conversion of the multi-branched paraffins. Since cyclo-
hexane derivates are far more reactive in the dehydrogena-
tion reaction than cyclo-pentane derivates, the isomerisa-
tion of cyclo-pentane derivates to cyclo-pentane derivates
in the isomerisation step favours conversion to aromatics

in the dehydrogenation step.

The effluent from Rl is passed via line 3 to a flash sec-
tion, from where gases leave the process in line 4. The
fluid gasoline phase is passed from the flash section vié
line 5 to separation step S, where the high octane number
product, comprising aromatics and multi-branched .paraffins,
is separated from a recycle stream. The product leaves the
process via line 6 and the recycle stream consisting pre-
dominantly of non-converted cyclo-alkanes, linear and mono-

branched paraffins, is via line 7 led to R2.

The dehydrogenation of the invention used in this process
makes it possible first to create multi-branched paraffins
from the feed and from the recycle and then to improve the
gasoline by.converting cyclo-alkanes to aromatics without

cracking the multi-branched paraffins.

By this, only non-converted cyclo-alkanes, linear and mono-
branched paraffins are recycled. The product can contain
90% of the multi-branched paraffins and only 10% of the
mono-branched paraffins, the rest is recycled to the isom-

erisation.
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Another embodiment is shown on FIG. 2. This process is par-
ticularly useful for feed containing large amounts of cy-
clic compounds. In this case the hydrocarbon feedstock is
passed via line\1 to the dehydrogenation unit R1l, where the
cyclic compounds are converted to aromatic compounds. The
effluent from Rl comprising predominantly linear, mono-
branched and multi-branched isomers and aromatics is passed
via line 2 to a flash unit. Here gas and hydrogen flash
cff, while the liquid phase gasoline flows via line 3 to a
separation unit, S. In S, the product is separated from the

remainder part of the gasoline.

From S, the product comprising aromates, multi-branched
paraffins and a small amount of cyclo-branched and mono-
branched paraffins is withdrawn in line 4. The separation
is carried out so 90% of the multi-branched paraffins and
only 10% of the mono-branched paraffins leave the process
in the product stream 4. The remainder, comprising mainly
non-converted cyclic compounds, linear and mono-branched
paraffins, is passed via line 5 to the isomerisation unit,
R2, where these paraffins are converted to multi-branched

paraffins.

As mentioned above, in the flash unit hydrogen and gas are
separated from the gasoline. This gas and hydrogen is
passed in line 6 to a separation, where the gas is with-
drawn from the process via line 7. The hydrogen stream is
split-up in a stream corresponding to the produced amount
of surplus, which is withdrawn in line 8 and in a stream,
which supplies the isomerisation unit R2 with the required

amount of hydrogen.
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In RZ2 the linear and mono-branched paraffins are converted
to multi-branched paraffins and cyclo-pentane derivates to
cyclo-hexane derivates, and the effluent is passed via line
9 to the dehydrogenation R1. The dehydrogenation of the in-
vention will then create aromatic compounds without con-

verting the produced multi-branched paraffins.

The advantage of using the dehydrogenation of the invention
in this process, shown on FIG 2, is that the invention
makes it possible to convert the cyclo-alkanes to aromatic
compounds without destroying the valuable multi-branched
paraffins. And thereafter to separate the high octane num-
ber product from the recycle stream which then can be iso-

merised.

Thereby, isomerisation takes place without any aromatic
compounds being present and thereby hydrogenation of these

aromatic compounds to cyclic compounds is avoided.

As apparent from the above description, the invention makes
it possible to produce high-octane gasoline in a process

with few steps.

Example 1
10 g of commercial alumina MAG-42 (Sasol Ltd) are impreg-
nated with 0.7% Pt, 0.3% Pd and calcined at 350°C. After-

wards, the catalyst was exchanged with 1 N Na,CO; solution.

The feed used in the reaction is a C; cut consisting of 36

wt% methylcyclohexane and 64% of heptanes. The detail com-

position is shown in Table 1. The reaction is performed in

a fixed bed reactor at 400°C with LHSV=1 h™! at the total
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pressure of 7 bar and the feed consisting of a hydrocar-

bon:hydrogen mixture with the molar ratio of 1:4. The de-

tailed feed and product compositions are shown in Table 1.

The example shows that cycloparaffins can be selectively

converted to aromatics in presence of branched paraffins

without cracking them to gas. Such reaction results in sig-

nificantly higher octane number of the product.

Table 1

Feed and product compositions referring to
dehydrogenation of Example 1

Feed [wt%] Product [wt%]

Methane - 0.07
Propane - 0.15
Isobutane - 0.17
Hexanes - 0.26
Benzene - 0.15
Cyclohexane - 0.03
2,4-dimethylpentane 43.9 41.0
3,3-dimethylpentane 0.2 0.3
2-methylhexane 0.3 0.3
2,3-dimethylpentane 17.8 18.3
3-methylhexane - 0.3
3-ethylpentane - -

n-heptane - 0.1
Methylcyclohexane 36.0 3.8
Toluene - 35.1
RON - calculated 79.9 91.1




10

15

14

Example 2

10 g of commercial alumina MAG-42 are impregnated with
0.05% Pt and 0.05% Rh and calcined at 350°C. Afterwards,
the catalyst was treated with 1% wt of KCl and excess of

water evaporated.

The feed used in the reaction is a C; cut consisting of 37
wt% methyl-cyclohexane and 63% of n-heptane. The detailed
composition is shown in Table 2. The reaction is performed
in a fixed bed reactor at 400°C with LHSV=120 h™! at the
total pressure of 10 bar and the feed consisting of a hy-
drocarbon:hydrogen mixture with the ratio of 1:2. The de-

tailed feed and product compositions are shown in Table 2.

The example shows that cycloparaffins can be selectively
converted to aromatics in presence of linear paraffins
without cracking them to 'gas. Such reaction results in sig-

nificantly higher octane number of the product.



10

15

15

Table 2

Feed and product compositions referring to
dehydrogenation of Example 2

Feed [wt$%] Product [wt%]
Methane ' - 0.05
Propane - 0.03
Butanes - 0.15
Hexanes 0.1 0.15
Benzene - -
Cyclohexane - -
2,4-dimethylpentane - -
3,3-dimethylpentane - -
2-methylhexane - 0.1
2,3-dimethylpentane - -
3-methylhexane - 0.2
3-ethylpentane - -
n-heptane 62.8 62.1
Methyl-cyclohexane 37.1 1.6
Toluene , - 35.6
RON - calculated 27.9 42.5

Example 3

Zirconium oxide was prepared by adding diluted ammonia to a
water solution of zirconyl nitrate and adjusting pH to 9.
The mixture was refluxed overnight. The white solid was
filtered and washed and dried overnight at 120°C. The dried
material héd surface area of 333 m?/g. 225 g of zirconia,
168 g alumina gel (pseudoboehmite 30 wt%) and 62 g of ammo-
nium metatungstate were milled for 15 minutes and 1/16” ex-

trudates were prepared under 12 bar pressure. The catalyst
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was calcined at 700°C for three hours and 0.5 wt% Pd was
introduced by incipient wetness impregnation. The catalyst
was calcined at 350°C before it was placed into the reac-

tor.

Heptane isomerisation with the above described catalyst was
performed in a fixed bed reactor at 165°C with LHSV=0.2 h7?!
at a total pressure of 7 bar and the feed consisting of a
hydrogen:hydrocarbon mixture with the ratio of 1:2. A de-
tailed description of the product composition is shown in

Table 3.

The catalyst produced on a once-through basis 35.1% of
multi-branched isomers with only 3.2% cracking (liquid
yield 92%). Calculated RON of the multi-branched isomer

fraction is 89.2.
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Table 3

n-Heptane isomerisation at 165°C with LHSV=0.2 h’!
at a total pressure of 7 bar and the feed consisting
of a hydrogen:hydrocarbon mixture of a ratio of 1:2

Product [wt%]
Propane 1.34
Isobutane 1.74
n-Butane 0.07
Isopentane 0.03
Isohexanes 0.03
2,2-dimethylpentane 11.66
2,4-dimethylpentane 9.02
2,2,3-trimethylbutane 1.22
3,3-dimethylpentane 4,84
2-methylhexane 25.52
2,3-dimethylpentane 8.32
3-methylhexane 23.2
3-ethylpentane 1.49
n-heptane 11.30
Cycloheptanes 0.10

Units which are used in this specification and which are not in accordance with
the S| system may be converted to the Sl system with the aid of the following

table:

bar = 1x10°Pa
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CLAIMS

1. A process for production of high-octane gasoline
from a Ce~Cig hydrocarbon feed stream comprising the step of
selective dehydrogenation of cycloparaffins, wherein the
dehydrogenation takes place in presence of a catalyst com-
prising one or more Group VIII metal supported on a porous
material with concentration of acidic sites lower than 1

pmole/g.

2. A process according to claim 1, wherein the cata-
lyst in the dehydrogenation step comprises palladium,
platinum, rhodium, iridium or mixtures thereof in an amount
of 0.1 wt% to 1.0 wt% supported on a carrier material se-
lected from silica, alumina, zirconia, titania, or mixtures

thereof, other oxides, carbons, carbides and nitrides.

3. A process according to claim 1, wherein the dehy-

drogenation step is performed at temperatures between 350°C
and 550°C, in presence of hydrogen, at a total pressure be-
tween 5 to 50 bar and with a hydrogen to hydrocarbon molar

ratio between 1 to 5.

* (5x105 to 5 x 106Pa)
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q. A process according to claim 1, comprising further
steps of

catalytic isoﬁerization step converting linear and
mono-branched isbmers to multi-branched paraffins and/or

cyclo-pentane derivates to cyclo-hexane derivates, and

separation step separating aromatic compounds and
multi-branched isomers from non-converted cyclo-alkanes,

linear and mono-branched paraffins.

5. A process according to claim 4, wherein the cata-
lyst in the isomerisation step comprises an acidic mesopor-

ous material.

6. A process according to claim 5, wherein the
mesoporous material comprises tungsten oxide supported on
zirconia, titania, alumina, silica, hafnia or tin oxide or
mixture thereof with tungsten content between 5 wt% to 50
wt% and balladium, platinum or mixtures thereof with a

loading 0.01 wt% to 2 wt$%.

7. A process according to claim 4, wherein the isomer-
isation step is performed in the presence of hydrogen with
a hydrogen to hydrocarbon molar ratio between 0.1 to 5, in
‘the temperature range 150°C to 300°C, at a total pressure
between 1 and 40 bar and with a liquid space velocity LHSV
between 0.1 to 30 h7l.

% (1x10° and 4x10%pa)
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8. A process according to claim 4, wherein the non-
converted cyclo-alkanes, the linear and the mono-branched
paraffins are separated from the multi-branched paraffins
and the aromatic compounds and said non-converted cyclo-
alkanes and linear and mono-branched paraffins are recycled

to the isomerisation or to the dehydrogenation step.

9. A process according to claim 1, substantially as herein
described with reference to any one of the illustrative examples.

DATED THIS 16TH DAY OF MAY 2005

APPLICANTS PATENT AYTORNEYS
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